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1. INTRODUCTION 

This report contains a description of the design, cost estimate, and construction schedule 
of the Fermilab Main Injector (FMI) Project. The technical, cost, and schedule baselines for the 
FMI Project have already been established and may be found in the Fermilab Main Injector Title I 
Design Report, issued in August 1992. This report updates and expands upon the design and 
schedule for construction of all subsystem components and associated civil construction described 
in the Title I Design Report. The facilities described have been designed in conformance with 
DOE 6430.1A, "United States Department of Energy General Design Criteria." 

The purpose of the Fermilab Main Injector Project is to construct a new 150 GeV 
accelerator, and all required interconnections and interfaces to the existing accelerator complex, 
on the Fermilab site in support of the Fermilab High Energy Physics (HEP) research program. 
The construction of this accelerator will result simultaneously in significant enhancements to both 
the Fermilab collider and fixed target programs. The FMI is to be located south of the Antiproton 
Source and tangent to the Tevatron ring at the FO straight section, as shown in Figure 1-1. The 
FMI will perform all duties currently required 9f the existing Main Ring. Consequently, operation 
of the Main Ring will cease following commissioning of the FMI, with a concurrent reduction in 
the background rates seen in the colliding beam detectors. The performance of the FMI, as 
measured in terms of protons per second delivered to the antiproton production target or total 
protons delivered to the Tevatron, is expected to exceed that of the Main Ring by a factor of two 
to three. In addition the FMI will provide high duty factor 120 Ge V beam to the experimental 
areas during collider operation, a capability which does not presently exist in the Main Ring. 

The location, operating energy, and mode of construction of the FMI are chosen to 
minimize operational impacts on Fermilab's ongoing High Energy Physics program. The area in 
which the FMI is to be situated is devoid of any underground utilities that might be disturbed 
during construction, while the separation between the FMI and Tevatron is sufficient to allow 
construction concurrent with Tevatron operations. The energy capability of the FMI is chosen to 
match the antiproton production and Tevatron injection energies presently used in the Fermilab 
complex. The FMI will be built from newly constructed dipole magnets allowing a large portion 
of the installation process to proceed independent of Tevatron operations. The use of newly 
designed dipoles is also desirable from the standpoint of enhanced performance and reliability, 
and results in a reduction of the operating costs by 33% relative to what would be obtained by 
recycling existing Main Ring magnets. 
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Figure 1-1. _Site Location of the Main Injector. 



The Total Project Cost (TPC) of the FMI is estimated to be $259,300,000 including a 
Total Estimated Construction Cost (TEC) of $229,600,000 and $29,700,000 in associated R&D, 
pre-operating, capital equipment, conceptual design, and spares costs. Included within the scope 
of the project are all technical and civil construction components associated with the ring itself, 
with beamlines needed to tie the ring into the existing accelerator complex, and with 
modifications to the Tevatron and switchyard required to accommodate the relocated injections. 
The project involves the construction of 15,000 ft of tunnel enclosures, 11 service buildings, and a 
new 345 kV substation. The FMI ring and all beamline interconnections to existing facilities are 
shown schematically in Figure 1-2. Construction on the FMI project was initiated in June, 1992. 
Construction is expected to be competed over a six year period. Title II design of civil 
construction has been completed by an outside Architectural Engineering firm, Fluor Daniel, with 
support from the Accelerator Division and from Fermilab Engineering Support Section. Design, 
assembly, and installation of technical components is being done by Accelerator Division and 
Technical Support Section personnel. It is anticipated that construction and operation of the new 
FMI will not require any expansion of the Fermilab permanent staff. 

1.1. ROLE IN THE FERMILAB III PROGRAM 
The Fermilab Main Injector is the centerpiece of Fermilab's initiative for the 1990s, 

known as Fermilab III. Some of the more important goals of Fermilab III are to illuminate the 
properties of the top quark, the most recently discovered fundamental building block of matter, to 
provide a factor of two increase in the mass scales characterizing possible extensions to the 
Standard Model, and to support new initiatives in neutral kaon physics and neutrino oscillation 
investigations. In order to attain these goals Fermilab is planning to attain by the end of the 
decade a luminosity in excess of 5x1031 cm-2sec-1 in the Tevatron p -p collider. 

Several projects completed over the past four years have resulted in a factor of fifteen 
improvement over the initial l.Ox1030 em -2sec-1 luminosity goal of the Tevatron collider. These 
include upgrades to the Antiproton Source, development of new low-B systems, implementation 
of a second high luminosity interaction region, development of electrostatic separators, an 
upgrade of the linac energy from 200 MeV to 400 MeV, and the installation of cold compressors 
to lower the temperature of the Tevatron. As a result of these enhancements, the Tevatron 
currently operates with initial luminosities in the range of 1.5-2.5x1031 cm·2sec·l. It is also 
anticipated that these developments will increase the number of protons delivered from the 
Tevatron for fixed target physics up to 3x10 13 per minute. 

Further performance improvements require the construction of the FMI. The present 
bottleneck in the production of antiprotons and in the delivery of intense beams to the Tevatron is 
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Figure 1-2. Schematic View of the Main Injector Connections to the Booster, Antiproton Source, Tevatron and Switchyard. 



the Main Ring. The Main Ring is not capable of accelerating the quantity of protons that can be 
provided at injection by the 8 Ge V Booster. This is for the simple reason that the aperture of the 
Main Ring ( -127t mm-mr) is significantly smaller than the beam delivered from the Booster at 
full intensity. (All emittances in this report are quoted as 95% normalized values.) As a result the 
full intensity delivered from the Booster cannot be efficiently transmitted through the Main Ring 
and onto the antiproton production target or into the Tevatron. The restricted aperture in the Main 
Ring is due to perturbations to the ring that were required for the integration of overpasses and 
new injection and extraction systems related to operations with antiprotons. With the 400 MeV 
Linac upgrade the Booster intensities have increased through the Booster/Main Ring combination 
and the ability to produce large antiproton stacks has been improved. However, the mismatches 
between Booster/ Antiproton Source and Main Ring capabilities remain acute. Only with the 
construction of the FMI will these mismatches be removed, and the full benefit to the collider and 
fixed target programs of the recently completed upgrade projects be realized. 

The construction of the FMI will also provide beams of up to 3x1Q13 protons at 120 GeV 
to the experimental areas during collider runs. Such beams are envisioned as being used for 
supporting certain specialized rare K decay anq neutrino experiments which can benefit from the 
high average intensity deliverable from the FMI, for detector development, and for the debugging 
and shakedown of fixed target experiments prior to commencement of 1 Te V fixed target runs. 
The Main Ring as presently configured does not support a slow spill, nor is it felt that 
implementation of a high intensity slow spill in the existing ring would be feasible in light of the 
small machine aperture and the need to minimize backgrounds in the collider experiments. 

Specifically, benefits expected from the construction of the FMI include: 

1. An increase in the number of protons targeted for p production from 4.5x1Q15fhour 
(current) to 1.2x1Q16fhour. 

2. An increase in the total number of protons which can be delivered to the Tevatron 
to 6x1013. 

3. The ability to accelerate efficiently antiprotons originating in stacks containing in 
excess of 2x1QI2 antiprotons for injection into the Tevatron collider. 

4. The ability to produce proton bunches containing up to 3x1Qll protons for injection 
into the Tevatron collider. 

5. The reduction of backgrounds and dead time at the CDF and DO detectors through 
removal of the Main Ring from the Tevatron enclosure. 

6. Provision for slow extracted beams at 120 Ge V year-round and potential 
development of very high intensity, high duty factor (lx1Ql3 protons/sec at 120 
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GeV with 34% duty factor) beams for use in high sensitivity K decay and neutrino 
experiments. 

It is expected that with the construction of the FMI and the completion of planned 
improvements to the Antiproton Source the antiproton production rate will exceed 1.5x10ll 
antiprotons/hour, and that a luminosity in excess of 5x1Q3Icm-2sec-l will be supportable in the 
existing collider. 

1.2 PERFORMANCE 
The FMI parameter list is given in Table 1-1. It is anticipated that the FMI will perform at 

a significantly higher level than the existing Main Ring as measured either in terms of protons 
delivered per cycle, protons delivered per second, or transmission efficiency. For the most part 
expected improvements in performance are directly related to the optics of the ring. The FMI ring 
lies in a plane with stronger focusing per unit length than the Main Ring. This means that the 
maximum B-functions are half as large and the maximum (horizontal) dispersion only a third of 
the Main Ring, while vertical dispersion is nonexistent. As a result physical beam sizes associated 
with given transverse and longitudinal emittanc;_es are significantly reduced compared to the Main 
Ring. The elimination of dispersion in the rf regions, raising the level of the injection field, 
elimination of sagitta, and improved field quality in the dipoles will all have a beneficial impact 
on beam dynamics. The construction of new, mechanically simpler magnets is expected to yield a 
highly reliable machine. 

The FMI is seven times the circumference of the Booster and slightly more than half the 
circumference of the existing Main Ring and Tevatron. Six Booster cycles will be required to fill 
the FMI and two FMI cycles to fill the Tevatron. The FMI is designed to have a transverse 
admittance of 40p mm-mr (both planes, normalized at 8.9 GeV/c). This is a factor of three larger 
than that of the existing Main Ring. It is expected that the Linac upgrade will ultimately yield a 
beam intensity out of the Booster of 5-7x 1012 protons per batch with 20-307t mm-mr transverse 
and -0.2 e V -sec longitudinal emittance. A single Booster batch needs to be accelerated for 
antiproton production while six such batches are required to fill the FMI. The FMI should be 
capable of accepting and accelerating these protons without significant beam loss or degradation 
of beam quality. Yields out of the FMI for a full ring are expected to lie in the range 3-4x10l3 
protons (6-8x10 13 delivered to the Tevatron.) By way of contrast the existing Main Ring is 
capable of accelerating 1.8x10l3 protons in 12 batches for delivery to the Tevatron. 
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Table 1-1: Main Injector Parameter List 

Circumference 3319.419 m 
Injection Momentum 8.9 GeV/c 
Peak Momentum 150 GeV/c 
Minimum Cycle Time (@ 120 Ge V) < 1.5 s 
Minimum Cycle Time (@ 150 Ge V) 2.4 s 
Number of Protons 3 X 1Ql3 
Number of Bunches 498 
Protons/Bunch 6 X 1010 

Max. Courant-Snyder Amplitude Function (Bmax) 57 m 
Maximum Dispersion Function 1.9 m 
Phase Advance per Cell 90 degrees 
Nominal Horizontal Tune 26.425 
Nominal Vertical Tune 25.415 
Natural Chromaticity (H) -33.6 
Natural Chromaticity (V) -33.9 

Transverse Admittance(@ 8.9 GeV) >407t mm-mr 
' Longitudinal Admittance >0.5 eVs 

Transverse Emittance (Normalized) 121t mm-mr 
Longitudinal Emittance 0.2 eVs 

Harmonic Number (@53 MHz) 588 
RF Frequency (Injection) 52.8 MHz 
RF Frequency (Extraction) 53.1 MHz 
RF Voltage 4 MV 
Transition Gamma 21.8 

S uperperiodicity 2 
Number of Straight Sections 8 
Length of Standard Cell 34.5772 m 
Length of Dispersion-Suppresser Cell 25.9330 m 
Number of Dipoles 216/128 
Dipole Lengths 6.1/4.1 m 
Dipole Field (@ 150 Ge V) 17.2 kG 
Dipole Field (@8.9 GeV) 1.0 kG 
Number of Quadrupoles 128/32/48 
Quadrupole Lengths 2.13/2.54/2.95 m 
Quadrupole Gradient at 150 Ge V 
Number of Quadrupole Busses 
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The power supply and magnet system is designed to allow a significant increase in the 
number of 120 GeV acceleration cycles that can be run each hour for antiproton production, as 
well as to allow a 120 GeV slow spill with a 35% duty factor. The cycle time at 120 GeV can be 
as low as 1.5 seconds. This is believed to represent the maximum rate at which the Antiproton 
Source could ultimately stack antiprotons, and is to be compared to the current Main Ring 
capability of 2.4 seconds. The FMI dipole magnets are designed with twice the total cross section 
of copper and half as many turns as existing Main Ring dipoles. This keeps the total power 
dissipated in the dipoles during antiproton production at roughly the same level as in present 
operations while keeping the number of power supplies and service buildings low. 

1.3 OPERATIONAL MODES 
·At least four distinct roles for the FMI have been identified along with five corresponding 

acceleration cycles. These are listed in Table 1-2. More detailed description of the acceleration 
cycles and power supply requirements are given in Chapter 2 of this report. 

Table 1-2: Main Operational Modes 

Operational Mode Energy Cycle Flattop Protons 

1) Antiproton Production 120 GeV 1.5 sec 0.04 sec 5x1Q12 

2) Fixed Target Injection 150 2.4 0.25 3x1012 

3) Collider Injection 150 4.0 1.45 5x1012 

4a) High Intensity Slow Spill 120 2.9 1.0 3x1013 

4b) High Intensity Fast Spill 120 1.9 0.04 3x1013 

1) In the antiproton production mode a single Booster batch containing 5x1012 protons is 
injected into the FMI at 8.9 GeV. These protons are accelerated to 120 GeV and extracted in a 
single turn for delivery to the antiproton production target. As mentioned earlier, it is anticipated 
that with this flux of protons onto the target and expected improvements in the Antiproton Source 
the antiproton production rate will exceed 1.5x1 0 llfhour. 
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2) For fixed target injection the FMI is filled with six Booster batches, each containing 
5x1012 protons at 8.9 GeV. Since the Booster cycles at 15Hz, 0.4 seconds are required to fill the 
FMI. The beam is accelerated to 150 GeV, cogged, and extracted in a single turn for delivery to 
the Tevatron. The FMI is capable of cycling to 150 GeV every 2.4 seconds for short periods of 
time. Two FMI cycles are required to fill the Tevatron at 150 GeV at one minute intervals. 

3) The FMI operates on a 4 second, 150 Ge V cycle for delivery of beam to the Tevatron for 
collider operations. The acceleration cycle and beam manipulations are the similar for protons and 
antiprotons. A 1.45 second flattop is required for bunch coalescing and cogging of the beams 
prior to injection into the Tevatron. Under the currently envisioned filling scenario a maximum of 
12 cycles of the FMI are required to load the Tevatron with protons and antiprotons. Assuming a 
one minute Antiproton Source cycle time, this results in a 10 minute collider fill time. It is 
anticipated that the collider will require filling approximately every 20 hours. 

4) A much higher intensity, high duty factor (34%) beam can be delivered at 120 GeV with a 
2.9 second cycle time. The average proton current delivered is about 2 ).LA (3x10 13 protons/2.9 
seconds). Running in this mode does not put any peak power demands on the power supply 
system beyond those imposed by the antiprotdn production cycle, but it does expend 67% more 
average power. This cycle can also be used to provide test beams to the experimental areas during 
collider running. In this instance it is likely that a much lower cycle rate, accompanied by a much 
lower average power, would satisfy experimenters' needs. Additionally, a high intensity, low duty 
factor beam can be delivered at 120 GeV with a 1.9 second cycle time for the production of high 
flux neutrino beams. 

Combinations of the above operational modes are also possible. One such example is 
simultaneous operation for antiproton production and high intensity slow spill. One could load the 
FMI with six Booster batches containing 3x1013 protons, accelerate to 120 GeV, fast extract one 
batch to the antiproton production target, and resonantly extract the remainder of the beam over a 
period ranging from a few milliseconds to a second. This would produce a correspondingly lower 
average antiproton flux into the Source and 83% of the average intensity of the dedicated 
scenarios listed in Table 1-2. 
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1.4 ORGANIZATION OF THIS REPORT 
This report is organized into four chapters with several appendices. Chapter 1 is the 

Introduction. Chapter 2 is a summary of the accelerator physics issues of the FMI: lattice 
description, accelerator cycles, tracking studies, impedance calculations, beamline design, etc. 
Chapter 3 contains a description of the technical component subsystems as well as overviews of 
the performance objectives and design specifications. Discussion and descriptions of technical 
component subsystems are organized to follow the Work Breakdown Structure (WBS) of the 
project. Chapter 4 summarizes the civil construction for the Main Injector. The Appendices 
contain the current Construction Project Data Sheet (Schedule 44) for the FMI (with information 
on the current cost estimate and funding profile); lattice files for the ring and beamlines; detailed 
project schedule summaries produced from the Microsoft Project® detailed schedules for the civil 
construction and each Level 3 WBS; and a combination of the original Title 1 drawings 
(including revisions for the 8 GeV line) and copies of selected drawings from the construction 
package bid sets. 

WBS Organization 
Chapter 3 is organized according to the· Work Breakdown Structure (WBS) that has been 

adopted for the FMI project. All technical components are contained in WBS category 1.1. The 
third digit of the WBS describes the component type: 1 =magnet, 2 =vacuum, 3 =power supply, 
etc. The fourth digit indicates the location in which that component will be used: 1 = Main 
Injector ring, 2 = 8 GeV line, 3 = 150 GeV proton transfer line, etc. To describe a general system 
which is used throughout the Main Injector, or in a number of different beamlines, the fourth digit 
is set to 10. The fifth level provides further definition of system or component subtype. 
Schedules for the design, procurement, fabrication and installation of major systems are included 
as figures in Chapter 3. 
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CHAPTER 2. ACCELERATOR PHYSICS 

2.1. OVERVIEW 
2.2. ACCELERATION CYCLES 
2.3 TRACKING STUDIES 
2.4. BEAMLINES AND BEAM TRANSFERS 
2.5 TRANSITION CROSSING 
2.6 COALESCING 
2.7 SLOWEXTRACTION 
2.8 EMITTANCE GROWTH ISSUES 
2.9 IMPEDANCES AND INSTABILITES 

2.1. OVERVIEW 
The FMI is a 150 GeV accelerator with a circumference 28/53 times that of the existing 

Main Ring. The primary design goals are to increase the admittance to 407t mm-mr and lower the 
cycle time to 1.5 sec. The FMI will be situated tangent to the Tevatron at the FO straight section 
on the southwest side of the Fermilab site. Other possible sites have been considered, including 
locations inside the existing Tevatron ring, but these were deemed less desirable than the site 
shown in this report. The FMI, as described here, is constructed using newly designed 
(conventional) dipole magnets. The decision to build new magnets is based on considerations of 
field quality, aperture, and reliability. With the major exception of the dipoles, existing 
components from the Main Ring are for the most part recycled. Such components specifically 
include quadrupoles and the radio frequency (rf) systems. The use of all 18 existing rf cavities in a 
ring roughly half the size of the Main Ring will support an acceleration rate of 240 GeV/sec as 
compared to 120 GeV/sec in the present Main Ring. The FMI power supply systems are designed 
to support this rate. 

Lattice 
The design of the FMI is driven by a number of considerations. Given the preferred site, a 

maximum physical size of the ring is established by the proximity of the Fermilab site boundary. 
This in turn leads to a minimum needed field strength in the magnets. The number and location of 
the straight sections is determined by the roles the ring is required to play. In all phases of design 
the motivation has been to produce a lattice in which the transverse beam size is smaller than in 
the Main Ring over the energy range 8 to 150 GeV. The two lattice parameters which affect beam 
size are the beta function, B, and the dispersion, 11· In this design B is kept small by the short 
distance between quadrupoles. This is a cost effective approach because the quadrupoles will be 
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taken from the existing Main Ring. The 11 is kept smaller in the FMI than in the Main Ring by 
carefully matching dispersion around all straight section insertions. Dispersion matching ensures 
that the maximum dispersion in the ring is no larger than the maximum dispersion in the standard 
cell. The FMI will not have overpasses, in contrast to the present Main Ring, and therefore, the 
vertical dispersion is zero. 

Lattice Design 
Figure 2.1-1 shows the FMI geometric layout. The standard cell of the FMI is, like the 

Main Ring, a FODO design but with two dipoles between the quadrupoles as shown in 
Figure 2.1-2. (The Main Ring has four dipoles between quadrupoles.) The interelement spacing is 
the same as in the present Main Ring so that the length of the half-cell is shorter by the length of 
two dipoles and the short drift spaces which follow them, i.e. by about half. Because of the shorter 
circumference, there are fewer than half as many dipoles as in the Main Ring. 

The lattice incorporates two different types of cells, the normal 17.2886-m FODO cells 
and the 12.9665-m FODO dispersion-suppressor cells. The dispersion-suppressor cells feature 
shorter dipoles, and match the horizontal dispersion to zero in the straight sections. There are 72 
normal cells (54 in the arcs and 18 within the straight sections), and 32 dispersion suppressing 
cells. The advantages of the lattice include: 

i. Zero dispersion in the straight sections. This reduces the horizontal beam size, 
which in tum makes beam transfers easier to accomplish. 

ii. The B-functions in the straight sections and in the dipoles surrounding the straight 
sections are the same as, or less than, those in the normal FODO cells, affording 
more clearance for the beam and tolerance in steering at transfer time. 

111. A 136-m long rf straight. 
iv. A lattice which accommodates transfer lines to the Tevatron that match the vertical 

dispersion exactly. 
v. A separation of 11.8 m between the FMI and the Tevatron, which permits phased 

construction of the FMI enclosure. 

Having fewer dipoles than the Main Ring leads to higher fields and a larger bending angle. 
The resulting sagitta in a 6 m dipole is 16 mm. The new dipoles will be built with a curvature 
which eliminates loss of aperture due to sagitta. A 90° phase advance per cell is chosen, resulting 
in a maximum B in the cells of 58 meters and a maximum 11 in the cells of 1.9 meters. By 
comparison the Main Ring has maximum B and 11 of 110 m and 6.6 m, respectively. Thus the 
beam size due to transverse emittance is only 70% of what it is presently, and the maximum beam 
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size due to momentum spread is down by a factor of 3 from the Main Ring. The ring is designed 
to have twofold rotational symmetry; Figure 2.1-3 shows the FMI lattice functions for one-half 
the ring. Lattice functions, as generated by the program MAD, are tabulated in Appendix A. 

The 344 dipoles are excited by 12 power supplies located in six service buildings; the 
locations of these service buildings are used as the basis for numbering locations in the FMI ring. 

The FMI contains eight straight sections, as shown in Figure 2.1-1. Their numbering and 
their functions are as follows: 

MI-10 - 8 GeV proton injection 
MI-22 - (unused) 
MI-30 - (unused) 
MI-32 - (unused) 
MI-40 - proton abort 
MI-52 - 150/120 GeV proton extraction; 8 GeV antiproton injection 
MI-60 - FMI rf section 
MI-62 - 150 GeV antiproton extraction 

All straight sections are obtained by omitting dipoles while retaining the standard 17 .29-m 
quadrupole spacing. There are three different lengths of straight sections. Straight sections MI-10 
and MI-40 are 69 m long (two cells), straight sections MI-22, -32, -52, and -62 are 52 m long (one 
and one half cells), and straight sections MI-30 and MI-60 are 138 m long (four cells). Straight 
section MI-60 is used for the rf; its length will allow flexible spacing of the rf cavities and provide 
generous free space for diagnostic beam pickups. 

Three different quadrupole lengths are required: 2.13-m quadrupoles for the normal cells, 
2.95-m quadrupoles for the dispersion-suppressor cells, and 2.54-m quadrupoles at the boundary 
between the two types of cells. The lengths are such that all quadrupoles are powered off two 
main quadrupoles busses. All straight section insertions are dispersion matched to the cells. With 
at least 135° of phase advance in each straight section, there is space within the long straight for 
kickers and septa, a situation not provided for in the present Main Ring lattice. 

The long straight sections are capable of beam extraction at the highest FMI energy. Due 
to the fact the ring lies 11 meters from the Tevatron, two of these (MI-52, MI-62) are required to 
provide injection into the Tevatron, one each for protons and antiprotons. On the opposite side of 
the ring two straight sections (MI-22, MI-32) are added for symmetry. MI-10 is necessary for 
injection of protons from the Booster, and MI-40 is placed symmetrically for the proton abort. 
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The FMI is situated in the southwest comer of the Fermilab site. The details of its location 
are determined by requirements for transfers of both protons and antiprotons into the Tevatron. 
The MI-60 straight section is parallel to the Tevatron FO straight section, separated from it by 
11.823 m (38' 9.5") horizontally and 2.3253 m (7' 7.5") vertically. The reference point defining 
the plane containing the Main Injector design orbit lies at the intersection of a line from the center 
of the Tevatron ring and passing near FO normal to the FO straight section, and a line parallel to 
the MI-60 straight section and equidistant from the MI-60 and MI-30 straight sections. Gravity at 
this point defines the nonnal to the plane. The plane containing the Main Injector orbit dips at an 
angle of 0.231 milliradians (47.65") toward the southwest comer (project coordinates) of the site. 

The nominal elevation of the FMI was specified in earlier design reports to be 2.332 m 
below the Tevatron beam. To account for the relative tilt of the Tevatron and the FMI, it is now 
specified that MI-52 and MI-62 are placed at this elevation. The line from MI-52 to MI-62 is 
offset 28.789277 m from the MI-60 straight section and parallel to it. The tilt of the FMI then 
places the MI-60 straight section 2.3253 m below the Tevatron beanline. 

The FMI is designed to be a planar machine, but because the ring is eccentric, the 
elevation varies around the ring. The minimum elevation is in the MI-30 and MI-60 straight 
sections and is about 11.6 mm below the maximum which occurs in the 100 arc near Q123 
(northwest). A second elevation maximum, about 6.0 mm above the minimum, occurs in the 400 
arc near Q425 (southeast). The variation in beam elevation, relative to a surface which follows 
the curvature of the earth, is shown in Figure 2.1-4. The elevation of the MI-60 and MI-30 
straight sections is 715' 8.953", 2.3253 m below the elevation of the Tevatron (723' 4.5"). The 
center of the MI-60 straight section lies directly opposite the transfer point into the Tevatron, 
which is 13.222 m (43'4.6") downstream of the center of the FO straight section. For reference, the 
FMI tunnel floor is at a constant (locally-defined) elevation of 713'6", and the MR!fevatron 
tunnel floor is at 722'6". 
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2.2. ACCELERATION CYCLES 
There are four basic types of acceleration cycle, one for each of the four operational 

modes for the FMI: 

1. Antiproton production 

120 GeV top energy, 40 ms flattop 

2. FMI fixed target experiments 

1 Booster batch, 5 x 1Q12 protons 
single tum extraction 
1.467 s cycle 
120 GeV top energy, 1 s flattop 

6 Booster batches, 3 x 1Ql3 protons 
resonant extraction 

a) slow spill, 1 s 2.867 s cycle 
b) fast spill,- 1 ms 1.867 s cycle 

3. Tevatron injection for fixed target expeiiments Two Main Injector cycles per Tevatron cycle 
150 GeV top energy, 250 ms flattop 

4. Tevatron Collider injection 

a) proton injection 

b) antiproton injection 

6 Booster batches, 3 x 1Q13 protons 
single tum extraction 
2.4 s cycle 
150 GeV top energy, 1.4 s flattop 
single tum extraction 
4 s cycle 
3 Main Injector cycles to fill Tevatron 

12 Booster batches, 4.6 x 1Q12 protons 
9 Main Injector cycles to fill Tevatron 

1 Accumulator batch, 1.5 x 1011 antiprotons 

Figure 2.2-1 gives a momentum program and the resulting total dipole bus voltage for 
each basic type. These examples embody conservative extrapolations from Main Ring practice 
and do not require rf or power supplies to run close to design limits. The ramps incorporate the 
changes in bend bus resistance and inductance discussed in Chapter 3.3. The bus resistance is 
assumed to be 0.30 n, and the inductance is 0.67 H. The lower resistance (realtive to the value 
used in Title 1 of 0.32 Q) allows increasing the ramp rate to 270 Ge V /c/s while limiting the power 
supply voltage to -11,500 V. On the other hand, the smaller resistance requires a slower invert; 
the power supply voltage during invert is --10,700 V. The gain during convert does not quite 
offset the increase in the invert time, and the injection dwell period has been decreased by 0.008 s 
in order to keep the cycle time 1.4667 s for the pbar production cycle. The 2.8667 s, 120 GeV 
cycle has been assumed to be run in rapid succession for calculations of rms power when 
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Figure 2.2-1. Acceleration Cycles: 
a. 120 Ge V Antiproton Production c. 150 Ge V Fixed Target Injection 
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designing the cooling systems and pond sizes, and for determining feeder currents and capacities. 
The cycle times are required to be a multiple of the Booster 15-Hz repetition rate, 0.667 s. 

A useful variant on the 120 GeV fixed target cycles is to fast extract one Booster batch for 
antiproton production before resonantly extracting to the target. This approach, referred to as 
"mixed mode", is extremely attractive for fulfilling the demand for protons per hour. The sixth 
Booster batch is injected into the center of the 3.2 Jlsec gap that exists after the first five batches 
are injected. The beam is accelerated to 120 GeV, the sixth batch is extracted in a single tum to 
the antiproton production target, and then the remaining beam is extracted by resonant extraction 
to Swithyard. For a loss of 17 % in fixed target intensity the two types of operation are efficiently 
combined. The loss in stacking rate is about 50% when the long spill is needed but only about 
20% when the short spill is used. The interleaving of single-use cycles is less efficient. For 
example, when a slow spill cycle is interleaved with an antiproton production cycle, the slow spill 
time is reduced by a third, and the antiproton production is reduced by two thirds. The expected 
number of protons per hour than can be delivered in the various modes are given in Table 2.2-1. 

Table 2.2-1. 
Protons Per Hour Under Various Modes of Operation 

Antiproton Production 
Fast Spill 
Slow Spill 
Mixed - AP + Fast Spill 
Mixed - AP + Slow Spill 

Cycle Time 

1.466 sec 
1.866 
2.866 
2.000 
3.000 

AP Target 
1.2 X 1Ql6 

0.9 X 1Q16 
0.6 X 1Ql6 

Protons/Hour 
Fast Spill Slow Spill 

5.8 X 1Ql6 
3.8 X 1Ql6 

4.5 X 1Ql6 
3.0 X 1Q16 

Assumptions: 6 x 1010 protons per bunch, and additional time is required for bunch manipulations 
and turning off magnetic switch at F17 in mixed modes. 

The Tevatron is filled for fixed target physics by two FMI injection cycles. Average 
feeder power sets a limit on the frequency of the injection cycles; they can not be repeated more 
than a few times per Tevatron cycle. The operating limits for the magnet power supply and the rf 
systems are discussed in Chapters 3.3 and 3.4 respectively. 

The Tevatron collider injection cycle is a 4.0 second cycle with a 1.4 second flattop at 150 
GeV for coalescing. Three Main Injector cycles are required to fill the Tevatron. Each Main 
Injector cycle requires the Booster to inject beam as follows. Each Booster cycle injects a small 
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number of bunches, typically 11 bunches; the remaining bunches from the Booster go to the 
Booster dump. Successive injections place the subsequent bunches 21 rf-buckets apart (center-to-
center) for 36-on-36 operation in the Tevatron. Twelve Booster cycles are required to inject the 
proper number of proton bunches, which fill approximately one-half of the Main Injector 
circumference. The bunches are then accelerated to 150 GeV, coalesced, and injected into the 
Tevatron in a single turn. The cycle for injecting antiprotons into the Tevatron will have an 
identical power supply program. On each cycle, one transfer from the Antiproton Source injects 
four groups of 11 bunches, the groups being spaced 21 rf-buckets (center-to-center), which 
are accelerated to 150 GeV, coalesced, and injected into the Tevatron in a single turn. Nine Main 
Injector cycles are required to load the 36 antiproton bunches. 

There are two accelerator physics concerns which could lead to changes in the details of 
the magnet ramps, especially the initial parabola. The first relates to the Main Ring experience 
that bunches are seriously disturbed if the synchrotron frequency approaches 720 Hz for even a 
few milleseconds. Although the FMI has improvements on the Main Ring magnet power supply, 
there is some possibility that the initial parabola might need to be slowed down to provide 
adequate bucket area without approaching this critical value for the synchrotron frequency. It is 
not anticipated that this will be a dominant concern because it will be possible to pass through the 
720Hz region quite fast from a higher value. On the other hand, it may be highly advantageous to 
speed up the initial parabola as much as the rf and power supplies will allow to pass the transition 
energy quickly. Figure 2.2-2 shows a ramp having an initial parabola with second derivative of 
4500 GeV/cfs2 which reaches 280 GeV/c/s before transition. The cycle time has also been 
reduced by one 15-Hz Booster cycle, to 1.400 s. For comparison, the ramps shown in Figure 2.2-
1 reach 270 GeV/c/s at 39 GeV using a second derivative 1200 GeV/cfs2, and the ramp rate at 
transition is 168 GeV/c/s. The feasibility of this less conservative ramp is considered somewhat 
further in Chapters 3.3 and 3.4. 
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2.3. TRACKING STUDIES 
This section describes the simulations to study the performance of the Main Injector at its 

two critical states, the injection energy of 8.9 GeV and the slow extraction energy of 120 GeV. 
These studies of the Main Injector lattice include closed orbit errors, betatron function errors, 
tune versus amplitude, dynamical aperture and correction schemes to improve the Main Injector 
performance. The description of the Main Injector lattice includes higher magnetic multipoles in 
dipoles, quadrupoles, and sextupoles, and both magnet and beam position monitor alignment 
errors. We also discuss correction schemes utilizing octupoles, trim quadrupoles and quadrupoles 
shuffling. These calculations were performed using a thin element tracking program TEAPOT [1]. 

Tracking Conditions And Errors 
Recently we have built and measured ten FMI dipoles and completed the design of 

quadrupole, sextupole and dipole correctors. We use the information from the measurements of 
these new magnets in the calculations along with the previous measurements of the magnets that 
will be recycled from Main Ring magnets. 

The Main Injector lattice has two different sizes dipole magnets with magnetic lengths of 
6.096 m and 4.064 mat 120 GeV. The magnetic length of these dipoles varies with energy due to 
the saturation of ends, and at 8.9 GeV their length is 0.3 mm larger than the nominal length at 
120 GeV, as shown in Figure 3.1-12 [2]. This change in length introduces a nonzero dipole 
multipole at each end of the magnet. 

Hkick = 2n x x (904/3)-1 radians 

This additional bending of the particle is corrected by reducing the dipole excitation. The 
dipole body plus end multipoles, both normal and skew, are calculated by using the method 
described in [3]. In previous calculations [ 4], dipole systematic errors were calculated using the 
prototype dipoles and random errors were calculated using the Main Ring B2 dipoles. In those 
calculations we had used the design values of the higher order multi poles of the long quadrupoles. 
In calculations presented here we have used the data from ten R&D dipole measurements and 
initial measurements of new quadrupoles and sextupoles. The systematic and the random errors of 
the dipole multipoles are calculated by using the measurements of the ten R&D dipoles. The 
systematic errors of the long quadrupole are from new long quadrupole measurements, whereas 
the random eiTors are from the measurements of Main Ring 84" quadrupoles. Having built only 
two sextupoles, we don't have information on the random variation of the higher multipoles. 

The values of the systematic and random errors of the 84" quadrupoles are calculated 
using the Main Ring (MR) quadrupole measurements. There are a very limited number of recent 
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measurements available for MR quadrupoles. The Main Ring quadrupoles have a large octupole 
component and a large random strength variation. Nominal multipoles are calculated by using the 
195 A and 1575 A measurements, whereas the skew multipoles are calculated using the 
measurements at 1575 A. The variation of the octupole strength with current is about 25% 
between injection and slow extraction. All skew quadrupole field errors are turned off for the 
convenience of the simulation. Using a decoupling scheme any linear coupling effects due to the 
presence of skew quadrupole can be corrected. Tables 2.3-1 and 2.3-2 summarize all the 
multipoles used in the input file to TEAPOT. Details of the input to these tables can be found in 
reference [3,4]. Multipole field errors are quoted in units of 1.0 x l0-4 relative to the main field 
component and at a displacement of one inch.The misalignment of all the magnetic elements 
(dipoles, quadrupoles, sextupoles) and beam position monitors are included in these calculations. 
The rms of the alignment error with respect to the closed orbit is 0.25 mm in both horizontal and 
vertical directions. In addition dipole magnets have an rms roll angle of 0.5 mrad. Roll angles of 
other magnetic elements are not considered because their presence will dilute the effects we want 
to study. In principle the roll angles of all magnetic elements should be as small as possible, and 
they can be corrected by skew correction elements present in the ring. We have studied the effect 
of these random misalignments and systematic misalignment. These studies are summarized in 
reference [5]. 

Base tunes of (Qx, Qy)= (26.425, 25.415) are used in all the simulations. These tunes are 
different from (26.407, 25.409) which were used in earlier calculations of dynamic aperture. 
Particles are tracked with all magnetic and misalignment errors turned on, in the presence of 
synchrotron oscillations due to rf, and with chromaticity set to the desired value. In the lattice 
there are 18 rf cavities, each operating at a voltage Vrf = 0.0218 MV and 0.0555 MV at 8.9 and 
120 GeV respectively. The rf frequency of 53 MHz conesponds to a hannonic number 588. 

Tracking Results 
Closed orbit Errors 

In the Main Injector lattice there are 208 quadrupoles, of which 128 are recycled Main 
Ring quadrupoles, while the rest are newly fabricated. Located inside these quadrupoles are the 
beam position monitors. The vertical and horizontal beam positions are measured at the focusing 
and defocusing quadrupoles respectively. The vertical and horizontal displacements of the 
particles are conected by applying corresponding kicks just after these position monitors. 

A typical uncorrected closed orbit in both the horizontal and vertical plane is shown in 
Figure 2.3-1. The rms closed orbit deviation before correction is 5.10 mm horizontally and 
5.56 mm vertically for the selected seed at 8.9 GeV. After three iterations of the orbit conections 
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scheme the rms closed orbit deviation is reduced to 4.8 x lQ-4 mm (H) and 1.0 x lQ-8 mm (V). 
The correction scheme is based on a least square error minimization. We have studied the 
contribution of each magnetic error and the displacement error to the rms closed orbit deviation 
for one seed. The closed orbit error in the horizontal plane is due to 1) random quadrupole 
misalignment in the horizontal plane, 2) random eiTors in the dipole field and 3) systematic dipole 
strength variation at energies other than 120 GeV. The deviations in the vertical plane are 
mainly caused by 1) random quadrupole misalignment in the vertical plane and 2) the dipole roll. 
Details of the misalignment tolerances and corrector strength are described elsewhere[5]. Table 
2.3-3 summarizes the contribution of different errors to the closed orbit error. Most of the 
horizontal closed orbit deviation is due to dipole random strength vadations, misalignment errors 
and the change in the effective length of the dipole magnet. The vertical closed orbit error is 
mainly due to misalignment errors. Figures 2.3-2(a) and 2.3-2(b) show the distribution of 
uncorrected horizontal and vertical rms closed orbit errors for 20 different seeds at 8.9 and 120 
GeV. The rms deviations of the distribution are 5.0 mm and 3.9 mm in the horizontal and vertical 
planes, respectively. The maximum corrector strength required to correct these orbit deviations 
are about 50 j.lr in both planes at the two considered energies, as shown in Figure 2.3-3. In 
determining the maximum corrector strength we have considered the envelop of maximum 
coiTector strength ignoring a few correctors which lie outside this envelop. In the Main Injector 
we plan to use newly built dipole coiTectors. At 8.9 GeV the Main Injector dipole correctors can 
provide 2000 j.lr and 1300 j.ll' of horizontal and vertical corrections respectively. 

Betatron Function EITors 
The dipole and quadrupole random errors and magnet alignment errors change the p 

function around the FMI. The p function is different from that of the ideal lattice. A typical 
variation is shown in Figure 2.3-4. Figures 2.3-S(a) and 2.3-S(b) show the distribution of the 
maximum of horizontal and vertical op;p when all the errors are included at 8.9 GeV and 
120 GeV. Most of these variations are due to the random errors in the strength of the magnetic 
elements. The average deviation is about 7%. Additional beta function errors at the level of a few 
percent ( <2%) will also be present due to a mismatch between the length of the short and long 
quadrupoles. 

Dynamical Aperture 
We have studied the survival of particles launched at different amplitudes in the Main 

Injector at the injection energy. A single particle in FMI will circulate for 35000 turns at the 
injection energy of 8.9 GeV. This time is required for any operation that involves filling the ring 
with six batches coming from the Booster. At 120 GeV, during slow extraction of the proton 
beam, the beam will stay in the ring for 1.0 sec at flattop, approximately 100,000 turns. 
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Synchrotron oscillations were included in the simulation by launching all particles with a 
momentum offset of Omax = (Llp/p)max = 2.0 x lQ-3 at 8.9 GeV and 0.33 x 1()-3 at 120 GeV. The 

maximum beta function of the FMI lattice for a particular seed is less than 65 m, about 12% larger 
than the beta function with no errors. We have not found a random number seed that can produce 
a larger variation in beta function. Particles were launched with a maximum horizontal 
displacement "A" defined at a location where the horizontal beta function is at its maximum. We 
have conservatively assumed the maximum beta to be 70 meters. The maximum vertical 
displacement of the same particle is 0.4A (x/y=2.5), which approximates the available aperture of 
the beam pipe. Particles with amplitude varying from 15 mm to 35 mm were considered. 
Simulations were performed for five different seeds. Figures 2.3-6(a) and 2.3-6(b) are survival 
plots displaying how many turns a particle survives in the Main Injector at 8.9 and 120 GeV as a 
function of initial amplitude. If the dynamical aperture of the machine is defined as the smallest 
amplitude particle that did not survive the maximum number of turns, then the dynamical aperture 
for the Main Injector at the injection energy is predicted to be 30.6 ± 0.5 mm, corresponding to a 
normalized emittance of 127 ± 4n mm-mrad at 8.9 GeV. 

In the FMI we have introduced local orbit distortions to move the beam away from the 
Lambertson magnet septum. Lambertson magnets are placed in the ring for injection and 
extraction of the beam. These local bumps, as shown in Figure 2.3-7, require the particles to be 
placed away from its nominal closed orbit hence not in the best part of the magnetic field. We 
have measured the quadrupole magnet strength and higher order multipoles and have used these 
multipoles in our calculations at those locations. Figure 2.3-8 shows the quadrupole multipoles as 
a function of x in the magnet. We have studied the effect of the size of local bump at quadrupole 
locations Q618-Q622 on the FMI dynamical aperture at 8.9 GeV. Figure 2.3-9 shows the change 
in the dynamical aperture as a function of the size of the local bump at Q618-Q622. The size of 
the dynamical aperture starts to reduce for the bump sizes larger than 25 mm. We expect that a 
local bump of about 25 mm will be required to clear the Lambertson at these locations. 

Detuning of Particles 
We examined the variation of the horizontal and vertical tunes as a function of the 

particle's amplitude of motion. Figures 2.3-10(a) and 2.3-lO(b) are the tune-tune plots at 8.9 and 
120 GeV respectively. The numbers on the tune plot correspond to the initial amplitude "A" of a 
test particle, in millimeters. Points on the plots lie on a straight line up to an amplitude of 28 mm 
for 8.9 and 120 GeV. At both energies the change in tune is small for particles with small 
amplitude (less than 10 mm). It increases but remains uniform for large amplitude particles. This 
detuning is dominated by a combination of systematic octupole error in the recycled Main Ring 
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quadrupoles, and second order sextupole effects. Half of this detuning is due to the octupole 
multipole of the quadrupoles. 

Correction Schemes 
The FMI dynamical aperture is about twice its design aperture. Due to the multipurpose 

operations of the FMI we have studied possible ways to further increase the dynamical aperture. 
In the 120 GeV fixed target operation mode of the FMI, the 120 GeV proton beam will be slow 
extracted from the FMI in 1 sec. The extraction process begins by changing the tune of the 
machine slowly from (.425,.415) to (.485,.415) using the main quadrupole power supplies. The 
trim quadrupoles and Oth-harmonics octupoles are used to slowly extract the beam as described in 
[6]. There is a significant loss (10 mm) of dynamical aperture due to change in tune. We have 
studied different con·ection schemes to increase the aperture at this tune setting. 

In the FMI lattice there are 54 octupoles and 16 trim quadrupoles placed around the ring 
for extraction. At present there are 8 additional octupoles correctors in the ring. These octupole 
and trim quadrupoles can be used in a conection scheme to increase the dynamical aperture of the 
FMI. The Main Ring and newly constructed quadrupoles intentionally have a positive octupole 
component to facilitate slow extraction, but which is also one of the limiting factors in the 
dynamical aperture of the FMI. The extraction and corrector octupoles can be used to cancel the 
total effect of this octupole. The octupoles will have a bipolar power supply. This will enable us 
to use them as correctors at all the energies and to adjust the total octupole in the ring during slow 
extraction. 

In the FMI, the focusing and defocusing quadrupoles are powered by two separate power 
supplies, so the currents in the two circuits can be different. This provides direct, separate control 
of the horizontal and vertical tunes. All the recycled Main Ring quadrupoles will be remeasured 
and reworked before they are placed in the FMI. Knowing the strength of each quadrupole will 
allow us to select which to place in the ling. Quadrupoles with larger diviations from the mean 
will be assigned to beamlines. The 128 quadrupoles selected for the FMI ring will be divided 
into two groups. One set will have quadrupoles strength higher than the mean value and the other 
set lower. This division will reduce the sigma of the quadrupole random error by creating two 
non-gaussian distributions. We have used a Monte Carlo simulation to generate a gaussian 
distribution of quadrupole strength. The sigma of this distribution was chosen to be the sigma 
derived from the available measurements of the Main Ring quadrupoles. The quadrupoles with 
strength larger than the mean value were placed on the focusing bus, whereas quadrupoles with 
lower strength were placed on the defocusing bus. By dividing the quadrupoles into two parts we 
have reduced the sigma of the quadrupole strength from 24 units to 7 units. This reduced the 
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around the ring by a few percent. Sorting of the quadrupoles by placing pairs of strong or 

weak quadrupoles exactly one FODO cell apart can further reduce this variation in beta function. 
The variation in op;p can be reduced even fmther by canceling the natural half-integer stop band 
of the FMI [6,7]. This is achieved by using the two families of 16 trim quadrupoles placed in the 
ring for slow extraction. These trim quadrupoles can be used as correctors at all the energies and 
as extraction elements for slow extraction. Figure 2.3-4 shows the op;p of the FMI before any 

correction is applied. Figure 2.3-11 (a) is a similar plot after the quadrupole shuffling to reduce 
the random error at 8.9 GeV, whereas Figure 2.3-ll(b) includes the quadrupole shuffling and 
half-integer stop band correction at the 120 GeV slow extraction setting. Figure 2.3-12 shows the 
detuning of the particle at 120 GeV after the quadrupole random error and octupole corrections. 
Detuning is very small for small amplitude particles. Detuning of large amplitude particle is 
reduced by about 30%. 

We have studied the survival of particles for one seed only at the slow extraction tune of 
(Qx,Qy) = (26.485,25.425) with these corrections. Figure 2.3-14 is the survival plot before and 
after thse corrections. The dynamical aperture increases by about 7 mm. This is mainly due to 
reduced op!p and smaller total octupole in the FMI. 
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Corrector Strength at 8.9 GeV 
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Quadrupoles 
(New Style) 

Newly Built 
MI Quadrupoles 

Chapter 2 

Table 2.3-1 Magnetic errors used in the 8.9 GeV simulation. 

Multipole 
Order 

dipole 
quadrupole 
sextupole 

8 
10 
12 
14 

quadrupole 
sextupole 

8 
10 
12 
14 
16 
18 
20 

quadrupole 
sextupole 

8 
10 
12 
14 
16 
18 
20 

Normal 
<bn> O'bn 

1.10 15.30 
0.06 0.80 

-0.40 0.18 
0.04 0.06 
0.33 0.05 

-0.01 0.05 
-0.03 0.05 

24.00 
0.50 2.73 
5.85 1.02 

-0.10 1.12 
-1.82 0.63 
0.21 0.64 
1.41 0.64 

-0.03 0.12 
-0.80 0.06 

24.00 
-0.51 2.73 
3.41 1.02 
0.03 1.12 

-1.49 0.63 
0.21 0.64 
1.41 0.64 

-0.19 0.12 
-0.77 0.06 

14 

Skew 

0.00 0.12 
0.03 0.03 
0.00 0.05 

-0.03 0.04 
0.00 0.05 

0.12 1.85 
-1.16 2.38 
0.42 0.47 
0.40 0.70 

-0.55 0.44 

0.14 0.16 
0.02 0.07 

1.08 1.85 
-2.05 2.38 
-0.75 0.47 
0.43 0.70 

0.44 

-0.07 0.16 
-0.12 0.07 
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Table 2.3-2 Magnetic errors used in the 120 Ge V simulation. 

Multi pole Normal Skew 
Order <bn> O'bn <an> O'an 

Dipole dipole 0.00 5.50 
quadrupole 0.03 0.80 
sextupole -2.04 0.15 0.00 0.14 

8 0.01 0.03 . -. -0.01 0.05 
10 0.05 0.05 0.00 0.05 
12 -0.01 0.04 -0.02 0.05 
14 -0.07 0.04 0.01 0.05 

Recycled quadrupole 24.00 
Main Ring sextupole 1.69 2.29 -0.47 3.14 
Quadrupoles 8 5.29 1.29 0.68 0.43 
(New Style) 10 -0.72 0.90 0.41 0.34 

12 -1.71 0.16 -0.31 0.14 
14 0.25 0.92 -0.02 1.11 
16 1.37 0.92 
18 -0.22 0.92 0.06 0.25 
20 -0.82 0.33 -0.05 0.08 

Newly Built quadrupole 24.00 
MI Quadrupoles sextupole -1.49 2.29 0.58 3.14 

8 4.10 1.29 -0.45 0.43 
10 -0.01 0.90 -0.29 0.34 
12 -1.86 0.16 0.02 0.14 
14 -0.22 0.92 1.11 
16 1.37 0.92 
18 -0.05 0.92 -0.01 0.25 
20 -0.79 0.33 -0.09 0.08 

Chromaticity Sextupole* 
dipole 358 2.6 
quadrupole 
octupole 0.6 2.6 
10 -78.9 1.3 
14 35.5 -1.3 
18 -9.4 0.4 

* Chromaticity sextupole harmonics measured at 300 A and scaled to appropriate excitation for F 
and D loops at 120 GeV. 
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Table 2.3-3. Closed orbit errors at 8.8 GeV (in mm) for one seed. 

Error(s) H v 
All 5.93 4.37 
Dipole Systematic (including l1L) 1.05 0.00 
Dipole Random 5.04 0.00 
Quad Systematic and Random 0.00 0.00 
Displacement and Rotational Enor 2.62 4.09 

Conclusion 
Calculations presented in this section have shown that the Main Injector design exceeds 

the design specification of 40n mm mr admittance at injection. The larger octupole and the 
random variation of the quadrupole strengths are the limiting factor for the dynamical aperture at 
slow extraction. Using the correction schemes described, it is possible to reduce the effect of the 
quadrupole random error and octupole multipole. This correction scheme provides us with 
additional aperture at all energies. 

References: Tracking Studies 
1. L. Schachinger and R. Talman, Particle Accelerators 22, 1987. 
2. C.S. Mishra et al., "Change in Effective Length of the Main Injector Dipole", MI Note-0118, 
1994. 
3. C.S. Mishra et al., "Summary of R&D Dipole Measurements", MI Note-0119, 1994. 
4. C.S. Mishra and F.A. Harfoush, "Study of the Fermilab Main Injector Lattice", MI Note-0088, 
1993. 
5. C.S. Mishra, "Study of the Alignment Tolerance and the Corrector Strength in the FMI 
Lattice", MI Note-0109, 1994. 
6. J.A. Johnstone, "A Simplified Analysis of Resonant Extraction at the Main Injector", MI Note-
0091, 1993. 
7. J.A. Johnstone, "A Numerical Simulation of Resonant Extraction", MI Note-0095, 1993. 
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2.4. BEAMLINES AND BEAMTRANSFERS 
Five new beamlines with a combined length of about 1,425 m are required to integrate 

the FMI into the existing Fermilab accelerator complex. Lattice descriptions of each of these may 
be found in the Appendices. 

1. A 760 m beamline for transporting the 8.9 GeV/c protons from Booster straight section L3 
to the FMI injection point in straight section MI-10. 

2. A 260m beamline to transport 150 GeV/c antiprotons from the MI-62 straight section in 
the FMI to the Tevatron FO straight section. 

3. A 260m Tevatron injection beamline which transports 150 GeV/c protons from the MI-52 
straight section to the Tevatron FO straight section. 

4. A 15m magnet section to match between the Tevatron injection Lambertsons and Main 
Ring station F11. 

To connect the Main Injector complex with the Antiproton Source and Switchyard most of 
the existing magnets and power supplies in F-Sector(from FO to AO) of the Main Ring and in the 
AP-1 beamline remain in place. The 150 GeV/c line from MI-52 also provides the link between 
the Injector and the F-Sector magnet string of the Main Ring. This dual functionality of the 150 
GeV/c line is made possible by using the Tevatron injection Lambertsons as a magnetic switch for 
selecting either the Tevatron or Main Ring F-Sector. Figure 2.4-1 shows the geometry of the 
Tevatron FO straight section. 

The 120 GeV protons used for antiproton production are transferred at Main Ring station 
F17 into the existing AP-1 beamline. This section of beamline is also used to transfer 8.9 GeV/c 
antiprotons from the Antiproton Source to MI-52 for injection into the FMI. The 120 GeV/c 
protons used for test beams are transported through the entire F-Sector to AO where the fifth 
beamline is installed. 

5. A 130 m section which connects F49 to the upstream end of the Switchyard. 

Finally, a sixth beamline is required to transport beam to the abort dump. 

6. A 140m beamline transport beam out of the FMI enclose at the MI-40 straight section. 
The last ,30 m are simply a drift from the enclosure to the dump itself. This beamline must be 
capable of transporting beam at any energy between 8 GeV and 150 GeV. The beamline, the 
enclosure and the beam dump itself have all been designed to allow this area to be used as a future 
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120 GeV extracted beamline. With additional magnets installed in the MI-40 enclosure and in the 
abort dump enclosure, 120 GeV beam could be directed through a hole in the abort dump inner 
steel sections, refocussed and transported to a future downstream experimental area. 

The layout of the beamlines and site coordinates of all beamline elements have been 
determined. Optical designs exist for the 8.9 GeV/c Booster to FMI line, the two 150 GeV/c FMI 
to Tevatron beamlines, and the FMI to Main Ring Fll beamlines. With a few exceptions, that are 
discussed in a subsequent section, all beamline dipoles and quadrupoles are recycled from the 
Main Ring and existing 8.9 GeV/c beamline between the Booster and the Main Ring. Every 
quadrupole focusing center has associated with it a beam position monitor and correction dipole 
recycled from the Main Ring. 
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2.4.1. The 8 GeV Line 

Protons extracted from the Booster are transported 756 m for injection into the FMI. The 8 
Ge V transport line is comprised of three major sections: a matching section between the Booster 
and the main body of the beamline, which also incorporates the descent from the Booster to Main 
Injector elevation; a long section of periodic FODO cells; and a final section to match the optics 
between the beamline's FODO section and the FMI. 

The 8 Ge V line, as it is currently being installed, differs in concept so radically from the 
version described in the August 1994 release of the TDH that it can be regarded as a truly new 
design. The Booster and FMI matching sections exhibit some similarities with those described 
previously, in so far as tunable electromagnet quadrupoles are utilized to perform the optical 
matches. However, in the long arc of repetitive FODO structure all electromagnets have been 
eliminated and replaced with permanent dipoles, gradient magnets, and quadrupoles. The 
motivation for employing permanent magnets wherever possible in the line was primarily to 
acquire the manufacturing and operating experience necessary to ensure success of the future 
8 GeV Recycler Ring. The permanent magnets to be used in the 8 GeV line are described in 
Chapter 3.1A. The conventional magnets are described in Chapter 3.1. The layout of the elements 
in the beamline are shown in Chapter 3.2, Figure 3.2-14, beginning from the Booster and ending 
at the Main Injector injection point, quad Q101. 

The Booster extraction system and matching section geometry upstream of the dump are 
very different from those described in TDH(94). In early 1995 the Booster group realized that 
horizontal extraction was probably not feasible. Field leaking into the 'field-free' region of the 
Lambertson would unacceptably degrade the Booster beam at injection, possibly even prohibiting 
circulation. Protons will therefore be extracted using the existing vertical extraction system. A 
pulsed septum in straight section L3 extracts beam upwards at 2.77°. A vertically bending, 5' EPB 
dipole (VBC1) levels the trajectory 0.50 m above the Booster elevation. Centered downstream of 
VBCl by 12.47 m, a 10' EPB provides 6.540 of horizontal bend, steering the beam away from the 
enclosure wall and onto a trajectory that avoids the dump. Immediately following the horizontal 
EPB is a vertical dogleg. The first EPB in the dogleg drops the beam at an angle of 6.540. The 
second vertical EPB flattens the trajectory again at Booster elevation. The inclusion of this rather 
unnatural vertical dogleg was the least odious option studied that could accommodate the switch 
from horizontal to vertical Booster extraction without impacting civil construction downstream. An 
EPB centered 8.42 m after the vertical dogleg provides an additional 6.540 horizontally. 
Immediately following this last EPB two 3.556 m permanent dipoles provide 3.16° of vertical 
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bend, pitching the beam downwards for the next 59.28 m to obtain the 10'9" Booster-FMI 
elevation difference. Two more permanent dipoles then cancel the beam's vertical descent, marking 
the end of the Booster matching section. 

One hundred and three degrees (103.450) of bend are achieved in the next 644 m of the 
line exclusively via 45 permanent dipoles and 65 permanent gradient magnets, with each magnet 
providing 1.10° of horizontal bend. The first 8 dipoles have reverse bends relative to the remaining 
magnets in the series, which serves to keep the beam well clear of the existing roads around the 
Anti-Proton complex. The subsequent 37 dipoles and 65 gradient magnets take the trajectory of the 
line 10'9" below the existing AP2/AP3 enclosure, or 16'9" below the AP2/AP3 beamlines. The 
closest distance of approach of the 8 Ge V line to the Tevatron is approximately 1 00'. The final 
2.000 of horizontal bend from the recycled AO 8 GeV Lambertson places the protons on the 
horizontal closed orbit of the FMI. The 8 Ge V proton line terminates at the defocusing quadrupole 
(Q101) situated 17m upstream of the MI-10 straight section center. 

Lattice functions for the 8 GeV line are illustrated in Figure 2.4-2(a). The corresponding 
40n mm-rnr beam envelopes and magnet apertures are shown in Figure 2.4-2(b). The apertures 
illustrated correspond to the 'effective' aperture seen by the beam, i.e.; the true interior beampipe 
dimensions reduced by the sagitta. The Booster matching section will use ten SQ series 
quadrupoles (designed for the Antiproton Source, and also used in the Booster-to-Main Ring 
8 GeV line). However, until the present Booster-to-Main Ring injection line is decommissioned, 
there is a shortage of SQAs, and a spare SQC is being used at location 809. That will be replaced 
with an SQA later in order to increase the number of spare SQCs; the final configuration will 
employ 4 SQA, 4 SQC, and 2 SQF quads. Powered individually, they perform the optical match 
between lattice functions of the Booster and the standard values of the beamline's long FODO 
section. The quadrupole doublet downstream of the Booster extraction point merely constrains the 
amplitude of the extracted beam. The subsequent 8 quads perform the actual optical match to the 
FODO lattice, with the 6 quads in the vertical drop also producing -360° of vertical betatron phase 
advance to ensure that the matching section is achromatic. Vertical dispersion does not exceed 1.20 
m. The transverse beam size reaches its maximum in this matching section of the line. With -68 
m, and a normalized transverse beam emittance of 40n mm-rnr, the maximum beam size is ±17 
mm --much less than the 3.5" pole-tip diameter of the SQ quadrupoles. However, it is the 4 EPB 
dipoles which form the aperture bottleneck of the 8 Ge V line -- and the situation is nearly equally 
bad at each dipole. Typically, in the non-bend plane the 95% beam full-width is -1 "-71.25", 
compared to the 1.40" nominal interior beampipe dimension. In the bend plane, because of the 
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8 GeV Beam Envelope & Magnet Apertures 
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Figure 2.4-2(b). 401t mm-mr beam envelopes and. magnet apertures. 



large sagitta (1.71 "),from 2.5"-73.0" of aperture are required, with 3" completely consuming the 
EPB good field region. 

The 58.83 m following the Booster matching section (the 'reverse-bend' section) is 
comprised of two cells, each characterized by 4 permanent dipoles, 4 permanent quadrupoles, and 
84° of betatron phase advance per cell. These cells represent a compromise between following as 
closely as possible the trajectory through the tunnel determined by previous electromagnet 
solutions and achieving a smooth optical match to the subsequent long arc of FODO cells. 

The reverse-bend cells are followed by 495.46 m of repetitive FODO structure. This lattice 
section is constructed from two types of cells -- regular cells constructed from 4 permanent dipoles 
plus 4 gradient magnets per cell and dispersion suppressing cells with 4 gradient magnets per cell. 
Both types of cells have -90° of phase advance but are not perfectly matched optically. The small 
mismatch is the consequence of intentionally creating additional space in the lattice to accommodate 
the possible insertion of diagnostics in the future. As a result, dispersion neither reaches precisely 
zero anywhere, nor is it optimally minimized through the arc. However, horizontal dispersion 
becomes as small as 0.12 m and does not exceed 3.71 m, which is acceptable. With a 
= 47 m and op/p = 0.2% the transverse beam size is less than ±16 mm for a 401t mm-mr emittance, 
which is compatible with the 48 mm (V) x 92 mm (H) aperture of the beampipe. With each dipole 
and gradient magnet producing 1.10° of bend, the sagitta is only 5.9 mm and 9.5 mm respectively. 
Again, this is compatible with the available aperture. 

The matching section at the FMI end is very similar to that described in earlier versions, 
with the notable difference that each B2 has now been replaced by 2 permanent dipoles. Six 
individually powered SQA type quadrupoles perform the final optical match to the FMI. 

Correction Elements 
Every cell boundary in the 8 Ge V cell has a BPM associated with it, with additional BPMs 

located in the regions of tight aperture around the EPBs at the Booster end. Every electric 
quadrupole in the line also has a recycled Main Ring correction dipole nearby. Additional 
correctors are located at the entrance and exit of the long arc, and one cell upstream of each beam 
profile monitor to provide centering capability on the monitor. For 8.9 GeV/c protons the angular 
correction produced by Main Ring horizontal (1.9"x5.4" aperture) and vertical (2.4"x4.2" 
aperture) dipoles is 8 = 580 J.lr and 335 J.lr, respectively, at 5 A. This provides the capability to 
correct central trajectory errors through both matching sections and also to provide position and 
angle adjustment of beam entering and exiting the long arc plus the injection trajectory at Q101 in 
the FMI. For vertical correction, rolled horizontal correctors will be used in the matching sections 
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to match the beampipe which is oriented to give maximum vertical aperture; in the permanent 
magnet section, standard vertical correctors will be used. 

The long permanent magnet section is almost completely devoid of correctors. Here, as will 
be the case in the Recycler Ring, any necessary trajectory corrections will be performed by moving 
gradient magnets. These magnets are designed, and installed, with the ability to 'float' transversely 
on the beampipe by as much as ±1 ". A 1 em transverse displacement of the magnet translates into a 
bend angle change = 614 J..Lr, or -0.85% of the nominal bend. Relatively modest magnet 
displacements therefore can produce steering capability equivalent to that of a Main Ring corrector. 

The effect of dipole field errors on the trajectory through the long arc, and the consequent 
gradient magnet movements required for correction, have been investigated in simulations. 
Random field error compensation must be addressed by any beamline but, unlike electromagnet 
transfer lines, a systematic dipole field error (or, equivalently, a systematic beam momentum 
offset) becomes an important issue for permanent magnet lines. 

Rather than using the true lattice configuration, trajectory error simulations were performed 
with a lattice constructed from 7 regular plus 12 dispersion suppressor cells to mimic the repetitive 
optics of the long arc. While results from the simulations should not be sensitive to this 
approximation, trajectory correction is simplified by being amenable to solution via the algorithms 
intrinsic to MAD. The optics of this approximate lattice are shown in Figure 2.4-3. 

A systematic 1% dipole field error (much larger than any realistic error source imagined) 
was assigned to each of the 28 dipoles, 38 F-gradient, and 38 D-gradient magnets in the 
approximate lattice. Figure 2.4-4(a) shows the resulting trajectory and envelope of a 407t mm-mr 
beam with momentum spread 8p/p = 0.2%. Position and angle of the incoming beam are optimal 
for minimizing the rms transverse excursion. The resulting rms displacement of the orbit is 

= 18.5 mm and, with maximum displacements of = 31.0 mm, the beam scrapes 
at all high dispersion locations. Figure 2.4-4(b) shows the beam trajectory and envelope after 
correction. Moving just the F-gradient magnets, 8 by 10 mm, 12 by 7.5 mm, and 18 by 5 mm, the 
excursion of the beam is significantly reduced, with = 1.7 mm and 3.2 mm, 
which is perfectly acceptable for the available aperture. 

Random field errors are treated analogously to systematic field errors. Uniformly 
distributed, random dipole errors in the range ±0.25% were generated (compared to the anticipated 
range of better than ±0.10%) and assigned to all104 magnets in the approximate lattice. The beam 
trajectory resulting from 20 random generator seeds was calculated. The worst case had an orbit 
wobble characterized by = 3.7 mm and 13.0 mm. Figure 2.4-4(c) illustrates 
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407T Envelope & .!lE/E= 1.0% Systematic Error 
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Figure 2.4-4(a). Trajectory and envelope with systematic field error of 1%. 



op Error Compensation by Moving Magnets 
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Figure 2.4-4(b ). Beam trajectory and envelope after correction by moving magnets. 



the uncorrected trajectory and beam envelope in this worst case for 407t mm-mr emittance and 
momentum spread op/p = 0.2%. It can be seen that no correction of the orbit is strictly necessary --
there is ample aperture for lossless beam transmission. However, with small adjustments to just 12 
of the F-gradient magnets, moving 4 by 1.25 mm, 6 by 1.00 mm, and 2 by 0.5 mm, the trajectory 
deviation is reduced to the level achieved for the 1% systematic error. Figure 2.4-4(d) shows the 
corrected trajectory, where = 1.2 mm and = 3.0 mm. 

FMI Injection 
Injection of 8.9 GeV/c protons is accomplished in the FMI straight section MI-10. The 

straight section is approximately 69 m long and has to accommodate the horizontal injection 
Lambertson and vertical kickers. The recycled AO Lambertson is located at the FMI defocusing 
quad 17 m upstream of the straight section center; this quadrupole will be rotated by 90° to provide 
adequate vertical aperture for the injected beam. The beam trajectory in the horizontal plane 
approaches the FMI at an angle of approximately 35 mr in order for the beampipe to clear the FMI 
quad Q 100. At the entrance to the Lambertson the beam is displaced horizontally 39 mm from the 
Main Injector centerline. Vertically, the beam is 34 mm above the centerline; the circulating beam 
must be displaced 12 mm downwards at injection, but becomes centered at high field. The 
Lambertson is rolled through a small angle, on the order of 2.50, to produce the vertical pitch 
necessary to cancel the off-axis dipole kick the beam receives from the downstream FMI 
quadrupole. The Lambertson removes the 35 mr angle to bring the beam onto the horizontal closed 
orbit of the FMI. Figure 2.4-5 shows the Lambertson magnet apertures and 407t mm-mr beam 
positions and profiles at 8 GeV and 150 GeV. The rolled quad has a good field region of ±6 em 
vertically, with a physical aperture slightly more than that. This is a full centimeter more than what 
the beam will see at injection, and two centimeters more than the edge of the circulating beam. 

Three kicker modules located 900 downstream of the Lambertson, immediately upstream of 
Q103, provide the 1.03 mr of vertical kick necessary to cancel the vertical offset present at the 
Lambertson. This places the injected protons onto the vertical closed orbit of the Main Injector. 

Chapter 2 21b Technical Design Handbook 
December, 1996 



407T Envelope & ilB/B=0.25% Random Error 

40 

20 ......., s s 0 
L.--1 

:>-c -20 

-40 

0 100 200 300 400 500 

40 

......., 20 s s 0 L.--1 

:>< 
-20 

-40 

0 100 200 300 400 500 
Path Length (m) 

Figure 2.4-4(c). 
Uncorrected trajectory and beam envelope for worst case random errors. 



Corrected Random = 0.25% Trajectory 
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Figure 2.4-4(d). Beam trajectory and envelope after correction by moving magnets. 
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2.4.2. The 150 Ge V Lines 
Two beamlines connect the FMI to the Tevatron. One of these transports the 150 GeV/c 

antiprotons. The other, in addition to its role of delivering 150 GeV/c protons to the Tevatron, is 
also required to transport 120 GeV/c protons destined for the antiproton production target or 
Switchyard, plus transport 8.9 GeV/c antiprotons to the FMI. In this section, only the two 
optically similar beamlines which transport 150 GeV/c particles from the FMI to the Tevatron are 
described. The supplementary transport commitments of the 150 GeV/c proton line are discussed 
in subsequent sections. Small differences exist between the proton and antiproton transfer lines, 
originating in the slight optical asymmetry of the Tevatron injection point with respect to the two 
species of particles. 

The Main Injector lies 2.332 m lower in elevation than the Tevatron. Extraction of protons 
(antiprotons) is initiated by kicker magnets located at the extreme upstream end of MI-52 (MI-62) 
straight section. These provide the 525 J.Lr of kick necessary to det1ect the beam across the septa of 
the vertically bending Lambertson magnets. The Lambertsons straddle the F quad located 90° in 
betatron phase downstream of the kickers. A C-magnet (current septum magnet) follows the third 
Lambertson. The Lambertsons and C-magnet det1ect the beam upward by 24 mr; this is the 
minimum angle that provides clearance from the FMI quad at the downstream end of the straight 
section. Three vertical C-magnets then reduce the vertical pitch to 3 mr. The horizontal dipoles 
are rolled to produce the desired horizontal and vertical trajectory for vertical injection into the 
Tevatron. 

The total length of each of the 150 GeV/c beamlines is 260 meters. Each line includes 15 
recycled 6 m Main Ring B2 dipoles and 7 recycled Main Ring quads. A significant change since 
the Title I design report (Engineering Change Request #44) has been the replacement of ten 
recycled Main Ring quads (four 52" BQAs, and six 84" BQBs, also referred to as 3Q84s or 7000-
series quadrupoles) with seven new 3Q120 and two new 3Q60 quadrupoles. The primary 
motivation for this change was to ease some of the tight clearances between elements in the 
beam lines and the Main Injector and Tevatron devices. A side benefit of the change comes from 
the fact that each of the new elements, which must be indiviually powered for lattice matching, 
runs at a much lower current than the Main Ring quads, resulting in a substantial cost savings in 
cables and power supplies, as well as a reduced operating cost. The five vertical C-magnets are 
identical in cross-section to the existing F-17 C-magnet, with the length increased from 118.4" to 
132". The Lambertson magnets are a new design, discussed further in Chapter 3.1. 
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Optics 
The lattice functions for the 150 GeV/c Tevatron injection lines for protons and 

antiprotons are shown in Figures 2.4-6 and 2.4-7. All eight lattice functions are well matched to 
the Tevatron optics. The two transport lines have essentially identical designs. Minor differences 
in the locations and gradients of the last four quadrupoles are necessary to accommodate the 
match into the optically asymmetric Tevatron FO straight section. Basically, the lines continue the 
FMI lattice cell structure up to a pair of quadrupole doublets, which then achieve the final optical 
match to the Tevatron. Vertical dispersion generated by the FMI vertical extraction components is 
almost canceled by the Tevatron vertical injection magnets. To complete the cancellation, and 
satisfy the extremely tight geometric constraints, four families of rolled dipoles are utilized. 

Correction Elements 
Main Ring correction dipoles and BPMs are associated with each of the 14 quadrupole 

focusing centers in the 150 GeV/c lines. The operational mode in which 8.9 GeV/c antiprotons are 
transported dictates that fine trajectory control is essential for steering through the restricted 
aperture presented by the rolled dipoles. At 150 GeV/c steering tolerances through the line are not 
as stringent due to the smaller beam size. 

Correction of central trajectory errors has been simulated with random magnet 
misalignments and dipole field errors assigned to the beamline elements. As discussed in 
connection with the 8 Ge V proton line, suitable error values are: Sx = Sy = 0.25 mm, Sron = 0.5 
mr, and = 0.25%. Figure 2.4-8(a) illustrates deviations of the uncorrected central trajectory 
for 20 random error seeds. The consistently larger values reflect the (approximate) absence of 

errors in the vertical plane. The maximum offsets at the end of the 260m lines ±14 
mm and ±6 mm. Figure 2.4-8(b) shows the worst case trajectory, before and after correction. 
Maximum deviations in the line are reduced to - 1 mm, and the beam position and angle have 
been tuned at the injection point to = = 0 mm, and = = 0 mr. The maximum 
corrector strengths required are SH = 97 and Sy = 40 At 150 GeV/c this horizontal strength 
is too large to be accommodated by the standard Main Ring correctors. Main Ring double-
strength horizontal coiTectors are necessary to ensure correct beam position and angle matching at 
injection. 

FMI Extraction 
The requirements on the proton extraction Lambertson aperture are dictated not by the 150 

GeV/c extraction but, rather, by its use as the injection Lambertson for 8.9 GeV/c antiprotons. 
Consequently, a new Lambertson magnet is being designed for use at MI-52, with a 2" wide by 
14" high symmetric field region. With the reduced beta functions in the FMI straight section 
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compared to Main Ring, the Lambertson has sufficient aperture to accept 407t mm-mr antiproton 
beams from the Antiproton Source. The Lambertson magnets are the same type as those used for 
the abort in MI-40. The Lambertson and C-magnets are desribed in Chapter 3.1. Figure 2.4-9(a) 
shows the layout of the extraction devices in the MI-52 straight section. The MI-62 straight 
section for antiproton extraction is similar, but with no electrostatic septa required. Figure 2.4-
9(b) shows the 8 GeV circulating beam closed orbit and the injected antiproton trajectory through 
the MI-52 region. Figure 2.4-9(c) shows the 120 GeV slow spill circulating beam closed orbit and 
extracted beam trajectory, while Figure 2.4-9(d) and Figure 2.4-9(e) show the 150 GeV closed 
orbit and extracted beam trajectories at MI-52 and MI-62, respectively. Figure 2.4-9(f) and 
Figure 2.4-9(g) show the beam profile and extraction element apertures through the MI-52 
straight section for 8 GeV and for 150 GeV beams. The beam emittance indicated in all of these 
figures is 307t mm-mr. Generous clearance for the injected and circulating beams is afforded. 
Only the second and third Lambertson magnets are excited for 8.9 GeV/c beam transfers, so the 
beam passes through the quadrupole with no vertical offset. 
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Figure 2.4-9(f). 8 GeV Beam Profiles and Magnet Apertures Through the MI-52 Straight Section 
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Tevatron Injection 
Injection into the Tevatron is moved from its present location in the EO straight section to 

the FO straight section. This move leaves the EO straight section completely free for possible use 
as an interaction region or for other purposes. 

The FO region continues to be used to accommodate the Tevatron rf systems. By 
rearranging the accelerating cavities in the upstream end (proton beam direction) of the straight 
section, as shown in Figure 2.4-1, the proton and antiproton injection lines converge toward a 
common set of injection septum magnets located at the downstream end of the straight section. 
This reduces the space requirements and the number of such elements needed for injection into 
the Tevatron, compared to that required in the current configuration at EO. The placement of the rf 
cavities is discussed in Chapter 3.4. 

The incoming beam approaches the Tevatron vertically for injection, with the last vertical 
·bend produced by four Lambertsons common to both proton and antiproton injection lines. These 
Lambertson magnets are identical in design to those at MI-52 and the other extraction points in 
the Main Injector, reducing costs for tooling and spares. Closure onto the horizontal orbit is 
accomplished by a kicker magnet downstream of the injection point. The nearest points on either 
side of the long straight section where kickers can be placed are the Fl7 medium straight section 
(for clockwise proton injection) and the E48 short straight section (for counterclockwise 
antiproton injection). The present Tevatron antiproton injection kicker will be recycled; a new 
proton kicker will be required. 

Injection System Layout 
The Tevatron rf system occupies roughly 26 m of the 52 m straight section. In the 

remaining 26 m, four Lambertson magnetic septa are placed symmetrically about a point 
13.223 m upstream (proton direction) of the end of the straight section. Both the proton and 
antiproton beams pass through the field region of these magnets upon injection. With the 
Lambertson off, the 120 GeV/c proton and the 8.9 GeV/c antiprotons pass through the same field 
region (de-energized) to get to and from the Main Ring remnant. To accommodate the 120 GeV/c 
proton and 8.9 GeV/c antiproton trajectories, a Lambertson is being designed with a larger field 
region. The same Lambertson design is used for FMI extraction (proton, antiproton, and abort), 
as discussed previously. To provide more clearance at the ends of the free space, each of the 
injection lines incorporates one C-style magnet just in front of the Lambertsons. An elevation 
view of the the FO region is shown in Figure 2.4-10. 
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Figure 2.4-10. Elevation View of the FO Region 



2.4.3. 120 Ge V Antiproton Production 
The existing AP-1 beamline, which is used to target 120 Ge V/c protons for antiproton 

production and transport 8.9 GeV/c antiprotons back to the Main Ring, remains intact. The Main 
Ring magnets used from F11 to F17 also remain in place, with only minor modifications to the 
bus and power supplies. The 120 GeV/c protons utilize the Tevatron proton injection line from 
the FMI (MI-52) to the Tevatron injection Lambertsons. With the Lambertsons off, the protons 
enter the Main Ring remnant at Main Ring station F11 for transport to Main Ring station F17. A 
vertically bending Main Ring B3 dipole, located immediately downstream of the Main Ring F17 
quad, when energized, deflects the beam into the existing AP-1 beamline. De-energized, this 
magnet allows the 120 Ge V /c slow spill to be transported to the Switch yard. Figure 2.4-11 shows 
the retune of the Tevatron proton injection line for matching into the Main Ring remnant. 

Modifications to Main Ring F11 to F17 Magnet String 
This section of magnets remains in its current location. Only minor modifications to the 

magnet bus are required to power the dipole and quadrupole circuits. The B 1 magnets (1.5"x5" 
beam pipe) are replaced with B2 magnets (2"x4" beam pipe) to increase the acceptance for 
antiproton transfers. It may also be determined advantageous to replace the six B2 magnets at the 
locations of largest vertical B-function with B3 magnets (3"x5" beam pipe). The quadrupoles at 
F11 and F12 will be powered independently to facilitate matching into the Main Ring FODO 
lattice at Main Ring F13. The existing Main Ring quadrupoles at F11 (three BQAs and one BQB) 
will be replaced by two 3Q60s, and the BQA at F12 will be replaced by one 3Q60, each 
separately powered from FO. The rest of the quads (F13 to F17) will remain BQBs, powered in 
series from Fl. The four Main Ring Fll dipoles are replaced by two B3 dipoles running at twice 
the field of a standard B2 dipole and rolled by about 40°. The Main Ring F12 dipoles are also 
rolled (with the first dipole being replaced by a B3 at twice the field) to produce the required 
horizontal and vertical trajectory for the present Main Ring trajectory at F13. A Main Ring power 
supply located at F1 powers the bending magnets in this section. The focusing and defocusing 
quadrupole busses are powered in series by a new supply. The dipole correction elements remain 
in this section for use in smoothing the orbit of 8.9 GeV/c antiprotons. Figure 2.4-12 shows the 
8 Ge V beam size and the magnet apetiures in the beamline from MI-52 to F-17. 

Connection with the Existing AP-1 Beamline 
In the current Main Ring configuration, a kicker at E17 supplies the necessary orbit 

distortion to place the beam in the field region of the Lambertson magnet at F17. In the FMI era 
this Lambertson is replaced by a vertically bending B3 which deflects the beam upwards 
sufficiently to miss the first downstream Main Ring dipole and enter the AP-1 line. The match 
between the Main Ring F17 and the AP-11ine is not altered. Use of a B3 has the advantage that it 
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Figure 2.4-12. 8 GeV Antiproton Beam Envelope and Magnet Apertures. 



provides a larger aperture for the 8.9 Ge V/c antiprotons. The B3 is turned off during slow spill to 
Switchyard. Since the B3 is individually powered (in series with the two C-magnets at the 
beginning of the AP-1 line) this configuration is consistent with the FMI acceleration cycle in 
which antiproton production and slow spill are mixed on a common flattop. 
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2.4.4. The 120 Ge V Slow Spill Line 
The 120 GeV slow spill beamline transports both slow and fast extracted beam from the 

FMI to the experimental areas for a variety of purposes during collider and fixed-target runs. This 
beamline uses four beamline sections: MI-52 to F11; Fll-F17 magnet string; F18-AO magnet 
string, and the new section of beamline between F48 and Switchyard. The first two segments 
were described previously. 

Modifications to F18-AO Magnet String 
The magnet string remains in its current location. The fourth Main Ring F47 B2 dipole is 

replaced with a rolled (- 4.4°) B3 dipole at twice the field, and the three Main Ring F48 dipoles 
are removed. These modifications produce a trajectory approximately 3' west of the entrance into 
the Switchyard with a downward pitch. Minor bus work is needed to connect the four power 
supplies required to ramp the bending magnets in this section. One Main Ring power supply at F3 
is used to power two quad busses in series. The quadrupoles at F48 and F49 plus an additional 
.recycled Main Ring quad are powered individually to produce the required optical match into the 
Switchyard. A savings in operating cost could be realized by replacing the B2 magnets in this 
section with B 1 magnets, which have a lower impedance. 

F49 to Switchyard 
A pair of recycled Main Ring B2 horizontal bending dipoles located 60 m downstream of 

F49 are powered individually to produce a trajectory which intercepts the Switchyard beamline 
approximately 40 meters downstream of the present Switchyard channel. The final closure onto 
the horizontal and veitical Switchyard trajectory is produced by a rolled (17°) B3 dipole powered 
by the F-Sector bus. Figure 2.4-13 shows the lattice functions in this section. Plan and elevation 
views, in distorted scale, of the magnets in this section are shown in Figures 2.4-14(a) and 2.4-
14(b). 

Modifications to Switchyard 
Minor modifications to the upstream end of the Switchyard are required. The first 

horizontal dipole and quad along with five of the seven proton electrostatic splitting septa 
modules (PSEPs) are moved upstream. The last two PSEP modules are shifted downstream to 
provide space for the rolled B3 magnet that provides the matching into Switchyard. The two 
PSEP modules downstream of the B3 are required to provide test beams to all areas. 
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2.4.5. The Abort Line 
Aborted beam is extracted from FMI straight section MI-40. Two kicker modules at the 

upstream end of the straight section provide sufficient displacement (38 mm at 8.9 GeV/c and 28 
mm at 150 GeV/c) 90° in phase downstream for the beam to enter the extraction channel. Three 
vertically bending Lambertsons straddle the focusing quad situated at the straight section 
midpoint. The Lambertsons plus a C-magnet deflect the beam down by 24 mr to clear the next 
downstream FMI quad. The aborted beam is then leveled off and deflected outwards by two B2 
dipole magnets rolled at a 50° angle. In addition, one BQA (52") and two BQB (84") quadrupoles 
are placed in the abort line to maintain a suitable beam size for transport to the beam dump. The 
optics of this line are designed such that the dipoles and quadrupoles are powered in series with 
the FMI quadrupole bus. Main Ring con·ectors are used for fine adjustment of the beam position 
at the dump. Sufficient free space exists in the downstream portion of the abort line for other 
magnetic elements which could be used to deflect 120 GeV beam around the beam dump to future 
experimental areas. Figure 2.4-15 shows the layout of the magnets in the abmt line. 

Chapter 2 29 Technical Design Handbook 
August, 1994 



16 

15 

s 
8 10 '--" 

I : "' ca.. 8 
'--" 

I:>< 

>-

ca.. 5 >< 

0 

100 125 150 175 200 225 -4 

Path Length (m) 

F1LEs: ml120.1at: tws_bend.prc Fri Aug 19 14:15:211994 

Figure 2.4-15. Abort Line Lattice Functions 



2.4.6. Beamline Magnets and Power Supplies 
Magnet Requirements 

Magnet requirements for all beamlines are summarized in Table 2.4-1. Decommissioning 
the Main Ring and the 8 GeV line will provide a major source of magnets for the beamlines. 

The new 8 GeV line utilizes 55 recycled Main Ring B2 magnets for all the required bends 
with a few exceptions in the upstream end of the beamline. The necessity for exceptions are due 
to tight spatial constraints (EPBs) and large apertures (Main Ring B3s). Of the 53 quadrupoles in 
the line, 16 are of the SQA type recycled from the current 8 Ge V line and the remainder are 
BQAs recycled from Main Ring. 

All dipole magnets required for the two Tevatron injection lines, the FO-F17 magnet string 
and the F18-SY magnet string are recycled from the Main Ring. The only new magnets required 
are the Lambertsons and C-magnets required at the FMI extraction and Tevatron injection straight 
sections. 

Most quadrupoles in the beamlines are recycled BQBs (46) and BQAs (41) from the Main 
Ring, or SQAs (16) from the present 8 GeV line. The only new quadrupoles are 14 new 3Q120s, 
a copy of an existing Fermilab design, and 7 new 3Q60s, a shorter version of the 3Q120; these 
magnets are a low current, high inductance design. All of the 3Q120s and 3Q60s are used at 
locations requiring individual power supplies for matching lattice functions. The decision to 
build new quadrupole magnets for those locations was made in order to reduce the cost of power 
supplies and cabling/buswork. The new quads also have a smaller cross-section than Main Ring 
quads, and that is an additional benefit since they are being used in areas where the separation 
between beamlines is small. It also leaves more BQB and BQA quads as spares for the ring and 
beam lines. 

Power Supply Requirements 
The power supply requirements for all beamlines are discussed in Chapter 3.3. The power 

supplies will be located in the existing Booster Gallery, new MI-8 Service Building, new MI-10 
Service Building, MI-40 Service Building, new extension to Main Ring FO, existing Main Ring 
F1 through F4, and the existing AO Transfer Hall. All major dipole and quadrupole supplies for 
the 120 GeV and 150 GeV beamlines will be ramped to minimize the average power consumed. 
The 8 GeV line will run de. Many of the major dipole and quadrupole supplies are reused from 
the present transfer lines. The kicker supplies will be located in the buildings at MI-10,-40,-52,-
62, FO (for E48), and F17. 
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Table 2.4-1: Beamline Magnet Requirements 

Number 

55 
2 
4 

16 
37 
27 
26 

1 

10 
10 
30 
14 
14 
4 

12 
12 

14 
9 
5 
3 
4 
4 

101 
2 
1 

27 
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14 
14 

3 
1 
2 
1 
2 
2 
2 
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2.5 TRANSITION CROSSING 
Like the Main Ring, the Main Injector crosses transition early in the magnet cycle. There 

are many years of experience on the problems of bunch dilution and beam loss associated with 
this part of the MR cycle, and accelerator studies have been undertaken with the specific intent of 
learning what to anticipate for the FMI. It is well established that bunches larger than about 
0.2 eVs are significantly diluted and usually suffer some loss at transition. This behavior is 
understood in terms of the strong nonlinearity of the longitudinal motion and large momentum 
spread characteristic of 10 ms or so surrounding the transition crossing time. The Booster 
parameters used in the FMI conceptual design (Rev. 2.3 April 90) were based on extrapolation 
from operation with 200 MeV injection to expectations for 400 MeV injection. The assumed 
longitudinal emittance was 0.4 eVs coming from Booster in the Main Injector era. Not only are 
there now results from the Linac upgrade but also there is increased understanding of the beam 
behavior in the Booster and progress in controlling the most serious instabilities. This newer 
information indicates that the emittance at 6 x 1010 protons/bunch will be smaller in all three 
planes than previously assumed. Bunch intenstity in the Booster has now reached the 5 x 1Ql0 

level and early results with new damper systems suggest that the longitudinal emittance is likely 
to be 0.2 eVs or less. 

The ramps shown in Figure 2.2-1 represent a conservative extrapolation of Main Ring 
experience which leaves considerable margin between routine operating parameters and the 
design limits of the rf and magnet power supply systems. In Figure 2.5-1 is plotted the 
longitudinal emittance growth through the antiproton production cycle for a 0.2 eVs bunch of 6 x 
1010 protons assuming a broadband longitudinal impedance of Z1vn = 5 n but no other sources of 
wake field. Although there is no beam loss, there is significant emittance dilution. Because the 
simulation does not include other impedance sources and any non-ideal operating conditions, it is 
not likely that actual performance will be so good. On the other hand, by pushing closer to the 
limits on the rf systems and magnet power supply the transition energy region can be crossed 
almost twice as fast. Tests on the prototype dipole power supply show that it can sustain a ramp 
rate of nearly 300 GeV/c/s. If the curvature can be made high enough to achieve this rate at 
transition, the transition range will be passed nearly twice as fast as in the ramps of Figure 2.2-1 
and nearly three times as fast as in Main Ring operation. The rf parameter curves of Figure 2.5-2 
show that such a fast start does not exceed the available rf voltage, although it does require higher 
voltage early in the cycle. In Figure 2.5-3 is shown the emittance growth simulation for a 0.2 eVs 
bunch of 6 x 1Q10 protons on the fast antiproton production cycle. This cycle probably represents 
a practical limit for pushing up the early ramp rate, but steps taken in this direction will reduce 
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several of the hazards transition crossing, possibly avoiding a need for special systems to reduce 
emittance dilution or beam loss at transition. 

When transition crossing is modeled excluding the effects of the beam current (i. e., 
collective effects), the 280 GeV/c/s ramp illustrated in Figure 2.2-2 results in a final emittance 
0.206 eVs for an initial bunch of 0.2 eVs whereas the 240 GeV/c/s ramp shown in Figure 2.2-1 
(with dp/dt - 167 GeV/c/s at transition) results in 0.23 eVs. This comparison exemplifies the 
sensitivity of the single-particle dynamics to ramp rate. However, when the bunch intensity is 
taken as the design value of 6x1Q10 protons and a broadband longitudinal impedance of Z1vn = 
5 n is included, the final emittances are 0.213 eVs and 0.221 evs·for the fast ramp and more 
conservative ramp respectively. The collective calculations use a simple impedance model, so the 
numbers just quoted are not quantitative predictions of FMI performance. However, the result that 
the difference in emittance growth for the fast and slower ramps is less pronounced when beam 
charge is taken into consideration supports an important qualitative observation, viz., for FMI 
parameters the single-particle pathologies of transition crossing are not the most important. The 
rather similar results for the two ramps are exhibiting predominantly the shape mismatch arising 
from the discontinuity of longitudinal focusing at transition; that is, the rf focusing has the same 
sign throughout, but the space charge term changes sign. It is not possible to compensate the 
discontinuity by raising the rf voltage higher after transition because for the intensities of interest 
there is not enough voltage available. 

Two approaches have been considered for reducing longitudinal emittance dilution from 
transition crossing in the FMI, viz., a gamma-t jump to make the passage through the transition 
energy range extremely fast and a second harmonic rf scheme to eliminate both the nonlinear 
particle motion and the increased momentum spread characteristic of that energy range [1] 
However, the basic FMI design has important advantages over the Main Ring which may make 
such refinements unnecessary or appropriate as a later enhancement. Most important is the faster 
magnet ramp which passes throught the troublesome energy range two to three as fast, thereby 
reducing the time during which the nonlinear motion disrupts the bunches. The greater 
momentum aperture will accommodate substantially larger bunches without loss. Finally, the 
somewhat lower longitudinal impedance of the vacuum chamber will reduce the importance of 
microwave instability as a beam intensity limit. For emittances smaller than 0.2 eVs the intensity 
limit will most likely be set by negative mass instability; in this case a gamma-t jump system is 
the appropriate approach. If the longitudinal emittance from the Booster at high intensity proves 
much larger than now expected, the less costly addition of a second harmonic component to the rf 
to achieve what has been designated as a focus-free transition crossing scheme could be sufficient 
to meet operational needs. Because there is some uncertainty in how much more improvement 
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there will be in Booster performance and because the basic design of the FMI should give 
performance close to the original design criteria without any special measures for transition 
crossing, the decision on such measures is best made on the basis of operating experience. The 
design described in this Technical Design Handbook is intended to permit the implimentation of 
either approach as needed. 

A gamma-t jump changes the transition energy by modifying the lattice dispersion without 
changing the betatron tune by using a set of pulsed quadrupoles. It is possible to make a matched 
lattice change locally so that neither the dispersion function nor the beta function are affected over 
most of the ring. The pulsed quads must act to make a gamma-t change of order one unit in a time 
substantially shorter than that given by the main magnet ramp. The appropriate time scale is of 
order one tenth the duration of non-linear particle motion, that is about 1 ms for the FMI. This 
rate is an order of magnitude faster than the ramp. The design of a matched gamma-t jump for the 
FMI lattice has received recent attention, incorporating gradient changes in groups of three 
focussing quadrupoles separated by 180" in betatron phase [2], and producing only local 
dispersion and betatron waves. Alternative approaches using doublets rather than triplets have 
also been suggested for the Main Injector and for other machines [3,4]. There may be insufficient 
free beam pipe at the appropriate points on the lattice for installation of special pulsed quads. If the 
quad correcton coils (see Chapter 3.1) are inadequate, it may suffice to employ a less refined, 
unmatched gamma-t jump similar to that in the Booster. The modeling results quoted above 
which show similar emittance growth for two different ramp rates have some implication for the 
effectiveness of a gamma-t jump because it does not completely eliminate the focusing 
discontinuity. The jump does help because the bunches don't get quite so short, but some dilution 
is to be expected. Modeling of the gamma-t jump process is under way to estimate the 
performance gain at design intensity. 

The focus-free rf approach to emittance preservation is directed toward correcting those 
problems arising from the special character of the single particle dynamics near transition energy. 
It is, therefore, a less general cure than a transition jump but is particularly appropriate to the 
situation· where the emittance is large. That is, if the peak current is below threshold for 
microwave and negative mass instabilities but there is beam loss from momentum spread or 
dilution from bunch shape distortion, performance can be greatly improved by changing the rf 
waveform. The longitudinal focusing provided by the gradient of the rf waveform provides the 
phase stability which is fundamental to synchrotron operation throughout most of the acceleration 
cycle. For energy near transition, however, the focusing has two unfortunate consequences, both 
related to the fact that the frequency of longitudinal oscillation approaches zero. First, momentum 
spread is increased because particles receiving too large an energy increment do not exchange 
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position by synchrotron oscillation with those in the bunch receiving too little. Second, the motion 
is non-adiabatic because the equations of motion change rapidly compared to the time scale for 
the particle motion. The focusing can be eliminated during the time near transition by modifying 
the waveform with a second harmonic so that the peak is flattened. When the rf is phased so that 
the particles are accelerated on this flattened portion of the waveform, all receive just the 
acceleration needed to match the ramp. The absence of focusing means that the particles de bunch 
slowly, but after transition the direction of de bunching reverses and the bunch returns closely to 
its original shape. The absence of focusing also means that discontinuity in the image charge 
focusing is symmetric about transition and to some degree cancels out because the sense of the 
synchrotron oscillation reverses. Experiments have been carried out in the Main Ring which not 
only demonstrate the principles of the focus-free technique but also show some improvement 
under operational conditions. The significance of the studies for the FMI is that the longitudinal 
emittance provided by the Booster will determine whether focus-free rf will be helpful in 
preserving that emittance. 
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2.6 COALESCING 
Coalescing Techniques 

The luminosity goal for the Fermilab III program is 5 x IQ31 cm-2 s-1 to be obtained by 
colliding 36 bunches of 3 x 1011 protons with 36 bunches of 6 x IQIO antiprotons. Thus, the 
required proton bunches are five times as intense as specified in the FMI design parameters; it 
will be necessary to combine some number between five and thirteen bunches at 150 GeV into 
each proton bunch injected into the Tevatron. Bunches of 6 x 1011 antiprotons should have 
longitudinal emittance of about 0.4 eVs. Therefore, it might be practicable to accelerate such 
bunches in the FMI and eliminate the dilution from the coalescing step. However, there are at 
least two reasons why coalescing is desirable for the antiprotons also. The Accumulator does not 
have the necessary rf system to prepare isolated 53 MHz bunches. Furthermore, to get the large 
bunches through transition with acceptable dilution is likely to require special measures which 
may not be needed for any other operational mode. 

There are three variants of the coalescing process relevant to collider operation. They have in 
common the debunching of short trains of 53 MHz (h=588) bunches, the rotation of those bunch 
trains in 2.5 MHz (h=28) buckets to the state of minimum phase extent, and recapture into a 
single 53 MHz bucket. They also have in common a fundamental limitation on the debunching 
given by the onset of microwave instability. They differ in how the initial debunching is obtained. 

The process introduced for Tevatron I may be called adiabatic coalescing because the 
bunches are fully debunched from the 53 MHz buckets into a 2.5 MHz bucket by reduction of the 
53 MHz voltage to less than one kV in the presence of 50 V or so of 2.5 MHz over a period of 
about one second. If the microwave instability threshold is not crossed, this technique is capable 
of producing coalesced bunches with emittance equal to the total emittance of the constituent 
bunches. However, Main Ring results for this mode fall considerably short of what can be 
expected from the microwave stability limitation. One problem has been the difficulty in precisely 
controlling a low 53 MHz voltage from high-Q, high voltage cavities. Another type of problem 
results from beam loading or wakefield reduction of the buckets for later bunches in the train. 
Because of this, beam begins to be lost from the later buckets before the leading bunches are fully 
debunched. To cope with these problems, other debunching techniques have replaced adiabatic 
debunching. The original scheme is of interest because the problems observed could be 
ameliorated for the FMI, and it is the ideal process by which alternatives are judged. 

So-called slow coalescing is similar to the adiabatic process except that the debunching 
stops short of full 53 MHz buckets. The 53 MHz voltage is turned off and the 2.5 MHz rotating 
voltage is turned on when the when the 53 MHz voltage is a few kV and before beam starts to be 

Chapter 2 36 Technical Design Handbook 
August, 1994 



lost from trailing bunches in the train. Because there is empty phase space between the distinct 
bunches, there is dilution of the effective longitudinal emittance at least by the ratio of the empty 
space to the area of the matched 2.5 MHz bounding contour. 

Because the proton beam used for the collider is more intense than the antiproton beam, 
the coalescing difficulties have been greater in this case and have led to another variant called 
snap coalescing which is now generally used for both protons and antiprotons. In this technique 
the 53 MHz voltage is suddenly reduced from its normal value on flattop, about 1 MV, to a 
voltage chosen so that the resulting bucket height is just slightly greater than the bunch height, 
perhaps 35 kV for 0.15 eVs bunches. After a quarter of a synchrotron oscillation the distribution 
has rotated to low momentum spread and extends over most of the bucket width. Good efficiency 
is obtained in this method by reducing the dependence of rotation period on synchrotron 
amplitude by addition of about 10 - 15 kV of 106 MHz rf. This linearization of the rotation 
makes it possible to obtain debunching to greater than ±120 deg without producing the distorted 
bunch shape which leaves large amplitude particles where they will not be recaptured. 
Advantages in this approach are that the 53 MHz voltage is in an accessible range, the debunching 
time is only a few milliseconds, and the bunches spend the least possible time near their minimum 
momentum spread. Also, the total time for coalescing is reduced to about 100 ms. This scheme 
has been quite successful for proton coalescing and has been used for antiprotons with results 
nearly as good as the slow coalescing. The choice among the three debunching options is 
sensitive to several machine properties and will be reexamined as a part of FMI commissioning. 

Coalescing Parameters 
The rf parameters for the three variants of coalescing differ somewhat. The rf systems to 

be installed in the FMI will be suitable for any of them. Table 2.6-1 shows the parameters for a 
representative example of snap coalescing of protons, viz. of trains of nine bunches of 0.15 eVs 
each. 

The process is illustrated by simulation results in Figures 2.6-1 through 2.6-4. Nine 53 
MHz bunches, each with longitudinal emittance 0.15 eVs (95% area), are coalesced into a single 
bunch of 2.8 eVs at the same frequency using the snap coalescing process. Figure 2.6-1 shows the 
three central bunches, the 1 MV rf wavefonn, and the bucket contour corresponding to the initial 
conditions on the 150 GeV flattop. Figure 2.6-2 represents the end of the rotation sixteen 
milliseconds later where the bunches of have reached their minimum momentum spread in the 
linearized bucket produced by 35 kV of 53 MHz and 10 kV of 106 MHz rf. One sees here the 
result of an optimization which is emittance dependent, viz., the choice of the second rf harmonic 
to compensate the high amplitudes while over-compensating the lower amplitudes. The 106 MHz 
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Table 2.6-1 
Proton Bunch Coalescing at 150 Ge V in the FMI 

53 MHz system, initial condition 
harmonic number (h) 
rf voltage (V 588) 
synch. phase (<!>588) 
initial bunches per final bunch 
initial bunch area 

53 MHz system and 106 MHz system, bunch rotation 
Vs88 
<!>588 
Vu76 
<!>1176 
time to minimum momentum spread 

2.5 MHz system and 5.0 MHz system, ensemble rotation 
harmonic number (h) 
V28 
<!>28 
Vs6 
<!>56 
time to minimum phase spread 

53 MHz system, ensemble recapture 
Vs88 
<!>588 
final effective bunch area 
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588 
1 MV 

.180 deg 
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0.15 eVs 

0.035 MV 
180 deg 

0.010 MV 
0 deg 
16 ms 

28 
0.03 MV 
180 deg 

0.005 MV 
0 deg 

73 ms 
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180 deg 
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voltage is chosen to make the momentum spread the same for both. That is, the tails of the S-
shaped bunch are equalized with the humps. The rotation of the ensemble of nine bunches in the 
2.5 MHz bucket is shown in Figure 2.6-3. The bucket is produced by 30 kV of 2.5 MHz and 
linearized by 5 kV of 5.0 MHz rf. The fraction of second rf harmonic in this stage of the process 
is optimized somewhere in the range 15 - 30 % according to the number of bunches in the train. 
Figure 2.6-4 shows the ensemble rotated to its minimum phase spread and recaptured in a 
matched 53 MHz bucket produced by 640 kV. The effective emittance found by letting this 
distribution filament for several synchrotron periods is 2.8 eVs, Figure 2.6-5. The dilution of 
100% with respect to the sum of the initial bunch areas is -accounted for entirely by the 
incompleteness of the debunching; there is no significant contribution to the effective emittance 
from the coalescing rotation or filamentation of the coalesced distribution. 
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2.7 SLOW EXTRACTION 
The Main Injector slow extraction system is designed to be capable of providing year-

round, uniform spills of 120 GeV test beams with a 2.9 s cycle time and 1 s flattop. The 
following sections outline the principle of slow spill through excitation of the half-integer 
resonance [1], and summarize results from numerical simulation of extraction [2]. 

Half-Integer Resonant Extraction 
The half-integer resonance is a linear resonance and can, therefore, be induced solely by a 

quadrupole field; the beam in this instance is either entirely stable or entirely unstable. With the 
addition of an octupole field, however, an amplitude-dependent tune spread is introduced into the 
beam (.1-v - x2). Particles with large betatron amplitudes have tunes closer to the half-integer than 
those of small amplitude. Consequently, the phase-space splits into stable and unstable regions, 
thereby providing a means for manipulating the extraction rate through control of the stable 
phase-space area. Recycled Main Ring octupoles distributed around the ring on the Oth-harmonic 
provide the non-linear tune shift, while two orthogonal families of Main Ring trim quads 
distributed on the 53rd-harmonic provide the half-integer driving term. One q?adrupole family 
alone produces the desired phase-space for extraction, while both families are available for 
correcting the intrinsic half-integer stopband of the machine. 

Slow extraction from the Main Injector proceeds basically as follows. The horizontal tune 
is raised towards the half-integer from Vx = 26.425 to 26.485 using the main quadrupole circuits. 
The desired orientation of the phase-space at the extraction septa is obtained by energizing the 
appropriate 53rd-harmonic quadrupole circuit plus the Oth-harmonic octupoles. The strengths of 
the harmonic elements are chosen such that the stable phase-space area equals the emittance of 
the circulating beam. The beam is just marginally stable, therefore, at the end of the initial ramp. 

Extraction begins by further ramping the harmonic quadrupoles to increase the width of 
the half-integer stopband and start the stopband moving through the beam. Small amplitude 
particles (lower tune) remain stable, with their motion in phase-space oscillating between the 
'fixed' points on successive turns. As the stable phase-space region shrinks, large amplitude 
particles enter the stopband and become unstable, with their amplitude then growing 
exponentially from turn to turn. The unstable particles stream out along the separatrices until they 
ultimately jump across (or hit) the wires of the electrostatic septa and enter the extraction channel. 
The kick supplied by the electrostatic septa provides sufficient separation between extracted and 
circulating beams that magnetic septa are used for the final extraction from the machine. 
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Extraction Elements 
There are five major components of the resonant extraction system: 

1. magnetic and electrostatic extraction septa; 

2. one family of Oth-harmonic octupoles; 

3. two families (cosine and sine) of 53rd-hannonic quadrupoles; 

4. low frequency extraction regulation quadrupoles (QXR), and; 

5. high frequency spill modulation regulation quadrupoles (Buckers). 

The extraction septa are located in straight section MI-52. This region must accommodate 
extraction of 120 GeV/c slow-spill protons, single-turn extraction of 120 and 150 GeV/c protons, 
and 8.9 Ge V /c antiproton injection. The Lambertson magnetic septa and C-magnets are common 
to all beam transfers. There is sufficient phase advance in the straight section that both the 
extraction kicker magnets and electrostatic septa can be placed at the upstream end of the straight 
section. Separation between extracted and circulating beams is provided by three electrostatic 
septum modules located immediately downstream of the kickers, and 70.1" in betatron phase 
upstream of the entrance to the first Lambertson. Each septum has a wire plane length of 
3.048 m. The high voltage gap is 10 mm, with the anode consisting of 0.1 mm tungsten-rhenium 
wires. The septa are designed to produce 200 Jlr of kick each at an applied voltage gradient of 79 
kV/cm. 

The Oth-harmonic octupole circuit is required to serve two functions. During resonant 
extraction it augments the (large) octupole component of .the main quadrupoles to produce the 
appropriate stable and unstable phase-space regions. At injection, however, the octupole field 
generated by the main quads has a degrading effect on dynamic aperture. The harmonic octupoles 
in this case are used to cancel this detuning effect. The Main Injector has a single family of 54 
octupoles - one at each focussing sextupole location. All octupoles are the same polarity, 
producing a Oth-hannonic contribution. The two-fold symmetry of the Injector ensures that half-
integer driving terms cancel, and quarter-integer harmonics are found to be small. 

The number of harmonic quads is determined by the strength required to raise the 
fractional horizontal tune from 0.485 to 0.500 at 120 GeV/c. With Px- 50 mat the quadrupole 
locations, the total strength required is - 15 kG-m/m. For Main Ring trim quads this translates 
into 8 quadrupoles operating at- 7 A [3]. In the Main Injector 16 quadrupoles are utilized. These 
are distributed around the ring, separated into two orthogonal familes (cosine and sine) of eight 
quads each. Within each family equal numbers ofF and D quads ensures that Oth-harmonic 
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contributions cancel. The 53rd-harmonic is retained by separating opposite polarity quads by odd 
multiples of 90° in betatron phase. The orthogonality of the families provides the capability both 
to cancel the intrinsic half-integer stopband of the machine and to manipulate the orientation of 
the phase-space at the septa if necessary. 

The purpose of slow extraction is to provide a constant spill rate over an extended time. 
This is achieved via two low frequency hannonic quads (de to 4Hz) as follows. The circulating 
beam intensity is sampled prior to extraction and subsequently at 720 Hz and compared with the 
ideal value. The resultant errors are saved, smoothed, and time-shifted to modify the extraction 
quadrupole current waveform on subsequent spills. The time-shifting is necessary because of the 
delayed response of the beam to quadrupole field changes. In the Injector, simulations have 
shown this delay to be - 40 turns, or 0.4 msec [ 4]. The quad current waveform is then the result of 
feedback and the modifications made to all previous spills. In this way repetitive errors are 
learned out. Current ripple in the main quad power supplies manifests itself as tune fluctuations. 
(Ripple contamination of 10-4, for example, results in l.lv- ± 0.003). This appears in the spill 

structure as the beam is driven in and out of the half-integer stopband. Spill modulation is 
controlled primarily by real-time feedback with two high frequency Oth-harmonic Bucker quads 
(de to 3 kHz). Extracted beam intensity is sampled at 5760 Hz. The time delay of 0.4 msec 
between beam response and a change in quadrupole field translates into an upper limit of a few 
hundred Hz for which feedback can effectively reduce spill modulation. Similar to the low 
frequency QXR system, repetitive high frequency components can be learned out. 

Simulation of Resonant Extraction 
Simulations of the extraction process from the Main Injector with - 1000 particles over a 

few thousand turns (- 10 can be performed in reasonable computer time. Within this 
framework the discussion that follows applies, strictly, to 'fast' resonant extraction, wherein the 
beam is fully extracted in a few milliseconds. The extension to extraction over periods on the 
order of 100,000 turns (- 1 sec) is straightforward, however, and presents no additional physics 
issues. Simulations include the full complement of magnet harmonics plus random field and 
alignment errors [5]. The tracking module of the accelerator program MAD [6] is used to 
propagate the particles through the lattice via 2nd-order transfer matrices. Using MAD's intrinsic 
random number generator, random field and alignment errors are assigned to the machine 
elements to create a realistic lattice description. 

The circulating beam during slow spill is very broad so large deviations from the design 
trajectory expose a significant portion of the beam to regions of poor magnetic field quality, 
thereby degrading the phase-space. Based on the BPM readings the Main Injector trim dipoles 
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correct the central trajectory (in MAD through the MICADO algorithm). The maximum kick 
required to reduce <x2>1/2 from 6.2 mm to essentially zero is 98 l-!r - comfortably below the 
150 l-!r available at 120 GeV/c. 

Quadrupole errors in the ring propagate at twice the tune and contribute an additional 
(unwanted) half-integer driving term. The intrinsic half-integer stopband is measured by ramping 
the two orthogonal families independently through positive and negative current values to attain 
resonance. In the absence of dynamic non-linearities the four resonant current values lie on the 
circumference of a circle. The circle center defines the stopband width and phase and, therefore, 
the harmonic quad currents necessary to cancel it. The importance of stopband compensation is 
evident from Figure 2.7-1, which shows the Main Injector lattice functions before and after 
correction. The maximum is reduced from 76% to 6%, and the RMS deviation from 41% to 
just 3%. To a good approximation the design lattice is obtained. 

The initial transverse co-ordinates of 1000 particles are randomly selected from a 
30 1t mm-mr Gaussian-distributed phase-space. The particles are allowed to circulate unperturbed 
for 100 turns to establish 'steady-state' conditions. During the next 100 turns the harmonic 
extraction circuits are activated: one family of 53rd-harmonic quadrupoles are ramped to 5.5 A 
and the Oth-ha1monic octupoles are energized. Extraction occurs over the subsequent 1000 turns. 
The quadrupoles are further ramped to 7.0 A, thereby increasing the width of the half-integer 
stopband. Gradually all the particles become unstable, stream out along the separatrices, and enter 
the extraction channel. The electrostatic septa provide a kick of 325 l-!r which, at the Lambertson, 
translates into 11 mm separation between circulating and extracted beams. 

The phase-space at the septa entrance and exit is shown in Figure 2.7-2. The high density 
for x < -16 mm at the entrance (x < -12 mm at the exit) is the extracted particle phase-space 
accumulated over the entire cycle. The circulating beam phase-space is a snapshot taken half-way 
through extraction. The corresponding phase-space at the entrance to the Lambertson, and an 
enlargement of the extracted beam phase-space is shown in Figure 2.7-3. The smallest circle in 
phase-space that encompasses all the extracted particles. corresponds to an emittance of 
e = 0.235 1t mm-mr, or a normalized value of eN= 30 1t mm-mr. 
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Qx = .485, Qy = .415: Corrected Orbit 

Qx = .485: Corrected 1/2-Inleger Stopband 
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Fig.2.7-1: Main Injector lattice functions before and after stopband compensation. 
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2.8 EMITTANCE GROWTH ISSUES 
Dilution Requirements 

For both antiproton production and injection into the Tevatron it is generally desireable to 
keep the beam emittances as small as practicable at extraction. Slow extraction is an exception; it 
is useful to increase the momentum spread at extraction by blowing up the longitudinal emittance. 
Because the experimenters usually want good duty factor on the rf time scale, the beam will be 
debunched as far as possible; the stability of the beam is improved by greater momentum spread. 
Furthermore, spill regulation becomes less critical. The priority for antiproton production is to . . 
minimize the longitudinal emittance to increase the effectiveness of the antiproton debunching 
operation. For the Tevatron collider or for Tevatron fixed injection cycles smaller 
transverse emittance is more important. 

The smallest final emittance is usually not to be obtained by seeking to eliminate all 
dilution at every stage of acceleration. Rather it is necessary to program dilution to avoid 
instabilities for which no other cures are available. Therefore, the proper program of emittance 
dilution will depend in part on the particular instabilities that prove most troublesome and the 
effectiveness of available dampers and feedback systems. (See following section, 2.9 Impedances 
and Instabilities.) 

A comprehensive consideration of emittance growth management involves the entire 
injector chain. At certain stages of the acceleration process it is possible to increase either 
transverse or longitudinal brightness as needed with tolerable degradation of the other. However, 
if one takes the Booster beam emittances from Table 1.1 as fixed conditions, there are limited 
options, because the best opportunities for reducing emittance or trading off between longitudinal 
and transverse dimensions exist in or before Booster. The transverse emittance shown is less than 
originally expected in defining the FMI parameters (see Conceptual Design Report, Rev. 2.3, 
April 1990), and, in so far as possible, it should be preserved to reduce the intensity required for 
achieving design luminosity. This preservation will require primarily care in beam transfer and 
avoidance of transverse instabilities. The instability problems become simpler when the 
longitudinal emittance is larger. 

The principal concern is that the expected longitudinal emittance is too small. Not only 
does it enter into transverse stability, but longitudinal instability at injection and transition and the 
spacecharge focusing discontinuity at transition are all severe. The Booster is limited in bucket 
area early in its cycle to about 0.08 eVs. Although more bucket area is available later, the cycle is 
so fast that there is limited opportunity for controlled dilution after transition. In fact, the value 
e1 = 0.1 eVs given in Table 1.1 may be a little optimistic. In current operation the bunches from 
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the Booster are about 0.06 eVs, although they often blow up at injection into the Main Ring. 
Whether the number in the time of the FMI is 0.06 or 0.1 eVs, there will be need to get the 
emittance up to about 0.2 eVs in a reproducible manner at least by transition. This is the emittance 
required to avoid negative mass instability immediately after transition. It is, however, small 
enough that it can be taken through transition with about ten to fifteen percent dilution. 

Several approaches for getting the requisite dilution at injection into the Main Injector 
have been simulated. Most result in a peak current for the bunch which is not reduced quite in 
proportion to the increase in bunch length, because the resulting distributions tend to have a dense 
core and wide, thinly populated tails. Simply allowing a shape-mismatched bunch to filament, for 
example, produces almost no reduction in peak cun·ent. The most effective simple technique is to 
inject with a phase error about equal to the bunch half-width. Charge can be distributed more 
uniformly with a second rf harmonic, but this is an expensive remedy to be employed only if 
others are inadequate. If the 720 Hz ripple on the magnet power supply has a similar strength to 
that observed in the Main Ring, a brief excursion in the rf voltage to bring the synchrotron 
frequency close to that value might be used to assist in controlled dilution. Therefore, although 
the adjustment of the longitudinal emittance at injection will be important at the highest 
intensities in the FMI, it is probable that suitable operating techniques will serve without need for 
special purpose hardware. 

Emittance Dilution Specifications for Beam Transfers 
The maximum allowable transverse emittance dilution has been specified [1, 2] to be 11t 

mm-mr from lattice design errors and 21t mm-mr operationally, for the transfer of 201t mm-mr 
beams. 

Intrabeam Scattering 
Calculations have been done [3] of intrabeam scattering growth rates at injection for the 

nominal Main Injector beam parameters: 6 x 1Q10 protons per bunch, longitudinal emittance of 
0.15 eVs, and transverse emittances of 201t mm-mr. Defining the growth time 't as 

1 1 dcr -=--
't (j dt 

the longitudinal growth time is 45 s, while the transverse dimensions are damped, although with 
damping times of 7800 s horizontally and 6300 s vertically. 
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Beam-Gas Scattering 
The Main Injector vacuum has been specified to be - 1 x 10-8 Torr average pressure. This 

level of average pressure leads to an emittance growth rate [ 4,5] of 1% in 44 s for a 207t mm-mr 
beam. While such a small growth rate is not required for normal operations, it facilitates beam 
dynamics studies and makes it possible to consider unusual operations like stacking polarized 
protons or accelerating antiprotons in a low-harmonic rf system. The vacuum system to achieve 
this level is described in Chapter 3.2. 
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2.9 IMPEDANCE AND STABILITY ESTIMATIONS 
One important consideration in the design of the Main Injector is the possibility of 

instabilities which lead to growth in beam emittances and/or the loss of beam. Therefore beam 
impedances and instability thresholds in the Main Injector have been estimated and are presented 
in this section. Impedance estimations were made for various components of the vacuum 
chamber including the RF cavities, beampipe resistive wall, beampipe bellows, vacuum valves, 
beam position monitors, and Lambertson magnets. Growth rates of the coupled bunch 
instabilities have been calculated and a microwave instability impedance budget established based 
on the beam parameters listed in Table 2.9-1. A more detailed report of the impedance and 
instability calculations can be found in [1]. 

Table 2.9-1. 
Parameters used for instability threshold calculations. 

Emittances are 95% normalized values. 

Main Injector 

Number of particles per bunch 6 X 1010 
Number of bunches 498 

Number of patticles total 3 X 1Ql3 

Longitudinal emittance at 8.9 Ge V 0.1 
Longitudinal emittance at 150 GeV 0.25 
Transverse emittance in x and y 201t 
RF voltage at 8.9 Gev 400 
RF voltage at 150 Gev 400 

Main Ring 

Number of particles per bunch 3 X 1Ql0 

Number of bunches 1008 

Number of particles total 3 X 1Q13 

Longitudinal emittance at 8.9 Ge V 0.1 
Longitudinal emittance at 150 GeV 0.25 
RF voltage at 8.9 Ge V 400 
RF voltage at 150 GeV 400 
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Space Charge Impedance 
The Main Injector beampipe, when installed in the Main Injector magnets and under 

vacuum, is approximately elliptical with a full height of 5.08 em (2.00 inches) and a full width of 
12.3 em (4.84 inches). The elliptical beampipe shape makes calculation of the space charge 
impedance difficult so we make estimations using conformal mapping techniques [2] and a 
beampipe with rectangular cross section. 

The space charge impedance is calculated at 8.9 GeV since it is largest at the lowest 
energy. Assuming a 95% normalized transverse emittance of 20n mm-mrad, we approximate the 
transverse beam distribution as a cylindrical beam with a radius of a= 2.7 mm in our calculations 
of the space charge impedances. The results of these calculations are shown in Table 2.9-2. 

Table 2.9-2 
Space charge impedance at 8.9 Ge V for a rectangular beam pipe. 

Zu/n 
Z..Lx 
Z.ly 

-j 12.3 .Q 
-j 317 M.Q/m 
-j 303 M.Q/m 

As will be shown in the section on microwave instabilites, the longitudinal space charge 
impedance per harmonic is below the threshold of microwave instability, except in the region of 
transition. Near transition the Landau damping due to the revolution frequency spread becomes 
negligibly small implying that the impedance budget also becomes small. However, the growth 
rate at transition goes to zero, so the problem near transition must be handled another way. 
Simulations of longitudinal phase space during transition crossing have been done including 
space charge with a broadband longitudinal impedance of Zu/n = 5.Q. The results of these 
simulations are discussed in Chapter 2.5. 

On the other hand, however, the transverse impedance due to space charge will not cause 
any microwave instability. There is always Landau damping due to tune spread although the 
revolution frequency spread become negligibly small. 

Space Charge Tune Shifts 
We are also interested in the coherent and incoherent tune shifts resulting from direct 

space charge forces, electric image charges, and magnetic image currents. These image charges 
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and image currents inside the vacuum chamber walls and magnet laminations create 
electromagnetic fields which alter the transverse focusing force on the particles thus changing 
their tune. 

The total tune shift is the sum of the tune shifts from the various image fields. These 
include electric fields from charge induced on the vacuum chamber wall, magnetic fields from 
image currents induced in the magnets by DC beam current, and magnetic fields from image 
currents induced in the vacuum chamber walls by the AC beam current. The AC beam current is a 
result of both longitudinal bunching and coherent transverse betatron motion. The magnetic 
fields from the AC beam current do not penetrate the vacuum chamber while those from the DC 
beam current do penetrate the vacuum chamber walls and enter the magnet laminations. 

Including all of the above contributions to the tune shift [3] the coherent and incoherent 
tune shifts have been calculated using an elliptical beam pipe [ 4] and using the design beam 
intensity and emittance. The results are shown in Table 2.9-3. 

Table 2.9-3 
Coherent and incoherent tune shifts in the Main Injector at 8.9 GeV. 

Vertical Vertical Horizontal Horizontal 

Coherent Incoherent Coherent Incoherent 

Electric Field -0.180 -0.0595 -0.0010 +0.0572 

DC Magnetic Field -0.0111 -0.0111 +0.0107 +0.0107 

Longitudinal 
AC Magnetic Field +0.143 +0.0474 +0.0008 -0.0045 

Betatron AC Magnetic +0.0231 +0.013 

Direct Space Charge -0.0630 -0.0630 

Total Tune Shift -0.0245 -0.0862 +0.0216 -0.0407 

The coherent tune shifts were found to be less than -0.025 and are not expected to create 
any problems. The incoherent tune shifts on the other hand are calculated to be rather large, 
especially the vertical incoherent tune shift of b.inc V = -0.086. However; similar calculations for 
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the Main Ring also give Llinc Y = -0.095 and LlincH = 0.085. Therefore we don't expect the 
incoherent tune shifts to be a problem in the Main Injector. 

RF Cavities and Coupled Bunch Instabilities 
Higher order cavity modes in the RF accelerating cavities are often the cause of coupled 

bunch instabilities. In this section we estimate the growth times of these instabilities based on 
measurements of the longitudinal impedances of the cavities and calculations of the transverse 
impedances. We also compare the estimates for the Main Injector to estimates of growth times in 
the Main Ring. 

The RF cavities to be used for the Main Injector are the 18 RF cavities presently installed 
and operating in the Main Ring. Stretched wire measurements of the longitudinal impedances of 
the cavities have been made [5] and the 6 modes with the largest impedances are listed in Table 
2.9-4. The cavity mode at 128 MHz has limited the Main Ring performance in the past so a 
passive mode damper was designed and installed to reduce the shunt impedance of that particular 
mode [6] by a factor of 25 to the value of 6.3 kQ/m listed in Table 2.9-4. This helped alleviate the 
problems with the coupled bunch instability. 

In the Main Injector we find that the longitudinal coupled bunch growth times are shortest 
at 150 GeV. Therefore the growth times listed in Table 2.9-4 are at 150 GeV and use M=498 
bunches with N = 6 x 1010 per bunch. As a comparison we also calculate the growth times in the 
Main Ring with M = 1008 bunches of N = 3 x 1010 particles per bunch and a longitudinal 
emittance of0.25 eVs. The growth times for both machines are listed in Table 2.9-4. 

The standard perturbation theory [9,10], which neglects Landau damping effects, predicts 
that about half of the coupled bunch modes will have a positive growth rate associated with each 
higher order cavity mode. Therefore it is important to make some estimations on the 
effectiveness of Landau damping in preventing instability. We do this by comparing calculated 
growth times in the Main Injector to the calculated growth times in the Main Ring. Since these 
cavities are presently used in the Main Ring, we can compare the calculated growth times to any 
observed instabilities. 

Some of the calculated growth times for the Main Injector are. short. It must be 
remembered however that these calculations do not include the Landau damping effect which 
may stabilize the beam and help prevent instability. The calculations are also worst case scenarios 
since it was assumed that the frequencies of the higher order modes in all 18 RF cavities are 
identical. In practice, the higher order modes are at slightly different frequencies in the individual 
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cavities. Although the growth times are short, they are not alarming when compared to the 
calculated Main Ring growth times which are also short. 

Table 2.9-4 
Calculated growth times for the longitudinal dipole and quadrupole coupled bunch 

instability in the Main Injector and Main Ring with 18 RF cavities. 

Longitudinal Coupled Bunch Growth Times (msec) 

Freq of Zll (kohm) dipole quadrupole 
mode (MHz) per cavity MI MR MI MR 

71.0 10.0 20.2 50.9 293 483 

100.0 2.5 65.5 177 461 797 

128.0 6.3 24.2 71.6 98.7 182 

223.0 111.0 2.1 10.3 2.1 5.5 

600.0 277.0 9.1 32.7 3.5 20.8 

850.0 49.0 91.5 350 45 241 

Experience with the Main Ring has shown that the 128 MHz mode can sometimes be a 
problem in fixed target operation with a full ring of bunches. Also of concern is the short growth 
time of the 223 MHz mode. As a result a set of passive mode dampers for the cavities was 
designed to reduce the shunt impedance of the 223 MHz mode and further damp the 128 MHz 
mode as well. With this mode damper installed the 223 MHz impedance is lowered to a value of 
about 10 kQ reducing the calculated growth rate of the 223 MHz mode by a factor of about 10. If 
needed other RF cavity modes could be damped as well. 

Also of concern is the coupled bunch instability with the short batches used in coalescing. 
Presently in the Main Ring there is evidence of an instability for short batches (about 11 
consecutive bunches) with 3 x 1010 particles per bunch. Since this type of instability depends on 
R/Q and not on R, adding passive dampers does not remove the instability. The Main Injector 
calls for 6 x 1010 particles per bunch so there could be substantial difficulty with short batch 
operation. Dealing with this problem will probably require the development of an active feedback 
damping system. 
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Calculated growth times for the transverse coupled bunch instability modes are based on 
the same perturbation approach used in the longitudinal case [9] and use the transverse 
impedances shown in Table 2.9-5. 

The growth times for both the Main Injector and the Main Ring are calculated at an energy 
of 8.9 GeV and are listed in Table 2.9-5. The calculated growth times in the Main Injector are 
about one half of those in the Main Ring. So far there has not been any evidence observed of 
transverse coupled bunch modes in the Main Ring driven by the transverse RF cavity modes. 

The transverse modes of the RF cavities have been estimated previously using the 
computer code URMEL [7 ,8] and the cavity modes with the 5 largest transverse impedances are 
listed in Table 2.9-5. 

Table 2.9-5 
Calculated growth times for the transverse dipole and quadrupole coupled bunch modes 

in the Main Injector and Main Ringwith 18 RF cavities. 

Transverse Coupled Bunch Growth Times (msec) 

Freq of Z_L(MQ/m) dipole quadrupole 
mode (MHz) per cavity MI MR MI MR 

398 3.3 4.0 6.8 4.2 6.6 

454 1.9 8.1 13 8.0 13.4 

566 0.75 25.0 42 26 42 

1270 1.7 25 41 25 48 

1290 2.4 18.0 30 18.1 29.9 

Resistive Wall 
The elliptical shape of the beampipe makes an exact calculation of the resistive wall 

impedance difficult. Instead we make estimations using exact solutions for a beampipe with 
circular [11] and rectangular [2] cross sections. We use a circular beampipe with a radius of 
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b=2.39 em and a rectangular beampipe with a height of 4.78 em, a width of 12.0 em, and a 
thickness of 1.5 mm. 

Using the circular approximation to the Main Injector beampipe we get the results listed in 
Table 2.9-6. The results are expressed as a function of the revolution harmonic number n for both 
high and low frequencies. 

Table 2.9-6 
Resistive wall impedance as a function of revolution harmonic. n for circular beampipe 

with radius b=2.39 em and rectangular beampipe 4.78 em by 12.0 em. Results are given 
for frequencies where the skin depth is less (greater) than the thickness of the beampipe 

n > nc (n < nc) where De = 0.922. 

Zu/n 

Z.L 

Zu/n 

Z.Ly 

Circular Beam pipe 

n < nc 

10.9/n n 
20.3/n Mntm 

n >nc 

(l+j)11.3/--./n n 
(l+j)21.1!--./n Mntm 

Rectangular Beam pipe 

n <nc 

10.8/n n 
8.24/n Mntm 

16.7/n Mntm 

n >nc 

(1 +j)l1.2/--./n n 
(1 +j)8.55/--./n Mntm 

(1 +j)17.3/--./n Mntm 

In the interest of understanding the effect that the shape of the beam pipe has on the 
resistive wall instability, the beampipe cross section is also approximated by a rectangle. The 
results, shown in Table 2.9-6, indicate that the transverse impedance in the y direction in the 
rectangular case is not much less than that in the circular approximation. However, the transverse 
impedance in the x direction is only about one half of that in the y direction. 

The most important effect of the resistive wall instability is the transverse coupled bunch 
mode at low frequencies and low energies. At low frequencies the resistive wall impedance is 
proportional to --./m and therefore sharply peaked at the origin. Since the vertical tune is 25.4 the 
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coupled bunch modes= -26 has the largest growth rate. The lowest and most relevant frequency 
is only -0.6 roof2rt = 54 kHz which is very small. Since the transverse impedance is so sharply 

peaked at the origin we consider only the impedance at 54 kHz in the calculation of the growth 
rate. 

Using the low frequency estimates of the Lambertson magnets (discussed later) and the 
beampipe resistive wall impedance we calculate the corresponding growth time for modes= -26. 
The resistive wall impedance of the beampipe is Re{Z.t(-0.6C0 0 )}= -27.8 MQ/m and the 
Lambertson impedance is Re{Z.t(-0.6ro0 ) }= -35 MQ/m. 

With these impedances the calculated growth time for the resistive wall instability, with 
zero chromaticity, is 0.35 ms at 8.9 GeV. Although this is a fast growth time, some observations 
of the Main Ring [12] lead us to believe that the resistive wall instability will not be a problem. 
Using an impedance of -98 MQ/m and intensity of 1.5 x 1Ql3 in the Main Ring, the calculated 
growth time of the resistive wall instability is 0.65 ms. However at this intensity beam is stable in 
the Main Ring without providing any method of damping (transverse dampers turned off, 
chromaticity set to zero, and no octupole magnets used). At the higher intensity of 2 x 1Ql3 beam 
is stable whenever any one of the following is true: 1) just the transverse dampers turned on, 2) 
just the chromaticity set between -30 to -40 , and 3) just the octupole magnets turned on. The 
Main Injector, in addition to the transverse damper, has all three methods available to provide 
further damping. For instance, changing the chromaticity of the Main Injector at injection from 
zero to -20 increases the growth time from 0.35 ms to 2 msec. Thus we should not expect any 
problems with the transverse resistive wall instabilities in the Main Injector. 

Beam Position Monitors 
The Main Injector BPM consists of 4 stripline pickups which are cut out of the 

approximately elliptical beampipe. Two pickups are located on each of the top and bottom 
surfaces of the beampipe and are spaced 40 mm apart from center to center. Each stripline is 
about 1 em wide, 40 em long, and has a characteristic impedance of 50 n. The downstream end of 
each stripline is shmted while the upstream end is connected in parallel with a 50 Q cable leading 
to the RF module. 

As a bunch passes the BPM, a fraction of the image current traveling in the beampipe will 
enter the stripline at the upstream end and see the Zc = 50 Q cable and the shorted Zc = 50 Q 

stripline in parallel. Based on the impedance of the BPM stripline and an estimation of the 
fraction of image current that enters the stripline [1] the longitudinal impedance of all 208 BPMs 
can be estimated. 
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In the low frequency limit, the total longitudinal impedance of all 208 BPMs becomes 
Zw'n = j0.095 .Q and the total transverse impedances becomes ZJ.y = j5.15 kQ./m and ZJ.x = 
j2.66 kQ./m. These impedances are much lower than other components in the ring. This is mainly 
due to the relatively narTow width of the stripline pickups. Thus the BPMs are not expected to be 
a problem. 

Bellows 
The beam pipe bellows will consist of approximately 10 to 17 convolutions extending over 

one inch. The inner dimensions of the bellows are an ellipse of similar size to the beampipe and 
the convolutions extend 1.28 em (0.5 inches). To estimate the impedance the elliptical shape was 
approximated by a circular beampipe with radius 2.67 em (1.05 inches). This was done for both 
10 and 17 bellow convolutions using the program TBCI [13]. The calculated longitudinal 
impedance of the 10 and 17 bellow convolution models are very similar. 

The longitudinal impedances of a single bellow can be characterized approximately as two 
resonators of the form 

Zu(co) = 1 + jQ(co I cor I co) (2.9-1) 

with values Rs=40 .Q, Q=5.3, COr12rr = 4 GHz and Rs=l20 Q, Q=4.3 , and COr121t = 8.5 GHz. 

In the Main Injector there are 516 bellows giving a total longitudinal impedance of Rsfn = 
0.47 .Q or RsiQ = 3.9 k.Q at 4 GHz and Rsln = 0.658 Q or RsiQ = 14.4 k.Q at 8.5 GHz. The 
typical rms bunch length at 8.9 (150) GeV is 1.24 (0.69) ns conesponding to arms spectral spread 
of 0.13 (0.23) GHz. On the other hand, the widths of the bellows impedance resonances are 
0.75 GHz and 2.0 GHz at the resonance frequencies of 4 GHz and 8.5 GHz. Therefore these 
resonances should be treated as broadband and the impedance values should be compared with the 
microwave instability budget limits (as calculated in the section on microwave instabilities), 
which gives IZulnl < 36.9 Q at 8.9 GeV and IZulnl < 6.6 Q at 150 Gev. 

The transverse impedance of the bellows can be approximated as a resonator of the form 

(2.9-2) 

with values RJ. = 1.5 killm, Q=5.3, and COr12rr = 8 GHz. With 516 bellows in the Main Injector 
the total transverse impedance is then R1_ln = 8.74 k.Qim and RJ.IQ = 146 kQ./m at 8 GHz. Both 
of these values are well below the microwave instability limits at 8.9 GeV of IZJ.Inl <55 kQ./m 
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and R.1 < 71.6 MQ/m. Therefore the impedance of the bellows should not create any problems in 
the Main Injector. 

Vacuum Valves 

To estimate the impedance of the vacuum valves we consider the two different shapes shown in 
Figures 2.9-1 and 2.9-2. The difference between the two designs is the presence or absence of the 
cylindrical pillbox cavities on either side of the valve. Using these shapes the 3D computer code 
MAFIA [14] was used to calculate the longitudinal and transverse impedances. The beampipe 
cross section is approximated by an ellipse with 5.12 em hy 12.3 em diameters. The resistivity of 

Figure 2.9-1. 
Approximate geometry of Main Injector vacuum valve with pillbox cavities. 

Figure 2.9-2. 
Approximate geometry of Main Injector vacuum valve without pillbox cavities. 
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the vacuum valve is the same as the beampipe, p =74 and the results from MAFIA are 
converted to match this assumption. The impedances of a single vacuum valve are shown in 
Table 2.9-7 and the net impedances of all30 valves in the Main Injector are shown in Table 2.9-8. 

Calculations for the coupled bunch growth rates show that the vacuum valve modes are benign. 
This is mainly due to the fact that the modes in the valves are at frequencies above the beam 
spectrum frequencies. All modes have a growth time of greater than 100 ms except for the 
quadrupole mode of the 2.46 GHz mode which has a growth rate of 62 ms. 

Table 2.9-7. 
Estimated frequency, impedance per vacuum valve, and Q value of longitudinal 

and transverse modes in two different Main Injector vacuum valve designs. 

Freq (GHz) 
1.511 
2.460 

Freq (GHz) 
1.52 
3.11 

Freq (GHz) 
1.928 
3.154 

Freq (GHz) 
1.30 
2.85 

Freq (GHz) 
2.95 

Freq (GHz) 
3.10 

Chapter 2 

See Figures 2.9-1 and 2.9-2. 

Vacuum valve with pillbox cavities 
zu (kQ) 

76 
117 

Z..Lx (MQ/m) 
1.7 

0.071 
Z..Lxy (MQ/m) 

0.47 
0.21 

Vacuum valve without pillbox cavities 
Zu (kQ) 

52 
13.4 

Z..Lx (MQ/m) 
0.422 

Z..Lxy (MQ/m) 
0.032 

58 

Q 
2090 
3800 

Q 
3000 
4000 
Q 

1980 
3810 

Q 
1600 
2700 
Q 

2500 

Q 
2500 
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Table 2.9-8. 
Estimated net impedances of 30 vacuum valves in the Main Injector. 

Vacuum valve with pillbox cavities 
Freq (GHz) I Zu/n I (Q) Ru/Q (Q) 

1.511 135 1090 
2.460 129 924 

Freq (GHz) I Z_l_x /n I (kQ/m) Rl_xiQ (kQ) 

1.52 3.0 17 
3.11 0.06 0.53 

Freq (GHz) I Z_1_y/n I (kQ/m) R_1_y/Q (kQ) 

1.928 .650 7.2 
3.154 .178 1.6 

Vacuum valve without pillbox cavities 
Freq (GHz) I Zu/n I (Q) Ru/Q (Q) 

1.30 108 975 
2.85 12.6 150 

Freq (GHz) I Z_l_x /n I (kQ/m) Rl_xiQ (kQ) 

2.95 .387 5.04 

Freq (GHz) I Z_1_y/n I (kQ/m) R_1_y/Q (kQ) 

3.10 0.028 0.384 

Also of concern is the potential .microwave instability due to thevacuum valves. Analysis 
of the microwave instabilities shows that the impedance of the resonator modes in the vacuum 
valve must have a longitudinal impedance Ru /Q :::;; 26.7 Q and their total transverse impedance 
R_1_/Q :::;; 71.6 MQ/m. The vacuum valve impedances are below these threshold values and 

therefore will present no problem. 

Lam bertsons 
The main concern of the Lambertson magnets is the low frequency component created by 

the exposure of the bare magnet laminations to beam. A rough estimation of the Lambertson 
magnets is made by approximating the magnet as a series of annular laminations of 0.953 mm 
width. The inner radius is chosen to be b = 2.54 em and the outer radius is chosen to bed= 5.08 
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em. The low frequency current traveling through the magnet is assumed to flow in one lamination 
from the inner radius to the outer radius, cross over to the next lamination, and flow from the 
outer radius to the inner radius. Even though we are concerned about the low frequency 
impedance, the skin depth is less than the lamination thickness at the frequencies we are 
considering. The current is therefore constrained to one skin depth in the laminations. The 
impedance of the magnet is then calculated by adding up the resistance along the entire current 
path. 

The lamination material has a resistivity of p = 20 IJ.Q-cm and a relative permeability of 

J..L = 100. With 25.8 meters of Lambertson magnets in the Main Injector the total estimated low 

frequency impedance is 

Z 11 In= (1 + j) 16.4 MQ (2.9-3) 
n 

To estimate the transverse impedance we use the approximate relation 

(2.9-4) 

and arrive at 

Z.1 = (1+ j) MQ/ m. (2.9-5) 

It should be noted that the Lambertson magnet was assumed to have a circular geometry with 
inner radius of b=2.54 em. The actual shape of the Lambertson is much different so this estimate 
can only be approximate. Using a slightly larger inner radius can change the impedance by a 
significant amount (i.e. if b is 10% larger the longitudinal impedance drops by 10% and the 
transverse impedance drops by 25%). 

The impedance at higher frequencies was also calculated assuming the gap between the 
laminations acts as a radial waveguide. The material in the gap has a relative permittivity e = 6 
and a small conductivity cr = 0.01 Q-1m-1. The results of this type of analysis are shown in 

Figures 2.9-3 and 2.9-4. 
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Microwave Instabilities 
The microwave stability limit for bunched beam with a Gaussian momentum distribution 

in the presence of a broadband resonator [15] depends on the 1ms momentum spread of a bunch 
crplp and the peak cuiTent in the bunch Ip via the relation 

(2.9-6) 

Here 11 = Yf2- y2 is the frequency slip parameter where YL = 21.8 is the transition gamma. 

Except for energies near transition, the microwave instability limit is most restrictive at 
150 GeV where the momentum spread, CJp/p, is the smallest. For a longitudinal emittance of 

0.25 eVs the broadband impedance budget is IZu/nl < 6.6 Q. 

For the case of sharp resonances, nan·ower than the bunch spectrum, the relevant quantity [16] is 
not IZu/nl but IR1vQI where Ru is the shunt impedance of a high-Q resonator. The impedance 
budget in this narrowband case is 

(2.9-7) 

where Ibis the average current in the bunch. As in the broadband case, the most restrictive limit 
is Ru/Q < 27 kQ at 150 GeV. The impedance budget at 8.9 and 150 GeV for longitudinal 
microwave instabilities is shown in Table 2.9-9. These values need to be compared with the 
estimated impedances of the Main Injector. In Figures 2.9-5 and 2.9-6 we show the impedance of 
the various components of the Main Injector at 8.9 GeV and at 150 GeV. These plots show that 
the space charge impedance is the dominant one at 8.9 Ge V, while the vacuum valves are the 
largest contributor at 150 Ge V. In both cases, the total impedance is below the budget. The 
contribution from the bellows shown in these figures is for the case of unshielded bellows. As 
discussed in Chapter 3.2, we have decided to shield the bellows, which will reduce that 
contribution by roughly a factor of two, providing additional margin. 

In the transverse case the microwave instability limit for broadband resonances [16,17] 
written in te1ms of Ip and crplp, is 
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where is the chromaticity. The contribution to Landau damping from the revolution frequency 
spread and from the tune spread are included with the 11 terms respectively. 

With the harmonic number n as a factor on the right side of Equation 2.9-8 the transverse 
impedance budget becomes more stringent at lower frequencies. However this equation applies 
only to microwave frequencies which have a wavelength/.., smaller than the rms bunch length. In 
other words Equation 2.9-8 applies only for harmonic number n > 2n/(ro0 cr't) . Except near 
transition crossing where 11 is small, we have mostly > , and the contribution of 

chromaticity can be neglected. Therefore we calculate the transverse impedance budget for the 
Main Injector using Equation 2.9-8 with n = 2n/ro0 cr't. 

Unlike the longitudinal impedance budget which goes to zero at transition, the transverse 
impedance budget is still finite due to the contribution of chromaticity. As a result transverse 
microwave growth usually does not occur at transition. 

For narrowband transverse impedances the impedance budget is given by 

(2.9-9) 

Using the same parameters as in the longitudinal case the transverse microwave impedance 
budgets were calculated and are shown in Table 2.9-9. 

Table 2.9-9. 
Microwave instability impedance budget for broadband and narrowband 

8.9 GeV 150 GeV 
IZII/nl 36.9 .Q 6.6 .Q 
RIIIQ 85.4 .Q 26.7 k.Q 
IZ1_/nl 0.055 M.Q/m 0.63 M.Q/m 
IZ1_I 500 M.Q/m 10.1 G.Q/m 

@ Freq.t 0.81 GHz 1.44 GHz 
R1_/Q 71.6 M.Q/m 1450 M.Q/m 

tTransverse impedance budget IZ1_/nl applies only above microwave frequencies where the 
wavelength is smaller than the nns bunch length. Thus IZ1_I is the relevant impedance budget. 
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CHAPTER 3.1. MAGNETS 
WBS 1.1.1. MAGNETS 

WBS 1.1.1 includes all DC and ramped magnets. Pulsed magnets (kickers and septum 
magnets) are included in 1.1.6. The fourth level WBS under magnets indicates the area in which 
they are used. Table 3.1-1lists these areas. The fifth level of the WBS indicates the class of 
magnet. The sixth level indicates the specific magnet design. Table 3.1-2 lists the classes and 
individual magnet designs. Gaps exist in the WBS numbers due to deletion or movement of items 
from previous versions. The total count of magnets of each type in each area is given in Table 
3.1-3, including an approximate estimate of the number of spares of each type required. 
However, due to the varying configuartions required, additional spares of some magnets will 
almost certainly be required. This is particular true for the BQB quadrupoles recycled from the 
Main Ring, which are used in a variety of locations, requiring different supports, beam tubes, etc. 

The rapid cycle rate of the FMI dictates using conventional steel and copper magnets 
rather than superconducting magnets. Where possible existing magnets from the Main Ring are 
reused. Where reusing magnets is not practical, new magnets are built, either to existing designs 
or to new designs. 

Table 3.1-1: Fermilab Main Injector Areas for Magnet WBS 1.1.1 

1.1.1.1... FMI ring 

1.1.1.2... 8 Ge V line from the Booster to the FMI ring 

1.1.1.3 ... 150 GeV proton line from the FMI ring to the Tevatron (also carries 120 
GeV proton from the FMI ring to the Main Ring Remnant and 8 GeV anti-
protons from the Remnant to the FMI ring) 

1.1.1.4 ... 150 GeV antiproton line from FMI ring to the Tevatron 

1.1.1.5 ... 120 GeV proton line, Main Ring Remnant from FO to F17 

1.1.1.6... Slow spill line, 120 Ge V protons in Main Ring Remnant from F17 to 
Switch yard 

1.1.1.8 ... Abort line 

1.1.1.10 ... Magnet tooling 
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Table 3.1-2: Fermilab Main Injector Magnets by Type 

l.l.l.x.l Main Dipoles 
l.l.l.x.l.l 
l.l.l.x.1.2 
l.l.l.x.1.3 
l.l.l.x.1.4 
l.l.l.x.l. 7 
l.l.l.x.l.lO 
l.l.l.x.1.12 
l.l.l.x.1.13 
l.l.l.x.1.14 

l.l.l.x.2 Quadrupoles 
l.l.l.x.2.3 
l.l.l.x.2.4 
l.l.l.x.2.5 
l.l.l.x.2.6 
l.l.l.x.2.7 
l.l.l.x.2.8 
l.l.l.x. 2.9 
l.l.l.x. 2.10 
l.l.l.x. 2.11 
l.l.l.x.2.12 
l.l.l.x.2.13 

IDA dipole 240" 
IDB dipole 240" 
IDC dipole 160" 
IDC dipole 160" 
BDM (240" B2) 
2XB2 (240") 
EPB 5-1.5-120 
ODM (240" B3) 
BDM (240" B 1/B2) 

IQC (100.13" MI) 
IQD (116.26" MI) 
BQB (84" MR) 
BQA (52" MR) 
SQA (17" P-Bar) 
BQA (52" MR) 
BQB, rolled 
BQB (in place) 
BQA (in place) 
3Q120 
3Q60 

l.l.l.x.3 High Order Correction Elements 
l.l.l.x.3.1 ISA (sextupoles) 
l.l.l.x.3.2 MR trim quads 
l.l.l.x.3.3 MR skew quads 
l.l.l.x.3.4 MR skew sext 
l.l.l.x.3.5 MR trim sext 
l.l.l.x.3.6 MR octupoles 

l.l.l.x.4 Dipoles Trim Steering Magnets 
l.l.l.x.4.1 HDC MR harz trim 
l.l.l.x.4.2 IDH MI harz trim 
l.l.l.x.4.3 VDC MR vert trim 
l.l.l.x.4.4 IDV MI vert tdm 

l.l.l.x.S Injection and Extraction Lamberston and C Magnets 
l.l.l.x.S.l Lambertson,AO 
l.l.l.x.5.2 Lambertson,MI, 94" 
l.l.l.x.5.3 Lambertson,MI,189" 
l.l.l.x.5.5 C-magnet, MI, 118" 
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WBS 1.1.1.1. 
WBS 1.1.1.1.1. 

MAIN INJECTOR RING MAGNETS 
RING DIPOLES 

The FMI ring uses newly designed dipole magnets of two lengths, 6.096 meters and 4.064· 
meters, as described in Section 2.1. To facilitate the electrical connections in the tunnel, two 
styles of each length magnet are used, having the jumper between top and bottom coils at opposite 
ends of the magnet. The 6-m dipoles are designated type A and type B and are referred to as IDA 
and IDB magnets. The 4-m dipoles are types C and D and are referred to as IDC and IDD 
magnets. The configuration of two 6-m dipoles together in one half-cell is shown in Figure 3.1-1. 

Dipole Design 
A new dipole design for the FMI ring is needed for several reasons. First, the existing 

Main Ring magnets are straight. Reusing these magnets in the FMI would result in a loss of about 
16 mm of aperture due to the sagitta of the beam path. This aperture is recovered by constructing 
curved magnets. Second, the existing magnets suffer from reliability problems. Most of the 
failures in the existing magnets occur at conductor joints within the coil. The number of such 
joints per magnet is reduced in the new magnet and the reliability of the joints is increased 
through improved construction techniques. Third, higher field quality can be achieved in a newly 
constructed magnet, so that the dynamic aperture is only limited by the magnet physical aperture -
a situation not achieved in the existing Main Ring. 

A cost optimization has been performed to minimize the sum of construction plus 
operating costs over five years. The result is a magnet with twice as much conductor and half as 
many turns as the existing Main Ring B2 magnet. The dipole magnet cross section is shown in 
Figure 3.1-2. The basic parameters of the dipoles are listed in Table 3.1-4. The core is 
constructed from 1.52 mm (0.0598") thick laminations which are split on the magnet midplane. 
The coil consists of four turns per pole of a 25.4 mm x 101.6 mm (1" x 4") copper conductor. 
Since no conductor is contained in the median plane of the magnet, the coil can be wound as two 
"pancakes" with no bends along the wide dimension of the conductor. This conductor is available 
in 6-m (20-ft) lengths, so each coil can be made with only eight internal joints. The water hole is .. 
12.7 mm (0.5'') in diameter. A single water circuit in each pancake (two circuits per magnet) 
provides sufficient cooling. 

A four terminal design has been chosen for the dipole magnet. In a magnet of this design, 
the role of return bus is filled by one of the conductor turns within the magnet. This has the 
advantage of removing the need for approximately 3600 m (12,000 ft) of 2580 square mm (4 
square inch) copper bus (@ $130/m $40/ft) in the FMI enclosure. The price paid for this benefit 
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Table 3.1-3. 
Main Injector Conventional Magnet Count 

Ring 8 GeV P150 AlSO MR MR Abort Total Spares NUMI 
FO-F17 F17-SY 

IDA dipole 240" N 108 108 5 
IDB dipole 240" N 108 108 5 
IDC dipole 160" N 64 64 4 
IDD dipole 160" N 64 64 4 
BDM (240" B 1/B2) E 15 15 15 101 2 148 6 4 
DDM (240" 2XB2) E 1 1 1 
EPB 5-1.5-120 E 4 4 1 13 
ODM (240" B3) E 8 2 10 2 

IQC (100.13" Ml) N 32 32 3 
IQD (116.26" Ml) N 48 48 4 
BQB (84" MR) E 127 7 7 5 26 2 174 7 
BQB, rolled E 1 1 1 
BQA(52" MR) E 4 1 5 1 
SQA (17'' P-Bar) E 10 10 2* 
SQC (26" P-Bar) E 4 4 2* 
SQF (48" P-Bar) 2 2 1 
3Q120 N 7 7 1 15 2 3 
3Q60 N 2 2 1 5 2 7 

ISA (sextupoles) N 108 108 5 
MR trim quads E 16 16 2 
MR skew quads E 16 16 2 
MR octupoles E 66 66 4 
IDH MI horz trim N 104 104 15 
IDV MI vert trim N 104 104 5 
HDC MR horz trim E 14 7 7 4 14 2 48 4 4 
VDC MR vert trim E 4 14 14 4 14 2 52 4 4 
Rolled MR horz trim N 7 7 2 

Lambertson,AO E 1 1 1 
Lambertson,MI, 11 0" N 5 5 3 13 3 3 
C-magnet, MI, 131" N 5 5 1 11 2 1 

Totals: 966 4-6 {)2 '62 38 162 13 1349 98 39 
SPARES =INT((SQRT(NUMBER))/2+.8) N = New Magnets E = Existing Magnets 
One additional Lambertson, one 3Q60, and 10 horizontal trim dipole spares provided 
* Spare SQA and SQC quadrupoles are shared with Antiproton Source Dept. 
Temporarily, we will use one of the spare SQCs, later to be replaced by an SQA 

NUMI magnets are not part of FMI project; provided for reference only 
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is the requirement that the insulation be sufficient to withstand 2,000 volts between conductors 
within the coil. The maximum voltage to ground, for either a two-terminal or a four-terminal 
design, is approxir_nately 1,000 volts. 

Development and procurement strategy 
Development and construction of the dipoles is being done in three stages. First two 

prototype magnets were built, sequentially, and studied. Then ten preproduction "R&D" dipoles 
were built and studied. And finally full scale production of the dipoles began. 

Prototype dipoles 
After the initial design was complete, a development program proceeded. The first 

prototype dipole was built at Fermilab, with delivery to the Magnet Test Facility in September 
1990. The end packs were removable to allow modifications during the studies. The coil was 
insulated with a B-stage epoxy tape, not the vacuum impregation planned for production. 

Table 3.1-4 
Properties of Main Injector Ring Dipoles 

IDAIIDB 

Length (meters) 6.096 
Strength (Tesla) 1.72 
Gap (mm) 50.8 
Turns/pole 4 
Conductor Dimensions (in x in) 1.00 X 4.00 
Conductor Hole Diameter 0.500 
Peak Current (A) 9375 
RMS Current (A) 4987 
Coil Resistance (mQ) 0.8 
Coil Inductance (mH) 2.0 
Peak Power (kW) 69.8 
RMS Power (kW) 19.8 
Number Used 216 
Weight (kG) 17000 
Sagitta(mm) 16 
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This first prototype magnet demonstrated that the design of the body field (determined by 
the lamination shape) had been met. The end field studies began. The sextupole and decapole 
fields induced by eddy currents in a beam pipe during ramping were measured. 

With confidence in the lamination design, a second die was ordered to meet the 
anticipated production requirements. Fermilab built a second prototype dipole using these 
laminations. The end packs were again removable. Design refinements in the coil leads were 
incorporated. The coil was vacuum impregnated. The second prototype validated the second die 
and the fabrication techniques. End field studies intensified, culminating in January, 1993, with a 
design that meets the field requirements of the accelerator. 

R&D dipoles 
Ten dipoles were then built to the production design, including integrated end packs. Of 

these six were 6-meter and four were 4-meter. The first R&D dipole was completed in August, 
1993. This phase of the project had four primary goals: to refine the fabrication process in 
preparation for production, to identify and qualify vendors for the major subassemblies, to give 
the vendors experience so that they could make accurate production cost proposals, and to 
accumulate some limited data about the magnet-to-magnet variations to expect in production. 
These goals have been met and the R&D project was declared complete at the end of January, 
1994. 

A secondary goal was to fabricate twelve dipoles ready for use in the ring. Ten of the 
magnets were built and tested. One of the coil insulation subcontractors was unable to complete 
its task, so the coils for the other two magnets were left ready to be insulated and assembled as 
part of the production run. 

Production 
Finally, with confidence in the design, the fabrication process, and the subcontractors, 

production of the balance of the dipoles for the project began. The total quantity to be built will 
include the number required for the Main Injector ring plus spares, reduced by the number (ten) 
built during the R&D phase. The first production dipole was assembled in August, 1994. 

After an initial ramp up period, dipole production is planned to run at a steady rate of ten 
magnets per month. The rate and the starting date were determined primarily by the anticipated 
funding profile and the need for a uniform rate. The rate could be increased substantially if 
additional funds were available earlier. 
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Procurement strategy and experience 
Fermilab proposed an Advanced Procurement Plan for the Main Injector dipoles in April, 

1992. This was presented to a DOE Business Strategy Group (BSG) in May, 1992. Major sub-
assemblies will be constructed by industrial subcontractors. Fe1milab will do the final assembly 
of the components on-site. The BSG and DOE officials basically concurred with the proposal, 
while recommending some improvements. This plan, summarized here, is being followed. 

The main change recommended by the BSG was to use the Source Evaluation Board 
(SEB) method for some critical subassemblies. In this procedure the offerors submit technical 
and cost proposals. These are evaluated independently against previously established and stated 
criteria. The SEB then recommends a vendor based on the best value to the project [1]. 

The key to the plan is that the major subassemblies of the magnets are being fabricated by 
industry but the final assembly is being done at Fermilab. The major subassemblies are the steel 
for the laminations, laminations themselves, the stacked half cores, the bare coils, the insulated 
coils, and the beam tubes. The subassemblies are being procured using fixed-price, build-to-print 
subcontracts. This plan maximizes the participation of industry, a DOE goal, while allowing 
Fermilab to keep tight control on the quality. This will minimize both risk and cost. The 
subcontractors will each perform tasks for which they are well-qualified. 

The steel for the R&D dipoles was purchased through a competitive bid to which only one 
firm (Armco) responded. The low response was believed to be due to the tight magnetic 
requirements and the limited quantity of the order. For the production order Fermilab actively 
solicited additional vendors and received five bids. As part of the qualification process vendors 
were required to produce a full coil of steel meeting the magnetic requirements of the dipole. The 
steel supplier for the dipoles is LTV Steel, of Cleveland, Ohio. 

The dipole lamination dies were procured with a competitive bid during the prototype 
phase. The stamping for the R&D dipoles was done by the vendor who built the dies, through the 
exercising of an option on the original order. The production subcontract was awarded in a 
competitive bid, with a technical score combined with the price to determine the selection. The 
lamination stamper is Electro-Metal Products of Skokie, lllinois. 

The half core stacking is a process less familiar to industry, so a more elaborate selection 
procedure was used. Fermilab stacked three sets each of the 6-m and 4-m half cores. This gave 
us more experience with this geometry and let us identify some problems before the vendors did. 
Separate proposals were solicited from prospective offerors for three sets of 4-m cores and three 
sets of 6-m cores. Two vendors were selected using the SEB method, one for the 4-m cores and 
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one for the 6-m cores. These vendors fabricated the half cores for the remaining R&D dipoles. In 
the process they demonstrated to us that they were competent to do the job and they learned 
exactly what would be required to do the job. After the R&D subcontracts were completed, we 
held a limited competition between the two prequalified vendors for the production run. With 
great confidence in the two vendors and a well-tuned specification, we felt comfortable with a 
straight price competition. The vendors, with experience in fabricating the half cores, could 
submit bids that would assure themselves a fair profit without undue amounts for contingency to 
raise the price. SVF of Rock Falls, lllinois, is stacking the half cores. 

The bare coil forming subcontract was also an SEB action. We used one solicitation, a 
base order for the coils needed in the R&D program with options for the production quantities. 
Everson Electric Company, of Bethleham, Pennsylvania, is fabricating the bare coils. The bare 
coil vendor is responsible for the procurement of the copper bars and other parts required in the 
fabrication. 

The insulation of the bare coils was deemed sufficiently risky that we used the SEB 
process to select three vendors to work on three R&D coils sets each (two coils per coil set). One 
of these made only three acceptable coils out of six and was dropped from the qualified list. 
Again a straight price limited competition was held between the two successful insulators. We 
felt that it would be advantageous to have two sources for coil insulation and agreed that we were 
willing to pay a premium over the price of having one vendor do the whole job. We asked for 
proposals on 1/3, 2/3, and the whole job. It turned out that dividing the job would cost more than 
the agreed premium, so the whole job has gone to one firm, Tesla Engineering of Storrington, 
Sussex, England. 

We have also purchased bare beam tube from two firms, allowing them to develop the 
tooling and processes necessary to meet the Main Injector requirements. At an appropriate time a 
limited competition between the two vendors will lead to purchase of the bare beam tube material. 
The fabrication and attaching of the end components (bellows, flanges, pump-out ports) will be 
done by another vendor. The dipole magnets will be assembled without their beam tubes to 
facilitate magnetic measurements. The tubes will be inserted into the magnets and the last flange 
welded on shortly before the magnets are installed in the tunnel. The tubes will not be subject to 
damage or contamination during storage and handling until then. This has the added advantage of 
deferring the cost of the tubes. Further discussion of the beam tubes can be found in Chapter 3.2. 

The quality of each of these components is critical and can be monitored, as discussed 
below. After they are assembled the monitoring is much more difficult. The final assembly of 
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these components into a complete dipole is estimated at 257 worker-hours. This comprises 
approximately 10% of the September, 1993 cost estimate for the dipoles. 

The subassemblies will be received, inspected, stored, and assembled in Industrial Center 
Building. The building has adequate floor space, crane capacity, and vehicular access for staging 
the subassemblies and doing the final assembly. The complete magnets will be moved to the 
adjacent Magnet Test Facility (MTF) for final testing. Storage for complete, measured magnets 
will be available in the Main Injector service buildings and tunnels by the time that it is needed. 

The procurement schedule is shown in Figure 3.1-3. The acquisition will require multi-
year funding. This is being accomplished by writing contracts with options which can be 
exercised in the out years. The ability to exercise those options in a timely fashion is imperative. 

Design issues • body field quality 
We ask that the integrated magnetic field be unifonn to 1x1Q-4 over the region occupied 

by the beam. Any deviations should be predominantly a sextupole field. This means that the 
horizontal chromaticity-correcting sextupoles can completely correct for these deviations. The 
dipole field shape at four excitations, corresponding to injection, transition, 120 GeV, and 150 
GeV, are shown in Figure 3.1-4. In Figure 3.1-4(a), the uncorrected data is shown. In Figure 3.1-
4(b), the measured sextupole component and quadrupole (which results from feeddown from the 
sextupole due to probe misalignment) has been subtracted out from the two higher-energy data 
sets. We define the beam size to be the convolution of a transverse emittance of 40 1t mm-mr 
(95% normalized emittance), and a longitudinal emittance of 0.4 eVs. As discussed in Chapter 2, 
this is the largest beam envisioned for the Main Injector, and fully twice (both transverse and 
longitudinal) the emittances anticipated. 

At injection energy the field shape is dominated by the lamination shape. The lamination 
shape is designed to provide a field at the injection energy which varies by no more than lx10-4 
over the range -44 mm < x < +44 mm. The beam will cover a region of -17 mm < x < + 17 mm. 
The additional good field will allow steering to optimize the injection efficiency. 

At transition the field shape from the magnet is still dominated by the lamination shape. 
Although the required good field region grows to -19 mm < x < + 19 mm at transition, the steel 
shape continues to provide a good field over -43 mm < x < +43 mm. 

At the 120 GeV energy used for antiproton production and slow spill some saturation has 
started to set in on the edges of the pole face. The 1x1Q-4 tolerance still holds over the region 
-37 mm < x < +37 mm. Slow extraction requires approximately the same ape1ture as at injection, 
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!Milestones for Marn Injector Dipole Magnets I 
Sub-Contract & Cost. FY 1993 FY 1994 FY 1995 FY 1996 FY 1997 
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-16 mm < x < +16 mm, while the single-turn extraction for antiproton production requires only 
-4 mm < x < +4 mm. 

The beam size at 150 GeV has shrunk to 8 mm (95% full width), so the shrinkage of the 
1x10-4 region to -25 mm < x < +25 mm is perfectly acceptable. If the sextupole term is not 
subtracted from the dipole field, the 1x10-4 region is only about ±8 mm. The required strength of 
the sextupole corrector magnets is dominated by the the desire to control the chromaticity at full 
energy. . 

Table 3.1-5 summarizes the good field aperture acheived and required as a function of 
energy and for various assumptions of beam emittance. For 120 GeV slow spill, the aperture 
requirements are independent of the beam emittance. 

Table 3.1-5 
Good Field Aperture and Good Field Requirements (in mm) 

Good Field Width Good Field ReQuirement 
With Sext. No Sext. 20 1t, .2 eVs 20 1t, .4 eVs 40 1t, .2 eVs 40 1t, .4 eVs 

Injection ** ±44 ±12 ±13 ±17 ±17 
Transition ** ±43 ±14 ±17 ±16 ±19 
120 GeV ±19 ±37 ±16 ±16 ±16 ±16 
150 GeV ±6 ±25 ±3 ±3 ±4 ±4 
** At injection and transition, there is almost no sextupole term in the DC harmonics. At 
transition, however, the eddy currents dominate the field harmonics, with a large sextupole term 
contributing most. This will be corrected with the chromaticity-controlling sextupole magnets. 

To achieve the desired uniformity of the field in the aperture while minimizing the total 
size of the pole face, the pole has been tapered to control saturation in the lamination [2]. We use 
low coercivity steel ( <1 Oe) to reduce the remanent field. 

The laminations are punched in a two-step process, first a rough hit to to remove most of 
the material, then a fine punch that determines the shape. Removing the bulk of the material first 
relieves stress in the steel before the final shape is punched. 

The body field of the two prototype dipoles has been measured using four systems: a 
narrow loop moved across the aperture ("t1at coil"); a rotating coil positioned at three locations 
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across the aperture; a Hall probe; and an NMR probe. From each measurement the field By(x) 
has been reconstructed. The field has been modeled using the programs Poisson and PE2D. 
Figure 3.1-5 shows the relative variation from the central field of the first prototype at the 
injection energy as calculated by PE2D, as measured with flat coil, and as measured with the 
rotating coil. Agreement is quite good. 

R&D measurements 
The 10 R&D dipoles were measured at the Magnet Test Facility (MTF) soon after their 

construction. The purpose of these measurements was to confirm that the magnet production 
techniques reproduced the results obtained in the prototype dipoles, to explore the range of values 
that we could expect to find in production, and to develop techniques and analyses for the 
production measurements. The main measurement techniques are described under production 
measurements. As planned for production, the integrated field strength and shape were measured 
with complementary techniques to validate and cross-calibrate the systems. 

The total integrated strength as a function of current was measured using the flatcoil and 
pointscan tecniques. The flatcoil measurements are consistent with the pointscan results. 
Figure 3.1-6 shows the integrated strength for all magnets relative to the long (6 m) magnet 
average, as measured by pointscan. The short (4 m) magnet strengths have been multiplied by a 
factor of 1.50. The graph shows that the relative strength of the short magnets is about 8 units 
greater than the long magnet strength. This corresponds to the short magnets being too long by 
about 2 to 3 lamination thicknesses. The length of the production 4-m dipoles will be adjusted to 
correct for this small difference. 

The variation in the field integral as a function of position was measured at several 
currents using the flatcoil and rotating coil harmonics systems. These shapes agree with the 
prototype measurements. 

The harmonic components of the field were also determined from the rotating coil 
harmonics (normal and skew) and flatcoil (normal only) systems. Since the coil planned for the 
production measurements was not yet available, an existing probe was used to measure the 
harmonics coefficients. It is a 2-m long bucked tangential rotating coil that has been in use for a 
number of years at MTF and has produced reliable measurements. The total integrated harmonics 
were obtained by positioning the probe at three or four longitudinal positions (for 4-m and 6-m 
magnets, respectively). 

Chapter 3.1 12 Technical Design Handbook 
August, 1994 



0 

-0.02 

-0.04 

-0.06 

-0.08 

-0.1 

. . . 
1 t 
i 
i 
! . 

-2 

* 
-1.5 -1 

Field Shape at 8 GeV 

Harmonics Probe 

PE2D Calc 

Flatcoil Probe 

-0.5 0 0.5 1 1.5 

\ 
! 
! 
i 
i 
i 

; 
i ; 
; 
i 
l 
i 
i 

; 
' ' ' ' I ; 
: 
' l 
\ 
' r 
2 

Figure 3.1-5. Comparison of Calculated and Measured Field Shape at Injection. 



"0 
ID 

"0 
ID 

·2 
X 10 

0.2 

0.15 1-

f:" 0 

0.1 1-

• 
0.05 1-

pointscan integrals, relative to long magnet average 
( 4m magnet integrals multiplied by 1.5) 

+ 
0 

¢ 

• • 

0 

0 • 
0 e-------------------------------::-------------f--------------f------$---

0 + t 1-

e 7000A 

0 9500A 

I I I I I I J I I 
1001 1002 IDD3 IOC1 IOA1 IOA2 IOA3 1081 1082 1083 

magnet 

Figure 3.1-6. Point Scan Integrals for 10 R&D Dipoles 



Figures 3.1-7(a) and 3.1-7(b) shows the variation of normal and skew quadrupole, 
sextupole, octupole, and decapole harmonic components in the R&D dipoles as a function of 
current. Figure 3.1-8 shows the distribution of the nmmal sextupole strength at three currents. 

The longitudinal profile of the field was measured at several currents using the pointscan 
system. Figure 3.1-9 shows a typical body field longitudinal scan for one of the 6-m dipoles 
(IDB003) at 7000 A. The field shows excursions from the mean by as much as 20 units. Fourier 
analysis shows periodicities which have periods of about 16 inches, which may be correlated with 
manufacturing procedures in welding the half-cores together. HoWever, none of this structure 
appears to have a significant impact on the performance of the magnets. 

In addition to these three measurement systems, a small flatcoil probe was used for 
studying the endfields. This probe can be placed at various depths within the end of a dipole. 
Measurement of the flux as a function of probe depth allowed us to determine the contribution of 
the end to the effective length of the magnet, and also to measure the shape of the endfield 
compared to the body [3]. Only a limited sample of R&D dipoles (IDA003, IDB003, IDD001, 
IDD003) were subjected to endfield measurements. The endfield is discussed below. 

Beam pipe eddy cunent sextupole 
The ramping magnetic field induces eddy currents in the stainless steel beam pipe 

described in Chapter 3.2. These eddy currents produce magnetic fields that affect the beam. 
Symmetry allows only even terms in a multipole expansion: dipole, sextupole, decapole. The 
dipole term, predominantly from current flowing in the side walls of the beam pipe, merely 
requires a greater current to produce the desired magnetic field. The sextupole field, which is 
produced by infinite parallel plates, is significant but correctable. The decapole and higher fields 
are too small to be measurable or to have a significant effect. 

The eddy current fields have been calculated for a simplified model of the Main Injector 
beam tube. The sextupole field has been measured for three ramp rates and two stainless steel 
alloys. Figure 3.1-10 shows the sextupole field as a function of time during a simplified, 
abbreviated ramp cycle for three conditions: no beam pipe, 330 beam pipe, and 316L beam pipe. 
The linear rise with cuiTent of the geometrical sextupole can be seen for the curve without beam 
pipe. The additional sextupole field, proportional to dB/dt, is seen adding to the geometrical term 
during the ramp for each of the cases with beam pipe. The eddy currents and the resulting field 
are smaller with the 330 stainless steel than with the 316L stainless due to the higher resistance of 
330. The measurements and calculations agree to within 10%. 
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The lower fields produced by the 330 stainless steel are attractive, but the higher cost, 
lesser availability, and worries about mating it to other vacuum components of a dissimilar 
stainless steel led to the choice of 316L for the beam pipe. 

Insensitivity to copper location. defects. etc 
In a steel and copper magnet the field is primarily determined by the steel geometry, not 

the copper. We have studied the effect of the transverse conductor placement in the dipole 
magnets [ 4] through computer modeling. Horizontal movement of the entire coil package by 0.75 
mm and vertical movement of a single conductor by 5 mm produced calculable but trivial changes 
in the field strength and quality. Much greater motion would be required before there would be a 
concern. Setting the tolerances on positioning the coils in the half cores is thus purely a 
mechanical issue. We note also that a 10 mm deep cut in the top surface of one conductor would 
shift the center of the current distribution for the whole coil less than the 5 mm shift resulting 
from moving the whole conductor 5 mm. A variation in the resistance of the copper over a 
limited range would have a smaller effect. 

Eddy currents in laminations 
Halbach has discussed [5] a phenomenon which makes the field quality of a magnet 

dependent on the excitation ramping rate. Basically, eddy currents induced in the core render the 
magnetic field distribution spatially nonuniform. As a result, different portions of core are 
subjected to different excitation patterns; this affects the residual magnetization distribution and, 
consequently, the field unifo1mity at injection. An imp011ant observation made by Halbach is that 
particular attention should be paid to the down ramp since it is the eddy currents induced during 
the down ramp that determine the final magnetic state of different regions of the core. If the ramp 
rate is sufficiently high or if the eddy current decay time constant is large enough, a substantial 
fraction of core may be driven into the third quadrant of the B(H) curve by the eddy currents, 
causing the residual magnetization to be in the direction opposite to the expected one. Using a 
simple model, Halbach shows that the field distribution in the midplane of a H-magnet is 
approximately 

B(c,t) = B(t) + B · 't· (3£2 -1) I 6 

where£ is the normalized horizontal distance x/w, where w is the width of the backleg. The time 
constant 't depends on the conductivity of the steel cr and the lamination thickness t: 
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For the Main Injector, using B = 1.8 T I 0.4 s = 4.5 Tis , t = 1.5 mm and Wllo = 10000, one gets 't 
- 0.05 s. The maximum deviation of the field with respect to its average (or DC) value is 

LlB = B . "C/3 = 0.06 T 

The utility of Halbach's model is to dete1mine if the eddy currents can cause enough field 
non-uniformity to cause a degradation in field quality. For the Main Injector dipole magnets, the 
principal effect of residual magnetization is a small change in the field strength. Measurements 
have shown that the residual field is of the order of 10 Gauss. The described by Halbach 
might result in a small variation or even an inversion of the direction of this field. More 
troublesome is the possibility that the spatial nonuniformity caused by eddy currents might result 
in a degradation of the field homogeneity. In the first approximation, for an H-magnet such as the 
MI dipole magnet, this means the introduction of a residual (positive) sextupole component. Since 
this is a residual magnetization effect, the relative importance of this sextupole component is 
expected to be maximum at injection. 

Since all magnets are on a common bus, residual magnetization effects are expected to be 
of a systematic nature. Systematic variations in field strength can easily be compensated by 
adjusting the excitation current. To the extent that the sextupole errors are not too large, they can 
be compensated using sextupole correctors. At this point, there is no reason to expect that eddy 
currents in the laminations would result in a sextupole component in the field at injection large 
enough that it could not be compensated. The Main Ring magnets, which are very similar to the 
MI magnets, have been operated in the past at ramp rates similar to those proposed for the Main 
Injector with no evidence of any particular problem. We intend to measure a magnet under 
realistic ramping conditions. It is also worth noting that in the unlikely case of a difficulty, it 
would be a straightforward matter to reduce the ramp rate at the end of the ramp in order to 
mitigate eddy current effects. 

End field quality 
End vs current 

We characterize the integrated strength as being composed of a body component and an 
end component. The body component is equal to the central field times the length of the steel. 
The end component is the difference between the total and the body field. The effective length of 
the magnet of the magnet is the total integrated strength divided by the central field. 

The FMI requires that the ratio of integrated strength of the 6-meter dipoles to the 4-meter 
dipoles be 3:2. Variation from the design strengths leads to closed orbit errors. The body field 
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varies with cunent in the same way in the 6-m and 4-m dipoles. The end field varies with current 
the same way in the 6-m and 4-m dipoles. But the body and end do not necessarily vary the same 
way. Therefore, since the total field is composed of different fractions of body and end in the two 
lengths of magnet, the total field integral varies differently with current. This leads to a change in 
the ratio of the integrated strengths of the two lengths and movement of the closed orbit. 

The initial design of the ends led to variations in the closed orbit that could be corrected 
by the dipole trim magnets. That, however, would use up a significant fraction of the range of the 
trim dipoies which would be better kept available for other needs. After extensive calculations 
and trials, we have adopted an end design with an approximation of a Rogowski profile in the 
central region. The shape is shown in Figure 3.1-11. The variation of the effective length of the 
end with current is shown in Figure 3.1-12 [6]. 

End shape 
The transverse profile of the end packs of the magnets has been designed to control the 

sextupole component at injection and transition. We have tailored the end contribution to the 
sextupole so that the total sextupole does not require a sign change in the chromaticity sextupole 
power supplies. 

Current loop (solenoid) 
The geometry of the coils at the ends of the dipole, including the connection between the 

upper and lower coils and the connections from one magnet to the next, were chosen primarily to 
conserve space and to facilitate installation in the tunnel. As an unintended side effect, we have 
created a loop at the lead end that carries an effective current of one half the current in the 
magnet. We have also created a loop where the non-lead ends of adjacent magnets meet that 
carries the full current. These loops produce solenoidal fields that couple the horizontal and 
vertical betatron oscillations. 

We have calculated the strength of the solenoids and analyzed their effect on the beam [7]. 
We find that the coupling can be easily corrected using the skew quadrupoles already planned for 
the ring. These end fields will only require 1% of the available strength of the skew quads. 

Effect of adjacent magnets 
At the non-lead ends of the dipoles the magnet centers are only 0.355 m apart, suggesting 

a possible interaction of the magnetic fields of the dipoles. To assess the impact of this effect, we 
have measured the end field in the presence of a dipole half core located where the adjacent 
magnet will be in the tunnel [8]. The pointscan system was used to measure the field as a 
function of longitudinal position on axis. 
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Measurements were made with and without a dummy dipole core in place. For each 
configuration, data were taken with the magnet off and at full excitation (9500 A). The dummy 
core was not directly excited in any of the measurements. The dummy core had a square end 
profile, not the tapered shape of the dipole magnets. 

Figure 3.1-13 shows the field at 9500 A as a function of position with and without the 
dummy core. The shielding effect of the unexcited dummy core can be seen clearly. With an 
excited magnet, we expect the flux lines to be less readily attracted into the adjacent steel. This 
measurement should represent the maximum effect that might occur. 

We numerically integrate the field measurements from 0.20 m outside the dummy core to 
0.25 m inside the dummy core, the region over which there is a visible difference in the fields. 
The results are listed in Table 3.1-6 

Table 3.1-6 
Study of Steel Adjacent to Dipole 

Run Configuration Current Integral 
A both magnets 9500A 20.35 x 10-4 T-m 
B both magnets OA -0.09 x IQ-4 T-m 
c dipole only 9500 A 27.53 x 10-4 T-m 
D dipole only OA 0.24 x 10-4 T-m 

From this we see that the difference between the integrals with and without the steel at full 
current is -7.18 x 10-4 T-m. The difference between the measurements at zero cun·ent gives the 
contribution of the remanant field of the dummy core steel, -0.33 x 10-4 T-m. The effect of the 
adjacent steel on the excitation field is thus -6.85 x IQ-4 T-m. 

For comparison, the field integral of a 6-m dipole at 9500 A is about 10.76 T-m. The 
maximum fractional change in the strength is therefore about 0.6 units (1 unit= 1 x 10-4). This is 
a small uniform effect, so we do not anticipate any problems. 

Strength matching· requirements & tolerances 
We base our requirements for the magnet-to-magnet uniformity of the integrated field on 

our desire to control the closed orbit deviations with reasonable trim dipole correctors. As 
elsewhere, the most demanding conditions occur at 120 GeV/c during slow spill, when the beam 
is large and the momentum is high. The large beam makes us sensitive to aperture edges, both 
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mechanical and and the high momentum reduces the relative strength of the correction 
elements. 

We find that we can comfmtably tolerate a systematic strength difference of about 5 x 1Q-4 

from the ideal in the ratio of the 4-m dipoles to the 6-m dipoles. The design dipole correctors are 
capable of 0.030 T-m. This is sufficient to correct the closed orbit to 1 mm if we maintain the rms 
relative deviation of the dipole strengths to 10 x 10-4 . We will strive to maintain the total 
variation to 10 X 10-4 . 

Recipe stacking 
The integrated strength of a dipole depends on the average pole face gap, the coercivity of 

the steel, the permeability of the steel, the mechanical length of the magnet, and the packing 
factor of the laminations in the half core. It is not practical with currenttechnology and a limited 
budget to require the tolerances on all of these parameters to be so tight that the cumulative 
tolerance is 10 x lQ-4 . 

The packing factor is fairly well controlled by requiring that the laminations be stacked in 
the half core at a pressure that we have determined to be sufficient to minimize variation. We 
have calculated that in the worst case (at 17 kG, COITesponding to 150 Ge V) a fractional variation 
in the packing factor of 15 X w-4 leads to a variation in strength of 1 X lQ-4. At best, the physical 
length can only be controlled to within half a lamination thickness, or 1.25 x lQ-4 (1.9 x lQ-4 for 
the 4-m dipoles). 

The variations in steel properties and lamination shape we experienced in the early 
production are discussed below. To reduce the variations in strength due to the variations in the 
laminations, we select the boxes of laminations to be used in each half core. We make a recipe 
for each half core that averages out the variations in the gap and permeability. We have planned 
the deliveries of the laminations to fall enough in advance of the stacking to give us a good 
selection of laminations to choose from at any time. 

Assignment scheme 
If our efforts to keep down the variation in integrated strength fall short of our goal, we 

can resort to assigning dipoles to locations in the ring on the basis of their strength. The 90 
degree standard cells provide natural ways to accomodate matched pairs in local two-bumps. A 
pair of one strong and one weak dipole will fit 360 degrees in phase advance apart, or a matched 
pair of strong or weak dipoles will fit 180 degrees apart. 
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Production measurements and acceptance 
Every dipole will be thoroughly and promptly tested after assembly at the Fermilab 

Magnet Test Facility (MTF). This will assure that every magnet installed meets the magnetic 
requirements of the project. Subtle manufacturing problems can be indentified early and 
corrected. Additional improvement of the accelerator performance can be achieved by assigning 
magnets to locations in the ring based on their magnetic properties. Finally, measurements on 
every magnet will allow improved accelerator modeling. 

The integrated strength and the strength as a function of position will be measured by two . . 
methods each to provide continuous cross-calibration and some redundancy in the case of failures. 

It is anticipated that a complete set of measurements will require two to three shifts per 
dipole. Keeping pace with the production rate of ten magnets per month will require one to one 
and one-half shifts per day, five days per week. 

The measurement plan, the conditions, the raw data, the intermediate calculations, and the 
final results for every measurement will be stored in a database. This information will be readily 
accessible for further analysis and use by physicists and others in the Magnet Test Facility and the 
Accelerator Division. 

Flatcoil 
The primary measurement system will be a long, narrow, 16-turn coil of wire, rigidly 

formed to the trajectory of a particle through the magnet. Both strength and field shape can be 
measured. We call this a flatcoil. The probe is 7.32 m long, extending beyond the ends of dipole 
to integrate the total field seen by a patticle traveling through the magnet. 

-Strength 
The field integral as a function of current is measured by placing the coil along the center 

line of the magnet and ramping the current. The voltage induced by the changing flux through the 
coil is integrated by scaling the output of a voltage-to-frequency converter. At selected currents 
we read the scaler, measuring the total change in flux from the initial state. This technique is 
quick and precise. 

One limitation of the flatcoil for measuring relative strength is that the remanent field is 
not included and must be added as a correction. The remanent field is small, so even large 
fractional variations from the assumption of constancy will not significantly affect the final result. 
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To get a good absolute measure of the strength requires knowledge of the probe geometry 
to a precision that is difficult to achieve. Comparison with the NMR/Hall probe measurements 
provides an absolute calibration. 

A probe with the same effective area as the test probe is placed in a short reference dipole 
excited in series with the magnet under test. Bucking this signal against the main probe allows 
more precise relative measurements of the dipole strengths. Measuring the response of this 
system with every magnet measurement provides a continuous monitor of the stability of the 
electronics. 

-Scan 
The variation of the field integral as a function of horizontal position is measured by 

moving the flatcoil transversely and recording the change in flux from the starting position. The 
coil is mounted on a baseplate which provides the drive meachanism for sweeping the coil 
horizontally across the magnet aperture. A stationary reference coil is placed in the center of the 
aperture. The bucked signal of moving coil minus reference coil provides a clean signal of field 
shape by cancelling variations in the excitation current. The development of the coil motion 
assembly and the use of a reference coil were done specifically for the R&D dipoles. Field shape 
measurements made with this coil show substantially better signal-to-noise than for the prototype 
dipoles, which used an earlier flatcoil model. 

The flux changes are normalized to the strength in the center of the magnet, removing 
most systematic effects and providing a measure of the field uniformity far more precise than is 
required for the project. The field can be measured over a wider range of x than is available to the 
beam. The field as a function of x can be fit to a polynomial to determine the nonnal components 
of a harmonic decomposition of the field. This is a fairly quick measurement. It will be done at 
several currents. 

-Pointscan 
The pointscan system combines an NMR probe with a two-axis Hall probe. The NMR is 

precise and accurate, but is only sensitive in the range above approximately 1.0 Tesla. Also, 
because it is untuneable in regions with more than minimal field gradients, its utility is limited to 
the body of the dipoles. The ends and the low field excitations are measured with the Hall probes. 
Both the NMR and the Hall probes are mounted on a cart which rides on a curved rail and is 
pulled through the magnet in order to map out the longitudinal profile of the field. This system, 
including the capability for automated motion in z, was developed and first used with the R&D 
dipoles. 
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The probe& will measure the field on a 25 mm grid along the center line. Numerically 
integrating this longitudinal profile gives the central field integral. This technique provides a 
measure of the remanent field and of the absolute strength integral, cross checking the flatcoil 
measurement. The profile is not significant for the performance of the accelerator, but it has the 
potential for being a useful monitor of the magnet assembly quality. It is very time consuming, so 
it will be performed at a very limited number of currents, and perhaps on a limited number of 
magnets. 

-Harnwnics 
The alternate shape determination will be done with a rotating coil. A 6.6-m rotating 

tangential coil will extend through the entire magnet. The coil form will curve to follow the 
center line of the magnet. The form will be sufficiently t1exible to allow it to rotate about its axis, 
even though it is held in a curved shape. The same voltage to frequency system used in the 
flatcoil system measures the change in flux through the coil as it rotates. This gives both the 
normal and skew components of the harmonic decomposition of the field integral. From this, 
field values can be reconstituted, if needed. Although the rotating coil gives a field integral, it is 
not expected to be sufficiently precise to replace either the flatcoil or pointscan measurements. 
The measurements are sufficiently quick to allow tests at multiple cmTents. 

At the time of this writing the 6.6-m probe had not yet been been fabricated and tested. If 
the plan does not work, the fallback position is to use the 2.0-m probe that was used in the 
prototype and R&D work. Harmonics for the full magnet can be determined by making multiple 
measurements with the probe placed at appropriate locations through the magnet. In that case, a 
reduced number of magnets will be fully measured with the system, or only a single body field 
measurement will be made on each magnet. 

Magnetic acceptance criteria 
All measurements will be analyzed immediately by the measuring technician. Important 

parameters will be compared to standard values stored in a database to evaluate the measurement 
and the magnet. These tests will monitor both the properties of the magnets and the behavior of 
the measurement system. 

The measurements are checked for internal consistancy. The results from redundant 
techniques are compared. The excitation curves are compared with the nominal values. The 
multipole strengths as a function of cmTent are compared to nominal. 

As noted above and discussed in the accelerator physics section, the Main Injector can 
tolerate a distribution of strengths and shapes, so a simple acceptance cut is not appropriate. A 
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tight cut with rejection of anything outside is too restrictive, unnecessarily rejecting usable 
magnets and raising the cost of the project. A loose cut with no other monitoring could lead to an 
unacceptably broad distribution. Every deviation from nominal results in some degradation of the 
accelerator performance. We seek to minimize those variations, but do not expect to eliminate 
them. 

Instead of hard acceptance limits on field quality, we have specified a two-level test. 
Figure 3.1-14 shows a typical evaluation plot of the fractional deviation of one magnet from the 
nominal, along with the tight and loose limits. The tighter limit is initially set at twice the 
standard deviation (two sigma) of the distribution of the R&D dipoles. The looser limit is set at 
three sigma. The appropriateness of these limits is discussed below. The limits will be reviewed 
periodically. 

If a magnet falls within the tighter limits, the measurement will be accepted. If the magnet 
falls outside the inner limit but inside the outer limit, it will be remeasured. A sample of magnets 
passing the inner limit will also be remeasured to monitor the repeatabilty of measurements and 
control for the regression to the mean tendancy inherent in the remeasurement of deviant magnets. 
Magnets outside the outer limits will require assessment by physicists to determine the source of 
the problem and the disposition of the magnet. 

The tracking studies have been done with an rms variation in the dipole strength of 10 
units. The sigma for the six 6-m R&D dipoles was 4.5 units. Therefore, a magnet falling outside 
the outer limit (15 units), while quite likely usable in the accelerator, may indicate a problem in 
the fabrication process which needs attention. 

Similarly, the tracking studies have used a variation of 0.5 units in sextupole component at 
120 GeV/c. The observed variation in the R&D dipoles is -0.15 units. 

Fabrication 
Bare coil fabrication 
-Winding 

The dipole coils are fabricated primarily from 25.4 mm x 101.6 mm copper bars with a 
13 mm diameter water passage. The 6-m bars are brazed together end-to-end and then wound on 
a form to the desired shape. A hydraulic fixture assists in making the band at each comer. Space 
constraints limit the number of bars of copper that can be brazed together before the winding 
process starts. During the winding, therefore, the brazing and bending operations alternate as a 
coil is fabricated. 
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-Induction brazing 
The joints are of a type with demonstrated reliability in which conductors are faced-off, 

counterbored, and then brazed together with a ferrule inserted between the conductor water holes. 
Silfos rings and gaskets provide a consistent amount of brazing material. Induction brazing of the 
joint will assure uniformly high quality. 

Fermilab purchased the induction brazing equipment and is furnishing it to the coil 
fabricator. We have taught the vendor to use the equipment, introducing the technology to this 
industry. · 

-Ultransonic Joint Test 
Each brazed joint is tested using ultrasonic testing equipment developed for Fermilab and 

provided to the coil fabricator. This system measures the ultrasonic energy reflected by the joint. 
A faulty braze joint appears as a discontinuity in the material and reflects energy. Both the 
conductor ends butted together and the copper to ferrule surfaces are tested. Before starting 
production the system was validated by making numerous joints with and without flaws 
intentionally introduced, measuring them, then sectioning the joint to compare the actual bond 
with the ultrasonic measurement. This measurement technology has also been transferred to the 
vendor, who is doing the tests on every joint with monitoring by Fermilab. 

-Helium Leak Test 
Every joint is subjected to a helium leak test, again using technology transferred to the 

vendor from the Fermilab experience. The vendor performs the tests and is monitored by the 
Fermilab inspector on site. A helium leak test is used rather than a hydrostatic leak test because 
the bare coils lack a full set of connectors suitable for high pressure use. 

-Flow Test 
Each coil must pass a water flow test at specified pressure drops characteristic of operation in the 
Main Injector tunnel. These tests assure us that the cooling passage is not obstructed. Required 
flows are based on calculations and veritled by experience. 

Coil insulation 
Lessons from history 

Over the course of 25 years Fermilab has built thousands of magnets. We experiment and 
we learn from our mistakes. Two recent studies have examined the Main Ring B2 and B3 dipoles 
with respect to reliability. The studies reported on design and operational problems and made 
recommendations for future magnets [9]. 
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The studies clearly demonstrate that the choice of insulation is a major factor in the 
reliability of a magnet. A coil insulated with a full impregnation process is dramatically more 
reliable than one which merely uses B-stage epoxy tape. Over-heating of the coil can damage the 
epoxy insulation. Differential expansion of adjacent turns due to a poor choice of water flow 
patterns introduces stresses in the epoxy and can lead to failures. External water is also a clear 
enemy of insulation. 

Choices 
The Main Injector dipole coils have a very conservative insulation design, shown in 

Figure 3.1-15. The main insulation is provided by multiple layers of fiberglass tape, vacuum 
impregnated with epoxy. 0-10 strips provide an additional barrier in the event of a crack in the 
epoxy. 

The epoxy itself provides the insulation. The fiberglass tape serves as a matrix that 
prevents cracking. To avoid cracking we prohibit unsupported volumes of epoxy greater than 
1.5 mm in their shortest dimension. 

Different epoxy formulations and curing cycles result in products with different properties. 
We have chosen a relatively rigid final product which does not degrade significantly with 
exposure to radiation. Care must be taken in curing the epoxy to avoid rapid temperature changes 
that would introduce stresses and lead to cracking of the insulation. 

Epoxy studies 
Epoxy potting compounds used as electrical insulators have very good mechanical and 

electrical properties and are generally considered to be resistant to moderately intense ionizing 
radiation. These compounds would be even more desirable if they were less brittle. The epoxy 
resin, which is the basis of the potting compound, cannot vary a great deal because of the nature 
of its chemical make-up. The final properties of the cured epoxy are very dependent on the curing 
agent. The proper choice of a curing agent is very important in achieving the maximum desirable 
properties. 

It is generally accepted that there are two groups of curing agents that are best for resisting 
ionizing radiation. They are aromatic amines and anhydrides. The aromatic amines are difficult 
to work with in large quantities because they present a health hazard that requires very strict 
controls in their handling and application. Their use frequently results in epoxy formulations that 
are high in viscosity and have a shorter pot life or working time. The anhydrides present a much 
lower health hazard, lower viscosity, and longer pot life but tend to be brittle. 
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It has been thought for some time that this brittleness could be reduced with the addition 
of flexibilizing, reactive diluents. These flcxiblizers could also lead to a reduction in viscosity 
that would be desirable during processing. Two epoxy resins diluents which are known to be 
effective flexiblizers were chosen for evaluation. Samples were prepared with varying amounts 
of the flexiblizers added to the anhydride formulation and exposed to radiation of 100 megarads. 
Samples were then mechanically tested in tension and flexion. These tests gave values for tensile 
strength, flexural strength, elongation, and modules. 

The results of these tests [10] on samples irradiated and not irradiated showed that the 
tensile strength was little affected by the radiation, but the difference in flexural strength and 
elongation all but disappeared. Any flexibility imparted to the epoxy by the flexibilizing resins 
was negated by the exposure to radiation. Therefore, the addition of the flexibilizer would only 
lead to a potential for error in weighing and mixing by introducing an unnecessary component 
into the potting formulation. 

Additionally, it was found that the epoxy-anhydride formulation without the flexibilizer 
was resistant to an exposure of 100 megarads. A very small sampling of this formulation was 
exposed to one gigarad and showed a favorable retention of physical properties. 

Thermal studies 
Our concern about the stresses produced in the epoxy by the thermal expansion and 

contraction of the coils led us to study the expected behavior [11]. One of the dipole magnets was 
tested extensively at the Magnet Test Facility, both at the normal operating power of 18 kW (5000 
Arms), and at a vastly elevated power level of 66 kW (corresponding to operation at 9500 A de). 
Tests were performed with two different methods of cooling water connects: (i) with the water 
entering on the inside and exiting on the outside of the coil, and (ii) with water entering on the 
outside and exiting on the inside. In the first case, the copper is constrained only by the epoxy-
insulation material, whereas in the second case, the hotter copper on the inside of the coil is trying 
to expand more than the cooler copper on the outside, putting the insulation layers in 
compression. The tests were under conditions similar to those anticpated in operation in the Main 
Injector ring, but not identical. For example, the water flow and input temperature were both 
slightly lower during the tests than they will be in operation, and the water supply could not be 
maintained at a constant temperature. 

Measurements were made of both the thermal and dimensional changes in the coil. These 
are summarized in Table 3.1-7. No difference was seen between the two modes of cooling, 
indicating that the coil acts as a single body, with only elastic motion of the coil resulting from the 
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thermally-induced forces. The time for the coil to stabilize in temperature after changing the 
power level is fairly long, on the order of twenty minutes. Thus, these tests were aimed at 
measuring the effects resulting from the magnet ramp being turned on and off (changes in the 
average power), and not from individual ramp cycles (in which the instantaneous power varies 
dramatically over a time scale of less than 5 seconds.) 

Table 3.1-7 
Thermal Test Results 

Calculated Values Measured Values 

5000A 9500A 5000A 9500A 

jj.T ("C) 8.8 31.7 8.2 28.0 

Expansion (in) 0.0097 0.035 0.0094 0.040 

(Expansion is the growth of one end of the coil, which is fixed to the steel in the center of the 20' dipole. The 
calculations are based upon a 10' piece of copper.) 

Calculations were done of the stresses in the epoxy from the differential temperatures 
between adjacent turns of copper in the coil. Two different analyses were done. First, the 
compressional or tensile stresses on the ends were calculated, ignoring any bonding along the 
length. of the coil. Second, shear stresses along the length were calculated by assuming the epoxy 
and insulation material in the ends deformed as a result of compression or tension, and then 
calculating the shear stress along the length due to that deformation. Both calculations show 
stresses below the allowable stresses, even for the 9500 A excitation. A finite element analysis to 
calculate the stresses is in progress. While no problems were observed during this rather brief 
test, questions of cyclic fatigue failure were raised. A detailed analysis (which includes the finite 
element analysis) may predict the long term effects and. help in understanding the stress 
distribution The analysis will be used in addressing the merits of doing a very lengthy life test on 
one or more magnets. 
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Specifications and monitoring 
The steel for the dipoles is defined by a performance specification (Specification #8020-

ES-186651, Rev. E.). The coercivity is required to be less than 1.0 Oersteds at Hmax=100 
Oersteds, with a maximum variation of± 0.2 Oe from the mean. The permeability is required to 
be between 176 and 181 Gauss/Oersted at 100 Oersteds. The vendor measures every batch of 
steel with an Epstein square and send the data to Fermilab. In addition, the vendor provides 
samples which Fermilab tests to monitor the vendor testing. The Rockwell hardness is specified 
to be between 20 and 50. The B-H curve for the steel is shown in Figure 3.1-16. 

Experience 
Figure 3.1-17(a) shows the variation of permeabilty from the first six months of steel 

production. Figure 3.1-17(b) shows a histogram of the coercivity over the same sample. These 
data are used in the formulation of the half core recipes. 

The one pending concem at the time of this writing is that the production dipoles are being 
made from different steel than the R&D dipoles. The vendor and the process are different. The 
specifications are the same, but there is a lingering concem that there may be subtle differences 
that will surprise us. We eagerly await the measurements of production dipoles. 

Laminations 
Cordax and gauges 

Both the vendor and Fermilab measure in detail a sample of laminations, one from each 
slit of steel, using coordinate measuring machines with a precision of 0.0001". Each lamination 
that Fermilab measures is reviewed for conformance to the drawing tolerances. Trends are 
monitored informally, working with the vendor to identify drifts that could signal impending 
larger problems. 

A Fermilab inspector at the stamping vendor's plant measures a larger sample of 
laminations in less detail. A set of three gauges measures the distance between the pole face and 
the parting plane at three positions and records the data electronically. Using this device the 
inspector can sample five laminations out of every 100 stamped. This data is transferred 
periodically to a database at Fermilab where it is used in the determination of recipes for stacking. 

Experience 
As with most properties that affect the magnetic field, we can tolerate a limited number of 

articles which fall outside the stated tolerances as long as the distribution is fairly tight. The 
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DISTRIBUTION OF STEEL MEASURED MAGNETIC PROPERTIES 
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lamination dimensions have that quality, with the added advantage that we can mix laminations to 
produce a uniform field from nonuniform laminations. 

Figure 3.1-18 shows a typical report of the coordinate measuring machine. The deviation 
from the drawing dimensions is shown on an expanded scale relative to the nominal. Figure 3.1-
19 shows the distribution of gap distances over the first 295,000 laminations. We anticipate no 
difficulty in making use of virtually all of the laminations. 

Half cores 
A half core is a stack of laminations sandwiched between two end packs and held together 

by welded tie plates on each side and the top. The half cores will be built by a subcontractor 
using screw presses provided by Fermilab. A Fermilab inspector is present to monitor the 
performance of the subcontractor and to witness the inspections. 

The end pack is composed of 51 laminations trimmed to form the end profile described 
above, followed by enough additional untrimmed laminations to make a thickness of 0.15 m (6 
inches). These laminations are cleaned, coated with epoxy, stacked in a fixture, compressed, and 
cured in an oven. 

An end pack is placed on the stacking press. Laminations are stacked against the endpack 
and against a side rail that controls the curvature of the half core. Every 75 mm (3 inches) the 
orientation of the laminations is reversed, so that any left-right (quadrupole) asymmetries of the 
dies are cancelled. As noted above, the stacking follows a recipe to produce a uniform product. 

Every time an additional 0.6 meters (24 inches) has been added to the stack, the press 
squeezes the stack. A powered coil of wire provides a magnetic field that holds the laminations 
down against the stacking rail. The laminations are tapped to ensure that they are snug against the 
side stacking rail. Clamps khen restrain the the laminations, attempting to prevent relaxation of 
the compressed stack. 

When the desired length approaches, an end pack is placed on the other end of the half 
core and the whole half core is compressesd. Laminations are added or removed to bring the 
length within tolerance, within one-half of a lamination thickness (1.5 mm). Maintaining 
pressure, the intermediate clamps are removed. Tie plates are welded to the sides and the top of 
the half core to lock the half core in its compressed state. The half core can then be removed from 
the press for clean up, inspection, packing, and shipment to Fermilab. 
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Parting plane flatness 
To maintain the dipole field strength precisely, the gap in the back leg between the top and 

bottom half cores must be held to a minimum and kept uniform. The half cores are stacked on 
rails surveyed to be flat to 25 Jlm. The half cores are sufficiently flexible that the flatness is lost 
during handling, but during the final assembly the gap is drawn down to an average of less than 
50 Jlm. 

Packing factor 
At. high excitations the packing factor (the fraction of the length of the magnet occupied 

by steel) affects the field at which the magnet saturates and the slope of the excitation curve. We 
compress the stack of laminations to a constant pressure of 700 kGfm2 (100 psi). Experiments 
have demonstrated that this pressure is sufficient to achieve a uniform packing factor 
(0.986o±0.0008) insensitive to small variations in the pressure or laminations. 

Some early production endpacks proved weaker than previous endpacks. An intense 
research effort was necessary to identify the problem. Initially various aspects of the epoxy 
bonding the laminations together was suspected. Eventually the primaty problem seemed to be 
the thickness of the coating applied to all laminations as insulation against eddy currents within 
the cores. The steel supplier had already improved the surface finish of the steel to allow 
application of a thinner coat similar, comparable to the earlier laminations. End packs will be 
made with the thin-coated steel. 

Final assembly 
Fermilab will assemble the components into complete magnets in the Industrial Center 

Building. The job includes installing the coils into the half cores, welding the half cores together, 
brazing the coils together, and painting the magnet. Mechanical, electrical, and water flow 
measurements are performed at appropriate stages in the assembly. The assembly tooling is 
designed for a rate of ten dipoles per month working one shift per day. The capacity could be 
doubled with only a modest increase in tooling. 

Sag 
The dipole magnets will be supported utilizing the three-point support mechanism 

discussed in Chapter 3.1 0. Longitudinally, the supports are located near the quarter points of the 
cores, with a different spacing for the 6-m vs. the 4-m dipoles. Locating the supports at the 
quarter points reduces the sag of the dipole from approximately 0.11" (for end-supports) to about 
0.02". The maximum allowable sag is 0.04". 
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Beamtubes and beamtube supports 
The beamtube assemblies for the R&D dipoles were procured as a straight tubes, 

according to specification 1453-ES-305002. Two different vendors supplied the tubes, using 
significantly different techniques to fabricate the desired shape. A beamtube from one vendor 
was inserted into a fully-assembled dipole by sealing one end with a special fixture, and 
evacuating the tube from the flanged end. This procedure was done a number of times on 
different dipoles. The tubes from the other vendor are slightly stiffer and do not deform quite as 
much; a small change in finished dimensions will be required for the second vendor to supply 
tubes which can be inserted after magnetic measurements. Furthyr_d.etails on the beamtubes and 
vacuum tests of the tubes can be found in Chapter 3.2. 

Once inserted into the dipole, the beamtube will be formed to follow the beam trajectory 
by forcing it into shape and using three G-10 beamtube support pieces to hold it in the correct 
shape. One support piece is located in the center of the dipole on the inside radius of curvature. 
That support piece is placed in the dipole at the time of final assembly. Its surface has been cut to 
form an alignment surface to aid in probe positioning during magnetic measurements. The 
remaining two support pieces are placed into the dipole after the beamtube is inserted, on the 
outside radius of the dipole, a few inches from each end. The force required to bend the beam tube 
into the right curvature is quite modest. Following the final positioning of the tube, the vacuum 
flange is welded onto the tube. 

End covers and ion pump support 
The final components to be installed on the magnet are end covers on each end and an ion 

pump support bracket. The covers are intended to keep out metal chips and other debris and to 
reduce the exposure of the inner parts of the magnet in the event of a water leak in the tunnel. 
The ion pump support bracket is mounted on the downstream end only. It provides both the 
gravitational support for the ion pump, as well as a solid, 0.25" thick G-10 barrier between the 
beamtube and the magnet's electrical leads. 

Storage 
Completed dipoles will be stored in the MI-60 high-bay area until it becomes full. After 

that, they will need to be stored in the MI-60 enclosure. Beginning in early FY96, the MI tunnel 
should be complete, and, following survey monument work and utilities installation, the dipoles 
can begin to be placed into their final positions. 
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WBS 1.1.1.1.2 RING QUADRUPOLES 

The majority of the quadrupoles magnets in the project are reused Main Ring quadrupoles. 
Since the beam travels straight through them, they do not suffer the trouble with sagitta that the 
dipoles do. They have been somewhat more reliable than the dipoles. To complement the existing 
quadrupoles, additional quadrupoles are built to essentially the same design but in different 
lengths. Figure 3.1-20 shows a cross-section of the quadrupole magnet. 

The Main Ring quadrupoles that will be reused in the Main Injector ring have a nominal 
length of .84" and are sometimes referred to as BQBs, 3Q84s, or 7000-series quadrupoles. The 
Main Ring also uses a shorter version of the same design, 52" long, known as BQAs, 3Q52s, or 
4000-series quadrupoles. The new quadrupoles, IQCs and IQDs, will be approximately 100" and 
116" long, respectively. 

WBS 1.1.1.1.2.3. AND 1.1.1.1.2.4. NEW MAIN INJECTOR QUADRUPOLES 
The new and old quadrupoles will run on the same busses (one focussing, one 

defocussing), so it is imperative that their strengths track each other through the acceleration 
cycle, saturating in exactly the same way. Therefore we must use the same lamination for the 
new quadrupoles as the orginal Main Ring quadrupoles. 

We took the opportunity of building these magnets to re-examine the insulation scheme 
for the quadrupoles. A new design for the insulation should improve reliability over the Main 
Ring insulation, already acceptably good. The turn-to-tum insulation thickness has been reduced 
slightly in order to accomodate an additional layer of coil-to-ground insulation. As before, the 
conductor insulation is a B-stage epoxy tape cured onto the coil in a mold before the magnet is 
assembled. The cured coil is wrapped with dry fiberglass tape and assembled into the half cores. 
The coil is then vacuum impregnated in the magnet. To allow adequate cooling water to flow 
through the longer coils, the hole in the conductor for cooling water has been expanded compared 
to the Main Ring quadrupole conductor. See Table 3.1-8 for the quadrupole parameters. 

A 16-turn/pole trim coil has been added to the new quadrupoles, allowing adjustment of 
the gradient over a range of ±1% from the nominal full field. We do not plan to use these on a 
regular basis in operation, but, if necessary, this will allow more precise matching of the lattice 
between the arcs and the dispersionless straight sections. Independently adjustable quadrupoles 
also give valuable diagnostic opportunities for the accelerator. A trim coil is chosen rather than 
adding a comparable power supply to each quad in parallel. First, floating the power supplies 
significantly away from ground is more troublesome than not having to worry about it. Second, an 
independent coil allows bussing the trims of several quads together for grouped control. 
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FMI QUADRUPOLE MAGNET 
CROSS SECTION VIEW 

Figure 3.1-20. Cross-Section of Main Injector Quadrupole 



However, the transformer coupling of the main and trim coils presents its own challanges for the 
power supply design. Figure 3.1-21 shows the lead end of a new quadrupoles, including the 
manifolding and routing of the main coil and of the tdm coil conductor. 

Table 3.1-8 
Main Injector Ring Quadrupole Magnet Parameters 

IQD IQC BQB 
Length (meters) 2.945 2.539 2.134 
Strength (Tesla/m) 19.6 19.6 19.6 
Int. strength (T-m/m) 57.79 49.83 41.87 
Pole radius (in) 1.643 1.643 1.643 
Pole radius (mm) 41.74 41.74 41.74 
Turns/pole 4 4 4 
Peak Current (A) 3630 3630 3630 
RMS Current (A) 2000 2000 2000 
Coil resistance (mQ) 6.1 5.2 4.5 
Coil inductance (mH) 1.8 1.5 1.3 
Peak power (kW) 70 60 52 
RMS power (kW) 24.4 20.8 18 
Conductor Dim. (in x in) .565 X 1.0 .565 X 1.0 .565 X 1.0 
Cond. Hole Diameter (in) .312 .312 .250 
Number used 48 32 128* 
Weight (kG) 5852 5046 4082 
Trim Coil Turns/Pole 16 16 0 

*One quadrupole, Q101, located adjacent to the injection Lambe1tson at MI-10, will be rolled 90° 
to provide adequate vertical aperture for the injected beam. 

Lamination design 
The original Main Ring quadrupole lamination was designed to be free from octupole 

contamination. Imperfections in the die led to a negative octupole component of the field. Most 
Main Ring quadrupoles were modified by milling 0.25 mm from the back legs of one half core, 
producing an octupole component of, typically, +5 units. A new die, of significantly inferior 
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technical quality, was built, incorporating a change of 0.25 mm in the back leg compared to the 
original design (not compared to the original die actually used). 

For slow extraction at 120 GeV/c, the existing octupole correction elements require the 
assistance of at least + 1 unit of octupole in the new quadrupoles. Accelerator tracking 
calculations indicate that beam stability is improved if the new quadrupoles have an octupole 
component of less than +3 units at all excitations. A larger octupole component can be corrected 
for with some effort. In the course of a long selies of tests, we have modified the original Main 
Ring quadrupole die by removing about 0.12 mm from the back legs of the die. We now have an 
octupole component comparable to the Main Ring quadrupoles. 

Len&ths 
The lattice design uses quadrupoles with integrated strengths in the ratio of 2.1336 m : 

2.5433 m : 2.9530 m (84.00" : 100.13" : 116.26"). Lattice studies [1] indicate that there is no 
significant valiation in the machine beta function and dispersion if the integrated strengths of the 
longer magnets systematically deviate by 10 parts in 1Q4. A systematic difference of 25 parts in 
1o4 would be noticable but tolerable. 

The effective length of a quadrupole, the integral of the gradient through the magnet 
divided by the gradient in the center, is often not exactly equal to the length of the steel. To 
determine the steel length needed for the new quadrupoles, we must know the desired integrated 
strength, the central gradient, and the contribution of the ends. If we assume that the gradient of 
the new quadrupoles is the same as that of the old, then we need only know the desired effective 
length and the contribution of the ends. 

To the extent that any of these numbers vary with current in a way other than linearly, we 
can only do our best at one current where which we match the strengths. We choose to try to 
match at 120 GeV/c, the slow extraction momentum, because everything is most sensitive there. 
This corresponds to a cmTent of about 2900 A and a gradient of about 15.7 T/m. 

The initial analysis [2] compared 84" and 52" Main Ring quadrupoles measured in 1986 
and 1987, attributing the integrated strength to a body component proportional to the stacked 
lamiantion length and an end component independent of length associated with the end plate. The 
effective length of each end, measured from the last lamination, was 28 mm per end. This means 
that the effective length of the 84" quads (81" of laminations = 2.057 4 m) is 2.1136 m. That is 20 
mm shmier than the physical length of 2.1336 m. 
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FM I 100 II I QC AND. 11 6 II I QD QUADRUPOLE 
LEAD END VIEW 

Figure 3.1-21. Lead-End View of Main Injector Quadrupole 
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FM I 1 1 6 II I QD QUADRUPOLE 
SIDE VIEW 

Figure 3.1-22. Side View of Main Injector 116"-Quadrupole 



If the effective length of the B QB is 2.1136 m and if the gradient of the new quads is the 
same as that of the BQB, then from the strength ratios above, the effective length of the IQC 
should be 2.5313 m and the effective length of the IQD should be 2.9390 m. Adding the effective 
length of the ends leads to a steel length of 2.5394 m (99.976") and 2.9452 m (115.953") for the 
IQC and IQD. A side view of the the IQD quadrupole is shown in Figure 3.1-22. 

Changing the lamination by reducing the back leg increases both the octupole and the 
gradient rather linearly over the range under consideration. In our effort to adjust the octupole, 
we have removed enough steel from the original die to match the Main Ring quadrupole closely. 
The gradient is therefore matched as well, and the calculation above stands. 

Measurements of a sample of Main Ring quadrupoles were made in 1986 and 1987. 
These can be compared with measurements made on the early production IQCs [3]. To achieve 
the precision desired, it was necessary to remeasure two Main Ring quadrupoles to carry the 
current readout calibration from 1986 to 1994. From these measurements and analysis we 
concluded that the initial length determination was adequate. The tracking studies show that a 
satisfactory ring can be built from magnets with an RMS of 12 units in strength. 

At the time of this writing, two IQC quadrupoles had been completed and measured. The 
strengh and octupole component of the field are acceptable. The transfer function (integrated 
gradient divided by current) is shown in Figure 3.1-23. Note that saturation is beginning to set in 
above 3000 A. Plots of the nmmal and skew harmonic components of the field as a function of 
current are shown in Figure 3.1-24(a) and Figure 3.1-24(b). We note that the variation in the 
multipoles as a function of current below saturation is unexpected but does not degrade the 
accelerator performance. 

We expect that in these steel and copper quadrupoles the magnetic center will be 
determined by the steel, lying in the geometric center of the core. Since the lamination edges are 
exposed in a sufficient variety of places, alignment of the magnet can be done relative to the 
laminations. Recent measurements of two Main Ring quadruoles suggest that there may be a 
systematic deviation of the magnetic center from the geometric center of 0.25 mm [ 4]. We plan 
to measure the magnetic center of each of the first ten IQC quadrupoles to better understand the 
issue. If necessary, the offset between the magnetic and geometric centers will be measured for 
each quadrupole so that magnets can be properly placed in the tunnel. An efficient system for 
measuring centers is under development by Magnet Test Facility. 
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Schedule 
We built one prototype of each length in late fiscal year 1993, using the original Main 

Ring die and some rather soft steel. Magnetic measurements led to a full appreciation of the 
impact of the imperfections in that die. Further accelerator calculations led to revision of the 
requirements to the current understanding. Additional studies on spare Main Ring quadrupoles 
and the first production Main Injector quadrupoles resulted in the current design. 

Fermilab will build the quadrupoles on the schedule shown in Figure 3.1-25. In 
production the quadrupoles can be assembled at the rate of one every four days, working one 
shift. A partial second shift would increase the rate to one every three days. A small investment 
in additional tooling would allow production of one every two days. All new quadrupole 
construction will be complete and the magnets will be installed well before the shutdown. 

Every quadrupole will be thoroughly tested promptly after assembly. This will assure that 
every magnet installed meets the magnetic requirements of the project. Subtle manufacturing 
problems can be indentified early and corrected. Additional improvement of the accelerator 
performance can be achieved by assigning magnets to locations in the ring based on their 
magnetic properties. Finally, measurements on every magnet will allow improved accelerator 
modeling. 

As with the dipoles, the plan, the conditions, the raw data, the intermediate calculations, and the 
final results for every measurement will be stored in a database. This information will be readily 
accessible for further analysis and use by physicists and others in the Magnet Test Facility and the 
Accelerator Division. 

A rotating Morgan coil will be the primary measurement tool. A full excitation curve will 
be taken from zero cun·ent, through the operating range, up to higher currents, and back to zero. 
The harmonic components of the field will be measured at all critical cmTents and at appropriate 
intermediate cmTents. 

A second technique, involving movement of a stretched wire, will complement the 
rotating coil. The integrated gradient and the variation of the field with horizontal position (at 
least) will be measured with the second technique to provide continuous cross-calibration and 
redundancy in the measurements. This system will also address the possible need to determine 
the location of the magnetic center with respect to the laminations. 
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In production the measurements should take no more than a single shift. There should be 
no difficulty keeping up with the planned production rate of five quadrupoles per month. 

Acceptance criteria 
Dimensional, electrical, and water flow values are measured during production. Any 

values that are out of the tolerance range are reviewed by a project physicist to assess the impact 
of the deviation on the project and to determine the reponse. This will ensure that all magnets are 
acceptable. 

As with the dipoles, all of the magnetic data will be analyzed while the magnet is on the 
test stand by the measurement technician. The integrated strength and harmonic components will 
be plotted as a function of current and compared to limits by the computer program. 
Measurements that fall outside of a tight normal range will be repeated, as will a sample of 
measurements within the range. 

Measurements which fall outside of the nominal tolerances for the accelerator will be 
examined closely to determine the cause of the discrepancy. Each out of tolerance magnet will be 
assessed for the cost, schedule, and accelerator performance impact of accepting, reworking, or 
totally rejecting it. 

WBS 1.1.1.1.2.5. 2.13-METER MAIN RING QUADRUPOLES 

Most of the quadrupoles in the FMI ring arcs are reused 2.13-m (84-inch) Main Ring 
quadrupoles. The 2.13-m quads in the Main Ring are of two styles, "old" and "new". The old 
style has a small negative octupole component. The "new" style quads have about 0.25 mm 
milled from the backleg of the top half-core, resulting in an octupole component averaging +5 
units. For the sake of uniformity and to help provide the octupole needed for resonant extraction, 
only new-style quads are reused in the FMI ring. The basic properties are shown in Table 3.1-8. 

There are 180 new style quads and 12 old style quads in the Main Ring. 128 new style 
quads are needed for the Main Injector ring and 48 of either style for beam lines. This allows a 
selection of magnets for use in the ring based on magnetic, electrical, and mechanical properties. 

Earlier analysis of old Main Ring quadrupole measurements suggested that the distribution 
of strengths in those magnets had a sigma of 24 parts in 1Q4, although a recent reanalysis of the 
data shows that the distribution width was probably inflated due to power supply calibration 
drifting. Tracking studies [5] show that a satisfactory ring can be built with magnets selected 
from the population of Main Ring magnets if they have this distribution. It will be necessary, 
however, to measure each magnet and select the middle two-thirds of the distribution for use in 
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the ring. The high half of these will go on one power supply bus and the low half on the other 
bus, further narrowing the distribution of strengths. 

One of the quadrupoles will need to be mounted with an orientation rolled 90 degrees 
from usual to increase the vertical aperture for the beam just downstream of the injection 
Lambertson magnet. One magnet and one spare with this rolled configuration exist in the present 
Main Ring. 

The Main Ring quadrupoles used in the FMI ring require two major modifications: The 
support structure and the vacuum system need to be changed. In the Main Ring the quadrupoles 
are supported by a long cradle welded to the magnet which holds the correction elements. For the 
FMI, these cradles are cut off and replaced by feet on the bottom which mate to a three-point 
support on a long cradle. The correction elements then mount on the same cradle. This is 
described in more detail in Chapter 3.10, Installation. 

The vacuum system must also be modified to match the FMI system. The end 
connections are cut off flush and a new vacuum pipe is slid into the magnet. The new pipe is the 
same shape and dimensions as that used in the dipoles, reducing the impedance seen by the beam 
at shape transitions. The beampipe carries the beam position monitor pickups in the quadrupoles. 
(See Chapter 3.6) As discussed in the sections below on beam line magnets, those quadrupoles 
will not receive the same modifications. Therefore, it will be necessary to identify each magnet's 
destination before the reworking begins. 

Additionally, the water and power manifolding will be carefully examined and replaced if 
necessary. This has been a frequent problem with quadrupoles removed from the Main Ring in 
less than ideal curcumstances. We hope that with planning and care this damage can be 
minimized, but we have budgeted for reworking the manifolding on all quadrupoles. 

Schedule 
Removing, testing, modifying, retesting, and reinstalling these quadrupoles will be one of 

the major challanges of the installation period between shutting down the Main Ring and begining 
to commission the FMI. The detailed schedule has not been fully worked out, but the following is 
a plausible outline. It is charted in Figure 3.1-26. 

The removal of the quads can be done quite rapidly. They will not pose a limit on the 
schedule except during the first few weeks when all of the mechanical work will be focussed on 
preparing the FO region for the civil construction. The quadrupoles will have been running 
immediately before the shutdown period and will thus be known to be in .good shape electrically. 
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Each one will be tested electrically after being disconnected and will be visually inspected for 
potential problems before being moved. 

Starting approximately three to four weeks after the shutdown begins, magnets ready for 
testing will arrive at the Magnet Test Facility. At MTF all of the quadrupoles will be tested 
quickly to identify their probable destination. The primary consideration will be the quadrupole 
strength at 120 GeV excitation, with octupole component secondary. An adequate set of 
measurements can be run in one hour. Allowing two hours for changeover, each measurement 
stand can easily measure three quads in two shifts per day. With two test stands running in 
parallel, we can measure six magnets a day, or 30 magnets/week. In fact, it is easy to imagine 
doubling the rate. At the lesser rate, all 180 "new-style" quadrupoles can be measured in six 
weeks. 

We will accumulate as large a collection of measured quadrupoles as possible before 
starting the selection and rework process to establish the center and width of the strength 
distribution. Those magnets selected for the ring will be reworked at Industrial Building 2. The 
modifications detailed above for ring magnets are estimated to take 60 worker-hours/magnet. 
With 30 workers at 40 hours/week, we can rework 20 magnets/week. The 128 magnets required 
for the ring can be processed in seven weeks, starting three weeks after magnet testing begins. 

After the reworking, the magnets selected for the ring will be retested at MTF, undergoing 
a slightly more extensive set of tests, starting as the first pass measurements are complete. Even 
if the testing rate drops to one shift per magnet, two testing stands allow us to keep up with the 
magnet reworking, lagging at most three weeks behind. 

We may want to again accumulate a sample before starting to assign magnets to tunnel 
locations, although we will quickly know the correlation between the before and after strength 
measurements. If that delay is two weeks, then we can start installation twelve weeks after the 
start of the shutdown and finish nineteen weeks after the start of the shutdown. 

Reworking the quadrupoles for the beamlines will either follow the ring quadrupoles or 
run in parallel. They will riot require remeasurement after reworking. 
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WBS 1.1.1.1.3. HARMONIC CORRECTORS 

Wherever possible, existing components are reused from the Main Ring, with minimal 
modifications. The sextupoles require substantially more strength than is available from the Main 
Ring sextupoles, so a new design is required. The measured magnet strengths are summarized in 
Table 3.1-10. 

WBS 1.1.1.1.3.1 CHROMATICITY SEXTUPOLES 

Reguirements 
Tlie chromaticity sextupole magnets for the FMI are a new design, tailored to the 

geometrical, optical, and electrical requirements of the Main Injector. The natural chromaticities 
of the FMI are -33.65 horizontally and -32.87 vertically. The lattice has been designed to have 
low p and 11 (58 m and 1.9 m are the maximum values in the arcs). Thus, very strong sextupoles 
will be needed to cancel the natural chromaticity. The configuration chosen places an F(D) 
sextupole at each F(D) main quadrupole in the arcs where 11 is large. There are also large 
sextupole components in the dipole magnet induced by saturation of the steel as the beam energy 
approaches 150 Ge V and by eddy currents in the beam pipe. These effects produce "natural" 
chromaticities of -77 horizontally (at 150 Ge V) and -55 vertically (near 20 Ge V). The conection 
sextupole magnets must be capable of compensating for all these effects. 

Based on a requirement that the sextupoles be capable of producing a corrected 
chromaticity of + 10 in each plane through the the entire ramp, the sextupoles need to have a 
maximum field strength of 55 T-mfm2 [6]. Geometric considerations lead to a steel length of0.46 
meters (18 inches), implying a field strength of 120 Tfm2, ignoring end effects. The desire to 
limit the power bus led to an attempt to keep the rms current under 200 A except for the short 
duration Tevatron injection cycles where it can peak at 300 A. The beam pipe size limits the 
dimensions of the pole faces. The magnet was designed for 120 Tfm2 at 300 A, assuming infinite 
permeability steel with the expectation that the end contribution would more than compensate. 
The integrated sextupole field has been measured as 59.3 T-mfm2 at 293 A, or 0.202 T-mfm2fA. 

The anticipated ramp waveforms for the F and D circuits, which have been recalculated based 
. -

upon the final dipole endpack geometry, are shown in Figure 3.1-27. 

Design and Assembly 
The cross section of the sextupole is shown in Figure 3.1-28. End and side views are 

shown in Figures 3.1-29(a) and 3.1-29(b). To reduce the resistance and inductance of the magnet 
the design is not six-fold symmetric, but rather matches the beampipe with top and bottom poles 
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FMI SEXTUPOLE MAGNET 
LRDSS SECTION VIEW 

Figure 3.1-28. Cross-Section of Main Injector Sextupole 



FMI SEXTUPOLE MAGNET 
LEAD END VIEW 

Figure 3.1-29(a). Lead-End View of Main Injector Sextupole 



FMI SEXTUPOLE MAGNET 
POWER LEAD SIDE VIEW 
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that are closer to the axis than are the side poles. The number of turns on the top and bottom 
poles is correspondingly smaller. The properties are summarized in Table 3.1-9. 

The sextupoles must be assembled around the beam tube after the beam tube is in place in 
the tunnel. The top and bottom halves of the magnets, therefore, are designed to be bolted 
together. The electrical and water connections from top to bottom are made with jumpers 
installed in the tunnel. 

The half cores are stacked on a small hydraulic press. The outside edges are held together 
by welded tie bars. A 6 mm (0.25") carbon steel rod, threaded at each end, runs through a hole in 
each pole to maintain the compression at the poles. The conductor is insulated commercially 
before winding, first with a layer of Kapton, then with a layer of fused polyester tape. After the 
coils are wound, a ground layer of dry fiberglass tape is wrapped around them. The whole coil is 
then impregnated with epoxy and cured. 

Table 3.1-9. Properties of the Main Injector Sextupoles 

Steel length (meters) 
Steel length (inches) 
Stength (Tfm2) 
Integrated strength (T-mfm2) 
Physical length (including coils) (inches) 
Distance to pole (inch) 
Distance to pole (mm) 
Turns/pole 
Weight (lb) 
Resistance (m.Q) 
Inductance(mH) 
Conductor dimensions (in x in) 
Conductor hole diameter (in) 
Current (A) 
Peak Power (kW) 
RMS Power (kW) 
Water Flow@ 100 psid (gpm) 
Number used 
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0.457 
18.0 
120 
55.0 
21.0 

860 
17 
2.8 

0.25 X 0.50 

300 
1.4 
0.6 
0.2 
108 

Side Top/bottom 
poles poles 

1.890 
48.0 
12 

1.040 
26.4 

2 
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The coils are installed on the poles and glued in place. The coils of one half magnet are 
brazed together in series and to the power leads. The top and bottom half cores are bolted 
together. The power and water leads for the top and bottom coils are connected together for 
testing. The water and power are jumpered independently. 

The sextupoles will be built at Fermilab. They are a convenient size and quantity that 
their production can be used to level out manpower fluctuations as they arise in the production of 
the dipoles and quadrupoles. Their fabrication will be completed prior to the long shutdown. The 
strength of sextupole magnets will be measured as the final quality control check and to 
characterize the performance. At this time we believe that it is more cost efficient to make a 
limited set of measurements with existing standard MTF equipment and software than to develop 
a simpler measurement system. Measurement results from the second prototype sextupole are 
shown in Figure 3.1-30(a) and 3.1-30(b). 

OTHER MULTIPOLE CORRECTORS 
The main quadrupoles of the FMI will run on two separate busses and will be used for 

most operating tune adjustments. Trim quadrupoles are needed for harmonic generation or 
cancellation. A sufficient number of Main Ring trim quadrupoles will be installed around the ring 
to cancel half-integer stopbands, if they are significant. In addition, slow extraction will require 
trim quadrupoles for excitation of the half-integer resonance (see Chapters 2.7 and 3.5). 
Refurbished Main Ring trim quadrupoles (WBS 1.1.1.1.3.2) will be used for all of these purposes. 
The current plan calls for 16 of them to be refurbished and installed. Additional correction is 
possible with the trim windings on the new Main Injector quadrupoles, but the transformer 
coupling to the main coils presents a challange for the power supplies. The parameters of the 
various correction elements are summarized in Table 3.1-1 0; the physical length, including the 
coils, of the Main Ring correctors, is 2-3" longer than the steel length. 

Sixteen skew quads recovered from the Main Ring are necessary (WBS 1.1.1.1.3.3) to 
adjust the betatron coupling. Additionally, four quadrupoles from the old Fermilab Electron 
Cooling Ring (WBS 1.1.1.1.3.7) are available to be used as skew quads in the Main Injector, 
although they are not currently believed to be necessary. The Cooling Ring quads are attractive 
for their large aperture. 

With the strong sextupoles required in this ring there was some concern that the dynamic 
aperture of the machine might be adversely affected. Tracking studies completed to date indicate 
that there is no loss of dynamic aperture due to the sextupole correction system. No additional 
sextupoles are planned. However, the Main Ring trim sextupoles (WBS 1.1.1.3.5) and the Main 
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Ring skew sextupoles (WBS 1.1.1.1.3.4) are available to be distributed and individually powered 
in the straight sections for control of third order resonant driving terms, should the need arise. 

The Main Ring octupoles (WBS 1.1.1.1.3.6) are used to compensate for the octupole 
component in the Main Ring quads and to control the slow extraction. We plan to refurbish and 
install 62 octupoles. The strength is limited in operation by cooling considerations. With no 
additional cooling the octupoles can run at an RMS current of 10 A with the conductor rising to 
70"C and the core to 56"C, corresponding to a peak current of 14 A in a slow spill cycle [7]. The 
need for additional strength and thus cooling remains under study .. For example, a systematic one 
unit of octupole in the IQC and IQD quadrupoles can be compensated for by exciting the octupole 
correctors at 2.5 A. Adding some additional cooling to the core, if needed, appears to be effective 

and straightforward. 

These magnets will have been running immediately before the shutdown period and will 
thus be known to be in good shape. Each one will be visually inspected for potential problems 
and electrically tested before being moved to its new location. Extensive reworking of these 
magnets is not expected. 

Table 3-1.10. Multipole Corrector Parameters 

Component Steel L R Transfer 

Length (mH) (Q) Function 

FMI Chromaticity Sextupoles(2) 18" 0.95 0.016 0.202 T-mJm2JA 

MR trim quadrupolesCl) 12" 67 1.56 0.0255 T-m/m/A 

MR skew quadrupoles<l) 6" 0.0075 T-m/m/A 

CR quadrupoles(4) 24" 1.75 0.013 0.0022 T-m/m/A 

MR trim sextupolesO) 6" 0.466 T-mJm2JA 

MR skew sextupolesO) 6" 0.359 T-mJm2JA 

MR octupoles0)(3) 6" 31 1.29 2.8 T-mJm3JA 

(1) Dejan Trbojevic, Magnetic Measurements of the Correction and Adjustment Magnets of the Main Ring, TM-1412 
(2) Hank Glass, Measurement Summary for MI Prototype Sextupoles ISAOOl & ISA002", MTF-94-0058 
(3) Hank Glass, Measurement Summary for Main Ring Octupole MOAOOl, to be published as MTF note. 
(4) Cooling Ring Design Handbook. 
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WBS 1.1.1.1.4 RING CORRECTION DIPOLES 

The steering dipoles correct the closed orbit. The primary sources of orbit distortion are 
quadrupole placement errors, dipole strength errors, and dipole rotations. These errors cause orbit 
distortions which, if uncorrected, would yield rms errors on the order of 6 mm. Although the 
present Main Ring trims have adequate strength for correcting these errors at low field, the effort 
of shimming and recentering them and engineering a new mounting scheme is nontrivial. 
Therefore, new trim dipoles for the FMI ring will be fabricated, with strengths a factor of two 
greater the present Main Ring correctors, allowing correction of errors up to 4 mm 
horizontally (3 mm vertically) at 150 GeV. A horizontal (vertical) trim dipole will be placed next 
to every focussing (defocussing) quadrupole in the ring. Like the chromaticity sextupole 
magnets, the trim dipoles must be assembled in two pieces around the beampipe. 

The Main Injector trim dipoles are a new design to provide the needed steering strength 
within the geometrical constraints. Parameters for the conceptual design of the horizontal (WBS 

· 1.1.1.1.4.2) and vertical (WBS 1.1.1.1.4.4) trim dipoles are shown in Table 3.1-11. The 
conceptual lamination shapes are shown in Figures 3.1-31 and 3.1-32. 

Table 3.1-11. Properties of Main Injector Trim Dipoles 

Horizontal 
Integrated strength (T-m) 0.060 
Strength (T) 0.197 
Steel length (m) 0.305 
Steel length (in) 12.0 
Maximum physical length (in) 17.0 
Gap (in) 2.0 
Number of turns 400 
Maximum Current (A) 12 

* to be determined 
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Vertical 
0.030 
0.098 
0.305 
12.0 
17.0 
5.0 

* 
12 
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Maximum strength: 0.060 T-m at 10 Amps (normal corrector) 
0.090 T-m at 15 Amps (straight section corr) 

Maximum correction angle: 
normal corrector: 
straight section corrector: 

120 ur at 150 GeV/c 
180 ur at 150 GeV/c 

Field quality at +1- 1.5 inches: 0.5o/o · 

Steel length: 12 inches 

Magnet length: 17 inches 

Magnet weight: 321 lbs. 

1" 

r- 11.64" ----· .... 

Coil: 400 turns #1 0 wire insulated (w&h) 2.32 inches 
Resistance: 3.26 ohms Inductance: 0.89 H 

External steel temperature: < 120 deg. F 
Internal coil temperature: < 265 deg. F 

Figure 3.1-31. Horizontal Trim Dipole Parameters and Dimensions 

8.64" 



(in) 
FMI Vertical Trim Dipole Concept 

David Harding, 13 January 1992 
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Figure 3.1-32. Vertical Trim Dipole Lamination Shape 



WBS 1.1.1.2 

WBS 1.1.1.2.1 

8-GEV LINE MAGNETS 

8-GEV LINE DIPOLES 

The basic properties of all beamline dipoles are listed in Table 3.1-12. 

Table 3.1-12. Properties ofBeamline Dipoles in the Main Injector Project 

DDM BDM BDM BDM EPB ODM ODM 
(2XB2) (B2) (B2) (B2) 1.5-5-120 (B3) (B3) 

Where used Slow 8GeV 120 GeV 150 GeV 8GeV 8GeV 120GeV 
Length (meters) 6.071 6.071 6.071 6.071 3.048 6.071 6.071 
Strength (Tesla) 1.08 0.20 .54 1.89 0.92 0.28 1.08 
Gap (mm) 50.8 50.8 50.8 50.8 38.1 76.2 76.2 
Conductor Dim. 1 (in) 0.900 1.096 1.096 1.096 0.636 0.793 0.793 
Conductor Dim. 2 (in) 0.535 0.922 0.922 0.922 0.635 0.654 0.654 
Cond. Hole Diam. (in) 0.250 0.4550) 0.4550) 0.455(1) 0.250 0.163 0.163 
Turns/pole 16 8 8 8 14 12 12 
Peak Current (A) 1356 463 1356 4900 895 333 1356 
RMS Current (A) 721 463 721 2600 895 333 721 
Coil Resistance (mQ) 30 7.2 7.2 7.2 17.5 45.6 45.6 
Coil Inductance (mH) 32 8.0 8.0 8.0 30.0 60.1 60.1 
Peak Power (kW) 55.2 1.5 13.2 172.9 14.0 3.2 83.8 
RMS Power (kW) 15.6 1.5 3.7 48.6 14.0 3.2 23.7 
Number Used 1 55 116 32 4 2 1Q(2) 

Weight (kG) 11455 11455 11455 11455 2558 13454 13454 
Sagitta (mm) 0 0 0 0 0 0 0 

(1) Outer layer conductor has 0.455" hole; inner layer conductor has 0.340" hole. 
(2) 3 B3 dipoles run at twice strength, with the parruneters shown, and 7 run at single strength, or half the field and 
one-fourth the power. 

WBS 1.1.1.2.1.7 REUSED MAIN RING B2 DIPOLES. 

The main horizontal bend of the 8 GeV line is composed of 55 B2 magnets recovered 
from the Main Ring. These magnets will have been running immediately before the shutdown 
period and will thus be known to be in good shape. Each one will be visually inspected for 
potential problems and electrically tested before being moved to its new location. There will be a 
surplus of B2s, so we can restrict ourselves to the better looking ones. Extensive reworking of 
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these magnets is not expected. However, an additional vacuum bellows will be welded to each 
B2 dipole to accommodate the larger angle between magnets. 

WBS 1.1.1.2.1.12 EPB 5-1.5-120 

The tight geometry of the existing Booster enclosure and the need for a wide aperture 
suggested the use of these dipoles. The design has been used in external beamlines for many 
years. These are reused beamline magnets. The magnets appear to have been built primarily by 
an outside vendor. No tooling, or even tooling drawings, seem to exist at Fermilab. 

WBS 1.1.1.2.1.13 REUSED MAIN RING B3 DIPOLES 

The vertical bends required to drop the beam 3.3 meters between Booster and the Main 
Injector ring heights are provided by two B3 magnets recovered from the Main Ring. The 
magnets are presently used as vertical bends for the Main Ring overpasses. Extensive reworking 
of these magnets is not expected. These magnets will have been running immediately before the 
shutdown period and will thus be known to be in good shape. Each one will be visually inspected 
for potential problems and electlically tested before being moved to its new location. B3 dipoles 
have had many failures in operation, but recent studies [8] have identified the primary problems 
as being improper handling, installation, and operation. 
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WBS 1.1.1.2.2 QUADRUPOLES 

Beamline quadrupole magnets are for the most pmt, recycled from the Main Ring or the 
existing 8 GeV line. The exceptions are the 3Q120s, which are duplicates of an exisiting 
Fermilab design, and the 3Q60s, which are shorter versions of that design. They are used in 
locations in which there are tighter spatial constraints, and where the quadrupoles are being 
individually powered. The power supply and cabling costs associated with the lower current 
operation of the 3Q120s and 3Q60s more than offsets the magnet cost. The properties of all the 
beamline quadrupoles are listed in Table 3.1-13. Not all uses of quadrupoles are shown; the 
selection given represents either the most numerous use or the power use. 

Table 3.1-13. Properties ofBeamline Quadrupoles in the Main Injector Project 

SQA BQA BQA BQB BQB* 3Q120* 3Q60* 

Where used 8GeV 8GeV Abort 120 GeV 150 GeV 150 GeV 150 GeV 
Steel length (in) 16.58 52 52 84 84 120 60 
Max.Strength (T/m) 16.3 2.0 19.6 7.5 20.7 17.5 16.1 
Conductor Dim. 1 (in) 0.750 1.000 1.000 1.000 1.000 0.410 0.410 
Conductor Dim. 2 (in) 0.318 0.565 0.565 0.565 0.565 0.410 0.410 
Cond. Hole Diameter (in) 0.188 0.250 0.250 0.250 0.250 0.229 0.229 
Turns/pole 33 4 4 4 4 28 28 
Peak Current (A) 388 372 3630 1356 3830 378 340 
RMS Current (A) 388 372 2000 950 2150 210 190 
Coil Resistance (mQ) 32.3 2.6 2.6 4.5 4.5 161 82 
Coil Inductance (mH) 43.0 0.8 0.8 1.3 1.3 .60 30 
Peak Power (kW) 4.9 0.4 34 8.3 66 23 9.5 
RMS Power (kW) 4.9 0.4 13 4.1 21 7.1 3.0 
Weight (kG) 1330 2722 2722 4082 4082 3200 1600 
Number Used 16 37 1 31 7 7 2 

*Quantities and rms currents refer to 150 GeV proton line. An equal number are used in the 150 
Ge V antiproton line at similar peak cunents, but with low rms currents due to the low duty factor. 
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WBS 1.1.1.2.2.7 P-BAR SOURCE QUADRUPOLES - SQA 

The SQA quadrupoles were designed for the Anti-Proton Source. SQAs were also used in 
1986 when the 8 GeV beamline from Booster to Main Ring was rebuilt. Sixteen of the SQAs 
downstream of the dump in the old 8 Ge V line are reused in the Booster to FMI 8 Ge V line. The 
reused magnets do not require remeasurement, but a visual and electrical inspection will be 
conducted. There is a possibility that we will be able to use some of the SQC quads from the AP-
4line when it is decommissioned. These are a 26.18"-long version of the SQA, with resistance of 
0.0416 0.. A significant reducuction in power consumption would result from their use in place 
of SQAs. ·The basic properties of the SQA quadrupoles are included in Table 3.1-13. 

WBS 1.1.1.2.2.6 BQA • 52" MAIN RING QUADRUPOLES 

Main Ring 1.32-m (52") quadrupoles comprise the balance of the quadrupoles in the 
8 GeV beamline. Thirty-seven of these BQA quads are reused. These magnets will have been 
running immediately before the shutdown period and will thus be known to be in good shape. 
Each one will be visually inspected for potential problems and electrically tested before being 
moved to its new location. Magnetic measurements are not required, but will be considered if 
time permits. 

WBS 1.1.1.2.4 DIPOLE CORRECTION MAGNETS 

Main Ring correction dipoles will be used in the beamlines, providing either horizontal 
(1.1.1.2.4.1) or vertical (1.1.1.2.4.3) correction at every quadrupole. These magnets will have 
been running immediately before the shutdown period and will thus be known to be in good 
shape. Each one will be visually inspected for potential problems and electrically tested before 
being moved to its new location. No magnetic testing is required. 

WBS 1.1.1.2.5.1 INJECTION LAMBERTSON MAGNET 

The injection Lambertson for the 8 GeV line is the "AO Lambertson" magnet from the old 
8 Ge V line. Only minor changes to the support structure and vacuum connections are required. 
As the shutdown approaches, we expect to seek permission to modify the spare AO injection 
Lambertson for use in the Main Injector, then modify the old operational Lambertson as the Main 
Injector spare. 

WBS 1.1.1.3 150 GEV PROTON LINE 

In the 150 GeV Proton Line all of the dipoles, about half of the quadrupoles, and all of the 
trim dipoles are reused Main Ring magnets. The balance of the quadrupoles and the injection and 
extraction elements are new construction. 

Chapter 3.1 48 Technical Design Handbook 
August, 1994 



WBS 1.1.1.3.1.7 DIPOLES 

The bending dipoles are B2s recovered from the Main Ring. Since they are all rolled to 
provide vertical as well as horizontal bends in the same magnet, they will require a change in their 
support structure. The vacuum connections should remain the same. Magnetic measurements are 
not necessary for these magnets. These magnets will have been running immediately before the 
shutdown period and will thus be known to be in good shape. Each one will be visually inspected 
for potential problems and electrically tested before being moved to its new location. There will 
be a surplus of B2s, so we can restrict ourselves to the better looking ones. 

WBS 1.1.1.3.2 QUADRUPOLES 

Seven quadrupoles are BQB 2.13-m (84") quads (1.1.1.3.2.5) reused from the Main Ring. 
These may require new support structures. The vacuum connections will not need to be changed. 
Any damaged manifolding will be repaired. We will choose these quads from those not selected 
for use in the ring. We will have made magnetic measurements on them as part of the selection 
process of quadrupoles to be used in the ring, as well as the usual electrical and mechanical 
checks. 

Seven quadrupoles (1.1.1.3.2.12) are newly built 3Q120As. The properties are 
summarized in Table 3.1-13. Figure 3.1-33 shows several views of the 3Ql20A magnet 
construction. These quadrupoles have smaller transverse dimensions than Main Ring 
quadrupoles, easing some installation difficulties in rather congested areas. They are also lower 
current, which reduces the cabling, power supply and power costs for these individually powered 
elements. Fermilab has built many of these quadrupoles for external beamlines in the past, 
refining the design with time to extend the performance. The magnetic behaviour of 3Ql20s has 
been documented elsewhere [9]. The first magnet will be measured to verify its design and to 
provide documentation of its properties in the new measurement system. Only minimal 
measurements are needed on the balance of these magnets. 

Two quadrupoles (1.1.1.3.2.13) are newly built 3Q60As. These are 1.524 m (60") long 
quadrupoles built to the same design as the 3Ql20A. These have not been built before, but no 
trouble is expected in this modification. The first magnet will be measured to verify its design 
and to provide documentation of its properties in the new measurement system. Only minimal 
measurements are needed on the balance of these magnets. 

WBS 1.1.1.3.4 TRIM DIPOLES 

Trim dipoles will be recovered from the Main Ring. One strong horizontal trim 
(1.1.1.3.4.1) will be used at each focussing quadrupole. Two vertical trims (1.1.1.3.4.3) will run 
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in series at each defocussing quadrupole. These may also require a change in their support 
structure. Magnetic measurements are not necessary for these magnets. 

WBS 1.1.1.3.5 

WBS 1.1.1.3.5.2 

INJECTION AND EXTRACTION ELEMENTS 

FMI LAMBERTSON MAGNETS 

The combination of aperture and strength considerations require a new Lambertson design 
for extraction from the Main Injector Ring to the Tevatron, the antiproton production target, and 
Switchyard. A new design Lambertson is also required for injection into the Tevatron. These 
same magnets must also accomodate the transfer of antiprotons from the Accumulator back to the 
Main Injector. We find that we can satisfy all of the needs with a single design, saving on design 
and drafting effort, tooling, and spares. The design parameters are shown in Table 3.1-14. The 
combination of large gap height (2") and gap width (14") determine that the Lambe1tson magnet 
will have a large steel cross-section, as large as the MI dipole. Tight spatial constraints require a 
very compact end geometry. From the technical standpoint, the Lambertson magnet is probably 
the most challenging magnet required for the FMI project. 

These Lambertson will be used at MI-40 (abort), MI-52 (proton extraction/antiproton 
injection), MI-62 (antiproton extraction) and TEV -60 (Tevatron injection). Additional 
Lambertson would be required in MI-60 for extractions for NUMI if that project is approved. 
Three Lambertsons are needed at each Main Injector extraction point, with a quadrupole situated 
between the first and the second Lambertsons. Four Lambertsons are needed for the Tevatron 
injection, with two being charged to each 150 GeV line in the WBS. By their very nature, 
Lambertson magnets require a magnetic septum close to the circulating beam. Especially in 
conjunction with slow extraction, they become a target for beam losses and are frequently high 
activated, making repair possible only after long cooldown periods. Consequently, additional 
spare magnets will be fabricated. 

As of July, 1994, several conceptual designs were being evaluated, using different 
lamination and coil topologies. The four-lamination design has been selected as the one with the 
least technical risk. This design appears to have the advanta.ge of easiest fabrication, assembly, 
and repair. A cross section and a side view of the preliminary design of the Lambertson are 
shown in Figure 3.1-34. It will feature saddle coils, with half the coils folding one direction, and 
half the other direction in order to shorten the ends of the magnet. While the field-free region is 
only required on one side, there are a number of advantages to placing it on both sides: (i) By 
providing complete symmetry, all stresses should balance and the assembled half-cores should be 
more naturally straight. (ii) It will allow placing ion pumps on both sides, improving the vacuum. 
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(iii) With symmetric ends, there is hope that the end-field leakage into the field-free region will be 
reduced, perhaps eliminating the need for flux-catchers. 

Table 3.1-14. Properties of Main Injector Lambertson Magnets 

Integrated strength 3.00 T-m 
Strength at 150 GeV 1.072 T 
Steel length 2:.80 m 
Steel length 110.25 in 
Maximum physical length 120 in 
Gap Height 2.0 in 
Gap Width 14.0 111 

Straightness (over 110" length) 0.010 in 
Number of turns 24 
Conductor Dimensions 0.730 X 0.730 in x in 
Conductor Hole Diameter 0.400 in 
Maximum Current 1806 A 
Septum Thickness 4 mm 
Septum Opening Angle 90 degrees 
Field Unifmmity (over± 6" travel) 0.28 % 
Leakage Field into Field-Free Region 10 G 
Leakage Field Gradient into Field-Free Region 300 G/m 
Achievable Vacuum Level < 1 X lQ-8 Torr 
In-situ Bakeout Temperature 150 ·c 

The Lambertson magnets will require numerous additional steps in their fabrication, in 
comparison to other conventional magnets. Most notable is that there is no beampipe per se, 
rather, the inner core laminations are enclosed inside a 0.030" thick vacuum skin made from Type 
321 stainless steel. All laminations must be washed to eliminate contaminants which could 
corrode the vacuum skin, and the inner core laminations must be vacuum baked at 750 ·c. 
Following stacking, welding and vacuum skinning, the inner core assembly is vacuum-baked at 
400 ·c. The completed magnet may also have to be baked-out at 150 "C following installation in 
the tunnel. This in-situ bake-out will be required for the Lambertson installed at TEV-60; the 
magnets in the Main Injector may not need to be baked. 
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The first Lambertson will be constructed in FY95. It will be measured extensively to 
characterize its performance. Subsequent magnets are not expected to be measured due to the 
hazard of contaminating the vacuum surfaces and the insensitivity of the beam to small variations 
in the magnetic properties of these magnets. 

WBS 1.1.1.3.5.6 FMI C-MAGNETS 

C-magnets are required at each end to the beamline to complement the Lambertson 
magnets for injection and extraction. To achieve the bend strengths needed we build new 
magnets, all the same length. The basic design is the "F-17 C-magnet", designed for extraction 
from the Main Ring to the P-Bar production target. We will build 3.33-m long copies of these 
magnets. The C-magnet is shown in Figure 3.1-35. Parameters of the magnet are listed in Table 
3.1-15. 

The number of water circuits needs to be reviewed. Most C-magnets will be cooled by the 
higher pressure 150 GeV line LCW system; the cooling parameters for that usage are indicated in 
Table 3.1-15. For the C-magnet in the abort line, only 100 psid is available, and the temperature 
rise would be about 10 "C. This is at the upper end of the desired temperature rise. It may be 
sufficiently easy to provide four water circuits that this will be done for all C-magnets; in that 
case, the flow would be restricted extemal to the magnet to provide the appropriate flow for each 
particular location. 

The first C-magnet will be measured extensively to characterize its performance. 
Subsequent magnets are not expected to be measured due to the insensitivity of the beam to small 
variations in the magnetic properties of these magnets. 

WBS 1.1.1.4 150 GEV ANTIPROTON LINE 

The 150 GeV Antiproton Line uses exactly the same combination of magnets as the 150 
GeV Proton Line. Not having to deal with large 8 GeV beam relaxes the constraints on the line 
somewhat, but for the sake of uniformity the elements are kept identical. There are slight 
differences in the alignments and tunes of the two lines. 

Rather than repeat everything from the previous section, the reader is referred to the 
descriptions for the 150 GeV Proton line. 
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Table 3.1-15. Properties of Main Injector C-Magnets 

Central field 1.260 
Unifonnity (across 2.0") <5 
Gap height 1.600 
Gap height 0.041 
Gap width 4.000 
Gap width 0.102 
Maximum Power(@ 150 GeV) 75 
RMS Power 24 
Full current 3500 
Full voltage 20.7 
Resistance 6.1 
Inductance 2.4 
Number of water paths* 2 
Flow* 14 
Delta P* 200 
Delta T (for rms power)* 6.5 
Conductor dimensions 0.730 X 0.730 
Hole diameter 0.400 
Total turns 12 
Average tum 296.2 
Weight 8000 
Steel length 131.1 
Steel length 3.330 
Coils length 140.9 
Flange-to-flange length 146.8 

* See text for discussion of cooling considerations. 
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WBS 1.1.1.5 120 GEV PROTON LINE 

The 120 Ge V Line is composed mainly of the Main Ring remnant from FO to F17. A new 
section joins the 150 Proton Line to the remnant. Also, the Lambertson magnets previously used 
to extract beam from the Main Ring to the APlline are replaced with B3 dipoles which need only 
be turned on or off to switch beam to API or the slow spill line. 

WBS 1.1.1.5.1.13 MAIN RING B3 DIPOLES 

The larger aperture (compared to the B2) of the Main Ring B3 dipoles is desired in a few 
places. Each magnet will be visually inspected for potential problems before being moved to its 

. new location. Extensive reworking of these magnets is not expected. 

WBS 1.1.1.5.1.14 B1 AND B2 DIPOLES LEFT IN PLACE 

The existing B 1 and B2 dipoles that remain in place through the Main Ring remnant 
require no work except changes to the bussing and power supplies. They will be visually 
inspected for indications of problems. 

WBS 1.1.1.5.2 MAIN RING QUADRUPOLES 

The 2.13-m (84") Main Ring quadrupoles used in the Main Ring remnant will not require 
modification. We expect to remove all Main Ring 2.13-m quadrupoles from the tunnel, measure 
them, and choose the best matched ones for the Main Injector ring. The best of the rest will be 
used in the beam lines such as this one. Any manifold work or other necessary refurbishing will 
be done. At the present time, we anticipate filing an Engineering Change Request in the near 
future, calling for newly constructed 3Q60s (1.1.1.5.2.13) at the transition from the 150 GeV line, 
(Fll and F12locations). Minimal magnetic measurements will be done on these magnets. 

WBS 1.1.1.5.4 TRIM DIPOLES 

The Main Ring trim dipoles will be reinstalled on the quadrupole cradles without 
modification except to repair or replace any problems detected during visual and electrical 
inspection. 

WBS 1.1.1.6. SLOW SPILL (F18-AO) MAGNETS 

Most of the Slow Spill Line is Main Ring remnant. The match to Switchyard requires a 
new configuration. Any magnets that do not simply remain in place will have been recovered 
from elsewhere in the Main Ring. 
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WBS 1.1.1.6.1 DIPOLES 

The Slow Spill line will be composed primarily of B 1 and B2 dipole magnets presently in 
place in the Main Ring. In addition, there is one B2 dipole modified to have twice as many turns 
as the standard B2, denoted as DDM or 2XB2. These magnets will remain in place with no 
modification unless a visual or electrical inspection reveals a potential problem. In that case, the 
magnet will be replaced with one from another part of the Main Ring. 

WBS 1.1.1.6.2 QUADRUPOLES 

Twenty-seven 2.13-m (84") Main Ring quadrupoles will used in the Slow Spill line. 
These magnets will be used in essentially the same manner and at the same current levels as they 
are in the Main Ring. Most will have been removed and placed in the pool of Main Ring 
quadrupoles for the Main Injector ling. Those quadrupoles which are not selected, on the basis of 
magnetic testing, for the ring, will be available for the beamlines. No rework is planned except to 
repair significant deficiencies. Four 1.32-m (52") Main Ring quadrupoles will remain in place 
without any rework except to correct any problems detected during visual and electrical 
inspection. 

WBS 1.1.1.6.4 TRIM DIPOLES 

The Main Ring trim dipoles will be reinstalled on the quadrupole cradles without 
modification except to repair or replace any problems detected during visual and electrical 
inspection. 

WBS 1.1.1.8 

WBS 1.1.1.8.1 

ABORT LINE 

DIPOLES 

The abort line bend elements are two reused B2 dipoles (1.1.1.8.1.7). These magnets are 
rolled at approximately 50 degrees to level off the aborted beam and deflect it away from the 
circulating beam to provide faster horizontal separation. Therefore, new mounting brackets may 
be required. Magnets from the Main Ring will be selected on the basis of visual and electrical 
inspection. No magnetic measurements will be required. 

WBS 1.1.1.8.2 QUADRUPOLES 

The Abort Line beam requires three quadrupoles, two 2.13-m (84") Main Ring 
quadrupoles (1.1.1.8.2.5) and one 1.32-m (52") Main Ring quadrupole (1.1.1.8.2.6). The 2.13-m 
quads will come from the pool of quadrupoles tested for inclusion in the Main Injector ring and 
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reworked appropriately. The 1.32-m quadrupole is not expected to require rework or magnetic 
measurements, although it will undergo a visual and electrical inspection for potential problems. 

WBS 1.1.1.8.4 CORRECTION DIPOLES 

Four Main Ring correction dipoles will be used in the Abort Line to allow adjustment of 
the angle and position of the beam in both planes as it enters the drift space before the abort 
dump. The correctors will be shimmed as needed to fit around the beam tube. New mounting 
brackets may be needed. 

WBS 1.1.1.8.5 EXTRACTION MAGNETS 

The abmt extraction system follows the 150 GeV Proton and Antiproton beamline design. 
Three of the FMI Lambertsons (1.1.1.8.5.2) are followed by one C-magnet (1.1.1.8.5.6). These 
will be both be identical to the ones used in the 150 GeV extraction systems. 
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3.1A 8 GEV LINE PERMANENT MAGNETS 
The 8 GeV line uses four types of permanent magnets: a gradient dipole (combined-

function magnet) used in the normal arc cells, a short dipole used for horizontal bends in the arc 
cells, a vertical bend dipole used to pitch the beam down coming out of the Booster, and a 
normal quadrupole used in the "reverse bend" cells near the beginning of the line. The 8 Ge V 
line optics are discussed in Chapter 2.4.1. 

Table 3.1A-1. Types and numbers of permanent magnets for 8 GeV line. 

Type Description 4HYs Integrated Number Spares 

(in.) (in.) Strength installed 

PDD Horizontal Bend Dipole 102 97 0.56953 T-m 45 1 

PDV Vertical Bend Dipole 145 140 0.8220 T-m 4 1 

PGD Gradient Dipole 161.5 157.5 0.56953 T-m 65 6 
+ 1.851 T-m/m 

PQP Permanent Quadrupole 24.75 20 1.481 T-m/m 9 1 

Only one polarity of each type is required, since the bend direction of dipole permanent 
magnets is reversed by installing them upside-down. The focusing action of gradient and 
quadrupole magnets is reversed by rotating them 180 degrees about a vertical axis (i.e. switching 
the upstream and downstream ends). By convention, the permanent magnets installed right side 
up bend protons to the right, and the horizontally defocussing configuration corresponds to 
protons entering the label end of quadrupole and gradient magnets. 

Permanent Magnet Design 

The designs are so-called "hybrid" permanent magnets in which the field is driven by 
permanent magnet material and the field shape is determined mainly by steel pole pieces. 
Strontium ferrite permanent magnet material is used for reasons of stability and cost. A 
representative assembly drawing (in this case the gradient dipole) is given in Fig. 3.1A-l. The 
permanent magnet bricks drive flux into the pole tips from the top and sides. 

The pole tips are supported by an aluminum spacer which sets the magnetic gap. The 
entire assembly is enclosed in a flux return shell 0.75" thick. The magnets are straight and solid 
"bar stock" components are used throughout rather than laminations. The pole tip steel is 1008 
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low carbon steel and the flux return is construction grade (A36) steel. A temperature 
compensation alloy which cancels the temperature coefficient of the ferrite is interspersed with 
the permanent magnet material at the top and bottom. In the PDD and PDV dipoles, this 
compensator alloy is placed directly inside the magnet gap. 

The end fields of the magnets are terminated by Flux Clamp/ End Plate assemblies which 
are magnetically connected to the flux return shell. See Fig. 3.1A-2. These prevent the stray 
flux from leaking out. An aluminum retainer plate immobilizes the beam tube and protects the 
magnetic pole tips from magnetic debris and curiosity seekers. The end plates are removable to 
allow access to the ends of the pole tips for shimming operations. The flux return extends 2" 
past the ends of the pole tips at each end and the end plates are 0.5'' thick, so that the mechanical 
lengths of the 8 GeV line permanent magnets are 5" longer than their pole tip (magnetic) 
lengths. 

Chapter 3.1A 

Figure 3.1A-1- PGD permanent magnet assembly sequence. 
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Flux Clamp I End 

Aluminum Retainer Plate 

Beam Pipe 

Shimming Region .... · 
for Pole Tips 

and Ferrite 

Figure 3.1A-2- Side view of magnet, showing transition from naked beam pipe to magnet 
flux return. The beam pipe is held in place by an aluminum retainer plate with slotted 

holes which allow for ±lcm transverse motion of the beam pipe. Also indicated are the 

regions at the ends of the pole tips which are available for shimming the field shape (not 
needed for the 8 GeV transfer line magnets), and the ends of the ferrite bricks which are 
used to trim the strength of the magnet by adjusting the total amount of magnetic material. 

All magnets are designed to fit around an elliptical beam pipe with inner dimensions 
under vacuum of approximately 1.8" (v) x 3.9" (h). The beam pipe has the ability to move 

transversely ±lcm inside the gradient magnets and quadrupoles, a feature which allows 

adjustment of the effective bend strength by ±3%. A transition to a 4" round pipe has been 

provided on all magnets. 

8 Ge V Line Magnet Key Performance Specifications 

Table 3.1A-2 contains the basic specifications for the 8 GeV line permanent magnets. 
Many of these are design guidelines rather than absolute performance specifications. These are 
discussed at exhaustive length in MI Note 150. 
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Table 3.1A-2. Key Design Parameters for Permanent Magnets in 8 GeV line. 

Design Lifetime 

Operating Temperature 

Storage Temperature 

Humidity 

Corrosion Resistance 

Bakeout Compatibility 

Temperature Coefficient of Field 

Time Stability 

Radiation Resistance 

Shock & Vibration 

Radiation Activation 

Vertical Aperture (dipole & grad. mag.) 

Good-Field Aperture (dipole & grad.) 

Quadrupole Pole Tip Radius 

Magnet Sagitta 

Beam Sagitta Inside Dipole 

Field Uniformity in Z 

Bend Center uncertainty 

Field Strength Modification 

Field Shape Modification 

Magnetic Field in Flux Return 

Termination of End Fields 

End Fields 

Beam Pipe Fixturing 

Survey Fiducials 

Mechanical Rigidity (sag) of dipoles 

Chapter 3.1A 4 

30 years 
20°C (68°F) to 35°C (95°F) 

5°C (41 °F) to 50°C (120°F). 

0%-100% 

All parts resistant, plated, or painted. 

Not needed 
±O.Ol%/°C 

Lill/B < 0.02%/yr. after first month aging 

Lill/B < 1% for 1 GigaRad 

Lill/B < 0.05% from normal handling 

Comparable to steel/copper magnets 

2.0" between the pole tips (at X=O) 
±1.0" at I B:By/B0 I <0.1% (100% tested) 
±1.75" at I B:By/B0 I <0.2% typ.(not tested) 

1.650" (XY = 1.350 in2
·, same as MI) 

Zero (straight magnets) 

-1cm (dipoles & grads), 1.5cm (vert 
±5% (systematic) ±5%(random) 

±3cm in Z (measured and surveyed) 

possible in range [+3%,-5%]. 

+1- 5 units (modify end shims) 

<1 Tesla 

via Flux Clamp I End Plate of Magnets 

<5 Gauss 2.5 em past end of magnet 
allows ±1cm horiz. range of motion (grads) 

8 "nests" at comers of magnets 

< 0.01 0" for 25% , 75% support points 
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Permanent Magnet Material 

Type 8 Strontium Ferrite [ 1] was chosen as the permanent magnet material because of its 
low cost and high stability over time, temperature, and radiation. Strontium ferrite is the 
material of choice in automotive applications and is available at low cost in standard grades and 
sizes from multiple vendors. It has documented stability in applications such as NMR magnets 
and is commonly used in ion pumps in accelerator applications. Material from the three major 
US vendors were evaluated and performed well in the R&D program. 

We have studied the time stability (field strength vs. time) of a number of our model 
"stability test magnets" measured with an NMR probe over an 8-month period. This data is 
consistent with logarithmic aging at approximately 2 x 1Q·4fdecade. ("Logarithmic aging" 
means that one expects equal increments of aging from 1 year to 10 years, from 10 years to 100 
years, etc.) This corresponds to 0.06% field change between 10 days and 30 years. Aging at thi_s 
level, if it occurs, can be easily accommodated by occasional recentering of the gradient magnets 
over the lifetime of the 8 Ge V line. 

Magnet Assembly 

The assembly sequence is as follows (see Fig. 3.1A-1). The pole tips are machined from 
solid bar stock. The pole tip spacing is set by bolting them down against aluminum pole tip 
supports at either edge. Magnetized bricks are then epoxied to the top flux return plates. Strips 
of compensator alloy are interspersed between the bricks above and below the pole tips, and 
aluminum spacer bars are used to separate the "side bricks". The flux return plates are then 
lowered {carefully!) onto the pole tip assembly using mechanical fixturing to control the 
magnetic forces. The magnet is measured using a flip-coil at the magnet factory and shimmed by 
adding magnetic material at the ends of the pole tips. A steel end plate which terminates the flux 
lines is then bolted onto each end of the magnet. 

Details of the assembly procedures are given in the travelers for each type of magnet. 
Production drawings [2] of the four magnet types are stored in the Technical Division archives. 

Magnetization and Strength Trimming 

Ferrite bricks are shipped unmagnetized from the foundry and are magnetized 
immediately prior to assembly using a 2 Tesla dipole. The material is purchased in standard 

1 "x4"x6" bricks, with the 1" dimension ground to ±0.005" flatness and the 4"x6" dimensions as-

fired ±0.060". The dipole side bricks and quadrupole bricks are cut in half before 

magnetization. The magnetic strengths of the bricks are individually measured and they are 
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assembled into "kits" each of which contain a specified total magnetic strength. The magnet 
design is such that a magnet fully loaded with bricks of nominal strength is 3-5% stronger than 
required. Dummy bricks, fractional bricks and spacers are used to control the total strength of 
the "kits" to correct for brick-to-brick and lot-to-lot variations. A final strength trim is 
accomplished by adjusting the amount of ferrite at the ends of the magnet, which can take place 
by removing the cover plates at the ends of the magnets. This trimming operation was 
performed in the MP9 magnet factory using a dedicated flip coil system to measure the 
integrated magnetic strength. The acceptance tolerances on the strength measurements were 
0.1 %, 0.2% and 0.6% for the dipoles, gradient magnets, and quadrupoles respectively. The 
strength measurements on all magnets were independently verified with a harmonics probe after 
shipment to Fermilab's Magnet Test Facility (MTF). 

The lot #, serial #, measured strength, and installed position of each ferrite brick was 
recorded in the travelers for all magnets in the 8 Ge V production run. This was done to facilitate 
tracking of any strength or drift anomalies which might have been occurred in production due to 
nonuniformities or quality control problems in the ferrite. As of yet no such anomalies have 
been uncovered, and it is currently felt that this level of documentation is unnecessary for further 
(e.g. Recycler) production of these magnets. 

Thermal Cycling (freezing) the magnets 

The strontium ferrite material can be demagnetized by exposure to low temperatures, due 
to the shifting of the demagnetizing "knee" in the B-H curve to lower H values with decreasing 
temperature. This is a one-time loss which depends only on the lowest temperature to which the 

magnet has been exposed. Typical demagnetizations are in the range of 0.1% at 0° C and 10% at 

-20°C. The degree to which a magnet is demagnetized by a given temperature depends on the 

"load line" of the magnetic design, i.e. the position on the B-H curve that each region of ferrite 
is operating on. It also depends on the position of the knee (the coercivity He) of the magnetic 

material which exhibits significant (± 10%) lot-to-lot variation from the manufacturer. For these 

reasons we decided to "freeze" each magnet to oo C in a custom built refrigerator in the magnet 

factory prior to final trimming. The refrigerator could process up to 18 magnets overnight. 
Magnets were measured prior to freezing, at the end of freezing immediately after they were 
removed from the refrigerator, and after they had returned to room temperature. The strength 
losses from freezing in production were in the range of 0.1% as expected and no anomalous 
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strength losses were noted. Positive temperature excursions (up to 40°C) were observed to have 

no irreversible effects on the magnets. 

Temperature Compensation 

The intrinsic temperature coefficient of the Ferrite material (-0.2%/°C) is canceled[3] by 

interspersing a "compensator alloy"[4] between the ferrite bricks above and below the pole tips. 
The compensator is an iron-nickel alloy with a low Curie temperature and therefore a 
permeability which depends strongly on temperature. This shunts away flux in a temperature 
dependent manner which can be arranged to null out the temperature dependence of the ferrite. 
The degree of temperature compensation is linearly related to the amount of compensator 
material in the magnet. Thus the degree of compensation can be "fine tuned" to the required 
accuracy by adjusting the amount of compensator at the ends of the magnet in a manner similar 
to the strength trimming with the ferrite. For example, a 20-fold reduction of the temperature 

coefficient (from 0.2%/°C to 0.01 %/°C) requires that the amount of compensator in the magnet 

be adjusted correctly to 1 part in 20. This was our acceptance specification in production. 

The temperature coefficient of all magnets was measured at the MP9 magnet factory 
during the warm-up period following the "freezing" of each magnet. In addition, the temperature 
coefficient of -20% of the magnets was verified at MTF using a rotating coil and a positive 
temperature excursion produced by heating blankets and an insulating wrap. 

The observed variation in the temperature coefficient of the compensator alloy received 

from the vendor in production was in the range of ±10%. This made it necessary to iterate the 

temperature compensation in production in one of two ways. For the case of the straight dipoles, 
the compensator strips run longitudinally in the gap of the magnets and it proved possible to 
remove and replace these strips with the magnets fully assembled. Since the typical number of 
compensator strips required was -13 on either side of the gap, it was straightforward to adjust the 

amount of compensator to within ±5% of nominal by adding or removing integer numbers of 

strips of compensator. This procedure was found to converge immediately, requiring in most 
cases only a single additional cooldown cycle to verify the compensation of the trimmed 
magnets. 

The compensator situation in the gradient magnets was more complicated. In this design 
the compensator runs transversely between the bricks behind the pole tips and cannot be replaced 
after assembly of the magnets. The partial disassembly of the magnet necessary to retrim the 
compensation takes approximately two hours and was incompatible with the desired 2 
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magnets/day production rate. Thus we decided to pre-mix the compensator strips from a number 
of production lots into the kits for individual magnets. This made the compensator alloy a 
uniform and predictable product across a large number of magnets. After some false starts 
(apparently due to difficulties with the reproducibility of the magnet measurement apparatus) this 
procedure was successful at reducing the fraction of magnets which had to be reworked to less 
than 10% of the total production. 

Nonlinearities of Temperature Compensation 

The ultimate limit to the temperature range of the compensation technique is set by the 
nonlinearities of the opposing temperature coefficients. The ferrite material appears to be highly 
linear over the relevant temperature range; however, the compensator material tends to become 

weaker as it approaches its effective Curie temperature of -55°C. Fig. 3.1A-3 indicates the 

degree of compensation that we are able to achieve on a test magnet using ferrite and 
compensator materials from the production (low bidder) vendors. 
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Figure 3.1A-3 - Field Strength vs. Temperature for a Stability Test Magnet using 
preproduction samples from the selected vendors for Compensator Alloy and Ferrite. 
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Magnet Sorting and Thermal Coefficients 

In production, the amount of compensator was not fine-tuned to this accuracy and a 

maximum temperature coefficient of ±0.01 %/°C was tolerated. Following production, the 

measured thermal coefficients of individual magnets were used in the assignment of magnets to 
positions along the line. This procedure simultaneously optimized the closed-orbit distortion of 
the line at three different operating temperatures, and effectively used the betatron phase advance 
between magnets to cancel opposing temperature coefficients of the magnets. After sorting, the 

calculated horizontal closed-orbit distortion due to temperature changes of 10°C was less than 

0.5mmRMS. 

Transient Thermal Effects 

A rapid thermal transient (such as can be produced by several hundred watts of heating 
tape, or condensation from exposure of a frozen magnet to a warm, humid environment) is 
observed to produce a large strength transient in the magnets[5]. This is believed to be due to a 
temporary temperature mismatch between the ferrite and compensator when the magnet is out of 
thermal equilibrium. The effect is most pronounced in the straight dipoles where the 
compensator is located in the magnet gap and the ferrite is located by the flux return, and can be 
as large as -50 units. The thermal transients which produce these effects are substantially larger 
than one expects in the 8 Ge V line tunnel, and it remains to be seen whether this is an operational 
difficulty. 

Gradient Magnet CPGD) Design 

The basic design of the PGD gradient magnet is shown in Fig. 3.1A-l. It is a 1.59 kG 
gradient (combined-function) dipole with a 2" gap and a 3.5" good-field aperture (5.5" physical 
aperture) in the bend direction. Overall dimensions are 7.5" high by 9.5" wide by 161.5" long. 
The weight is 2000 lb. The magnets are straight and the sagitta of the beam inside a magnet is 
1 em. A cross section of the magnet is shown in Fig. 3.1A-4, and a field map in Fig. 3.1A-5. 

A significant design decision made in the 8 Ge V line magnets was to include "side 
bricks" which drive flux into the pole tips from the sides. These provide a more magnetically 
efficient design than a design without side bricks, since the field strength drops by -40% when 
they are removed. This allows a compact design to provide the 1.5kG average bend field 
needed to follow the 8 Ge V line tunnel. The side bricks also provide useful field shaping at the 
edges of the aperture, which reduces the amount of end shimming necessary at the edges of the 
pole tips. 
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While the "side brick" design proved economical and more than adequate for meeting 
the 8 Ge V line field quality requirements, a number of design and production issues arose which 
argue against the use of side bricks in higher-quality storage ring magnets e.g. for the Recycler. 
First, the amount of edge field shaping from the side bricks appeared to be underestimated in the 
POISSON model of the magnet. The first prototypes of each of the side brick designs showed an 
excess of field strength at the edges of the aperture. In order to obtain the optimal field shaping 
at the edges, the side bricks had to be moved upwards by inserting 3/16" shims on either side of 
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Figure 3.1A-4 - 8 GeV Line Gradient Dipole Permanent Magnet (PGD) 

the midplane spacers. This reduced the strength of the magnet by a small amount ( <2%) which 
was well within the range of the strength trimming. 

The second difficulty observed with of the side brick design was the magnet-to-magnet 
variation in the field shaping from the side bricks. These fluctuations were at the level of a few 
xl0-4 total field defect at 1" as described in the section on measurements. Presumably this was 
due to variations in the relative strength and installed position of the side and top bricks. 

The final difficulty with the side brick design is that the observed multipoles exhibited 
some temperature dependence (a fraction of a unit per degree C) [6]. This is due to the 
compensator being interspersed with the top bricks but not the side bricks, with the result that 
the field shaping from the side bricks is temperature dependent. 
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Figure 3.1A-5- POISSON Field Map of PDG Gradient Dipole 

Dipole Magnet CPDD and PDV) Design 

The two straight dipoles PDD and PDV are identical in cross section and differ in length 
and integrated strength. A cross section of the magnet is shown in Fig. 3.1A-6, and a field map 
in Fig. 3.1A-7. The PDD (a.k.a. "Double-Double Dipole" or "Horizontal Bend Dipole") 
provides the same 20mrad bend as the gradient magnet in a shorter package due to the higher 
2.3 kG bend field. This higher strength is achieved by stacking the ferrite bricks two deep 
behind the poles and at the sides of the magnet. This shorter length provided a substantial 
amount of free space in the lattice to allow for the installation of additional correctors, 
instrumentation, etc. at a later date. The PDV magnets (a.k.a. "Vertical Bend Dipoles" or "PB2 
Dipoles") are longer versions of the PDD which are mounted on their sides to provide the bends 
in the vertical drop region of the 8 Ge V line. 

The PDD and PDV bend dipoles have a completely flat pole tip fabricated from a single 
piece of Blanchard-ground bar stock. No edge shims are needed on the pole face to provide 
adequate field quality because of the field shaping provided by the side bricks. This represented 
a significant cost savings over a custom ground pole profile. 
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Figure 3.1A-6 · 8 GeV Line Dipole (PDD and PDV) Cross Section 

A significant design choice for the PDD and PDV dipoles was the placement of the 
compensator material at the edges of the magnet gap region. (The compensator alloy is 
interspersed with the ferrite bricks behind the pole tips in the gradient magnet, as well as 
subsequent Recycler prototype magnets). The advantages of the gap compensator are 1) the 
design is more magnetically efficient since none of the ferrite space behind the pole tip is wasted, 
2) less total compensator is used since it only spans the 1" half-gap of the magnet, and 3) the 
compensator strips run longitudinally and can be replaced and the compensation adjusted after 
assembly of the magnet. The disadvantage of the gap compensator is a slight sensitivity of the 
field shape to both compensator placement and temperature. Both effects are at the level of a 
few "units" in extreme cases, and thus are adequate for the 8 Ge V transfer line magnets but 
undesirable for the Recycler storage ring magnets. 

Chapter 3.1A 13 Techncial Design Handbook 

February, 1997 



Figure 3.1A-7. POISSON Field Map ofPDD and PDV Dipoles 

Permanent Magnet Quadrupole Design 

Nine permanent magnet quads are used in the FODO cells of the reverse bend section of 
the 8 GeV Line. The pole tip radius is 1.643", the same as the Main Ring/Main Injector 
quadrupoles. The magnetic (pole tip) length is 20" and the overall length (steel-to-steel 
including flux clamp end plates) is 24.5". The integrated gradient is [1.481 T-rn/m]. 

The quadrupole (Fig. 3.1A-8) has a hybrid design analogous to the gradient dipole. The 
field shaping is provided by machined steel pole tips and the field is driven by strontium ferrite 
bricks. Temperature compensation of the ferrite is provided by interspersing strips of 
compensator alloy between the bricks along the length of the magnets. Solid "bar stock" 
construction is used throughout. The pole tips are supported at the ends by pinning and bolting 
into stainless steel support plate. A steel flux return shell surrounds the magnet, and "flux 
clamp" end plates are used to terminate the field at the ends of the magnet. 

The magnetic strengths of the pole tips in the magnet are trimmed by placing variable 
number of steel washers in the corners of the magnet behind each pole tip. This trimming takes 
place using a "Rogowski Coil" to measure the magnetic potential of each pole tip. The field 
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shape (mainly the systematic 12-pole from the magnet ends) can then be trimmed out by adding 
steel washers to bolts at the ends of the pole tips. 
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Figure 3.1A-8. Cross section of8 GeV Quadrupole Magnet. 

Magnetic Measurements - Field Strength 

Several types of field strength measurements were performed on the 8 Ge V line magnets. 
In the MP9 magnet factory the strength trim and temperature compensation trim were performed 
via a flip coil or Rogowski coil for the dipoles and quads respectively. A manual flip coil with 
non-precise positioning was used for the straight dipoles, and a motorized flip coil suspended 
from the survey fiducials was used for the gradient magnets. The magnets were then shipped to 
Fermilab's Magnet Test Facility (MTF) where the strength and field shape were measured using 
rotating coils and (for a limited subsample of production magnets) a stretched-wire system. 
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Figure 3.1A-9. Distribution of PDD strengths measured with the harmonics probe at MTF, 
the manual flip coil at the MP9 magnet factory, and the single stretched wire system at 
MTF. 

A manually operated Rogowski coil was used to measure the strengths and temperature 
coefficients of the four independent pole tip potentials of the quadrupoles. These measurements 
were used to trim the strengths of each pole in the quad, by installing a variable number of 
washers on a threaded rod behind each pole tip. 

Magnetic Measurements -Temperature Coefficients 

Figures 3.1A-10 and 3.1A-11 show the distributions of temperature coefficients for the 
PDD and POD magnets, respectively. Magnets outside the acceptance tolerances had the 
number of compensator strips changed, their strength re-trimmed, and the compensation 
remeasured. 
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Figure 3.1A-10. Temperature Coefficients measured for the production run of PDD 
magnets. The mean is 0.15 units/° C, the standard deviation is 0.60 units/° C, and the 
acceptance tolerance was 1.2 units/0 C. 
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Figure 3.1A-11. Temperature Coefficients measured for the first 37 magnets of the 
production run of PGD magnets. The mean is 0.18 units/°C, the standard deviation is 0.55 
units/°C, and the acceptance tolerance was 1.3 unitsfC C. 
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Magnetic Measurements - Field Quality 

The field quality specification for acceptance of 8 Ge V line dipoles and gradient magnets 
was set to 10 units of total field defect (By vs. X on the midplane) as measured at MTF by a 
single harmonics probe measurement at the center of the aperture. Since the observed field 
defect is dominantly a gradient error arising from non-parallelism of the pole tips, this scales 

roughly to 8B/B = 0.2% over the design good-field aperture of 1.75"(v) x 3.5"(h). This 

specification represents a compromise between the minimum field quality required for adequate 
performance of a transfer line (where a field defect of -0.5% would be adequate) and the 
Recycler permanent magnet field quality (which must be in the range of a 1-2x10"4 over a 1" 
aperture). 

The basic manufacturing strategy was to specify machining tolerances of typically 

±0.003" for the iron pole tips of the magnets, which is sufficient to guarantee roughly 0.1% field 

defect over the aperture. Mechanical provisions were made for end shims on the ends of the pole 
tips which can be used to null out up to -10 units of integrated field defect in the magnets. The 
end shims were not found to be necessary to meet the 8 Ge V line field quality specifications. 
(This procedure was successfully used for the Recycler prototype magnets). The dominant 
source of field error arises from assembly tolerances in the parallelism of the pole tips, which 
produces a gradient error of roughly 1 unit per mil of mismatch between the side supports of the 
pole tips._ 

Table 3.1A-3. Measured systematic and random multipoles (in Fermilab units @1") 
for the production run of PDD dipoles. 

Pole mean 

Quadrupole -0.10 

Sextupole -1.43 

Octupole 0.00 

10-pole -0.73 

12-pole -0.03 

14-pole -0.12 
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Normal 

std dev 

1.74 

0.87 

0.15 

0.56 

0.08 

0.18 

18 

Skew 

mean 

-2.65 

-0.24 

-1.09 

-0.04 

-0.10 

0.00 

std dev 

3.66 

2.75 

1.34 

0.50 

0.14 

0.08 
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Magnet Measurements - Quadrupoles 

For the quadrupoles the field strength and shape specifications were driven by the 
requirement that the integrated field errors for a half-cell containing quadrupoles should be 
smaller than those of cells containing gradient magnets. As a result the field tolerances were 
considerably relaxed due to the 12x smaller normalization amplitude for the harmonics of the 
quads compared to the bend magnets. For example, a barely allowable 10-unit gradient error in 
the dipoles corresponds to a 120 unit strength error in the quadrupoles. The situation for higher 
multipoles is similar. In actual production the strength and multipole distributions [Fig.3.1A-12] 
were tighter than this. In addition, the assignment quadrupoles in the line paired one weak with 
one strong quadrupole, further attenuating any effects of quad strength variation. 
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Figure 3.1A-12. Field strength distribution for 8 GeV line Quadrupoles. 
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CHAPTER3.2 VACUUM 

WBS 1.1.2. 
WBS 1.1.2.1. 

MAIN INJECTOR VACUUM 
MAIN INJECTOR RING VACUUM 

Main Injector Vacuum System WBS 1.1.2.1, 1.1.2.2, 1.1.2.3 
The Main Injector vacuum system design incorporates the most useful features of both the 

Main Ring and the Tevatron. As shown in Figure 3.2-1, the ring is divided into 21 vacuum 
sections by 21 pneumatic, automatic (fail closed) sector valves. A typical sector valve assembly 
is shown in figure 3.2-2. There are two convectron gauges and one cold cathode gauge between 
each sector valve. The section gauges are connected to the vacuum system at the quadrupole 
vacuum chambers by means of a Conflat (copper gasket) flange. Spacing for the sector valves 
varies from 170 to 1000 ft. Additionally, each vacuum sector is fitted with hand valves which 
provide ample ports for pumpdown, letup and leak detection. Sector valves are used to isolate RF 
cavity groups from Main Injector magnetic components, enabling the cavities to remain under 
vacuum should maintenance be required within the Main Injector lattice. All permanently 
installed vacuum components are connected by metal seals, thereby limiting the Main Injector 
ring elastomers to the 21 gate seals, one per sector valve, and gate seals on rough valves and leak 
test valves. Sector rough down is accomplished by attaching a self protected turbomolecular 
pump to the system through a flex hose and a 2-112" "0"-ring hand valve roughing port. No 
permanently installed roughing stations are installed, thus permitting the 10 pumps to be utilized 
most effectively during initial installation and maintenance situations. Vacuum component 
specifications are incorporated in Table 3.2-1. 

Main Injector sector valves are controlled electro-pneumatically using both the Pirani 
gauges and the ion pump currents as permitting parameters. Pneumatics are provided by at least 2 
(for redundancy) 18 cfm, 125 psi screw type air compressors. Air leaving the compressor is 
cycled through an air cooled, refrigerated, auto-drain, air dryer before entering the receiving tank. 
The air is then regulated to 100 psi and delivered to the tunnel via a system of ball valves, check 
valves, and copper manifolding which allow for redirecting air in the event of a compressor 
failure. Each beam valve is provided with a ballast tank with sufficient volume to operate the 
valve once should the 110V solenoid power fail, thereby closing the valve. 
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FERM! MAIN INJECTOR 
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Figure 3.2-2 Main Injector Sector Valve. 
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Table 3.2-1 

Component Type Quantity 
MI 8GeV 150 GeV 

Ion Pump 30 1/s diode 646 60 40 
Ion Pump 600 1/s diode 25 
Sector Valve 4" pneumatic 16 4 

"0" ring gate 
R.F. shields 

Sector Valve 6" pneumatic 5 
"0" ring gate 
R.F. shields 

Sector Valve 6" pneumatic 4 
"0" ring gate 

Rough Valve 2 112" hand 48 8 
"0" ring seal 

Rough Valve 4" hand 4 
"0" ring seal 

Utility Valve 1 112" hand 50 8 12 
"0" ring seal 

Cold Cathode Penning 42 10 
Gage 
Pirani Gauge Convectron 42 8 20 

Main Injector dipole beam tubes are 16 gauge 316L stainless steel which is formed, seam 
welded, and chemically cleaned. The beam tube cross section is chosen such that it can be 
inserted through the existing Main Ring quadrupole tubes and be captured by the Main Injector 
dipole pole tips. Its section is shown in Figure 3.2-3. Attached to the tubes are access ports for 
gauging and ion pumps. Access ports are shown in figures 3.2-4 and 3.2-5. The access ports are 
provided with machined or laser cut slits which allow both pumping and conduction of the image 
current along the longitudinal direction of the tube. 
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Figure 3.2-3 Beam Pipe Cross-Section 
(Shown Inserted Inside Quadrupole "Star-Shaped" Beam Pipe). 
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Figure 3.2-5 Dual Port Beam Tube Assembly. 

Quadrupole vacuum chambers are constructed from the same material as the dipole 
chambers with the addition of a beam position monitor fabricated from 2 stainless steel half shells 
as shown in Figure 3.2-6 and assembled into a quadrupole chamber as shown in Figure 3.2-7. A 
typical quadrupole slot length including a valve is shown in Figure 3.2-8. 
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Figure 3.2-7 Quadrupole Beam Pipe Assembly. 
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Figure 3.2-7 Quadrupole Beam Pipe Assembly (cont.). 
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Figure 3.2-7 Quadrupole Beam Pipe Assembly (cont.). 

9 Technical Design Handbook 
December, 1996 



186.346 REF 

166.500 

155.000 

41.250 84.000 REF 29.?50-

ION 
PUf.IP 

Bf'M r v."ffii!6LE VALVE 

\JAIN 
F= SEXTUPOLE rr _ ( 

NJECTOR b1 j QVADRUPOLE B ill INJECTOR 
DIP DeE . n- DIPOLE 

( ''A'' !=> liB II . 
i ) 

PUIAPOU1 POR1 
u lJ l ) lJ lJ 159 l...l 

[!ll 1=1 CSD A lOB VD 

121 &421 
TYPE 08 

Figure 3.2-8 Typical Quadrupole Slot Length with Valve. 

All vacuum chambers are connected by welded in place bellows assemblies. Bellows are 
elliptical formed convolutes made of 316L stainless steel. In order to minimize image current 
effects, special inserts and a moveable slide equipped with stainless steel spring fingers is 
provided as shown in Figure 3.2-9. 
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Vacuum controls are provided by new CIA crates located in each of 6 service buildings. 
The ion pump supplies are new. The instrumentation for the vacuum system consists of analog 
outputs from pirani gauges, cold cathode gauges, and ion pumps. The vacuum system is 
controlled from a CIA crate which provides all information remotely. The position of the sector 
valves is provided both locally and remotely. Sector valves have a special card for control and 
interface purposes and have interlocks tied to both pirani gauges and ion pumps. A permit from 
either one and the upstream house allows the valve to remain open. All valves are controlled 
locally and remotely. 

The ion pump interface cards are designed to look at various different types of supplies. 
The card monitors digital status and an analog signal which is the output of a log amplifier. 
Therefore diode and triode supplies are interfaced to the CIA crate by the same card. This feature 
offers the flexibility in a system where different ion pump types are used. The bookkeeping 
requires programmer notification as to the type of supply on each channel in order to maintain 
proper calibration. Identical bookkeeping procedures apply in situations where more than one 
pump is powered by a single supply. 

The beam tube configuration allows for three 30 1/s ion pumps per 17 meter half cell and 
two 30 1/s ion pumps per 12 meter half cell which equates to a pump density roughly 1.3 times 
that of the Main Ring. Combining the effects of increased pump density, careful beam tube 
processing, and minimization of elastomers the average pressure of the Main Injector ring is less 
than 2 x lQ-8 Torr. Ion pumps are new 30 liter/second diode ion pumps and are attached to the ion 
pump access ports using Conflat seals. As confirmation of the attainable vacuum pressure, a 
single half cell of vacuum chamber has been constructed and extensively tested. Results of four 
tests are pictured in Figure 3.2-10. 
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Figure 3.2-10 Beam Tube Pumpdown Results. 

Some testing of the beam tube dimensional and structural stability has been performed. 
When prototype vacuum chambers were under construction, it was observed that whenever the 
tube was cut a local increase in the minor diameter of approximately .095 inch and a decrease in 
the major diameter of .030 inch resulted from the cut. This effect is due to the residual stresses 
resulting from the forming process and poses no fabrication problems once understood. A section 
of tube was measured at atmospheric pressure and under vacuum as shown below resulting in the 
data in Table 3.2-2. 

Because a .115 inch deflection was noticed under vacuum, it was decided to put larger 
forces on the exterior of the tube (using hydraulics) to determine the safety margin and verify the 
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mathematical model. In this test the water pressure was increased incrementally from 0 to 30 psi 
on the outside of the tube while the inside was supported by 1 atmosphere. The notable result 
was that plastic deformation began at 22.5 psi. Consequently it is recommended that the tubes do 
not go through a stress relieving procedure during fabrication to reduce the flaring phenomenon 
discussed above. 

Table 3.2-2 
Beam Tube Deflection Measurements. 

Measurement plane 

4" from end (A) center (B) 

1

1" from end (C) 

=====-J 
as fabricated end saw cut end 

An 8 ft. section of the Western Pneumatic beam tube was measured at 
at atmosphere and at a vacuum pressure of 7 microns at the cutting 
planes indicated. Both the major and minor axes were measured. 

Measurement Location 
Major Axis: Atmosphere 

A 
4.835 

B c 
4.825 4.795 

Vacuum 4.870 
Difference 0.035 

Minor Axis: Atmosphere 2.105 
Vacuum 1.990 
Difference 0.115 
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8 Ge V Beamline Vacuum System 
WBS 1.1.2.10.1.1, 1.1.2.10.2.1, 1.1.2.10.3.1, 1.1.13.2.3 

The 8 GeV beamline vacuum system is divided into 4 vacuum sections by 4" automatic, 
beamline gate valves. The first one at 809 separates the 8 GeV line and Booster, from a vacuum 
control stand point. Control of all vacuum components upstream of 809 are through the Booster 
control system, all downstream components are controlled through MI-8. The other sector valves 
are located at 828, 846, and 852. The 852 location isolates the 8 GeV line from the Main Injector 
ring. Each section is provided with 2 Pirani gauges and 2 pump-out ports, incorporating a 2-112" 
hand valve. The hand valves provide access to the system for pump down and leak check 
functions. No permanently installed roughing stations are provided; portable roughing carts will 
be attached as needed. High vacuum pumping is provided by 30 1/s ion pumps, spaced 
approximately 50 ft. apart, along the length of the line. The system is designed to achieve an 
average pressure of 3 x lQ-7 torr. The vacuum chamber will be all welded stainless steel, using a 
minimum of flanges, only for pumps, valves and gauges. The vacuum chamber geometry through 
the magnets is elliptical (Figure 3.2-11). All drift sections are 4" round tubing connected to the 
magnet chambers by 4" round bellows and a 4" round to elliptical transition piece (Figure 3.2-
12). Drift sections between permanent magnet quad pairs and permanent magnet gradient pairs 
will be prefabricated multi-wire/ion pump/BPM or ion pump/BPM assemblies. These will have 
separate stands so that the beam diagnostic elements can be aligned independent of the magnets. 
Where possible drift sections or sub-components of drift sections will be pre-assembled prior to 
installation. Vacuum component specifications are included in Table 3.2-1 and Figures 3.2-13 
and 3.2-14. Vacuum controls are identical to those described in the "Main Injector Vacuum 
System" and are housed in the MI-8 Building. 
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Figure 3.2-11 8 GeV Line Magnet Vacuum Chamber Section. 
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Figure 3.2-14 8 GeV Line Vacuum System Installation Layout continued • 
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Figure 3.2-14 8 GeV Line Vacuum System Installation Layout continued. 
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Figure 3.2-14 8 GeV Line Vacuum System Installation Layout continued. 
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150 Ge V Beamline Vacuum System 
WBS 1.1.2.10.1.2, 1.1.2.10.2.2, 1.1.2.10.3.2, 1.1.13.3.3 

The 150 GeV beamline vacuum is isolated from the Tevatron vacuum system by 2 thin 
titanium windows centered about the MI-60 Lambertson magnets. Although the Main Injector 
circulating beam tube vacuum chamber and the 150 GeV vacuum chamber are, in practice, 
common at their intersections, effective isolation (in the operating mode) is maintained by 
differential pumping throughout the kicker and Lambertson areas. Each kicker is pumped by a 
pair of 60 1/s ion pumps, one at each end. All Lambertson magnets have distributed pumping in 
the form of 30 1/s ion pumps spaced 1 meter apart along the length. Additionally each 
Lambertson is provided with heating blankets and controls for in situ vacuum baking as 
necessary. The three Lambertson sets are situated between a pair of automatic, pneumatic gate 
valves. As shown in Figure 3.2-15, ample hand valves are installed for pump down and leak 
checking. Pump down is accomplished by the use of portable turbomolecular pumping stations as 
in the Main Injector. 301/s ion pumps attached to recycled Main Ring dipoles provide permanent 
pumping capability along with additional pumps installed in the drift spaces between quads. The 
average spacing between ion pumps is approximately 8 meters, rendering the beamline virtually 
identical to the Main Ring. Therefore the attainable average pressure is 5x10-7 Torr. Vacuum 
controls are identical to those described in the "Main Injector Vacuum System" and are housed in 
the MI-60 Building. Vacuum components are described in Table 3.2-1. 

Chapter 3.2 27 Technical Design Handbook 
December, 1996 



1£]1--------Gauge Locations 

0_)}------1 1/2" Hand Valve 

6" Automatic Gate Valve &:------

9------1 1/2" All Metal Hand Valve 

8
,_ _____ 60 1/s Ion Pump 

Titanium \'Hndow 0>------

Lambertson Set 

Lambertson Set 

Lambertson Set 

150 GeV LINES 

Figure 3.2-15 150 Ge V Line Vacuum Valves and Instrumentation Layout. 
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Abort Vacuum System WBS 1.1.12.1.2.3 
The Main Injector abort vacuum system is designed to achieve lxl0-8 Torr pressure in the 

portion common with the Main Injector and several microns in the remaining section. A pair of 
thin titanium windows downstream of the quadrupole pair separates MI vacuum from the rough 
vacuum leading to the dump. Located in the air gap between windows is the necessary 
instrumentation. Downstream of the windows a roughing pump can be connected through hand 
valve and pressure is monitored by a convectron. The Lambertson-quad-Lambertson trio can be 
isolated by a pair of 6" automatic gate valves. Lambertsons are provided with heating blankets 
and controls for in situ baking as required. They also support 30 1/s ion pumps spaced every 
meter along their length. A pair of all metal hand valves and a gauge tree are also located 
between the gate valves for pump down and pressure monitoring. Near MI quad 400, the kicker 
pair is permanently pumped by 3 60 1/s ion pumps equally spaced about the kickers. Roughing 
valves and vacuum instrumentation are provide by the MI vacuum system in the region between 
the kickers and the upstream Lambertson. An "o" ring hand valve and a convectron are located 
between the downstream Lambertson and the upstream window. No permanent roughing stations 
are provided in the high vacuum system, but a mechanical pump is provided for the system 
downstream of the air gap. 
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CHAPTER3.3 
WBS 1.1.3. 
Introduction 

POWER SUPPLIES 
POWER SUPPLffiS 

The FMI power supply system has been designed to ramp the magnet system from an 
injection level of 8.9 GeV/c to an excitation level of 120 or 150 GeV/c at a repetition rate 
adequate to meet requirements for Antiproton Source stacking, Tevatron injection, and slow spill 
operations. The ring power system consists of 12 rectifier power supplies for the bend bus, 6 
power supplies for the quadrupole busses, harmonic correction system, and the reuse of many 
smaller items from the present Main Ring. A new substation and 13.8 kV power feeder system 
are also required, provided under WBS 1.2. (civil construction). A summary of the FMI ring 
power supply requirements is shown in Table 3.3-1. 

Table 3.3-1: Power Supply Summary for the FMI System 

Maximum 
Power Supplies Current 
Bend 12 1,000 v 9,375 A 
QuadF 3 existing 850V 3,630A 
QuadD 3 existing 850V 3,630 A 

Other Equipment Needed: 
Quad regulator 2 300 volts 500A 
Regulation 

Transductors 2 lO,OOOA 
Transductors 2 5,000A 

Computer link 1 
Harmonic filters 2 ( 1 existing) 

Power supply spacing for minimum voltage-to-ground requires an equal impedance 
between power supplies. The system will use six service buildings each housing two dipole 
supplies and one quadrupole supply. The buildings are spaced so that there are 25 6 meter dipole 
magnets (or an equivalent mixture of 4 meter and 6 meter dipoles) between each supply, with the 
magnets on a folded bus loop. The third supply in each of the six buildings is configured such that 
three are in series with the focusing quadrupole magnet bus and three are similarly in series with 
the defocusing quadrupole bus. 
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Criteria for Ramps and Constraints on Power Supply Layout 
The maximum ramp rate of rise will be set by the use of the existing, upgraded Main Ring 

RF system (see Chapter 3.4), which has at present an operational limit of approximately 300 
GeV/sec. The maximum ramp repetition rate is set by the 40 MVA feeder current limit for each 
half of the ring; the dipole bus current is limited to -5,000 Arms by the cooling water system. 

The dipole configuration consists of two busses internal to the new magnets with a fold at 
MI-60, allowing for six upper bus supplies and six lower bus supplies. The inductance of the 
magnet load in the FMI dipole bus is estimated to be 0.67 Hat low frequencies. Using 3.8 square-
inch cross section copper for the magnets and power supply bus, the ring will have an estimated 
DC resistance of about 0.265 Q at 40° C. The required peak power supply voltage is -12 kV. 

The quadrupole configuration is two separate busses in continuous loops around the 
injector with current flowing in opposite directions, one focusing and one defocusing, each having 
three supplies for ramping and a transistor regulator supply for injection current regulation. Each 
quadrupole magnet loop inductance is 0.15 H, and with the use of 2.0 square-inch power 
distribution bus, will have a DC resistance of about 0.55 Q at 40° C. Thus the required peak 

power supply voltage is 2500 V for each quadrupole bus. 

Dipole Magnet Details 
The Main Injector dipole magnet is a five terminal device. It has two terminals for the coil 

bus, two terminals for the through bus, and a magnet core ground. The prototype dipole magnets 
have been measured in detail to develop an electrical model that can be used for dipole power 
supply system design [1]. The five-terminal dipole magnet device model consists of passive 
elements such as inductance, capacitance, and resistance. Figure 3.3-1 depicts the dipole magnet 
as a five-terminal linear network. Measming the current lj flowing into the jth terminal in 
response to voltage Vj, one may exploit superposition theory to develop an electrical model. 

Chapter 3.3 

1 3 
Dipole Magnet 

2 4 

Figure 3.3-1. Five-Terminal Dipole Magnet Electrical Representation 
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The model developed from detailed testing of a prototype dipole magnet is used to 
construct an electrical model of the accelerator ring. Terminals one and three are the half turn 
through bus, two and four the seven and one-half turn coil bus and terminal five is the core 
ground connection to the magnets. Both the 6-meter and 4-meter magnets have been measured 
and show good agreement with the model to 10 kHz. Figure 3.3-2. shows the 6-m magnet 
electrical model. The magnet models are being used to help determine system parameters such as 
required peak power supply voltage, regulation bandwidth limits, and means of damping 
transmission line modes. As a cross check to the magnet measurements the models were used and 
compared to the measured values at the test string which has five 6-m and three 4-m magnets. 
The measured data and calculated values matched very well. 

R1 l1 l6 
0.04m 0 

R1 l2 
0.67m o 0.4mH 

l3 
0.65mH 

l4 
O.l!imH 

LS 

Figure 3.3-2. Injector 6 Meter Dipole Magnet Equivalent Circuit 

Figure 3.3-3 shows the through bus measurements and calculated values (amplitudes) as a 
function of frequency out to 10 kHz, while Figure 3.3-4 shows the seven and one half turn coil 
bus measured values and model values. 

An effort was made to simplify the model to remove cross coupling from the through-bus 
to the 7 1/2 turn bus. This effort had reasonable success up to about 1 kHz and will be used for 
ring wide calculations where the higher frequencies are not needed. This simplification allows 
the programs to run faster with no penalty for accuracy at the lower frequencies. The simplified 
model obtained is given in Figure 3.3-5. 

The last step in model development was to characterize the inductance as a function of 
current with the goal of studying the effects of magnet saturation at higher currents. This has led 
to better understanding of the maximum required dipole power supply voltage. 
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l4 
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Figure 3.3-5. Simplified 6 Meter Magnet Model Used for Power Supply Development 

Ramp Details 
The ramp details are determined by a number of requirements and limitations which effect 

the overall form of the ramp: energy, flattop duration, RF voltage, power supply voltage, feeder 
currents, etc. Figure 2.2-1 and Table 3.3-2 give details on the five modes of operation. For 
antiproton stacking, the voltage and number of power supplies are chosen to provide a repetition 
rate of <1.5 seconds and a maximum rate of rise of 270 GeV/sec. The fixed target injection ramp 
requires a short flattop, run twice in succession, once a minute, with 120 GeV cycles the 
remainder of the time. The 120 GeV slow spill cycle (1 s flattop) has been used for calculations 
of rms power for the LCW systems, cable heating, etc. 

With 12 kV maximum power supply voltage, the ramp rate will need to decrease from 270 
GeV/sec (reached at -40 GeV) to -225 GeV/sec at 100 GeV. Feeder current and harmonic filter 
limitations on peak MV A loading require the ramp rate to decrease more dramatically above 
100 GeV, to 120 GeV/sec at 144 GeV. This restriction limits the peak MVA load to 120 MV A. 

To ensure reliable operation, the transformers for the FMI power supplies are being sized 
for a current which is an approximate average between the peak required and the rms demand. 
This two 345 kV, 40 MV A transformers located in the Kautz Road substation to provide 
13.8 kV power. 

Power Supply Control 
The power supplies are controlled differently for different ramps. For the fast cycling 120 

GeV cycles (with very short flattop) one power supply is used at 8 GeV, but as the ramp begins, 
the remaining power supplies are turned on aggregately. For the 150 GeV cycle, specific supplies 
are turned on and off as required by voltage demands, with either 1, 3, 6, 9 or 12 supplies on at 
once. For the 120 GeV slow spill cycle, 1, 3 or 12 supplies are energized. This sequential turn-
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Table 3.3-2: Main Injector Ramp Parameters 

Ramp Fixed Collider Antiproton Slow Fast 
Target Injection Production Spill Spill 

Peak Energy 150 150 120 120 120 GeV 
Cycle time 2.40 4.0 1.4667 2.8667 1.8667 sec 
Time (Booster cycles) 36 60 22 43 28 
Injection Dwell .441 .841 .100 .441 .441 sec 
Flattop .250 1.45 .040 1.04 .04 sec 

DIPOLE BUS 
Max. Current 9375 9375 7100 7100 7100 A 
RMS Current 5533 6691 3777 4992 3356 A 
Power 8.2 11.9 3.8 6.6 3.0 MW 
RMS Feeder Current 2061 1742 1850 1431 1639 A 
Peak Feeder Volt-Amps 94 94 87 87 87 MVA 
Average Feeder Volt-Amps 36 31 32 24 25 MVA 

QUAD BUSSES 
Max. Current 3630 3630 2904 2904 2904 A 
RMS Current 2142 2590 1545 2042 1373 A 

The following numbers are the sum of both busses: 
Power 5.1 7.4 2.6 4.6 2.0 MW 
RMS Feeder Current 431 551 264 330 235 A 
Peak Feeder Volt-Amps 20 20 15 15 15 MVA 
Average Feeder Volt-Amps 7 10 4 6 4 MVA 

on is chosen to minimize voltage-to-ground distributions and RMS feeder currents. The ramping 
computer system presently under development for Main Ring operation will be relocated to the 
Main Injector and will only require minimal changes to operate the Main Injector. There are two 
ramping computer systems: the operational one and its spare. Temporary utilization of the spare 
system will allow operation of the Main Injector bend bus as soon as the magnets are installed in 
the tunnel. A new power supply control link for this computer will be installed and due to the 
higher current on both the quads and dipole bus, new transductors will be required. 
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Studies on the Main Ring supplies indicate that. the regulation will not be degraded in 
going to a ramp rate of 300 GeV/sec, twice that of the Main Ring. Main Injector voltage demands 
do not require the power supplies to slew any faster than the present Main Ring supplies. The 
prototype dipole supply has been in extended operation with a 120 GeV ramp (7,100 A) in order 
to test the pulse loading effects on the hardware. The testing has included the supply, its controls 
and an 8 magnet string consisting of both 4-m and 6-m magnets. There are over 1 million pulses 
above 7100 A and more than 1,000 hours of operation logged on the test string. 

Power Feeder Loading 
The main 13.8 kV power feeders will consist of two 750 MCM aluminum cables to each 

of the 6 main service buildings. Two new 40 MV A power distribution transformers located at the 
new Kautz Master Substation (KSS) will be used in the new installation with a total operational 
limit set at 120 MV A peak and an rms load of 60 MV A. Each service building will source from a 
dedicated 1200 amp circuit breaker at the KSS. Each supply will have a circuit breaker and load 
break switch for maintenance and overcurrent protection. The power supply load break switch 
and circuit breaker will normally be closed. Energizing of the power system will be sequenced 
from the Main Control Room by closing the KSS service building breakers. This will allow for 
the use of the cable impedance to limit the voltage wave applied to the transformers and minimize 
tum-on transient voltages applied to the magnets. The tum-on sequence will close the harmonic 
filter breaker after all the feeders have been energized. 

The use of rectifier power supplies on this system will produce significant amounts of 
harmonic current in the feeders. These currents interact with the feeder system impedance 
resulting in potentially harmful harmonic voltages. The present Main Ring has an harmonic filter 
to limit the peak voltages of higher frequencies superimposed on the 60Hz line voltage. The FMI 
will run with 12 power supplies at 120 MV A peak versus 70 MV A for the Main Ring, requiring 
the filter to damp more harmonic power. Therefore, in the FMI a new filter is being designed to 
correct for the higher harmonic driving force of the system. The existing Main Ring filter will be 
relocated to the Main Injector and used in the most economical location of either one of the two 
on the main pulsed power feeder or on the beam line power supply feeder. 

With the addition of the KSS, the Fermilab accelerator complex will be able to operate 
with either substation offline. However, operating in these modes will impose certain restrictions 
on machine cycle times in order to ensure that the back feed feeders will not be over heated [2]. 
In order to manage and control the power flow under back feed conditions a SCADA type system 
will be necessary. 
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WBS 1.1.3.1. 
WBS 1.1.3.1.1. 

MAIN INJECTOR RING POWER SUPPLIES 
DIPOLE POWER SUPPLY 

The dipole bus requires twelve 1000 V, 5000 A RMS 12 pulse voltage regulated and 
filtered ramping supplies connected in series. There will be two dipole supplies in each of the six 
service buildings. The dipole magnet power supplies will power the 344 main bending magnets, 
which are configured in a folded-loop circuit, as shown in Figure 3.3-6. The fold is at the MI-60 
straight section. The dipole supplies will be rated for continuous pulsed operation to 9400 A. 
Each power supply will consist of two 1000 V, 3 phase full wave bridges connected in parallel. 
The two bridges are shifted in phase by 30 degrees using one delta-delta and one delta-wye 
transformer. In order to improve the power factor on the 13.8 kV power lines, the output of the 
supply can be bypassed using an SCR switch, thus removing the transformer from the bus current. 
Each transformer is a 13.8 kV to 820 V, 3.6 MVA three phase source. The transformers are 
mineral oil filled exterior equipment. A vacuum circuit breaker (VCB) and manual disconnect are 
provided for isolating each supply from the 13.8 kV line. High current knife switches provide 
power supply isolation from the bus and magnets. All of the 13.8 kV switch gear is commercial 
medium voltage equipment, while the transformers are custom-built to Fe1milab specifications. 
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WBS 1.1.3.1.2. QUADRUPOLE POWER SUPPLY 
The quadrupole magnets will be installed on two busses with the current flowing in 

opposite directions, as shown in Figure 3.3-7. Each power supply loop will require relocation of 
three Main Ring Power Supplies. Each power supply is a voltage regulated and filtered 12 pulse 
supply rated at 850 V and 2.8 MVA RMS. There are 16 decommissioned power supplies in the 
Main Ring which are available for the Main Injector. The full wave bridge, cabinet, VCB, filter 
choke and controls can be removed from Main Ring for relocation to the Main Injector once 
beneficial occupancy of the service buildings is granted. The relocation of transformers for these 
supplies will be deferred until the FMI installation shut down because the units are presently 
being used in the Main Ring. The transformers which will be moved are non-PCB type 
determined by independent lab testing. The following MR transformers will be relocated to the 
Main Injector ring: A4-1, A4-2, B2-1, D2-1, D2-2 and E3-2. 

In addition to the six main ramping supplies there will be two new transistor regulated 
supplies (one on each bus). These supplies are used during injection and part way through the 
first parabola and have a higher bandwidth and lower ripple than the main supplies. Each supply 
will be rated for DC operation at 120 V and 120 Arms, but will need to continuously pulse to 350 
Vand 480 A. 
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WBS 1.1.3.1.3. SEXTUPOLE POWER SUPPLY 

The sextupole magnet load specification calls for two magnet loops with 54 elements in 
each loop. The inductance of each magnet is 2.8 mH and the DC resistance is 17 mQ at 40° C 
[3]. Each load cable will be a folded loop -21,600 feet long using 300 MCM cable (43 mQ/1000 
ft) with a total cable resistance of0.93 Q. Each loop will have a 750 V, 250 ARMS 3 phase SCR 
type power supply, rated for 350 A peak continuous pulse operation. In order to avoid over 
powering the magnet or power supply, an RMS current trip device will be installed. Micro-
controller devices developed for rms current monitoring, presently being used in the Main Ring 
sextupole loops, can be moved to the Main Injector. 

Table 3.3-3 Sextupole P.S. Specifications 

Number of loops 2 
Number of magnets per loop 54 
Magnet inductance 2.8 
Magnet DC resistance 17 
Cable DC resistance 0.93 
Total load impedance 0.15 

1.85 
Power Supply Voltage 750 
Power Supply Current 350 

250 
Power Supply Rated Power 200 
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WBS 1.1.3.1.4. CORRECTION ELEMENT POWER SUPPLIES 
These supplies will be recycled from the Main Ring. Ring Correction Element Magnet 

Power Supply system consists of two 5 kW, ±80 V bulk power supplies feeding power to 2 
chassis each containing 6 power op-amp channels. Thus, twelve correction element channels 
form one MR correction power supply system The Main Injector will require 36 channels per 
service building in five locations, and 48 channels in MI-60. The op-amps are water cooled so 
installation requires 95° F water connections. Each channel is designed to operate at ±12 A with 
an rms current limit of 6 A and a bandwidth of 1 kHz. One channel per chassis can be configured 
for 160 V output voltage if needed for larger impedance magnets. 

There are 24 sets of 12 channel correction power supplies which will be relocated to the 
Main Injector ring and beam lines. The C453 CAMAC control card will be relocated along with 
the supplies. 

Table 3.3-4 Correction Element P.S. Specifications 

Correction Element Power Supplies 
Output Voltage Standard Channel 

Output Voltage Dual 

Output CulTent all channels 

Average RMS over one minute 

Ramping limits: CulTent to peak value 

Bandwidth 

Total Bulk Power Supply CulTent 

±80V 

± 160V 

± 12A peak 

6Arms 

50Nsec 

1kHz 

±60A 

Note: The channels are grouped in sets of 12 per bulk supply. The total current draw must be 
less than the above number in any one direction. 

Magnet Loads 
Horizontal Dipole 

Vertical Dipole (tentative) 

Main Ring Quadrupole 

Main Ring Octupole 

Main Ring Skew Quadrupole 
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In order to control the power in the amplifiers the load resistance is set to 6 ohms for all 
standard channels and 12 ohms in the twice voltage channels. The resistance for each load is 
adjusted by installing resistors at the magnet. At the present time, we plan to install 104 
horizontal trim dipoles, 104 vertical trim dipoles, 24 trim quadrupoles, 54 octupoles (powered in 
groups of one to four in series), and 16 skew quadrupoles. 

WBS 1.1.3.1.6. MAIN BUS POWER SUPPLY CONTROLLERS 

The current regulation of the dipole and quadrupole magnet bus system will be controlled 
by the existing Main Ring ramping computer. It consists of a VME based computer and a 
dedicated control link. New current monitoring equipment is required due to the higher bus 
current and will consist of 10 ppm DCCT type transductors. The link cards are CAMAC (C269) 
based and seven will be relocated to the Main Injector (two in MI-60, one in each of the 
remaining power supply service buildings). New voltage regulation controllers will be 
constructed for the dipole supplies and will be compatible with the existing power supply link 
interface. 
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WBS 1.1.3.2-1.1.3.6. 
WBS 1.1.3.2 

BEAMLINE POWER SUPPLIES 
8 GEV LINE POWER SUPPLIES 

The 8 GeV line will be powered by recycled power supplies obtained from the existing 
8 GeV line and the decommissioned AP-4 line. Table 3.3-5 gives the list of existing supplies for 
these two lines and their disposition after the Main Injector is installed. 

Dipole Power Supplies: 
The line is made up of two (2) electrically powered bend circuits, each powered by its 

own supply operated DC. 

Bend Circuit # 1 will consist of 4 EPB dipoles powered from the West Booster Gallery at a 
current of 1077 A. The supply will be a TRANSREX, Model ISR2220, 200 V/1,200 A supply 
reused from the present AP 4 line. 

Bend Circuit #2 will be the Injection Lambertson in the MI-10 straight section and be 
powered from the MI-10 service building at 930 A. The supply will be a DYNAPOWER Type E, 
25/40/60 V/1,200 A supply reused from the present 8 GeV line. 

Quadrupole Power Supplies 
The 8 Ge V line quadrupoles will be powered by recycled power supplies. The line has 

three main sections, as discussed in Chapter 2.4. During the initial commissioning, the first part 
contains 3 SQAs, 5 SQCs and 2 SQFs, each running at a different current, and matches the 
Booster lattice to the 8 Ge V line lattice. (The SQC at 809 will be replaced by an SQA later to 
improve the spares situation; the discussion below describes the intial configuration.) The second 
section part of the line will be made up of permanent magnet quadrupoles of combined function 
magnets and thus not use power supplies. The third section contains 6 SQAs, each running at a 
different current, and matches the 8 Ge V line to the Main Injector lattice. Magnets requiring a 
similar current will be bussed in series with an individual shunt across each magnet. Quad 
currents are given in Table 3.3-5 below. Five quad circuits have been identified. 

Quad Circuit #1 will consist of 1 SQA quad (Q800) and 2 SQC quads (Q804 and Q805) 
powered from the West Booster Gallery. The supply will be a DYNAPOWER Type D, 
20/50/100 V/500 A supply reused from the present AP-4line. 

Quad Circuit #2 will consist of 2 SQC quads (Q801 and Q808) powered from the West 
Booster Gallery. The supply will be a DYNAPOWER TypeD, 20/50/100 V/500 A supply reused 
from the present AP-4 line. 
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Quad Circuit #3 will consist of 1 SQA quad (Q802), 1 SQC quad (Q809) and 2 SQF quads 
powered from the West Booster Gallery. The supply will be a DYNAPOWER Type C, 25/40170 
V /200 A supply reused from the present AP-4 line. 

Quad Circuit #4 will consist of SQA quad (Q803) powered from the West Booster 
Gallery. The supply will be a HEWLETT PACKARD- HP6453A, 15 V/200 A supply reused 
from the present 8 Ge V line. 

Quad Circuit #5 will consist of 6 SQA quads (Q847 through Q852) powered from the MI-
8 Service Building. The supply will be a DYNAPOWER Type C, 25/40170 V/200 A supply 
reused from the present AP-4 line. 

Table 3.3-5. Quadrupole Currents 

# 
800 
801 
802 
803 95.7 +12.2 -13.8 
804 225.1 +5 -6.5 
805 245.6 +1.9 -2.3 
806 159.4 +10.8 -7.2 
8 145 +5.2 -4.7 
808 203.1 +14.0 -11.3 
809 136.2 +3.6 -3.2 

847 148.8 +7.3 -5.2 
848 144.2 +2.0 -4.9 
849 156.3 +15.8 -44.4 
850 161.2 +3.1 -8.9 
851 156.4 +4.2 -27.7 
852 1 6 

Diople/Quadrupole Transistor Shunts 
The 19 shunts will be built around an existing design. These shunts will be placed across 

each magnet in a string of magnets to lower the individual magnet current as much as 75 A. In 
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Table 3.3-6. Beamline Power Supply Availability 
Main SuPJ?lies in AP-4 Line 
Name FNAL # Manutacturer Model Power v o Its 
B:QI06 48185 DynaPower Type B 1.5K 0-5/10/15 
B:QIIO 48184 DynaPower TypeB 1.5K 0-5/10/15 
B:Q104 48265 DynaPower Type C 14K 0-25/40170 
B:QI08 48264 Dynat'ower type L !4K 0-25/40/70 
B:HIOI 48202 DynaPower TypeD 50K 0-20/50/100 · 
B:HI10 48200 DynaPower TypeD 50K 0-20/50/100 
B:V 110 48233 DynaPower Type E 72K 0-25/40/60 
B:V 104 I 8969 TransREX ISR2220 240K 0-200/400/600 

Main Supplies in OLD 8 GeV Line 
Name FNAL # Manufacturer Model Power Volts 
VTBI SR #267 FNAL Tev Corrector 750 15 
HTBI SR #280 FNAL Tev Corrector 750 15 
VTC2 SR #274 FNAL Tev Corrector 750 15 
HTC5 SR #284 FNAL Tev Corrector 750 15 
VTM4 SR #295 FNAL Tev Corrector 750 15 
VTIN I SR #263 FNAL Tev Corrector 7 50 15 
Spare None FNAL Tev Corrector 750 15 
QDB3 75378 Hewlett Packard HP6260B !.OK I 0 
Spare 18139 Hewlett Packard HP6260B !.OK 1 0 
VTC5 11298 Hewlett Packard HP6269B 2.0K 40 

-vitvi1 77115 H_ewlett Packard HPn''hllH z.oK 40 
Spare 32519 Hewlett Packard HP6269B 2.0K 40 
Spare 36339 Hewlett Packard HP6269B 2.0K 40 
VTIN2 29148 HewlettPackard HP6269B 2.0K 40 

QFtl4 56224 Hewlett Packard I Hl-'b4:>3A 3.UK 15 
QFMl 24553 Hewlett Packard HP6453A 3.0K 15 
QDM2 24554 Hewlett Packard HP6453A 3.0K 15 
QDM6 18138 Hewlett Packard HP6453A 3.0K 15 
QDM8 18137 HewlettPackard HP6453A 3.0K 15 
Spare 56225 Hewlett Packard HP6453A 3.0K 15 
QDB5 14635 Hewlett Packard HP6466C 9.0K 18 
QFB6 TE-420331 Hewlett Packard HP6466C 9.0K 18 
Spare 29149 Hewlett Packard HPo4MC 9.0K 18 
Spare 14635 Hewlett Packard HP6466C 9.0K 18 
QFM5 31881 Hewlett Packard HP6469C 1 0.8K 3 6 
QFM7 60591 HewlettPackard HP6469C 10.8K 36 
VBMP 3188:.! HewlettPackard HP6469l IU.8K 36 
VBMP 56247 Hewlett Packard HP6469C 10.8K 36 
Spare Hewlett Packard HP6475C 11 K 110 

Hewlett Packard HP6475C IlK 110 
Spare 15161 HewlettPackard HP6475C IlK 110 
QDBl 56421 DynaPower PPS-18-500 9K 18 
QFB2 56424 Dy_naPower PPS-18-500 9K 18 
QFM3 56422 DynaPower PPS-18-500 9K 18 
QDM4 60497 DynaPower PPS-18-500 9K 18 
Spare 56423 Dy_naPower PPS-18-500 9K 18 

QCEU_ 56426 DynaPower PPS-65-350-F 22.75K 65 
Spare 56425 DynaPower PPS-65-350-F 22.75K 65 
HB83 48232 DvnaPower Tvoe E 72K 0-25/40/60 

VB812 18978 TransREX ISR2220 240K 0-200/400/600 
HB812 18971 TransREX ISR2220 240K 0-200/400/600 
LAMB 18962 TransREX ISR2220 240K 0-200/400/600 

Main Supplies in Main Rinl! to Tev Lines 
Name FNAL# Manufacturer Model Power Volts 

ABTHOR 6799 TransREX ISR2126-2A 500K 0-100/200/400 
ABTLM 6955 TransREX ISR2126-2A 50 0K 0-100/200/400 
ILAM 6956 TransREX ISR2126-2A 500K 0-100/200/400 
RIHTD 56602 DynaPower 19.5K 150 
Spare 56603 DynaPower 19.5K 150 
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the case of the dipole string the current limit will be more like 35 A due to the increased voltage 
per magnet required. 

Dipole Correction Element Power Supplies 
The 8 Ge V line dipole corrector magnets will ·be recycled Main Ring elements . The 

supplies will also be recycled Main Ring corrector supplies that will be moved. The corrector 
packages are built around a 12 channel group and the 8 Ge V line will get 3 such packages for a 
total of 36 possible correctors. 

WBS 1.1.3.3-1.1.3.4. 150 GEV PROTON/PBAR BEAM LINE POWER SUPPLIES 
The 150 GeV Proton line and the 150 GeV Pbar line are very similar in design. The 150 

Ge V Proton line will serve three main functions: 

Transfer 150 GeV protons to the Tevatron, 

Transfer 120 Ge V protons to the Main Ring remnant, and 

Transfer 8 Ge V protons to and antiprotons from the Antiproton Source. 

The 150 Ge V Pbar line will serve one function: 

Transfer 150 GeV Pbars to and protons from the Tevatron. 

The four very different functions require matching to lattice functions in each machine. 
Various magnets will be powered at different values for each function. A result of these 
requirements is that quadrupole magnets will in general be individually powered at each end of 
the beamlines. 

The lines will use common supplies switched between equivalent magnet loads of the two 
lines. In all cases it will be advantageous to make the switch three pole such that when the main 
supply is driving the Pbar line the Proton line may be connected to a small auxiliary DC supply to 
allow 8 Ge V proton or pbar transfers to or from the Antiproton Source. In general, lower RMS 
current rated cable will be used for the Antiproton line since its cycle time is much larger than the 
120 GeV Pbar production cycle. In no case will the rating be less than 25% of the proton line 
rating, and in many cases the rating will be much closer to the proton line because of voltage 
constraints. 

All main power supplies and auxiliary power supplies will contain passive filters in order 
. . 

for the magnet systems to meet the ripple specification for the field during slow spill. In the 

) 

) 

following .circuit descriptions, the magnet nominal currents will be given in the order ) 
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150p/120p/8p/150pbar/[RMS] where the RMS current is calculated for the 120 GeV slow spill 
cycle. Since the supplies will be ramped both the peak current and the RMS current will be given 
for the proposed supply. All but two supplies will be located inFO with both proton and pbar 
circuits having equal length cables. The first two supplies (extraction/injection lambertsons and 
C-magnets) will be located in the MI-52 service building with long cables of reduced RMS 
current capability driving current from MI-52 to the pbar magnets around MI-62. 

Dipole Power Supplies 
Six dipole magnet circuits have been identified 

Bend Circuit #1 will consist of 3 MI extraction/injection Iambertson magnets powered at 
nominal currents of 2011 A/1610 A/248 A /2011 A/[1119 A]. For this circuit the transfer switch 
between the proton and pbar line will be 3-pole with the first pole connected between the first and 
second magnets allowing you to power only the second and third magnet for 8 GeV operation. 
The main supply will be a TRANSREX, Model ISR2126, 200 V/2500 A peak/2500 ARMS 
supply reused from the MR to TEV transfer lines. The auxiliary supply will be a Hewlett 
Packard, Model HP 6466C, 18V/500 ADC supply reused from the old 8 GeV line (spare). This 
bend circuit is pictorially given in Figure 3.3-8. 

Bend Circuit #2 will consist of 4 MI C-magnets powered at nominal currents of 3500 
A/2853 A/211 A/3089 A/[1691 A]. As in the case of bend circuit #1 above the circuit will use a 
3-pole transfer switch to allow bypassing the first C-magnet of the string for 8 GeV proton 
operation. The main supply will be a new, 150 V/4000 A peak/2700 ARMS power supply. The 
auxiliary supply will be a Hewlett Packard, Model HP 6466C, 18V/500 ADC supply reused from 
the old 8 GeV line (spare). 

Bend Circuit #3 will consist of 14 B2 magnets powered at nominal currents of 4928 
A/3941 A/292 A/4878 A/[2713 A]. The supply used to power the string will be one FNAL MR 
supply, 835 V/6800 A peak/3350 ARMS. The auxiliary supply will be a Hewlett Packard, Model 
HP 6469C, 36V/300 ADC supply reused from the old 8 GeV line (QFM7). This bend circuit is 
pictorially given in Figure 3.3-9. 

Bend Circuit #4 will consist of 1 B2 magnet powered at currents of 1819 A/1452 A/108 
A/1819 A/[1000 A]. The supply will be new, 50 V/2000 A peak/1300 ARMS. The auxiliary 
supply will be a Hewlett Packard, Model HP 6453A, 15 V/200 ADC supply reused from the old 8 
GeV line (QDM2). 
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Bend Circuit #5 will consist of 1 C-magnet powered at currents of 3450 A/1386 A/103 
A/2784 A/[899 A]. The supply will be. new, 45 V/4000 A peak/2700 ARMS. The auxiliary ) 
supply will be a Hewlett Packard, Model HP 6453A, 15 V/200 ADC supply reused from the old 
8 GeV line (QDM6). 

Bend Circuit #6 will consist of 4 MI extraction/injection Iambertson magnets powered at 
currents of 1979 A/0/0/1622 A/[303 A]. (In this special case the RMS current for the 150 GeV 
proton transfers to the Tevatron is given assuming two injection cycles per 60 seconds.) A 
transfer switch will not be used for this circuit since the magnets are common to both the 150 · 
GeV proton and pbar lines. For 120 GeV or 8 GeV, the supply will be off allowing the beam to 
enter the MR remnant for transfer to or from the Antiproton Source or to transfer to the 
Switchyard. The supply will be a TRANSREX, Model ISR2126, 200 V/2500 A peak/2500 A 
RMS supply reused from the MR to TEV transfer lines. 

Quadrupole Power Supplies 
Quads at either end of the lines will be individually powered with the seven middle quads 

powered in series from a single supply. Eight magnet circuits have been identified. Again for each 
circuits nominal current will be given in the order 150p/120p/8p/150pbar/[RMS]. Peak and RMS 
supply currents will be given for each supply. 

Quad Circuit #1 will consist of 1 3Q120 quad powered at currents of 332 A/266 A/19.7 
A/311 A/[177 A]. The supply will be a new, 100 V/500 A peak/350 ARMS unit. The auxiliary 
supply will be a FNAL designed Tevatron correction element supply, 15 V/50 A, currently used 
in the old 8 GeV line (VTB1). 

Quad Circuit #2 will consist of 1 3Q120 quad powered at currents of 296 A/237 A/17.6 
A/293 A/[156 A]. The supply will be a new, 100 V/500 A peak/350 ARMS unit. The auxiliary 
supply will be a FNAL designed Tevatron correction element supply, 15 V/50 A, currently used 
in the old 8 GeV line (HTB1). 

Quad Circuit #3 will consist of 7 3Q84 MR quads powered at currents of 3833 A/2607 
A/194 A/3644 A/[1663 A]. The supply used to p'ower the string will be a FNAL MR supply, 417 
V/6800 A peak/3350 ARMS. This supply will be configured with the output bridges in 
giving one-half the normal output voltage. The auxiliary supply will be a Hewlett Packard, 
Model HP 6469C, 36 V /300 ADC supply reused from the old 8 Ge V line (VBMP). 

Quad Circuit #4 will consist of 1 3Q120 quad powered at currents of 378 A/263 A/19.5 

) 

A/391 A/[174 A]. The supply will be a new, 100 V/500 A peak/350 ARMS. The auxiliary ) 
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supply will be a FNAL designed Tevatron correction element supply, 15 V/50 A, currently used 
in the old 8 GeV line (HTC2). 

Quad Circuit #5 will consist of 1 3Q120 quad powered at currents of 290 A/137 A/.10.2 
A/259 A/[92 A]. The supply will be a new, 100 V/500 A peak/350 ARMS. The auxiliary supply 
will be a FNAL designed Tevatron correction element supply, 15 V/50 A, currently used in the 

·old 8 Ge V line (HTC5). 

Quad Circuit #6 will consist of 1 3Q120 and 1 3Q60 .powered at currents of 333 
A/264 A/19.6 A/276 A/[182 A]. The supply will be a new, 100 V/500 A peak/350 ARMS. The 
auxiliary supply will be a FNAL designed Tevatron correction element supply, 15 V/50 A, 
currently used in the old 8 GeV line (HTM4). 

Quad Circuit #7 will consist of 1 3Q120 and 1 3Q60 quad powered at currents of 341 
A/349 A/25.9 A/359 A/[241 A]. The supply will be a new, 100 V/500 A peak/350 ARMS. The 
auxiliary supply will be a FNAL designed Tevatron correction element supply, 15 V/50 A, 
currently used in the old 8 GeV line (HTIN1). 

Quad Circuit #8 will consist of 1 3Q120 quad powered at currents of 286 A/357 A/26.5 
A/384 A/[238 A]. The supply will be a new, 100 V/500 A peak/350 ARMS. The auxiliary 
supply will be a FNAL designed Tevatron correction element supply, 15 V/50 A, currently used 
in the old 8 GeV line (HTIN2). 

Correction Element Power Supplies 
Dipole corrector magnets will be recycled Main Ring elements with new small de · 

supplies. Each of the lines will have 12 of these trim magnets generally located at each quad 
location. The supplies will be 60 V/10 A with an RMS current limit of 6 A. 

Lambertson Power Supplies 
The Lambertson magnet power supplies are discussed under the dipole power supplies. 

WBS 1.1.3.5. 120 GEV (FO-F17) POWER SUPPLIES 
The FO-to-AO Beam line is generally referred to as the Main Ring remnant; the first 

section, FO-to-F17, will be used to perform three functions. 

Transfer of 120 Ge V protons to the AP-1 line and on to the target for antiproton 
production. 

Transfer of 8 GeV pbars from the AP-3 line and on to the MI. 
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Transfer of 120 GeV protons to F18 and on to the rest of the MR remnants for delivery of 
slow spill beam to the switchyard. 

Power supplies for this line will be ramped to minimize power· consumption. 

· Dipole Power supplies 
The dipoles that are included in this section will be a combination of B2s, B3s and the 

existing F17 C-magnets. Two bend circuits have been identified. Currents for each circuit will be. 
given in the order 120p/8pbar. 

Bend Circuit #1 will consist of 14 ·B2 magnets, 4 B3 magnets configured with their coils 
in parallel (such that when run with B2 current the B3 will have the same bend) and 4 B3 magnets 
configured with their coils in series (such that when run with B2 current the B3 will have twice 
the bend). This string will be run at currents of 1356 N104 A. The supplies used to power the 
string will be two FNAL MR supplies, 835 V/6800 A peak/3350 ARMS. These two supplies will 
be located at F1 in their normal location. In normal operation a single supply will be used to 
power the line. 

Bend Circuit #2 will consist of 1 B3 magnet configured with its coils in parallel and 2 

) 

F17-C magnets powered at currents of 2838 N211 A. The supply will be a FNAL MR supply, ) 
417 V/6800 A peak/3350 ARMS. This supply will be located at F2. The only change to this 
bend circuit from what is installed today is the substitution of the B3 for the extraction 
Lambertson. 

Quadrupole Power Supplies 
The quads at the front end of this line will be individually controlled to aid in the matching 

from the 150 GeV proton line lattice to the original Main Ring lattice. Four quad circuits have 
been identified for this line. The supplies for these four circuits will be located in the FO service 
building. 

Quad Circuit #1 will consist of 1 3Q60 magnet powered at a current of 286 N21.2 A. The 
supply will be a new, 100 V/500 A peak/350 ARMS unit. 

Quad Circuit #2 will consist of 1 3Q120 magnet powered at a current of 210 N15.6 A. 
The supply will be a new, 100 V/500 A peak/350 ARMS unit. 

Quad Circuit #3 will consist of 2 3Q60 magnet powered at a current of 235 N17 .5 A. The 
supply will be a new, 100 V/500 A peak/350 ARMS unit. 
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Quad Circuit #4 will consist of five 3Q84 magnets powered at a current of 1389 A/103 A. 
The supply will be a new, 75 V/1500 A peak/1070 A unit. 

Correction Element Power Supplies 
Dipole corrector magnets will be recycled Main Ring elements with new small de 

supplies. The line will have 8 of these trim magnets generally located at each quad location. The 
supplies will be 60· V 110 A with an RMS current limit of 6 A. 

WBS 1.1.3.6. SLOW SPILL (F18-AO) POWER SUPPLIES 
This line is the remainder of the MR remnant that will be used to transport 120 GeV 

protons to the Switchyard for delivery to the fixed target experimental areas. The line will in 
general remain unchanged from its operation at this time. Several dipole and quad magnet 
changes at AO will be the only element changes. Quad currents will be different around the AO 
section to facilitate matching into the Switchyard lattice. 

Dipole Power Supplies 
Two bend circuits have been identified for this line. The first will encompass most of the 

line and except for a few magnet changes will be what is installed at this time. The second will be 
. new elements located at AO. 

Bend Circuit #1 will consist of 49 B 1s, 52 B2s, 1 2XB2 and 2 B3s configured with their 
coils in series powered at a current of 1356 A This string of magnets will be powered from four 
FNAL MR supplies, 835 V/6800 A peak/3350 ARMS. These supplies will be located at F2 and 
F4 in normal slots for MR supplies. 

Bend Circuit #2 will consist of two B2 magnets powered at a current of 650 A. The supply 
will be a new, 35 V/750 A peak/500 ARMS unit located in the AO transfer hall. 

Quadrupole Power Supplies 
Five quad circuits have been for this line. The first will encompass most of the 

line. The last four will be used to match the Main Ring lattice into the present switchyard. 

Quad Circuit #1 will consist of 25 3Q84 MR quads powered at a current of 1356 A. The 
supply will be a FNAL MR supply, 417 V/6800 A peak/3350 ARMS. The supply will be located 
at F3 in a normal location. 

Quad Circuit #2 will consist of one 3Q52 MR quad powered at a current of 4000 A. The 
supply will be new, 45 V/4000 A peak/2856 ARMS. The supply will be located in the AO 
transfer hall. 
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Quad Circuit #3 will consist of 2 3Q52 MR quads powered at a current of 4000 A. The 
supply will be new, 60 V/4000 A peak/2856 ARMS. The supply will be located in the AO 
transfer hall. 

Quad Circuit #4 will consist of 1 3Q52 and 1 3Q84 MR quads powered at a current of 
4000 A. The supply will be new, 60 V/4000 A peak/2856 ARMS. The supply will be located in 
the AO transfer hall. 

Quad Circuit #5 will consist of 2 3Q52 MR quads powered at a current of 4000 A. The·. 
supply will be new, 60 V /4000 A peak/2856 A RMS. The supply will be located in the AO 
transfer hall. 

Correction Element Power Supplies 
Dipole corrector magnets will be recycled Main Ring. elements with new small de 

supplies. The line will have 28 of these trim magnets generally located at each quad location. The 
supplies will be 60 V/10 A with an RMS current limit of 6 A. 

References 
1. S. Fang, to be published, 1994. 
2. C. Jach, J. Ryk and D. Wolff, "MSS-KSS and KSS-MSS Backfeed Loading", 

MI Note-0122, 1994. 
2. S. Fang, to be published, 1994. 
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CHAPTER3.4 
WBS 1.1.4. 
WBS 1.1.4.1.1. 
h=588 cavities 

RFSYSTEMS 
RFSYSTEMS 
MAIN INJECTOR 53 MHZ RF SYSTEM 

The 18 existing 53 MHz Main Ring rf cavities will be installed in straight section MI-60 
and operated at harmonic number 588. The operating levels below transition are determined by an 
interplay between cycle time, bucket area, and synchrotron frequency. A bucket area of at least 
0.2 eVs is required to accept beam out of the Booster. Historically, it has been necessary to keep 
the synchrotron frequency in the Main Ring below 720 Hz to avoid resonance with power supply 
ripple at the sixth harmonic of the line frequency. Figure 3.4-1 shows the rf voltage, bucket area, 
synchrotron frequency, and synchronous phase through the 120 GeV antiproton production cycle. 
A bucket area of 0.5 eVs is maintained, but with the synchrotron frequency rising above 720Hz. 
The ramp would have to be slowed down to avoid this. The momentum spread in the beam, ilp/p 
(95% half width), is ±0.2% at injection, increasing to about ±0.8% near transition, and decreasing 
to ±0.1% at extraction. 

Since the FMI must accelerate antiprotons as well as protons, a degree of simplicity and 
system flexibility will be achieved by placing the cavities at spacings that are multiples of one-
half the rf wavelength, Figure 3.4-2. Also shown are the six coalescing cavities and the second 
harmonic cavity used for "snap" coalescing. The 180" spacing of accelerating cavities will 
simplify the RF signal distribution (fan-out/fan-back) system as well as providing simpler choices 
for coalescing stations. Easier maintenance, better personnel understanding, and greater system 
reliability are expected as a result of the new spacing. 

The rf system has the capability of generating enough voltage at injection to produce a 
1.0 eVs bucket area at injection, where the limit of 150 kV per cavity is set by the tendency of the 
tuners to spark because they are close to parallel resonance. In this mode the synchrotron 
frequency lies well above 720 Hz at injection and descends rapidly, crossing 720 Hz when the 
beam energy is about 15 GeV. At the frequency for transition energy the cavities are capable of 
producing 240 kV each, so that 4.0 MV are available even with one cavity inoperative. If the rf 
system has more than a 50% duty factor it is not possible to maintain the 4 MV level all the way 
to top energy because of cavity heating. Operational experience will dictate the exact ramp 
scenario that is used. 

One limitation of the existing Main Ring rf system is the power that it can deliver. The 
present requirements are 55 kW per cavity, which will grow to 70 kW after the Linac upgrade 
provides increased beam intensity. The FMI will require 112 kW for accelerating the full intensity 
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at 240 GeV/sec, which is excessive for rf amplifier reliability using the present Main Ring rf 
system. Provision in the original cavity design allowed for a second amplifier to be installed on 
the cavity. This choice, while possible, places additional amplifier components in the enclosure 
thus increasing maintenance. To overcome this limitation, a new 200 kW power amplifier is 
placed in the tunnel with a 4 kW rf driver and 30 kV series tube modulator in the equipment 
gallery. A schematic of the rf cavity with the simplified amplifier is shown in Figure 3.4-3. 

R&D development of a 200 kW RF power amplifier and a 4 kW driver has been 
completed. Three amplifier systems have been constructed and are· being tested. Development 
work for three modulators is under way with the first prototype scheduled to be completed in 
FY94. 

The new 200 kW amplifiers are cathode-driven, grounded-grid design with the operating 
point efficiently regulated with a de grid bias voltage. The design retains much of the existing 
Main Ring final PA tube module. Figure 3.4-4 shows a cross section of the power amplifier. 
Only the Y -567B high power tetrode is in the enclosure. 

Tevatron style 500 volt programmable grid and screen supplies are used for de biasing. 
RF drive is be provided by a solid state 4 kW rf driver coupled to the final tube cathode. 

More than 200 kW of output power has been achieved with the new amplifiers. Reliability 
testing is being made in a test station and in an active accelerating station in the Main Ring RF 
System. Operation in a Main Ring Station since May 15, 1994 without failure, although not yet a 
long term test, has given us encouragement that the design is sound. 

The transient beam loading from 6x1Q10 protons per bunch will require about 1.25 amp 
delivered to the cavities, supplied by 15 A (12:1 cavity step-up ratio) of rf current generated by 
the power amplifier. A 200 kW rf power amplifier operated at a de plate voltage of 20 kV will 
produce a peak rf current of approximately 21 A. The 40% surplus initial current capability will 
insure adequate operating lifetime as the power tube ages. 

Low level beam signals will be monitored and processed with a one turn delay to provide 
the correct drive to the amplifier for transient beam loading compensation. An improved update of 
the presently used system will be developed and ready by the time the Main Injector is ready for 
operation. 

Figure 3.4-5 shows the equipment gallery layout proposed for MI-60. Cable tray, utilities 
and penetration designs have been completed and are ready to be installed. 
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In the present Main Accelerator rf systems two 30 kV anode power supplies provide de 
power to 18 rf stations. Nine stations are powered by each anode supply. Using 200 kW 
amplifiers only six stations can be powered by a MR anode supply. One additional anode supply 
will be provided. The two present MR anode supplies will be rebuilt at the MI-60 location when 
the present Main Ring is decommissioned. Design improvements proven to increase reliability in 
a similar supply used in the Tevatron rf systems will be implemented. This will make the Main 
Injector anode supplies similar to the Tevatron supply. Uniformity of the systems will improve 
both maintainability and provide consistent safety requirements in the two systems. 

WBS 1.1.4.1.2. COALESCING RF SYSTEM 
Coalescing Cavities 

The FMI will use the 2.5 and 5.0 MHz coalescing cavities from the Main Ring to prepare 
intense bunches for collider loading; no significant modifications are required. The system 
consists of five 2.5 MHz ferrite loaded cavities producing 12 kV and one at 5.0 MHz producing 
15 kV. These cavities are driven with solid state amplifiers which will be located in the MI-60 
Service Building. Because the harmonic number for 2.5 MHz is 28 in the FMI compared to its 
Main Ring value of 53, the system will provide 1.4 times the bucket height available in the Main 
Ring. For longitudinal emittance of 0.15 eVs, about 30 kV of 2.5 MHz rf is required, so there is 
substantial reserve in this system. The FMI will also use a 15 kV, 106 MHz cavity from the Main 
Ring. It is used to linearize the 53 MHz bunch rotation in the procedure called snap coalescing, 
discussed in Chapter 2.6 

WBS 1.1.4.1.1.3. MAIN INJECTOR LLRF 
Requirements 

The four operating modes of the Main Injector are listed below. 

Energy Mode Beam 

120 GeV Antiproton Production 1 batch 

120GeV Slow Spill 6 batch 

150 GeV Fixed Target 6 batch 

150 GeV Collider, 36 on 36 11 bunch 
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Satisfying the 36 on 36 Collider mode requirements will also satisfy the Low Level RF, or LLRF, 
system requirements for the other modes .. 

In the 36 on 36 Collider mode, beam in the Tevatron will be distributed around the 
circumference in 1113 proton, and an equal number of counter rotating antiproton buckets, in a 3 
fold symmetric pattern. Each group of 371 buckets will contain 12 bunches separated by 21 
buckets and a 140 bucket gap. 

The Main Injector will accept 12 Booster cycles of 11 bunches, each separated by 21 
buckets. These will be accelerated, simultaneously coalesced into 12 bunches, phase locked to 
the Tevatron, transfer cogged, and injected into the correct Tevatron bucket. This process will be 
repeated 3 times. 

A harmonic 4 rf system, to be developed for the Antiproton Source, will allow the 
simultaneous extraction of 4 groups of 11 harmonic 84 bunches separated by 21 buckets. These 4 
bunches will be accelerated and injected into one of the 140 bucket gaps in the Tevatron. After 
filling the 3 gaps, the antiprotons will be collision cogged by 84 buckets to allow the injection of 
3 more Main Injector cycles. The antiprotons will again be cogged by 84 buckets allowing 3 
more Main Injector cycles. Final collision point cogging will complete the process. 

In addition to controlling the beam energy and radial position through the acceleration 
cycle, the LLRF is required to perfonn the following functions. 

1. Booster will phase lock to the Main Injector 

2. Main Injector will phase lock to Antiproton Source 

3 Main Injector will phase lock to Tevatron 

4. Main Injector will transfer cog to Tevatron 

Improvements to MR LLRF 
With exception to differences in transfer cogging to the Tevatron, described in 1.9 .1.1.1, 

all of the functionality of the Main Injector LLRF is currently implemented in the Main Ring 
LLRF system. In preparation for the Main Injector, the Main Ring LLRF system is being 
redesigned to exploit the features of Numerically Controlled Oscillators, or NCO's. The upgrade 
path has been broken into 4 major stages. 
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1) Replace the Voltage Controlled Oscillator, or VCO, with an NCO that is programmed 
with a digital signal processor, or DSP, used to calculate the frequency from the programmed 
bend bus current. The DSP will interpolate the frequency between the 720 Hz step rate of the 
program providing 180Hz accuracy through the acceleration cycle. The DSP can also calculate 
the acceleration phase program from the measured cavity voltage and calculated beam energy. 

The beam phase lock and radial position feedback loops will be applied to a module, 
designed for and used in the Tevatron. The module can accurately raise or lower the 
frequency of the NCO by small amounts according to the analog input. 

2) Because the current VCO is only accurate to 25 kHz, it is necessary to phase lock to 
reference oscillators at injection and flat top. The accuracy of the NCO will allow the removal of 
these oscillators, their phase lock loops, and timing. The beam phase lock error signal will be 
digitally added to the NCO frequency program rather than the analog input of the module. 

3) If the NCO is sufficiently accurate, phase and radial position feedback will not be 
required. Removal of these loops avoids problems associated with changes in closed orbit, 
sensitivity of position measurements on bunch intensity and shape, and makes running with 
debunched beam during coalescing much easier. The non-repeatability of the bend field may 
require feed back to reliably cross transition, however, the ability to run without feedback during 
injection and at flat top duting coalescing will make the LLRF system simpler. Derivative phase 
feedback will be used to damp coherent synchrotron oscillations. 

4) The rf cavities are divided into A and B groups which are counter phased to produce 
very low accelerating voltages during coalescing. The system can be simplified by using 3 
NCOs, one each for the A and B cavities and one which remains in synch with the beam phase. 
With all 3 NCOs in synch, the phase offset ports can be used for phase control including 
acceleration phase, A and B counter phasing, transition phase jump, phase damping and, phase 
locking to booster and Tevatron. 

The new LLRF system is being implemented within an VXI environment allowing the use 
of commercial hardware such as controllers and DSP modules. The Fe1milab controls group has a 
VXI clock decoder allowing access to the various accelerator events, and clocks. This 
architecture was chosen to allow for future improvements or changes as more powerful hardware 
becomes available. 
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WBS 1.1.13.7.2.3. TEV • RF INSTALLATION AT FO 
The existing 8 TEV RF stations will be removed from the present tunnel and service 

building at the start of the shutdown in order for civil construction to start. The TEV RF 
equipment will extend into a 25' addition constructed before the shutdown across the front of the 
existing RF building. The existing FO LCW pump room will remain unchanged. The main 
equipment gallery water manifolds will be reused by rotating and modifying the present drops 
with longer pipes to the RF equipment. The two main power substations (RF #1 and RF #2) that 
supply 3-phase, 480 V AC, will be reused to power the building and the TEV RF equipment. As 
much as possible of the utilities and RF cabling will be installed or made prior to the shutdown. 

The cavities will be reinstalled in the reconstructed FO tunnel section. Due to radiation 
shielding requirements in the service building, the 9.188" copper transmission lines will be 
extended as shown in Figure 3.4-6. This is twice the electrical length we presently have for 
operation of the stations in the Tevatron. Hatch arrangements allow for initial installation and any 
subsequent servicing of the lines. Figure 3.4-7 is an elevation view of the TEV FO section 
showing RF cavities, transmission lines, and proton injection line underneath the RF cavities. RF 
cavity spacing is set up for orthogonal phasing between pbar stations (stations 1-4) and the proton 
stations (stations 5-8). This produces a simple low level fan out and fan back cabling scheme. MI 
Note-0082 clarifies the geometry at TEV FO. 

Chapter 3.4 6 Technical Design Handbook 
August, 1994 



I 

J 
I I I I I 

I 

I I, 

D 

0 
I 

20'-0" 

II I 
II 
II 
II 
II 
II 
II I 
II 
II 
II 

T/BAS£ SLAB 

tl.7.42'-6" 

BEAY \ 

..-: X 12" CABLE 
TRo\YS 

OUTL£T 
120V/208V 

I •• I 

I I 

LIGHT mCTVRC 

OCSCRJPTJCN 

I I 

I" 
I 
I 
I 
1--

T/BERU I 
0 00 0 fL756'-6" I 

I 
I 

G 

leV Rr 
9-3/16' COAX 

tNCLOSED DUCTS IN COHCRr.TC 
FOR SUPPORT DURING 

DUCTS ARt IN THREC ARRAYS, I 
E:ACH HA.VINC 2 X 8 DUCTS, I 

1. 

lo 
I 

.. 

I 

I' ____ 

I 

1/81\SE SlAB 

Figure 3.4-6. Cross Section of the Tevatron FO Service Building and Enclosure 

i 
i 
--I , __ 

'e I,-' -"-===-_J_--'...:;:::-

z\ 
I 

7'-0 5 

un .. Uilll....V:U ""c•IUI 

I 
I 

!are"' ... ' t-ul 1 \ 

l.:lt. fT'l""l 1\ATIONAL ACCELERATOR LABC'?ATORY : 
V<ITD STATES cr 

, A 
\ rrv - RF 

1

: CAVITY LAYOUT 
X · SECTlCN 

'/7' •• . ..... _;;;:i',....,.....=;;;;;;;!' i-1 

----------- -· 



'Lfl 

I 
I 
i A 

,JLV---147127 ------olv 

L 

' .. . . . .. ' . . . 

8' 

I 
I 
I 

il 

"" t 
-1-pw- L 

• 6 . 
6 

TEV FO 

• 6 

' - I .. 
I I i I I I 
J . , . . I .. . 4... I " • • 6 : , : 6. • , • r • . . . .4 .i I· :, . . .4 • • l . . . ., . ·. . . I J t·: . . 4 • • I 

II __ !i +---i 

§ 
:;; 

n 
n 
n 

Figure 3.4-7. Elevation View of the Tevatron FO Enclosure and RF Cavities 

I . 
I 
1 

' ,. ----- . 

I 
I 

ru 

ru 
0 

OCSCRJPTIDH 

n 

PARTS LJST 
... "CVIUI !C"'IGl'-"lCR 

I...Ctu..t >;O;Cl!O ... $ 1......._.1 

1•• 1C,(Co((0 

g!T ' .. ' 

1 

J""l(."'-l."f''<:x.J :."'AlfRI"-L 

rt:R!-'f 
srArEs :r E'E%Y 

lEV -

I ,;:::,.: . LAYQu: ! .... 
I 



CHAPTER 3.5. KICKERS AND SLOW EXTRACTION 

WBS 1.1.6.1.1 
Purpose: 

8 GEV PROTON INJECTION KICKER 

This kicker functions to inject 6 batches of 8 GeV beam vertically into the FMI from the 
Booster. The trajectory of this beam must be bent 1.05 mr to place it onto the equilibrium orbit. 
Fast rise and fall times are required to insure that the circulating beam is not disturbed by the 
transition field at the beginning and end of the pulse. The anticipated operating modes of the Main 
Injector, i.e. for 120 GeV experimental programs and for Tevatron injection both for collider 
operation and for fixed target operation, together with concerns about transient beamloading, make 
the issues of rise and fall time of the injection kicker more complicated. Refer to Chapter 2.4 for a 
discussion of some of these issues. 

Requirements: 
Beam aperture 
Kick angle 
JB•dl 
Field rise time ( 1% - 99%) 
Field fall time (99% - 5%) 
Field flattop 
Field flatness 

Location: 
Magnet 
Power Supply 

Magnet Parameters: 
Peak current 
Field at peak current 
Impedance 
Gap height 
Gap width 
Field rise time 
Number required 

Power Supply: 
Peak output voltage 
Peak output current 
Impedance 
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101.6 mm(H) x 50.8 mm(V) 
1.05 mr vertical 
0.309 kG-m 

< 50ns 
< 150 ns 
1.6 
±1% 

Q103 (upstream) 
MI-10 Service Building 

1200A 
0.136 kG 
250 
111.1 mm 
63.5 mm 
22 ns 
3 

30kV 
1200A 
250 
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Power Supply (cont.): 
Pulse length 
Flatness 
Repetition Rate 
Number required 

Design Approach: 

1.6 
±1% 
15Hz 
3 

Three separate power supplies will be required to drive the three magnets. The schematic is 
shown in Figure 3.5-1. The main switch tube will be a CX1671D, a 3-gap tube with a screen grid. 
This tube has been used successfully at SLAC, and has a voltage rating of 105 kV and a peak 
current rating of 3 kA. The absolute maximum ratings necessary to meet specifications are an 
output voltage of 33 kV and an output current of 1320 A; this corresponds to a maximum stress on 
the PFLs and thyratron of 66 kV. The screen grid will help prevent prefires as well as damage to 
the trigger circuitry. Each tube will be housed in a coaxial structure using 3M Fluorinert, FC-40, as 
a dielectric media for cooling and high voltage insulation. This configuration will reduce the system 
inductance and allow for a faster risetime compared to the existing proton injection kicker at MK90. 

The magnets for this kicker will be ferrite loaded C-magnets impedance matched to form a 
25 Q transmission line. Modifications to the existing magnets will be necessary to meet the fast rise 
and fall time requirements. A cross section is shown in Figure 3.5-2. 

The pulse length of the power supply is determined by the required flattop and the field rise 
time of the magnet itself. This 1.6 pulse is generated by discharging the PFL (pulse forming 
line) through the thyratron into the magnet and attached resistive load. For this application, a 
modified, foil-wrapped version of RG-220 will be used. Each kicker magnet will require two 
-500-foot lengths of cable. The 50 Q cables will be connected to the thyratron at one end and the 
resonant charging supply at the other end to make a 25 Q system with a 1.6 effective pulse 
length. 

Overall, the system will be an updated version of the present system currently used at 
MK90. In addition to the new coaxial housing for the switch tube, a resonant charging system will 
be added. This will further improve the rise time of the system by allowing operation of the tube at 
higher reservoir voltages without increasing the risk of prefires. The new foil-wrapped RG-220 
will allow system operation at higher voltages. Frames for the new PFLs will be modeled after 
those used in the multibunch injection kicker system. Other aspects of the design not being used in 
the present MK90 system will be based on experience with the SLAC kicker and the multibunch 
injection kicker. 
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WBS 1.1.6.1.2 
Purpose 

P-BAR INJECTION/PROTON EXTRACTION KICKER 

This kicker functions for five different operating modes, any (and only) one of which might 
be required on a particular cycle. In Mixed Mode operation, 5 batches of Booster beam are injected 
tightly spaced with the sixth batch centered in the remaining gap. The sixth batch is extracted at 120 
Ge V using this kicker while the remaining 5 batches are extracted at 120 Ge V using slow extraction 
techniques. In the Fixed Target mode, 6 batches of Booster beam are injected tightly spaced. They 
are all extracted at 150 GeV by this kicker. The Collider Mode requires 12 Booster cycles, each of 
which injects a group of eleven bunches. Consecutive groups are spaced at 21-bucket intervals; 
these are accelerated to 150 GeV, and then coalesced into 12 bunches and extracted by this kicker. 
The coalesced bunches span 11 x 21 = 231 buckets, or 4.4 Jls. The 8 GeV Extraction Mode is 
used to extract a single batch of Booster beam into the antiproton injection line for injection line 
tune-up. The 8 GeV Injection Mode simply kicks a single batch of antiprotons onto the FMI 
equilibrium orbit. 

Beam aperture 
Field flatness (ilB/B) 

Location: 
Magnet 
Power supply 

Mode: Mixed 

Kick angle [mr] 0.525 (H) 

fB•dl [kG-m] 2.10 

Field rise [Jls] <0.70 

Field ftop [Jls] 1.6 

Field fall [Jls] <0.70 

Duty cycle [s-1] 1/2.9 
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85.7 mm (H) x 38.1 mm (V) 
±1% 

Q520 (downstream) 
MI-52 Service Building 

Fixed Targ. Collider 8 Gev Ext. P-Bar Inj 

0.525 (H) 0.525 (H) 

2.625 2.625 

<1.48 <6.76 

9.8 >4.4 

NA NA 

112.4 1/4 

3 

1.25 (H) 

0.37 

<9.6 

1.6 

NA 

111 

1.25 (H) 

0.37 

NA 

1.6 

<9.6 

1/20 
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Magnet 
Nominal Maximum 

Peak current 2700A 3000A 
Field at peak current 0.675 kG 0.742 kG 
Impedance lO.Q 
Gap height 50.8 mm 
Gap width 98mm 
Magnetic length 1.95 m 
Physical length 2.24m 
Field rise time 520 ns 
Number required 2 

Power supply; 
Impedance 5n 
Flatness ±1% 
Number required 1 

Design approach; 
The magnets for this kicker will be ferrite loaded transmission line C-magnets, as shown in 

Figure 3.5-3. Each magnet will consist of 55 cells containing a ferrite pole piece and a 950 pF high 
voltage capacitor. The capacitors will be interleaved with the pole pieces. Cross coupling of the 
pole pieces will be used to minimize the inductance in the capacitor circuit. The termination 
resistors will become an integral part of the magnet. 

Mode: Mixed Fixed Targ. Collider 8 Gev Ext. P-Barlnj 

Peak voltage [kV] 21.8 27.0 27.0 3.85 3.85 

Peak current [kA] 4.36 5.4 5.4 0.77 0.77 

Duty cycle [s-1] 1/2.9 112.4 1/4 1/1 1/20 

Pulse length 2.1 10.3 10.3 2.1 2.1 

A single power supply drives two 10 n magnets in parallel. The power supply shown in 
Figure 3.5-4 consists of two separate pulsers tied to a common load. The thyratron switch tubes 
will be CX1592Ds which are a 3-gap hollow anode type. A screen grid is required to prevent 
prefires of the idle pulser when subjected to the full output voltage swing of the pulser. This tube is 
rated at 120 kV and has a peak current rating of 8 kA. Both switch tubes will be housed in a coaxial 
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structure. The dielectric fluid FC-40 will be circulated around the tubes for both cooling and 
insulating purposes. 

The pulse length of the power supply is the sum of the magnet rise time and the required 
flattop. A 2.1 pulse is generated by discharging a pulse forming line (PFL) into the magnet 
load. This PFL consists of 10 - 720 ft. lengths of RG220 type cable made to Fermilab 
specifications. In similar fashion, a pulse forming network (PFN) is used to provide the 10.3 
pulse. The ripple frequency period of the PFN is chosen to be equal to the field propagation time 
through the magnet to minimize its effect on fB•dl. This PFN is made up of 32 sections each 
consisting of a 33 nF capacitor and a nominal 1 inductor tapped at 20% to provide mutual 
coupling between cells. These inductors consist of 10 turns of .188 in copper tubing wound on a 
polycarbonate form the length of which may be readily changed to tune the inductor by ±10%. The 
entire network can be contained in an aluminum housing 10 in x 15 in x 72 in. A mineral oil 
dielectric will be used for the PFN. 
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WBS CODE 1.1.6.1.4 150 GEV PBAR EXTRACTION KICKER 
Purpose: 

This kicker deflects a single pbar batch in a horizontal direction from the FMI equilibrium 
orbit at 150 GeV into the pbar extraction (AlSO) line. 

Requirements: 
Beam aperture 
Kick angle 
JB•dl 

Field rise time 
Field fall time 
Field flattop 
Field flatness 

Location: 
Magnet 
Power Supply 

Magnet Parameters (Nominal): 
Peak current 
Field at peak current 
Inductance 
Gap height 
Gap width 
Magnetic length 
Physical length 
N urn ber required 

Power Supply: 
Peak output voltage 
Peak output current 
Current rise/fall time 
Current flattop (±1%) 

Number required 
Design approach: 

85.7 mm(H) x 38.1 mm(V) 
0.525 mr horizontal 
2.625 kG-m 

<9.6 JlS 
NA 
1.6 JlS 
±1% 

Q622 (upstream) 
MI-62 Service Building 

2800A 
0.691kG 
5.05 JlH 
50.8 mm 
114.3 mm 
1.89 m 
2.20m 
2 

4750V 
5600A 
9.6 JlS 
1.6 JlS 
1 

Two of the existing Main Ring abort kicker magnets will satisfy the requirements for this 
system. The power supply will be a half sine pulse with a small amount of third harmonic coupled 
in to flatten the peak of the fundamental as seen in Figure 3.5-5. The power supply will contain 
two pulse generator channels with a common de power and timing source. 
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WBS 1.1.6.1.5 PROTON ABORT KICKER 
Purpose: 

This kicker deflects the proton beam into a beam dump in the event of an anomaly in the 
FMI. This kicker is also operated after every extraction from the FMI to clean up any left residual 
beam. The kicker may operate any time there is beam in the FMI, however it is synchronized with a 
700 ns gap in the circulating beam. The magnitude of the kicker field is proportional to the energy 
of the beam. 

Requirements: 
Beam aperture 85.7 mm(H) x 38.1 mm(V) 
Kick angle @150GeV 

@8GeV 
JB•dl @150GeV 

@8GeV 
Field rise time (10-70%) 

(10-90%) 
Field fall time NA 
Field flattop >9.8 
Field flatness (ilB/B) ±10% 

Location: 
Magnet Q400 (downstream) 
Power Supply MI-40 Service Building 

Magnet Parameters (Existing Main Ring Abort): 
Peak current 2. 7 kA 
Field at peak current 0.66 kG 
Magnetic length 1.89 m 
Physical length 2.20 m 
Gap height 50.8 mm 
Gap width 108mm 
Beam Aperture (V) 35mm 
Beam Aperture (H) 82mm 
Inductance 5.05 
Lamination Thickness 
Number required 2 
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0.50mr horizontal 
1.25mr horizontal 
2.51 kG-m 

0.37 kG-m 
700 ns 

1 
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Power Supply: 
Nominal output voltage 
Nominal output current 
Impedance 
Pulse length 
Flatness 
Repetition Rate 
Number required 

Design Approach: 

34kV 
2.7kA 
12.5 n 
10 !lS 
±10% 
1/1.5 s 
2 

The abort system used at Fermilab in the Main Ring and the Tevatron is a resonant LC 
supply. A capacitor is discharged through the inductance of the abort magnet and cable. When the 
energy is transferred from the capacitor to the magnet and cable inductance, the current is allowed to 
free wheel by the use of an anti-parallel diode across this inductance. The result is a quarter sine rise 
and a long linear tail. This cable must be terminated with a series RC circuit in parallel with the 
magnet. A current ripple with a period equal to the round trip cable time would appear otherwise. 
The problem with this approach for MI is the long cable length between the power supply and the 
magnet. While the added inductance increases the capacitor voltage, this is not the limiting factor. 
Because the required rise time and the cable transit time are approximately the same, the magnet will 
be driven by the cable impedance during the rise time. However, during the flat top, the magnet will 
be driven by the impedance determined by the resonant capacitor and the cable and magnet 
inductance. The result is either a "rise time" or a "flat top" that exceeds specifications unless these 
two impedances are the same. The resonant LC approach thus shows the way to the alternative 
design. 

A pulse forming network, a pulse transfo1mer and a thyratron switch operating at modest 
voltage and current has been designed that will meet the design objectives, and can be done with the 
existing Main Ring abort magnets. With a pulse forming network modulator, a series resistive 
termination at the magnet is required. In addition, aRC cable termination is used at the modulator 
output to damp cable ringing. The pulse forming network will consist of identical LC sections. The 
high side of the primary of the pulse transformer is connected to the PFN and the low side of the 
primary to the thyratron, which has a grounded cathode (see Figure 3.5-6). The output is isolated 
resulting in lower ground currents, and the transformer reduces the operating voltage allowing 
operation in air instead of oil. The cable is four runs of improved RG/220 from Times Microwave. 
PFN, thyratron and pulse transformer nominal requirements are listed in Table 3.5-1. 

Operation at 10% higher levels is possible indefinitely, and at 20% higher levels with 
reduced lifetime or reliability. A 10% increase in operating voltage for pulse capacitors reduces 
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lifetime by a factor of two. The prefire rate is also a strong function of voltage. Therefore the 
design stress for the capacitors is 37 kV (11 0%) with a design lifetime of 1Q8 pulses; the design 
voltage for the thyratron is also 37 kV. 

The PFN is built with Maxwell pulse discharge capacitors and Fermilab designed inductors. 
A standard charging power supply is available from three manufacturers, ALE, Converter Power 
and Maxwell. 

The thyratron switch will be a Litton L4988 or an EEV CX1575C hydrogen thyratron. The 
design tube is currently the L4988. Should problems develop with this tube, the alternative could be 
substituted. This requires only a mechanical rework of the tube connections. 

The pulse transformer is a 1:2 step up and will be potted with a silicone material. The DC 
voltage between primary and secondary suggests the use of a solid dielectric. An electrostatic shield 
may be required in the pulse transformer to meet lifetime requirements. The prototype design, from 
Stangenes Industries, does not have this shield. 

Table 3.5-1: Main Injector Abort Kicker Power Supply Parameters 

PFN 
Capacitance 0.14 
Inductance 1.4 
Impedance 3.125 .Q 
Pulse Length 10 

Pulse Transformer 
Primary Volt-seconds 0.21 v s 
Primary Current 5.4kA 
Secondary Current 2.7kA 

Thyratron 
Hold Off Voltage 37kV 
Peak Current 5.4 kA 
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Capacitor Voltage 37kV 
Inductor Current 5.4kA 
Number of Sections 14 
Rise Time 1 

Leakage Inductance 1.4 
Primary Voltage 17kV 
Secondary Voltage 34kV 

Number of Gaps 2 
A-s per pulse 0.07 A-s 
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Figure 3.5-6. Proton Abort Kicker Schematic 



The existing magnets were made with tape wound steel cores and are currently operating at 
- 8 kA. They will be modified to include a series resistance equal to the modulator output 
impedance. The new termination will also include an updated cable connection scheme using plug-
able connectors from Isolation Design. 

The enclosure for the kicker will be a sealed and dust tight, semi-custom EMIIRFI shielded 
rack. The EMIIRFI shielding normally provided by the oil enclosure is necessary to allow reliable 
operation of low level logic in nearby racks. Controls and monitoring electronics will be compatible 
with other MI kickers as much as is reasonably possible. 
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WBS 1.1.6.3.1. TEV PROTON INJECTION KICKER 
Purpose 

This kicker will operate in two modes, each requiring .381 mr of kick to place the injected 
beam onto the Tevatron closed orbit. The Collider mode requires rise and fall times of 2.6 j..lS with 
a flattop of 4.4 to accommodate 12 coalesced bunches spaced by 21 buckets. The Fixed Target 
mode has a much more stringent rise and fall time requirement of< 800 ns each, with a flattop of 
9.6 In this mode, two MI cycles of six batches each are required to load 12 batches into the 
Tevatron. 

Requirements: 
Beam aperture 
Kick angle 
JB•dl 
Field rise time 
Field fall time 
Field flattop 
Field flatness (AB/B) 

Location: 
Magnet 
Power supply 

Magnet parameters: 
Peak current 
Field at peak current 
Impedance 
Gap height 
Gap width 
Magnetic length 
Field rise time 
Number required 
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85.7 mm (H) x 38.1 mm (V) 
.381 mr 
1.906 kG-m 
< 800 ns 
< 800 ns 
4.4 or 9.8 
±1% 

TEV F17 Medium Straight Section 
F 17 Kicker B uidling 

1.93 kA 
.477 kG 
12.5 n 
50.8 mm 
108mm 
2m 
< 550 ns 
2 
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Power supply: 
Peak output voltage 
Peak output current 
Impedance 
Pulse length 
Flatness 
Repetition rate 
Number required 

Design approach: 

50kV 
4kA 
6.25 n 
10.35 JlS 
±1% 
1/2.4 s 
1 

Measurements on the present E17 kicker magnet indicate that its rise and fall times are far 
too long for the Fixed Target mode. The ferrite cores and perhaps the beam tube can be recycled 
into an upgraded design similar to the MI Pbar Injection/Proton Extraction magnet. The existing 
power supply would be moved to a new service building at F17. The present interlock and control 
hardware would be upgraded at this time. 
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WBS 1.1.6.3.2. TEV PBAR INJECTION KICKER 
Purpose 

Four coalesced bunches spaced at 21 buckets (total of 1.6 Jls) will be injected horizontally 
into the Tevatron from the MI. A horizontal kick of 0.35 mr is required to place the beam on the 
proper horizontal trajectory. Fast rise and fall times are required to insure that the circulating beam 
is not disturbed by the transition field at the beginning and end of the pulse. 

Requirements: 
Beam aperture 
Kick angle 
JBdl 
Field rise time 
Field fall time 
Field flattop 
Field flatness (.:ill/B) 

Location: 
Magnet 
Power supply 

Magnet parameters: 
Peak current 
Field at peak current 
Impedance 
Gap height 
Gap width 
Magnetic length 
Field rise time 
Number required 

Power supply: 
Peak output current 
Peak output voltage 
Impedance 
Pulse length 
Flatness 
Repetition rate 
Number required 
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85.7 mm (H) x 38.1 mm (V) 
0.35 mr 
1.75 kG-m 
< 395 ns 
< 395 ns 

1.6 JlS 
±1% 

TEV E48 Short Straight Section 
FO Service Building 

3.3kA 
0.724 kG 
6.25 Q 

57.2mm 
79.4 mm 
2.41 m 
336 ns 
1 

3.3kA 
20.6kV 
6.25 Q 

2.0 JlS 
±1% 
114 sec 
1 
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Design approach 
The existing two D48 kickers will be moved to E48. Since this is a new system, no 

upgrades are required. 
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WBS 1.1.6.2 MAIN INJECTOR SLOW EXTRACTION 
The physics of the slow extraction process is described in Chapter 2.7. In this section we 

discuss the hardware required to implement resonant extraction. The future experimental program 
at Fermilab will likely require both fast (1 ms) and slow (1 s) spill on different Main Injector ramp 
cycles. It is also quite likely that the beam associated with the two modes will be extracted at 
different straight sections, so we indicate which devices can accommodate both modes, and which 
require duplication. For the purposes of this discussion, we will assume slow spill takes place 
from the MI-52 straight section and fast spill takes place from the MI-60 straight section. 

Slow extraction parameters: 
Number of bunches 
Nper bunch 
Bunch spacing 
Bunch sigma 
Repetition rate 
Slow spill duration 
Extracted N per bunch/tum 

Slow Extraction Elements 
53rd Harmonic Quadrupoles 

498 
6 X 1Q10 

18.83 ns or 5.66 m 
5.0 ns 
1.8- 2.9 s 
0.001 - 1.0 s 
1 o4 < N < 6 X 1Q8 

Sixteen quadrupoles in two families (sine and cosine) are formed from individually powered 
correction quadrupoles recyled from the Main Ring. These quadrupoles will be required to correct 
for lattice errors (see Chapters 2.3 and 2.7) prior to being used to control the half-integer stopband. 
Applications programs will provide the appropriate sine/cosine control of the sixteen elements listed 
below. The same elements are used for fast and slow spill; the currents in the two families 
determine the phase space orientation at each set of electrostatic septa, and hence the location at 
which extraction occurs. The current waveform will be programmed through console applications 
programs to provide the appropriate ramps for fast or slow spill. The location of these quadrupoles 
relative to the main quadrupoles is shown in figures in Chapter 3.10. 

MI-10: 
MI-20: 
MI-40: 
MI-50: 
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Q628,Q630,Q632,Q634 
Q206,Q208,Q210,Q212 
Q328,Q330,Q332,Q334 
Q506,Q508,Q510,Q512 
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Oth-Hannonic Octupoles 
Correction octupole magnets, recycled from the Main Ring, are placed at 54 locations 

adjacent to focusing sextupoles, and powered in groups of one to four elements, as listed below. 
The same elements are used for both slow and fast resonant extraction. The location of the 
octupoles relative to the main quadrupoles is shown in figures in Chapter 3.10. 

MI-10: 

MI-20: 

MI-30: 

Electrostatic Septa 

Q626,Q628,Q630 
Q632,Q634,Q636 
Q108,Q110,Q112 
Q114,Q116,Q118 
Q120,Q122,Q124 
Q126,Q128,Q130,Q202 
Q204,Q206,Q208 
Q210,Q212,Q214 
Q228 
Q314 

MI-40: 

MI-50: 

MI-60: 

Q326,Q328,Q330 
Q332,Q334,Q336 
Q408,Q410,Q412 
Q414,Q416,Q418 
Q420, Q422,Q424 
Q426, Q428, Q430, Q502 
Q504,Q506,Q508 
Q510,Q512,Q514 
Q528 
Q614 

Three 10-foot long (3.048 m) electrostatic septa located between quads Q520 and Q521 
provide the kick which places the extracted beam across the Lambertson magnetic septum. These 
devices are patterned after the existing Tevatron electrostatic septa; Figure 3.5-7 shows a cross-
section of the septum magnet. An additional set of three modules will be required for fast spill at 
MI-60. The rf cavities occupy much of the straight section, and therefore the septa will be placed in 
the vicinity of Q602, approximately 270" in betatron phase upstream of the Lambertsons. 

Lambertson Magnets and C-magnet 
The Lambertson and C-magnets, while used for slow spill, are also required for transfers to 

the pbar production target and to the Tevatron. They are discussed in Chapters 2.4 and 3.1. For 
fast spill-at the MI-60 straight section, an identical configurati9n of three Lambertsons and one C-
magnet would be required at Q608. 

Spill Regulation Elements 
The spill regulation for extraction system can be divided functionally into two bandwidths. 

1. A low bandwidth (de to -10 Hz) system, commonly called QXR, or quadrupole 
extraction regulation system, consists of two air-core quadrupoles, which may be configured either 
as a Oth-harmonic or as a 53rd-harmonic. Further analysis is being done to determine which mode 
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Figure 3.5-7. Cross Section of Tevatron Electrostatic Septum 



is preferred. QXR is used to control the rate at which the beam is extracted. The system is 
regulated with feed-forward by monitoring the circulating beam intensity during slow extraction. 
On each machine cycle, the spill rate is sampled at 720 Hz, and compared to the desired spill rate. 
The error is saved, smoothed and time-shifted, and the current waveform for the next cycle is 
modified based on an average over many previous cycles. Figures 3.5-8(a) shows the spill rate that 
results from simply a linear ramp of the 53rd-harmonic quadrupoles; Figure 3.5-8(b) shows the 
spill rate when the current waveform is modified with feed-forward from five spill-cycles to 
produce a more uniform spill rate. 

2. A higher bandwidth (0.1 Hz to 3 kHz) system consists of two air-core, Oth-harmonic 
quadrupoles powered in series, mounted on ceramic beam pipe. These are commonly referred to as 
Buckers. By sampling the extracted beam intensity at 5760Hz and through feed-forward to the 
buckers, higher-frequency repetitive spill modulation is removed. Realtime feedback is also 
applied, limited in bandwidth to a few hundred Hz due to the time delay between a change in 
quadrupole current and the the beam response. Figures 3.5-9(a) shows the spill rate that results 
from 100 ppm ripple at 360 Hz in the main quadrupole bus, corresponding to tune modulation of 
11v - ± 0.003. Figure 3.5-9(b) shows the spill rate when the buckers are used with feedback and 

with feed-forward from five spill-cycles to produce a more uniform spill rate. Ripple in the main 
quadrupole bus could also be compensated by feeding back directly into the Bucker system. 

The 12-year old Tevatron extraction regulation systems are presently being redesigned to 
bring them up to currently available technology. Much of this effort, especially in the area of 
software and controls, can be carried over directly to the Main Injector QXR system. 

Magnet Power Supply Remote Control 
Trim quadrupoles and octupoles ramping profiles will be downloaded to the local power 

supply controller (453 card) via the accelerator control system. The magnets are ramped by trigger 
events related to accelerator cycles. The power supply output current profile can be read back 
through an MADC channel. 

The QXR and buckers will be ramped by the slow spill controls through a dedicated link 
and power supply controller, active during flattop and slow spill. A high D/A resolution (20 bits) 
will be used to drive the power supply controllers of these magnets. 
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Beam Monitoring and Resolution 
Slow spill regulation requires monitoring the circulating beam current in the FMI during 

extraction and the extracted beam current in the 120 Ge V beam line. 

The beam current before extraction is measured using a DCCT (Chapter 3.6) and used for 
feed-forward regulation of QXR. Extracted beam will be monitored in the 120 GeV line using rf 
spill monitors whose signal will be used by the bucker regulator. A spill beam intensity between 
0.08 JlA and 4.2 JlA has to be detected with a resonant detector with a center frequency of 53 MHz, 
a Q of 140 and 100kHz bandwidth. Such a cavity would have a resistance of 10.0 kQ, providing a 
0.8 m V to 42 m V output for the 0.08 JlA to 4.2JlA input. 

The voltage at the input of the ND converter is usually ±5.0 volts, therefore a gain of 81.0 
dB would be required to amplify the lowest of the intensity signals. A controller selectable 
attenuator will be needed to reduce the amplitude obtained during higher intensity extractions. QXR 
slow loop has operated at 720Hz historically, today that could easily be made 1440Hz without 
putting a large demand on memory on the system and not limited by bus cycle timing. Bucker loop 
was operated at 5760Hz, which could be used. This requires further investigation. ND of 18 bits 
can be used to sample beam intensity as well as extracted beam. This conversion resolution would 
provide a 110 dB dynamic range for both type of signals. 
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CHAPTER3.6 
WBS 1.1.8. 
WBS 1.1.8.1. 

INSTRUMENTATION 
INSTRUMENTATION 
MAIN INJECTOR RING INSTRUMENTATION 

The Main Injector will use as much of the existing Main Ring diagnostics as possible. 
Reference 1 and 2 document the required instrumentation and tabulate the hardware available 
from Main Ring, summarized in Table 3.6.1. This paper presents details and specifications at the 
level known to date and is intended to be updated when appropriate. Specifications and 
References for existing equipment are provided where available. 

Four of the tasks comprise about 70% of the instrumentation cost. They are the Ring 
BPMs, dampers, resonant position detectors for slow spill, and beam profile monitors. The others 
are simply moving modifying or duplicating existing Main Ring equipment. 

Two items listed but not discussed are the Schottky detectors, which are currently being 
developed for the Main Ring, and the pinger. The pinger is currently residing in Main Ring. It is 
a few turn air core magnet on a ceramic beam tube driven by discharging capacitors with a few 

time constant through an SCR switch. 

WBS 1.1.8.1.1. RING BPM SYSTEM 
Detector 

To conserve tunnel space, maintain the beam pipe shape, and reduce beam impedance, 
new detectors are being designed that fit inside the downstream end of every quadrupole, Figure 
3.6-1. The 208 detectors will provide about 4 detectors per betatron wavelength in both the 
horizontal and vertical planes. 

The four plates will be combined in the tunnel in pairs to measure either horizontal or 
vertical position at each quad. Measuring both planes improves the rms closed orbit distortion 
correction by only 10%, Reference 3. At twenty positions near beam transfer points, however, 
both planes will be measured. Five of these locations are adjacent to Lambertson magnets and 
require large aperture detectors mounted external to the quadrupole, Table 3.6-2. Current Booster 
BPMs have four 6" long plates, a 4.625" aperture, provide 0.52 db/mm, and will fit in the 
available space. For the 203 ring detectors and 5 large aperture detectors 228 rf modules will be 
required. 
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Chapter 3.6 

Table 3.6.1. 
List of available and required instrumentation for the Main Injector. 

Type/Location Ring 
Position Monitors 

rf modules 228 
Systems 19 
New MIring BPMs 203 
Existing MR BPMs 
Large Aperture 5 
Resonant detectors 

Loss Monitors 
Ion Chambers 231 
Integrating chassis 20 

Intensity Monitors 
Resistive Wall 2 
Toroid 
DCCT 1 
Spill Monitor 

Profile Monitors 
Flying Wire 3 
Multi wire 6 
Ionization 2 

Dampers 
Hor and Ver 2 

Scrapers 
Hor and Ver 

Schottky Detectors 
Hor and Ver 2 

Finger 
Hor and Ver 1 

2 

Beamline 

121 
11 

104 
17 
11 

128 
11 

8 

1 

15 

2 

Available 

260 
26 

216 

252 
26 

2 
6 
1 
1 

3 
19 
3 

4 

2 

1 

Required 

89 
4 

203 

22 
11 

107 
5 

2 

2 

2 
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Figure 3.6-1. 
Cross section of Main Injector BPM prototype IT inside the quadrupole beam pipe. 

Table 3.6-2. 
Locations for wide aperture and dual plane detectors. 

Location type 

Q101,402,522,608,620 wide aperture 

Q101, 102, 103, 104 dual plane 

Q400,401,402,403 dual plane 

Q520,521,522,523 dual plane 

Q606,607,608,609 dual plane 

Q619,620,621,622 dual plane 

The striplines in the Main Injector BPMs are connected to ground at one end to make 
them non-directional. The rf module input impedance is matched to 50 .Q only within a 5 MHz 
bandwidth centered at 53 MHz. To avoid resonances in the 150 to 1150 foot cables between the 

Chapter3.6 3 Technical Design Handbook 
August, 1994 



detector and rf module, a diplexer circuit which terminates the detector output at other frequencies 
will be included in the plate combiner box located near the BPM. 
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Figure 3.6-2. Resolution of the prototype Main Injector BPM 
using existing 8 bit Main Ring electronics. 

" 

30.0 

The resolution, limited by the non linearity of the AM to PM detection and the 8 bit ADC 
used in the current Main Ring electronics, is shown in Figure 3.6-2. ·The measured position, 
corrected for rf module linearity, is shown in Figure 3.6-3 for wire positions spaced on a 5 mm 
grid. Measurements performed on a prototype detector are presented in Reference 4. 

As tabulated in Table 3.6-3, the plate width and length of the BPM was selected for best 
linearity and match to Main Ring rf module. Both the Main Ring and Main Injector BPMs 
provide about 0.7 db/mm for the ratio of A to B. The plate length was also selected to be an odd 
multiple of I.J4 at 2 GHz. The SMA ceramic feedthroughs being considered for the detector have 
a low impedance resonance at this frequency. 
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Linearize on x,y = ±5mm 
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Figure 3.6-3. Two dimensional map of BPM using the rf module 
with linearity correction and 5 mm test wire spacing (Reference 5). 

Table 3.6-3. 
Power requirements for the rf modules, Reference 5. 

Beam current ppb 
Cable length, (RG8/U) 
Position range 
Plate width 
Plate length 
Plate hor separation 
Detector output 
RF Module input range 

5 

1 X 109 · 6 X 1Ql0 

150-1150 feet 
±25 rnrn hor, ±15 rnrn ver 
13 rnrn 
250 rnrn 
47 rnrn 
-36 to +22 dBrn 
-35 to +27 dBm 
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Replacing the computer interface with a VME contained system using 12 bit ADCs is 
being considered as an upgrade to the Main Ring. The upgrade would allow every BPM to 
collect tum by tum data and improve the resolution but not the accuracy of the measurement. 
This approach is being implemented in the Booster whose experience will be used to guide the 
decision. The cost of the core electronics is estimated at $165K. This approach would require 
modification to the local software and existing application programs. There is no provision for 
loss monitor support in the Booster upgrade. 

Alignment 
The maximum random BPM alignment tolerance of 2.5 mm and systematic error of 1 mm 

is specified in Reference 6. For comparison, the Tev BPMs use a table of offsets to correct the 
BPM electrical center to the quadrupole magnetic center. The average of these offsets is 0.34 mm 
and the standard deviation is 0.60 mm. According to Reference· 7, the electrical center is 
measured with an accuracy of ±0.2 mm. The position measured from the up and down stream 
ends were required to agree within 0.13 mm. The magnetic center of two Main Ring quadrupoles 
was recently measured and found to be 0.26 and 0.47 mm from the lamination mechanical 
centers. 

Accuracy 
The following covers some of the phenomena which can contribute to a position 

measurement error or result in limited resolution. Many of these can be corrected or reduced with 
calibration. 

The current 8 bit ND converter provides 150 per bit resolution. The noise level of the 
rf module in batch mode ranges from 30 RMS at 3 x 1010 protons per bunch to 500 at 
5 x 107, Reference 8. One rf module measured 50 RMS or about 0.12 mm peak to peak. 
Including the effect of 1150 feet of RG8!U cable, KTB noise would be about 2.6 rms. 

Because the A and B channels in the rf module are matched at a single frequency, the rf 
module output depends on the input frequency. The output of one rf module was measured to 
change by 0.4 providing a 120 error through the 300 kHz Main Injector rf frequency 
program. 

For a continuous bunch train, the frequency spectrum consists of narrow pulses spaced at 
rf frequency harmonics but the spectrum of a single bunch contains energy at all frequencies. The 
simultaneous presence of more than one frequency in the bandwidth of the rf module and the 
frequency dependence results in a complicated time dependent position output signal. This 
behavior is aggravated by using a delay cable to form the 90° phase shift for the AM to PM 
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detection scheme. Single bunch measurements using AM to PM conversion result in significant 
offsets and considerably more noise than batch mode. Single bunches are only expected in the 
Main Injector after coalescing at the very end of the cycle. The ability to accurately measure their 
position is not considered important 

The nonlinearity caused by the AM to PM conversion in the rf modules combined with the 
transverse size or distribution of the beam conspire to contribute a 1 mm error with 207t beam 10 
mm off center at 8 GeV. The errors shown in Figure 3.6-4 were calculated by convolving the 
gaussian bunch shape with the measured transfer function of the BPM and rf module. These 
results are only approximate as the horizontal transfer function will. also depend on vertical 
position and width. These effects will be reduced because the ratio of horizontal to vertical beta 
make the orthogonal beam size 2.4 times smaller. 
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Figure 3.6-4. 
Error caused by non linearity of the AM to PM detector and the beam size at 8 GeV. 

The 150 to 1150 feet of cable required to transport the signal to the rf modules will effect 
accuracy and the range of signal amplitude. The dispersion of a single bunch signal is shown in 
Figure 3.6-5 for 3 types of cable. The cable response is found by convolving the stripline doublet 
signal with the cable impulse response, which assumes the cable losses are proportional to the 
square root of the frequency. As can be seen, the dispersion makes the doublet pulse 
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asymmetrical and spreads the shape out far enough to interfere with trailing bunches. The Main 
Injector bunch spacing is 18.8 nsec. The range of cable lengths will increase the dynamic range 
of the signal by 36 db at the rf module if RG58NU is used. RG8/U would require 18 db and 
LDF4-50A only 5 db. About 300,000 feet of RG8/U cable will be used for the Main Injector 
BPMs. 
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Figure 3.6-5. Calculated cable dispersion from a O"t = 3 nsec bunch with an 18 em stripline 
and 1150 feet of cable. The normalizing factors are indicated in the legend. 

Differences between the A and B cables such as characteristic impedance, attenuation, or 
phase delay will cause errors in position measurement. Reference 8 indicates the Tevatron cables 
were phase matched to ±3° and balanced to ±0.3 db. A phase error of 5° at 53 MHz will result in 
a position error less than 0.02 mm, Reference 9, and the attenuation imbalance would result in 
±0.4 mm, at 0.7db/mm. RG8/U cable has a characteristic impedance of 50 ±5 n. A difference of 
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5 ohms between the A and B cables would be interpreted as a 0.6 mm error. By pulling the A and 
B cables from the same reel, better matching could be obtained. 

Connectors are another source of error. Kings type N connectors have a VSWR less than 
1.3 which would cause a 1.5 mm error if applied to only one input. Because the rf modules use a 
limited bandwidth at 53 MHz the connector errors are expected to be much smaller. 

The input impedance, or reflection coefficient, of the rf modules can cause an offset error 
which depends on frequency and the length of cable to the detector. Using the equation provided 
below and measurements from 57 Tev I Main Ring rf modules, the calculated distribution of 
position errors are shown in Figure 3.6-6. 

Chapter 3.6 

ka, kb = reflection coefficient at port a, b 

m = mag( 1 + kb ) ' ¢ = ang( 1 + kb ) 
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Figure 3.6-6. Distribution of position errors calculated from 
measured reflection coefficients for 57 Main Ring rf modules. 
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Table 3.6-4. 
Summary of possible position measurement errors, assuming 0.7 db/mm and 1 x 109 ppb. 

Some errors can be corrected with calibration. 

Jlm 
1000 beam size at 8 Ge V, 20n emittance, 10 mm offset 

760 0.53 db cable attenuation match, from TeV experience 

600 cable impedance match, 5 n difference 

500 difference between geometric and magnetic center of quads 

250 rf module reflection coefficient 

200 ND resolution and AM to PM non linearity at 10 mm offset 

200 accuracy of measuring BPM electrical center, TeV experience 
130 directionality, difference between p and pbar positions 

120 measured peak to peak noise 

120 Frequency sensitivity, 300kHz frequency program 

12 ±3° cable phase match 

3 rms KTB noise for 1 x J09 ppb 

Offsets in position measurement caused by cables, connectors, and impedance matching 
can be measured and corrected. A good method to measure these offsets would be to insert 
identical 53 MHz rf currents into the A and B cables in the tunnel and use the reported position as 
a new base line. These offsets could be combined with those which correct the reading for the 
difference between the BPM electrical center and the quadrupole magnetic center. 

It is interesting to compare the rf module accuracy with a commercial network analyzer. 
With calibration, the HP 8753C, has 0.15 db uncertainty in amplitude measurement and changes 
by 0.01 db/°C. At 0.7 db/mm this becomes 210 jlm and 14j..Lm/°C. This represents the accuracy 
to which some of the BPM offsets can be measured and corrected. 
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Electronics 
Currently the plan is to use existing Main Ring BPM electronics in the Main Injector. 

Each rack of equipment, shown in Figure 3.6-7, services 12 BPMs and 12 beam loss monitors, or 
BLMs. For 228 rf modules, 19 racks will be required for the Main Injector ring, 3 in each of the 6 
service buildings with an additional one at MI-60. There are currently 26 racks used for the Main 
Ring. The test chassis can inject beam like signals into the rf modules and check that the BPM 
cables are terminated, or connected to the BPM. Each rf module has a sample and hold and 8 bit 
AID card in the BPM analog chassis. The multibus chassis holds two Z80 microprocessor cards 
which run the system locally, Reference 8. 

The position measurement is first armed by the controls system but triggered from the 
beam intensity signal from each rf module. The trigger threshold is adjustable by the host 
computer. The gate circuit looks for the 1.5 Jlsec notch in the beam. 

The basic running mode is called closed orbit. To smooth out the betatron oscillations the 
average from between 8 and 64 measurements, set by the host computer, is taken and recorded 
into memory. This mode runs continuously until a request for a flash is received. The flash event 
is designed to measure the same portion of beam as it travels around the accelerator. Only one 
position is measured for each detector and all measurements at the multibus chassis are placed in 
a 30 byte flash buffer. The response to a display request is to place the latest average position for 
each BPM in the 20 byte display buffer. There is also a 512 byte snapshot buffer which keeps the 
last 512 sets of averaged position data, the snapshot trigger freezes the buffer allowing the host 
computer to access the data. The profile buffer stores the average position each time the profile 
trigger is received, up to 128 times. 

Two locations in the ring have additional electronics to store up to 1024 positions taken 
each turn for both the horizontal and vertical planes. Fourier transforms can be taken in the 
applications program to determine tune and coupling. Two MADC channels can be used at every 
building to time plot averaged positions. 

Applications Programs 
The main applications programs include page M37 which sets the BPM control 

parameters, M38 which performs hardware tests, M39 which displays the measured positions and 
intensities, and M42 for turn by turn displays. These are supplemented with M56, Orbit Jr., 
which can use the position data to calculate corrections. It is capable of reducing first turn 
oscillations, closing the orbit for the second turn, and calculating magnet changes to smooth the 
closed orbit. 
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Figure 3.6-7. Standard BPM/BLM rack used in the Main Ring. 
Each rack serves 12 BPMs and 12 BLMs. 
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Figure 3.6-8. 
Main Ring Display Frame from applications program M39 showing vertical orbit 

WBS 1.1.8.1.2. 
WBS 1.1.8.10.2. 
Ion Chambers 

RingBLMs 
Beamline BLMS 

The BLM detector consists of a sealed glass tube with 110 cc of argon at 1 atm pressure, 
Reference 10. With 2.5 kV of bias, the tube produces 7 x 10·8 coulombs per rad, is linear to 100 
rads, and has a dynamic range of 106. The leakage current is equivalent to 0.3 Jlrad/sec. The 
detector is enclosed in a short section of PVC pipe and placed at every quadrupole. The bias 
voltage is adjustable from the host computer. 
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Figure 3.6-9. Main Ring turn by turn display at injection. FFT of horizontal and vertical 
positions indicates fractional tunes. Note the vertical tune in the horizontal display. 

Electronics 
Each detector has an amplifier, integrator, and sample and hold card. The integrator uses a 

.001 capacitor which provides 70 volts per rad. A four decade integrating logarithmic 
amplifier is used to increase the dynamic range. 

The data collected for the loss monitors is similar to the data collected for the BLMs. The 
integrated loss is used for the following measurements. The flash event is designed to measure 
the same portion of beam as it travels around the accelerator. Each measurement of 12 BLMs is 
placed in a 30 byte flash buffer. The response to a display request is to place the latest integrated 
loss from each detector in a separate 20 byte buffer. There is also a snapshot buffer which stores 
the last 512 measurements of integrated loss data, the snapshot trigger freezes the buffer allowing 
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the host computer to access the data. The 128 byte profile buffer records the integrated loss each 
time the profile trigger is received. The BLM analog chassis supplies non integrated loss signals 
to 12 MADC channels to allow the time plotting of real time losses. There are two gain settings 
and a track and hold circuit. 
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Figure 3.6-10. Typical Main Ring loss monitor display. 

In addition to the loss monitors at every quad, total loss monitors will be used along the 
tunnel at injection/extraction points. These are constructed from gas filled coaxial cables which 
run the length of the area of interest. High voltage is applied to the center conductor and the 
current indicates the amount of loss, Reference 10. 
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WBS 1.1.8.1.3. Longitudinal Wideband Pickup 
Desi&n 

One resistive wall longitudinal pickup will be adapted from the Main Ring for use in the 
Main Injector. The basic design is to insert a ceramic gap shunted with resistance in the vacuum 
tube and measure the voltage induced by the beam wall current, Reference 11. The ultimate 
bandwidth of such a detector is limited by the spreading of the electric field lines between the 
beam and the image charge on the inside wall by an angle approximated by 1 /y for relativistic 
beams. The length of the electric field lines at the surface of a round pipe of radius R is about A ::::: 
R/y. Equating 2A to the wavelength of the highest measurable frequency, the bandwidth becomes 
f::::: cy/2R where c is the speed of light. At injection to the Main Injector using a 3 em radius pipe 
the bandwidth limit is 47 GHz. In practice the detector response is difficult to maintain above the 
microwave cutoff frequency of the beam tube, measured to be 1.5 GHz for the elliptical shaped 
Main Injector vacuum tube. The vacuum chamber impedance is in parallel with the gap 
impedance and above cutoff nearby devices such as bellows may effect the detector accuracy. 

When the beam passes any discontinuity in the beam pipe around the circumference of the 
accelerator, electromagnetic energy is launched into the beam pipe. This energy can travel in 
either direction and typically travels slightly slower than the beam. The resistive wall monitor 
cannot differentiate between currents induced by beam and those induced by energy traveling 
along the wave guide, or vacuum tube. In the Fermilab Main Ring this spurious signal can 
approach 10% of the beam signal. To remove these signals, microwave absorber is placed inside 
the vacuum tube up and downstream of the resistive wall monitor. 

If the charge density around the circumference of the gap is not uniform, Figure 3.6-11, 
and the impedance is, the voltage across the gap will vary around the circumference. The gap will 
act as an azimuthal transmission line transporting charge until the voltage equalizes. Position 
detectors have been made with a resistive gap by comparing the voltages induced at different 
points. To reduce this effect, several monitor points are placed around the detector and summed 
to form a single output. The elliptical shape of the Main Injector pipe would aggravate this 
problem. 

To overcome these problems, the current round tube could be maintained through the 
resistive wall monitor with an abrupt transition to the elliptical Main Injector pipe at the 
microwave absorber. The absorber should terminate any modes traveling along the elliptical 
vacuum tube as well as damp any modes induced in the round tube. This should provide good 
signal at the gap and minimize any beam impedance which might contribute to instabilities. 
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Figure 3.6-11. Cross section of beam tube and charge density 
induced by line charge at center versus horizontal position. 

The current Main Ring resistive wall monitor has a 3.25" diameter round ceramic gap. 
The microwave absorber is placed inside 4" diameter pipe up and downstream of the gap in a way 
that preserves the 3.25" aperture. Cutoff in a 3.25" diameter pipe occurs at 2.1 GHz for the TEn 
mode. The quality of the gap impedance was measured to 6 GHz by forming a 50 n transmission 
line with the appropriate diameter tube placed along the center of the detector. The response was 
flat to ±1 db. 

WBS 1.1.8.1.4. Transverse Wideband Pickups 

Standard striplines are planned for the horizontal and vertical planes. Feedthroughs at 
both ends will be used to observe both the proton and antiproton signals. The plate length of 55", 
'A/4 at the fundamental rf frequency of 53.1 MHz, will be used to maximize the doublet 
separation. In the time domain, this will allow observation of the bunch shape and changes in 
position within a bunch. In the frequency domain, zero's in transmission will occur at those 
frequencies where the plate is A/2long, or even multiples of the rf frequency. 

With 50 n plates that intercept 116 of the wall current, the peak amplitude will be 10.6 
volts for 6 x 1010 protons per bunch with a bunch length sigma of 3 nsec. 

WBS 1.1.8.1.5. Dampers 

Horizontal and vertical dampers are planned to reduce the dilution caused by injecting off 
orbit and to damp instabilities. 
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For the Main Injector it is planned to use the digital filter scheme being designed for the 
Booster accelerator. The electronics consists of an 8 bit ND converter and an 8K dual port 
memory. The difference from two memory locations drives a 10 bit D/A forming a single zero in 
the Z domain and a variable delay. Two cards are interleaved to relax speed requirements and 
their outputs are multiplexed to a single D/A to form a modal rather than a bunch by bunch 
damper. The cards are register based VXI cards and are currently being developed using Labview 
on an Apple computer through a National Instruments MXI interface. 

By taking the difference between two memory locations separated by one turn, a repetitive 
filter can be formed that removes energy at every rotation harmonic and passes the betatron signal 
at f = nfrot ± mv. This filter will remove the effect of the closed orbit not being at the electrical 
center of the detector. The presence of noise, or undesired signal like the energy at the rotation 
harmonics, has the effect of limiting the gain of the system. For a given power capacity the gain 
must be limited to insure the amplifiers are not driven into saturation. 

Injection Errors 
Using the following equation, the 1/e damping rate in turns can be estimated, Reference 

12. 

ND""' G-vf3d3d 
2 

f3k, {3d at kicker, detector 
ljl betatron phase advance 

G = dam per gain [ m:;d J 

For 500 V per mm of beam position, plate length of 48", and gap of 2", the damping rate would 
be 24 turns at injection. Most damper systems lack the power required to make them critically 
damped. Because the oscillation is not always measured at peak amplitude it is difficult to obtain 
better than 2 turns. This would require a gain of 5 kV/mm and to accommodate a reasonable 
range of amplitudes a peak deflection of 50 kV. For injection errors all that is required is that the 
oscillation is reduced before the phase space becomes diluted. The time required then depends on 
the tune spread of the beam. For a chromaticity the number of turns required to dilute the 
phase space is estimated below, Reference 12. 
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For a chromaticity of 10 units and ilp/p of .001 the number of turns becomes 100. 

Instabilities 
The current Main Ring damper system consists of horizontal and vertical slow dampers 

with 2 MHz bandwidth and a vertical bunch by bunch damper with 200 MHz bandwidth. The 
damper gains are typically 500 to 1000 V/mm. Using Reference 13 and an estimate of the Main 
Injector impedance, Reference 14, a gain of 470 V/mm is required for the resistive wall 
instability. 

WBS 1.1.8.1.6. 
Design 

Flying Wire Beam Profile Monitors 

Three flying wire systems will be modified and moved from Main Ring for use in the 
Main Injector, Reference 15, 16, 17. They will be positioned to provide measurements of 
transverse beam profiles and thus emittance. Two are required and one will be used as a "hot" 
spare. 

The flying wire system rotates a 25 Jlm carbon fiber mounted on a 5" radius titanium fork 
through the beam at 5 meters per second. The beam density at the wire is determined with 
photomultiplier tubes measuring the flux of secondary particles passing through plastic scintillator 
placed a few feet away. Up and downstream photomultipliers allow the measurement of protons 
or antiprotons. The output of the photomultipliers is measured with a fast gated integrator which 
allows the simultaneous measurement of 6 proton and 6 antiproton bunches in the Tevatron. The 
angle of the shaft driving the fork is measured to 0.022° with an optical encoder providing a 
position resolution of 0.05 mm. The VME based JlP acquires and analyzes the data as often as 
every 150 msec. Wire flies can be initiated by the "Colliding Beam Sequencer" to automatically 
record data at key times through the acceleration process. 

The Flying wire systems are currently being upgraded to replace the VME JlP with an 
Apple Macintosh running Labview. An example of the Labview output is shown in Figure 3.6-
12. 
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Figure 3.6-12. Typical set of data obtained from Tevatron Flying Wire. 

WBS 1.1.8.1.7. DCCT - Ring Intensity Monitor 
Design 

Currently it is planned to modify and move the Main Ring DCCT, or de current 
transducer, to the Main Injector. Designed at Fermilab, the DCCT uses the second harmonic 
detection principal to measure the de beam current in series with an ac transformer to extend the 
bandwidth, Reference 18. There are three output ports with gains of 5.24 x 1Q12, 1 x 1Q12, and 2 
x 1Ql0fvolt with bandwidths of 25, 12, and 8kHz respectively. The DCCT also has a calibration 
winding to allow remote calibration from the service building. Identical DCCT's reside in the 
antiproton source and the Tevatron providing accurate comparison of beam intensities or transfer 
efficiencies. 

The Main Ring DCCT is 42" long and the round vacuum tube has a 4.75" aperture. If the 
modification required is sufficient or the space in the accelerator limited, a commercial current 
monitor can be purchased from Bergoz. The Bergoz monitor is only about 4.25" long with 
several apertures available from 2" to almost 7" but does require a ceramic break be installed. 
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WBS 1.1.8.1.8. 
Desi&n 

Scrapers 

A pair of scrapers, horizontal and vertical, will be provided to limit the transverse 
emittance for machine studies. They will be placed in the P8 line leading from Booster to the 
Main Injector. Scrapers are not required in the ring as their usefulness is limited by the low 
dispersion of the Main Injector. 

WBS 1.1.8.10.1. Beamline BPMs 
Resonant Detectors 

In addition to reusing 104 Main Ring and 17 wide aperture pickups, which use ring style 
electronics, 11 tuned pickups are required. During slow spill, the beam will be extracted over a 
one second time period, or 100,000 turns, making the spill intensity 100 db smaller than the initial 
ring intensity. This is well below the capabilities of the ring BPM electronics. The signal to 
noise ratio of beam detectors is proportional to the square root of the impedance. The sensitivity 
of the detector can be improved by resonating the capacitance of the open ended plates with the 
appropriate inductance. The impedance will be increased and the bandwidth reduced by the 
factor Q. Resonant BPM's were designed for the Tevatron slow spill, Reference 19 and 20. The 
one meter long pickups resonate at the fundamental rf frequency of 53.1 MHz, have a loaded Q of 
190, bandwidth of 200kHz, time constant of 1 usee, and impedance of 9.5 kQ. Beam position 
determination to 0.1 mm has been achieved for beam intensities as small as 1 x 103 protons per rf 
bucket. A shorter version 7" long was also developed. 

Electronics 
The electronics employs an AM to PM conversion scheme with low noise amplifiers that 

can be switched in to select slow or fast spill mode. The bandwidth can be limited at the output to 
10, 100, or 1 kHz for slow spill and 3, 5, or 10 kHz for fast spill. Taking into account cable 
losses, ±0.1 mm resolution with 10 Hz bandwidth can be obtained in slow spill mode. 

WBS 1.1.8.10.7. 
Desi&n 

Toroid • Beamline Intensity Monitors 

The current toroid design uses Pearson Electronics, Inc. model number 3100 current 
monitors. The aperture is 3.5" and the output signal is 0.5 volts/amp into 50 Q with a bandwidth 

of 40 Hz to 7 MHz. At the toroid output the signal is 85 mV for 1010 ppb. The toroid is 
electrically isolated from ground in the enclosure and good quality cable such as LDF4-50A is 
required to avoid noise problems. The toroid must be placed over a ceramic break in the vacuum 
tube. To reduce the rf energy radiated into the environment a ground connection is required 
across the break but external to the toroid. 
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The signal is transported to the service building where the electronics amplifies, limits the 
bandwidth, and integrates the signal to provide a voltage representing the total charge. The 
current design being used includes a baseline subtraction circuit, a fixed length integration 
window, and an ND and D/A used to form a sample and infinite hold. The toroid integrator has a 
bandwidth of 100Hz to 400kHz and selectable gains of 2 x 1011, 2 x 1Q10, and 2 x 1Q9 particles 
per volt. 

The effect of the low frequency roll off can be compensated with a simple gain adjustment 
provided the signal width and its timing within the integration window stays constant. For a 100 
Hz rolloff, the signal droop would cause a 1% error in 32 If the integration window 
includes 32 of the undershoot trailing the signal, an additional 2% error would require 
compensation. 

Chapter 3.6 
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Figure 3.6-13. Response of 500Hz high pass filter to step input 
demonstrating effect of droop and undershoot. 
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WBS 1.1.8.3.9. 
WBS 1.1.8.4.9. 
WBS 1.1.8.5.9. 
WBS 1.1.8.6.9. 
WBS 1.1.8.10. 

150 GEV PROTON LINE PROFILE MONITORS 
150 GEV ANTIPROTON LINE PROFILE MONITORS 
120 GEV LINE PROFILE MONITORS 
SLOW SPILL LINE PROFILE MONITORS 
BEAMLINE INSTRUMENTATION 

Beam Diagnostics in the 8 Ge V beam line from Booster to MI 
The purpose of the beam diagnostic system is twofold. First it should aid in the 

investigation of the problems associated with beam transport in the beam line and help establish 
the beam. For this a number of beam position and beam loss monitors will be installed in this 
beam line. Secondly, the beam diagnostic system should provide a reliable method for quick 
measurements of beam parameters like transverse emittances and emittance dilutions on batch by 
batch basis for the beam coming from the Booster. The multiwire systems of the type presently 
being used in 8 GeV beam line from Booster to Main Ring are adequate, but residual gas 
ionization monitors discussed below would provide monitoring of position changes through the 
batch. Each of the multwire systems is capable of measuring both horizontal and vertical beam 
profiles at the same location in the lattice. 

The emittance dilution in a beam line can arise from various types of errors like 
fluctuations and higher order components in field, misalignment- and/or roll-errors in the beam 
line elements. Calculations carried out using the program MAD shows that a 1% field error 
(random as well as systematic) in all beam line magnets (quadrupoles and bending magnets) gives 
a maximum of 10% emittance dilution from the amplitude functions and a maximum of 5% 
emittance dilution from the dispersion functions. But major contribution arises from the position 
errors which we con·ect by using correction dipoles downstream of each quadrupole. 

To determine the beam emittances and establish matching of the beam during operation 
we will use six groups of profile monitors. The first set contains a pair of monitors close to the 
Booster end of the line, with one at large Bx, and the second at large By. There is little flexibility 
in selecting the magnitude of the horizontal dispersion in this section. A second pair will be 
located at the end of the Booster matching section, where the horizontal dispersion is zero. Three 
more pairs are located at the low dispersion points in the lattice, with the last set near the MI-
matching section of the line. Finally, two more monitors are located at two high-dispersion points 
separated by 270" of phase advance. The two monitors at high-dispersion locations will allow a 
determination of the momentum spread of the beam, as shown in Figure 3.6-14. All locations 
have plenty of free space available for installation of the monitors. Tentative assignments of 
locations of profile monitors and the lattice functions at those locations are given in Table 3.6-5. 
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Table 3.6-5. 
Locations of Beam Profile Monitors in the 8 GeV Beamline and MI-10 Straight Section 

Beta 
Function 

(m) 
X y 

Booster end 1 
Q801 29.5 68.2 
Q802 67.6 29.8 

Booster end 2 
Q813 8.9 50.6 
Q814 50.7 8.8 

Middle of line 
Q825 8.9 50.6 
Q826 50.7 8.8 
Q830 50.7 8.8 
Q836 50.7 8.8 
Q839 8.9 50.6 
Q840 50.7 8.8 

MI Matching Section 
Q851 17.8 36.7 
Q852 52.3 11.8 

MIRing 
Q101 -11 -55 
Q102 -55 -11 
Q103 -11 -55 
Q104 -55 -11 

(Beta and dispersion functions are quoted at center of quadrupole; 
values at profile monitor will be slightly smaller.) 

150 GeV Beamlines and Slow Spill Line 

Dispersion 
Function 

(m) 
X y 

-1.2 0.0 
-1.9 0.0 

-0.4 0.0 
0.0 0.0 

-0.4 0.0 
0.0 0.0 
3.1 0.0 
3.1 0.0 
0.3 0.0 
-0.0 0.0 

0.4 0.0 
0.4 0.0 

-0.0 0.0 
-0.0 0.0 
-0.0 0.0 
-0.0 0.0 

Beam position monitors and beam loss monitors wil be provided at each quadrupole 
location. Multiwires will be placed at a few locations (to be determined) to provide profile 
information to assure that the lattice functions are matched between the beamlines and the Main 
Injector and Tevatron. 
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Figure 3.6-14. Beam Half-Widths in the 8 GeV Line 

14 

The number of beam profile monitors required for the Main Injector is estimated to be 24. 
Although multiwire systems as used in the present 8 GeV line are adequate, we may choose to use 
either a residual gas ionization profile monitor or possibly phosphorescent flags with ccd cameras 
where appropriate. With a transverse emittance of 207t and of 57 m the 8 GeV beam width 
sigma is 4.5 mm and the 150 GeV sigma is 1.1 mm. 

Multi wires 
The current multiwire systems measure the integrated current induced when the beam 

knocks electrons from a grid of wires. A plot of the accumulated charge from each wire 
represents the beam profile. Twenty-four 2 mil nichrome wires are placed in a grid with 1 mm 
spacing, a few have 0.5 mm spacing. RG 17 4 coaxial cable is used to transpmt the signal to the 
multiplexor located outside the enclosure where the wires are sequentially sampled over a period 
of a few milliseconds. The cable capacitance is used to integrate the 100 picocoulombs of charge 
typically accumulated. The capacitance of RG 17 4 is 30.8 pf/ft which would result in 0.03 volts 
for 100 feet of cable. This signal is amplified and digitized. 

Although two multi wires are typically left in the beam continuously in the 8 Ge V line, the 
beam emittance is measurably increased. The wire grids are placed on paddles which can be 
rotated out of the beam path with an external motor coupled through a ferrofluidic vacuum seal. 
Horizontal and vertical grids are opposite each other from the paddle axis so either can be placed 
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in the beam with a ±90° rotation. Multiwires are also used in the accelerator to measure the first 
pass profiles but beam must be aborted in the first turn to allow time for sampling the charge. 
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Figure 3.6-15. Horizontal beam profiles taken with multiwires 
in the 8 Ge V beamline between Booster and Main Ring. 
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Ionization Profile Monitors 
The IPM uses a micro channel plate to collect and amplify ions produced when the beam 

passes through residual gas in the detector, Reference 21 and 22. Two IPMs have been placed in 
the Booster and three are being developed for the Main Ring with the intention of moving them to 
the Main Injector. The Booster IPM is described here. The 8 kV clearing field sweeps the ions 
across the 10 em aperture onto a micro channel plate which amplifies the current and deposits it 
onto a grid of 1.5 mm spaced conductors etched into a printed circuit card. The current induced in 
each conductor is amplified, digitized, and stored each turn. The amplifiers have a gain of 
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2.5 x 106 volts per amp and 100kHz bandwidth. The digitizers are commercial4 channel 12 bit 
VME cards which have 64 Kwords of memory for each channel. A National Instruments MXI 
adapter is used to access the VME cards with an Apple computer using Labview software. 

The IPMs being designed for the Main Ring will have a 30 kV clearing field across the 10 
em aperture with 0.5 mm conductor spacing on the collection grid. Provision is being made for 
stacking two microchannel plates to increase the gain to allow the amplifiers to be located outside 
the radiation enclosure. 
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Figure 3.6-16. Front panel of the Labview program which controls the Booster IPMs. 
From the top down, beam charge, hor/ver position, and hor/ver emittance are shown. 
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Figure 3.6-17. 
Beam intensity versus channel number and acceleration turn through the Booster cycle. 

The horizontal profile uses channel 0 through 31 and vertical uses 32 through 63. 
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CHAPTER 3.7 CONTROLS 
WBS 1.1.9. CONTROLS 
Introduction 

Since the creation of the original Title I document there have been some additions to the 
concept of the Main Injector control system, and a few details of that document have been 
expanded upon. As to changes, these are primarily coming about due to advancements in 
technology. The Main Injector will be part of the unified accelerator control system, and changes 
which are made, or contemplated, for the other machines must be encompassed in the MI design 
as well. 

Networking 
The major advance since the writing of the original Title I document involves computer 

networking in the control system. At that time, most real time connections were made via Token 
Ring, but in the interim it has been decided that Ethernet is a more appropriate choice. Although 
Token Ring is still utilized to advantage in locations in which it had already been installed or 
designed previous to the decision to change, nonetheless there are few new installations which use 
it. Thus if Main Injector were to be commissioned today Ethernet would be the primary network. 
However since that commissioning is still several years away, and Ethernet bandwidth utilization 
is already reaching saturation levels in accelerator operation, a different technology almost 
certainly will be used. The proposal which is in the process of slowly being implemented is 
installation of ATM (Asynchronous Transfer Mode) networks for controlling the present 
accelerators and, by implication, the Main Injector. ATM bandwidth can only be reached through 
use of fiber optic cable; this medium was indeed specified in the MI cost estimate. 

Cabling 
As in the original design, the major piece of new infrastructure required in the 

construction of MI controls involves cabling, primarily with fiber optics. Cabling represents that 
one hardware aspect of Main Ring controls which cannot be recycled into Main Injector. As the 
MI-60 service building was the first building ready for beneficial occupancy, it was decided to 
install enough cabling to make the control system available there at an early date. The first phase 
of this installation, completed in 1994, was to extend a link from the MAC Room in the X-Gallery 
basement to and through the Main Ring road duct bank to the FO building, which is adjacent to 
MI-60. From FO to MI-60, the cabling is carried by overhead lines on temporary poles. 
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General System Description 
Structure 

All of the Fermilab accelerators are operated through a uniform control system known as 
ACNET (Accelerator Controls Network); machines from the Linac to the Tevatron and 
Antiproton Source are connected through this system. The controls for the CDF detector and 
some of those for D-Zero are similarly included. A diagram of the computers and networks of this 
control system is presented in Figure 3.7-1. Since ACNET, as can be seen, is modular at the 
hardware level but generic at the user interface, it is a straightforward matter to attach a new 
major system such as FMI to it. 

Front ends and alternatives 
There are three major means in which accelerator hardware is connected to ACNET. 

• Intelligent subsystems. These are the most modern interfaces. They consist of computer 
backplane bus crates with single board computers and direct connection to our backbone Token 
Ring network. At present, these systems are connected only to the Tevatron but not to the Main 
Ring. However by the time the FMI becomes operational, certain of its subsystems will be 
connected in this manner. 

• CAMAC. The Tevatron control system was built utilizing this standard as a field bus, 
and in the period since the Tevatron's construction most of the older equipment has been 
reconfigured utilizing it. The most recent of these conversions has been that of the bulk of the 
equipment providing control and monitor of the Main Ring. 

• Older equipment based on MAC computers. Before the construction of the Tevatron 
most connection to hardware was effected through Lockheed MAC-16 computers and Fermilab 
constructed MIUs (Module Interface Units). Main Ring (and Booster) RF is still controlled in this 
manner. Additionally the Main Ring guide field ramp is generated by two Digital Equipment 
Corporation PDP-11/55 computers which are made to look like MACs to the rest of the control 
system. All of this equipment will be replaced in Main Ring prior to completion of the Main 
Injector. 

The central Host system consists of a number of DEC-VAX computers. It is used for 
software development and archiving by programmers of the control system and for a variety of 
real time tasks. The most important single task is operation of database software. The ACNET 
database contains addressing and scaling information for all of the attached hardware. In addition 
the Host runs the software modules for central file sharing and alarm distribution. The control 
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software will be made aware of the replacement of the Main Ring with the FMI by modifying this 
database appropriately. 

Consoles 
Most consoles are DEC V AXstations running the Motif windowing system, with X-

terminals, Macintoshes, and a few UNIX workstations also utilized. As all consoles are either 
connected or bridged to the backbone network, each is able to monitor and control the operation 
of any of the accelerators. Furthermore, as the network is site-wide they may be placed at 
locations remote from any control room. In particular they will be made available at FMI service 
buildings to aid in commissioning. 

Processor subsystems 
The Title I document listed three processor systems which were to be installed and 

commissioned in Main Ring and then made available for Main Injector use. The first of these was 
the Main Ring front end computer (called NFE-M in Title I) which at the time of that writing was 
under construction, using parallel arrays of i80386 microprocessors housed in Multibus II and 
with direct Token Ring connection. Now the front end computers described earlier are mature 
devices in both hardware and software, controlling without incident a large fraction of the 
complex. The original specification was for a new front end to be constructed for Main Injector, 
to avoid disruption of remnant devices which would still have been connected to the original 
Main Ring link. This concept remains active, although the possibility of recycling the whole MR 
front end is still open. 

The other two processor systems mentioned as to be constructed first for Main Ring were 
the MECAR main dipole ramp generator and a new system for control of MR HLRF. The first of 
these is nearly complete and has been given some preliminary tests with real MR power supplies. 
It is a VME-based microprocessor subsystem. Like other modern parts of the control system, this 
chassis will have a direct connection to the Ethernet backbone network. The MR HLRF system is 
in the process at this time of being specified in detail. 

An idea which is slowly gaining acceptance is the construction of a generic VME "far 
front end." The control system as it exists consists primarily of CAMAC devices, with a certain 
number of remote microprocessor based subsystems. However almost all new development 
involves the latter concept. It appears that the cost effective way to move controls in this new 
direction is to make available VME (or under some circumstances VXI) crate space in service 
buildings, with appropriate timing, hardware, software, and networking interfaces. New 
developments will then be able to concentrate on the subsystem of interest and not be hindered by 
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infrastructure development. If such a system has become standard, or is indeed becoming a 
reality, by the time of Main Injector controls installation, then an ECR will be filed to include it. 
The timing of this development is such that it is unlikely such a system will ever be constructed 
for Main Ring. The testing of the concept will likely occur in the Tevatron or Booster. 

WBS 1.1.9.1 CONTROLS FOR MAIN INJECTOR RING 
Hardware work in Main Injector 

As a general rule, the recycling of Main Ring equipment into the FMI works well for 
controls. As was discussed above, all of this hardware is either reasonably up to date, or is in the 
process of being modernized. The equipment to be recycled includes CAMAC crates and power 
supplies, a large number of CAMAC modules, multiplexed ADCs, the MECAR ramp generation 
system, and whatever is developed in the coming months for RF control. Detailed below are those 
pieces of hardware for which simple recycling is not appropriate. 

WBS 1.9.1.1.1 COMPUTERS AND LINKS 
Links and repeaters 

The controls signals in the Main Ring/Tevatron complex are carried on a combination of 
copper Heliax and fiber optic cables. It is unrealistic that these be removed to a new location, and 
thus those currently serving Main Ring will be left in place to take care of future expansion of 
needs for Tevatron or the collider detectors. A trunk cable of 36 optic fibers will be installed, with 
half connected and the rest reserved for future expansion. The work involved is construction and 
installation of electro-optic repeaters, pulling of the cable, and termination of the fibers. 

Clock systems 
The present accelerator uses a number of clock systems to control devices and to time 

beam transfers. The primary accelerator time clock is a 10 MHz clock known as TCLK, onto 
which up to 256 events can be encoded. The TCLK system is widely distributed and utilized 
throughout the accelerator complex with transmitters and receivers in each service building and 
clock decoders embedded in a wide range of controls hardware equipment. A total of 174 TCLK 
events are presently defined and utilized. A TCLK event is realized by the transmission of 8 bits 
of data enveloped by a start and parity bit in the serial clock stream and is 1 microsecond in 
duration. TCLK events are designated by a two-character hexadecimal number preceded by a 
dollar sign and range from $00 through $FF. The events are generally allocated in groups to 
different parts of the accelerator with 23 currently associated with operation of the Main Ring. 
Clock events provide individual accelerator resets, initiation and monitor of magnet ramps, and 
initiation or notification of other sequences. For example, event $29 is a reset for the Main Ring 
cycle assigned to antiproton production. Magnet power supplies, rf systems, diagnostics, etc. are 
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activated by the occurrence of $29 to do specific things particular to antiproton production as 
distinguished from the other 6 types of Main Ring cycles. 

Both the Main Ring and Tevatron also have clock systems which are locked to the rf 
frequency of the machines and are known as beam synchronous clocks, MRBS and TVBS. These 
are formed by dividing the rf frequency by 7 to produce a clock that is approximately 7.5 MHz in 
frequency. (Note that the Booster, Main Ring, Tevatron and Accumulator all have 53 MHz rf 
systems operating at harmonic numbers which are multiples of 7 .) The beam sync clock systems 
are able to use the techniques, transmitters, receivers, and decoders identical to those used for 
TCLK. All beam transfers between the circular machines require this precise timing to initiate 
kicker firings which are synchronized to the gaps in the beam. Each of these beam sync clocks 
can have up to 256 events encoded, though event utilization is approximately an order of 
magnitude less than TCLK. An important aspect of each of these beam sync clocks is the 
presence of a revolution frequency event known as the "A" marker ($AA) which in the Main Ring 
or Tevatron occurs every 21 and to which injected and extracted beam is synchronized. 
Another example of a beam sync clock event is MRBS $7C which initiates the transfer of a 
coalesced proton bunch from the Main Ring and the Tevatron. The actual beam transfer has a 
coarse timing reference to a TCLK event, a precise reference of $7C to the $AA Main Ring 
revolution event, and a final delay measured in multiples of 7 rf buckets from the $7C event. 
When necessary, finer timing control is achieved with commercially available control cards. 

Beam Transfer Control Issues 
Transfer cogging refers to the operations necessary to place beam into a specific bucket(s) 

in the Tevatron from specific bucket(s) in the Main Ring. This operation arises from the need to 
inject beam on more than one injection cycle, either from the Main Ring now or from the Main 
Injector in the future. Transfer cogging involves the rf systems, instrumentation (which 
historically has provided low level rf control at Fermilab), and controls. In the Main Ring, which 
is the same circumference as the Tevatron, transfer cogging is done in a series of steps involving 
(i) phase-locking the Main Ring to the Tevatron; (ii) after phase-lock, measuring the offset, in rf 
buckets, between the "A" markers of the two machines; and (iii) executing a frequency program 
to bring the "A" markers into alignment (where "into alignment" can also mean with some offset 
specified in advance). For the Main Injector, with its circumference smaller than the Tevatron in 
the ratio of 28 to 53, transfer cogging will have to take a different course. One possible approach 
is discussed here; other techniques will also be considered. 

As the Main Injector reaches the 150 GeV level, it is phased-locked to the Tevatron using 
a 21st subharmonic. To accomplish this, the rf signal for both the Main Injector and Tevatron is 
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divided by 21 in sync with each machine's revolution "A" marker, to produce clocks that are 
approximately 2.5 MHz in frequency. This developed clock of 2.5 MHz is an h = 28 clock for the 
Main Injector, and an h = 53 clock for the Tevatron. The phase-lock will align these 2.5 MHz 
clocks. After phase-lock has been accomplished, beam has been prepared for transfer (e.g. 
coalesced, if desired), and Lambertson power supplies have ramped to the proper level, a TCLK 
event or timing developed from TCLK can signal "prepare for transfer". Sometime during the 
next 53 revolution periods (or "turns") of the Main Injector, which is 28 turns of the Tevatron, 
there will be a singular coincidence between the Main Injector and Tevatron "A" markers. This 
coincidence, which occurs every 586 milliseconds, is simply a consequence of the fact that 28 and 
53 have no common factors (in fact, 53 is a prime number). Beginning from this coincidence and 
while the Main Injector and Tevatron rf systems are in phase-lock, the relative positions of the 
two "A" markers and the Main Injector circulating beam are determinate and repetitive. From this 
coincidence, a Main Injector beam synchronous event may be easily developed to initiate and 
effect the successful transfer of Main Injector beam into particular Tevatron buckets. The MI 
extraction and Tevatron injection kicker firings will be referenced to this event with appropriate 
adjustment to account for kicker locations and rise times. 

The general problem, albeit theoretical, of being able to transfer beam in any Main 
Injector bucket into any Tevatron bucket is not fully solved by the above outlined approach and 
will be explored to the extent necessary. Solutions include utilizing the existing capability to 
deliver Booster beam into any Main Ring rf bucket, or of offsetting the unique coincidence of 
Main Injector and Tevatron "A" markers by a specified number of rf cycles. The "Sequencer" 
program, which presently controls the beam transfers into the Tevatron, could be involved in 
setting parameters associated with Booster transfers or of controlling the "A" marker offset for 
each MI transfer cycle. 

WBS 1.1.9.1.2 
Relay racks 

CRATES, CARDS, RELAY RACKS AND CABLING 

The decision was made early in Main Injector planning that all relay racks would be the 
responsibility of Controls. As racks are typically shared among several groups, and serve several 
separate functions, it was found necessary to have a single person to whom all needs would be 
transmitted and who would be charged with assigning the appropriate space. The number of racks 
budgeted and the space for them allotted in service buildings is based on reasonable 
extrapolations of those needed to accomplish similar functions in the Main Ring. Detailed looks 
at the number of rack-inches required continue to show less budgeted excess than would be hoped 
at this stage in the project. Thus it is particularly important that needs be carefully monitored. 
Figures 3.7-1 to 3.7-4 indicate the positions and utilization of racks in both MI-60 and MI-10, the 
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latter having been chosen as a typical service building. Also shown are the proposed positions of 
controls and networking equipment in the racks at MI-10. 

WBS 1.1.9.1.3 CATV SYSTEM 
Until recently it was traditional at Fermilab to include television systems under accelerator 

controls, and that practice has been followed in the WBS. Several channels of CATV will be run 
around the ring and connected to the various control rooms. Some channels will convey beam 
diagnostic signals such as scope traces and fluorescent screens, and others will provide live 
observation of remote locations for security purposes. 

WBS 1.1.9.1.4 FIRUS SYSTEM 
The Facility Incident Reporting and Utility System (FIRUS) also falls under the province of 
controls. All new buildings and the new tunnel will have connection to the lab wide system for 
fire alarms and, where appropriate, for security alarms as well. There will also be one or more 
FIRUS display consoles installed in the new buildings. 

WBS 1.1.9.10 BEAMLINE CONTROLS 
All of the topics which pertain to the hardware in the FMI ring pertain as well to the 

associated beamlines. However there is one major difference between the two, dealing with the 
fraction of CAMAC hardware which can be recycled. In the case of the ring, there is enough 
equipment of the proper types being decommissioned in Main Ring to cover virtually all the 
needs. However the new beamlines are longer and more complex than the current ones which they 
are replacing, and there is not sufficient controls equipment to service them. In particular a 
significant number of power supply and beam position monitor controllers will need to be 
constructed. 

WBS 1.1.13.1.5 
WBS 1.1.13.10.5 

RING INSTALLATION 
BEAMLINE INSTALLATION 

The major installation task for the control system is the physical act of putting in place the 
various pieces of CAMAC equipment. As noted above, in the.ring most of this equipment will be 
recycled, while in the beamlines a larger fraction will represent new construction. In both cases a 
relay rack must first be installed and powered; then CAMAC crates and MADC units put in place 
followed by CAMAC module insertion and cabling of the various system elements. In the case of 
the recycled components the above steps (with exception of the relay rack work) must first be 
undone in the old location. The other major installation efforts concern the optic cable and the 
reconfiguration of RF controls after completion of construction. 
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WBS 4.1.8. SOFTWARE 
The question of the amount of software effort required for this project has been the subject 

of serious discussion in the past. Since the controls hardware is precisely that of the Main Ring 
(or in the case of the beamlines copies of existing modules) new software support is by and large 
not required. A change in the database indicating the location of the module and the name of the 
hardware signal to which it is attached is generally sufficient. Described below are those areas 
where changes or additions are known to be required. 

Far front ends 
Those microprocessor crates which are attached directly to the backbone network, without 

benefit of an intervening front end computer, are sometimes referred to as far front ends. Those 
under construction for the Main Ring include the ramp generator and any intelligent RF controller 
which might emerge. Additionally a new universal BPM system is being proposed which will 
encompass the Main Ring and will utilize the far front end principle. Some changes of a 
significant nature will be required in the ramp generator, due to the higher ramp rate and different 
power supply configuration. However that software is being developed with such future changes 
in mind. Similarly some changes related to voltage levels and ramp rate are envisioned in a smart 
RF controller. 

Front ends 
The major functions of a CAMAC front end, such as that serving the Main Ring or FMI, 

are database driven. Since there has been no hardware proposed which does not already have 
support, a database change is in principle sufficient. In practice there are a number of tables 
required in a front end detailing the configuration of CAMAC crates, MADCs, and certain 
modules which are addressed in a "wild card" or ring-wide manner. Parameters arise in all 
accelerators which in practice can only be supported by a small piece of unique code in the front 
end. It is anticipated that this will happen for FMI as well. 

Database 
As has been frequently noted above, a database entry detailing the changes (in location, 

function, scale factors) pertaining to any particular piece of controls hardware is all that is 
required to have the system adapt. A systematic naming convention for FMI devices will have to 
be developed by the operations crew, and careful records kept by personnel who move the 
hardware. When these things are done the modification effort will be minimal. 

An active project at this time is a change from our cuiTent in-house developed database to 
a commercial one. One of the features that such a system will be required to have is the ability to 
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prepare reports on entries satisfying a variety of conditions. Such a feature should be particularly 
valuable when large numbers of changes, such as those envisioned here, are being made. 

Console applications 
There are 99 application entries on the Main Ring index of ACNET software. Some of 

these programs will require significant changes, particularly those dealing with machine physics 
(WBS 1.3.2). Those which display all data from a particular subsystem in a ringwide fashion, or 
in general deal with global information, will require changes to the user interface and data 
acquisition to deal with the smaller ring. Many of the Main Ring programs are copies of the 
generic Parameter Page which is widely used for reading and setting any quantities in the 
database. Since certain combinations of parameters often need to be studied or set together, 
permanent subpages containing the lists are established and entered on the index as separate 
programs. Many of these pages will require reconfiguration; however no new software needs to 
be written for this to happen. 
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CHAPTER 3.8 SAFETY SYSTEM 
WBS 1.1.10. SAFETY SYSTEM 
3.8.1. Puwose 

The purpose of safety systems is to prevent injury, death, or serious over exposure from 
beam-on radiation, X-Rays, or high voltage I high current power supplies. 

3.8.2. Safety System Philosophy 
The basic philosophy that determines all safety system designs is encompassed in the idea 

of providing the necessary hardware, procedures, and knowledge to insure the well being of 
personnel. To meet this goal, two systems have been developed to provide protection from the 
dangers of accelerator operations. Radiation systems are designed to protect personnel from 
exposure to particle beams. Electrical safety systems have been developed to provide protection 
from high voltage and/or high current devices. 

Inherent in each of these systems is the concept of redundancy. All hardware shall be 
designed in such a way that no single failure will result in the loss of protection. To accomplish 
this, two separate circuits are used to detect specific conditions. For example, each door that is 
monitored uses two separate switches to detect the status of the door. Each of these switches in 
turn is connected to a separate control circuit. Thus if one switch were to fail, the other would 
still operate thereby providing the necessary protection. An extension of the redundancy concept 
is used in controlling radiation safety system critical devices. A critical device is one that 
prevents beam from entering an area. Two critical devices will be controlled by a radiation safety 
system. Thus when a possibility exists for personnel to be in an area, two devices are inhibited to· 
provide protection. 

Another key characteristic used in designing all safety systems, is the idea of "fail-safe" 
circuits. All circuits are designed in such a way that if a circuit fails, the failure would result in a 
safe condition. For example, if the cable that controls a device were cut, the device could not be 
enabled. In this way personnel are still safe. 

Perhaps the most important part of the radiation and electrical safety systems is the 
searching and securing of an area. This is done to insure that the area is not occupied before beam 
or power supplies are enabled. The securing of an area requires that a minimum of two qualified 
persons thoroughly search an area in a predefined sequence. 

The search sequence will be programmed into a Programmable Logic Controller for the 
Main Injector Radiation and Electrical safety systems. The order in which the interlocks are reset 
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has been designed to assure the area is searched in a logical order, thereby assuring personnel are 
not missed by the search team. Periodically dummies will be placed into an enclosure prior to 
being searched to verify the enclosure is being searched correctly. 

Once an area has been searched and secured, status displays on the outside of each 
controlled access door and each section gate indicate to individuals that the area is interlocked and 
that access is forbidden to unauthorized personnel. Immediately before beam is brought into an 
area or power supplies are enabled, a prerecorded message consisting of a siren and verbal 
announcement will be played to allow personnel, which in the unlikely event of being missed on a 
search, time to push an emergency crash button and/or leave the area. In addition to the audible 
warning, strobe lights will flash giving a visual indication the area is transcending into a 
hazardous state while the audio message is played. Emergency crash buttons, audio warning 
speakers, and visual warning strobes will be located at approximately 125 foot increments. 
Pushing one of these buttons will inhibit beam and power supplies and require that the actuated 
switch be locally reset before the area can be enabled. 

As a further means of assuring the proper operation of the safety systems, all systems shall 
be tested in accordance with the Fermilab Radiological Control Manual or the Fermilab 
Environmental, Safety, and Health Manual as applicable. During these tests, all circuits will be 
carefully checked and test results documented. 

All doors to an area are locked and the keys to open these doors are interlocked and 
·guarded in the Main Control Room or at MI-60 in a locked and interlocked remote key tree. 
Distribution of these keys is not taken lightly. Only authorized personnel are allowed access. The 
type of access determines the authorization level required for the individual. 

3.8.3. Interlock Group Trainin& 
All new employees to the interlock group shall under go job specific training on the 

Accelerator Division Interlock Systems prior to performing unsupervised maintenance or repair 
activities. This training begins with system walk-throughs and reading functional descriptions in 
the Accelerator Division Interlock Manual. After approximately one month of joining the 
interlock group, the technician will attend a series of lectures given by the Interlock Engineer or 
Senior Technicians on the internal workings of the interlock systems. 

To further enhance employee knowledge, a training system has been developed. With this 
system, intentional system faults can be introduced to test and reinforce overall system 
knowledge. When the Interlock Engineer feels the technicians knowledge has progressed to the 
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point of allowing unsupervised work on the interlock systems, he will recommend the Accelerator 
Division Head authorize the technician to work on the interlock systems. 

To insure the technicians maintain their system knowledge, monthly training lectures on 
subsystem components are given at one of the biweekly group meetings. This training shall be 
conducted and documented in accordance with Accelerator Division ES&H Departmental 
Procedure ADDP-SH-2007. 

3.8.4. Working on the Safety System 
Each of the Accelerator Division safety system interlock and junction boxes are locked 

and has the following label affixed to it: 

This box to be opened only by persons authorized 

by the Senior Radiation Safety Officer. 

Any maintenance or repair work may only be made by personnel authorized in writing by 
the Accelerator Division Head. Those currently authorized to work on the safety system are listed 
in Appendix 1 of Accelerator Division ES&H Procedure ADDP-SH-2007. Appendix 1 is a memo 
signed by the Accelerator Division Head and is updated as necessary. 

Prior to performing any work on the safety interlock system, adequate steps shall be taken 
to insure that beam can not enter or power supplies can not be energized in the area effected. 

When repair or maintenance work is performed on a system, the open unit shall not be left 
unguarded. 

3.8.5. Documentation and Modifications of Systems 
All safety system related drawings, schematics, and procedures shall be clear, accurate, 

and up-to-date. 

System documentation must contain a complete set of drawings detailing all system 
components and interconnections, a written functional description, and written, reviewed, and 
approved test procedures. 

The initial Main Injector safety systems, or future modifications to these systems must be 
fully documented and approved for use by the ES&H Section Head prior to their use. 
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All modifications which increase the level of safety to an area must be fully documented 
and notification of the change sent to the ES&H Section Head. The placement of radiation 
detection devices and the trip level settings will be performed at the discretion of the Accelerator 
Division RSO. A list of all interlocked radiation detectors and associated trip levels will be 
maintained in the Accelerator ES&H interlock group area. 

All work performed on the safety system shall be documented in the Interlock Group 
logbook. This includes normal maintenance, modifications, and repair of failures. This logbook 
shall be maintained in the interlock group area, and entries shall be made within 24 hours of the 
occurrence. 

All failures will be completely documented with date, time, nature, and consequence of 
interlock failure (lost time, fail safe, fail unsafe, etc.). This reporting will also include unsafe 
failures of equipment utilized to provide part of the interlocks (at present radiation detectors and 
RF detectors). Fail safe failures of radiation detectors and replacement of radiation detectors due 
for calibration will be documented by the Accelerator Division Radiation Safety Officer or 
designee. 

3.8.6. Safety System Keys 
Within the Accelerator Division ES&H Department, only the ES&H Department Head 

and the ES&H Department Interlock Engineer are authorized to order safety system related keys. 
However, the Accelerator Division Head for AESH must also approve all requisitions before 
being sent to the Purchasing Department. 

All uninterlocked keys shall be locked in cabinets. Control keys, power-on keys, and 
spare keys are located in a special cabinet. Only the AD ES&H Department Head, the AD ES&H 
Department Interlock Engineer, and the AD RSO have a key to these cabinets. When these keys 
are used, they must be logged "in" and "out" in the key logbook. 

Uninterlocked radiation or electrical safety system keys are particularly important and 
their use requires additional precautionary measures. Prior to the actual use of the key, the 
Accelerator Division Head or designee will review the necessity of using the key, the manner of 
use, and any safety precautions required. If the usage of the key is to jumper or bypass portions 
of the radiation safety system, the ES&H Section Head will also be contacted for approval on 
these matters. 

Once these approval(s) have been obtained, the manner in which the key is to be used will 
be recorded in the Main Control Room crew chiefs logbook by a staff member of the Accelerator 
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ES&H Department. The expected length of use or period of time that the key will be used in this 
manner will also be recorded. At this point the key may be released from the VIK (Very 
Important Key) cabinet by either the ES&H Department Head, the ES&H Department Interlock 
Engineer, or the Accelerator Division RSO. At the conclusion of the special use period, the key 
will be returned to the VIK cabinet and noted in the crew chiefs logbook. The Division Head and 
the ES&H Section Head as applicable will be informed that the key is again properly secured. 
The only exception to this is the use of spare interlocked safety system keys needed for safety 
system testing. These keys will be logged in and out of the VIK cabinet in the test procedure for 
the area being tested. 

The spare interlocked keys to be maintained by the Accelerator Division will be area Enter 
keys, Search and Secure keys, and Kirk keys. Search and Secure and Kirk keys are not capable of 
allowing access into any enclosures. These keys will be maintained for replacement of broken 
keys and safety system testing only. All spare keys will be kept in the VIK cabinet and 
inventoried in conjunction with interlock tests for that area. 

The loss of any interlocked key for an area will render the lock set compromised. All 
locks in the set will be replaced by a new or uncompromised lock set prior to use of the area. Any 
deviation from this policy must be approved in advance, in writing by the Accelerator 
Division Head and the ES&H Section Head. 

3.8.7. Testing 
In keeping with laboratory policy, the Accelerator Division safety systems shall be tested 

at least once every six months while operational or prior to startup of an area previously unused. 
A one month grace period is allowed for systems that are in use. All test procedures will be 
written and at a minimum include the precautions necessary to prevent the entrance of beam or 
the energizing of power supplies in the area(s) being tested, testing of each interlocked key, each 
door switch, each critical device, each radiation activated interlock, and an inventory of all spare 
uninterlocked keys and the area Control keys. At least once during interlock testing, the system 
shall be exercised from beginning to end, to insure an interlock violation causes the correct 
response. 

After working on the safety system, the portion of the system affected by the work must 
be tested. In those cases where a definitive test is not practical, a preliminary check must be 
performed. At the earliest available time, a more complete test shall be performed when 
necessary. The Interlock Engineer shall review the adequacy of tests performed after repairs or 
maintenance. 
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The adequacy of all semi-annual interlock tests shall be reviewed by the ES&H 
Department Head, the ES&H Department Interlock Engineer, and the Accelerator Division RSO 
in accordance with Accelerator Division Procedure ADSH-10-0001. For additional information 
on safety system testing and approval requirements see the Accelerator Division ES&H Procedure 
ADDP-SH-2001. 

3.8.8. Jumpering 
Placing a jumper in a safety system shall be performed only as a last resort. When this 

jumper reduces the level of safety (i.e. jumpering one of two or more critical devices), 
authorization must be approved by the Accelerator Division Head, the Accelerator Division 
ES&H Department Head, and the ES&H Section Head. 

In those cases where a jumper is placed in the system that does not reduce the level of 
safety, but is used merely as a means of permitting the normal operation of the machine (i.e., 
sequence loop jumper), authorization must be granted by the ES&H Department Head or the 
ES&H Department Interlock Engineer. 

In those cases where a "jumper" Gumper is used here in its broadest sense) is necessary to 
investigate a problem, a written note must be made so as to preclude the possibility of leaving the 
jumper in place. 

The placement of a jumper (usually a wire) shall be: 

Given an identifying number. 

If a wire, it should be colored red. 

At least one foot in length. 

Placed away from cable ducts and similar hardware so as not to give it the appearance of 
being an integral part of the system. 

When requesting a power supply jumper, the requester must fill out an Accelerator 
Division Safety System Power Supply Jumper Request form for each power supply to be 
jumpered. This form is reproducible and is to be pink in color. Accompanying this form must be 
a written description of how long the jumper is needed, the additional safety precautions to be 
used to insure personnel safety, and who is authorized to energize the power supply while the 
jumper is in place. The form must then be approved by an Accelerator Division SSO and I or the 
Accelerator Division Interlock Engineer before the supply will be jumped by the Interlock Group. 
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When requesting a critical device jumper, the requester must fill out an Accelerator 
Division Safety System Critical Device Jumper Request form for each critical device to be 
jumpered. This form is reproducible and is to be yellow in color. Accompanying this form must 
be a written description of how long the jumper is needed, the additional safety precautions to be 
used to insure personnel safety, and who is authorized to energize the critical device while the 
jumper is in place. The form must then be approved by an Accelerator Division SSO and the 
Accelerator Division Head before the supply will be jumpered by the Interlock Group. If the 
jumper will decrease the level of safety for the area, the ES&H Section Head must also approve 
the request. 

After approval of either a power supply jumper request or a critical device jumper request 
form, a copy of the completed form will be given to the Operations Department Crew Chief as 
notification of work in progress on a device. The original form will be maintained by the 
interlock group on the jumper status board until the jumper is removed and the safety system 
interlock is retested. Upon completion of testing, an additional copy of the form will be given to 
the Crew Chief, the original is to be maintained by the interlock group. 

3.8.9. General Search and Secure Responsibilities and Procedures 
It is the responsibility of the search team to insure that no one remains inside the searched 

enclosure after the search is complete. Searching an enclosure means looking above, under, 
behind, and inside spaces where a person could be. While searching, the team must move in a 
logical and coordinated manner. The sketches and text in this manual indicate more specifically 
the proper sequence for searching. The searching sequence has been designed to aid in preventing 
personnel from going undetected. However, a safety system is limited in its capability to enforce 
a proper search. The responsibility of searching an area must be taken very seriously. Should 
someone be left inside the enclosure, the number and types of dangers that exist make it likely 
that a serious accident would occur. As the searching proceeds, the team must insure that all 
doors lock properly and that the interlock boxes are functioning. 

A problem arises when an area is not yet secure, but controlled access keys have been 
distributed to allow entry through a door, since personnel may not be on the authorized access list. 
To insure that only authorized personnel have controlled access keys, the search and secure team 
shall perform the following. 
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Before the Search and Secure Begins: 

The key trees for the area must be checked to determine the number of keys out. 

Every key for the area must be verified to be in the possession of a person on the 
authorized list. If any personnel not on the authorized list has a key, that key I person must be 
retrieved before the search and secure starts. All keys that are out, must be logged in the 
Controlled Access Logbook. 

Bear in mind that although key accountability is important, it is not the most important 
function of the search team. The most important function is to insure that there is no possibility 
that personnel could be in an interlocked enclosure without having an interlocked key for that 
area. The search t.eam is to insist that each individual encountered in the enclosure exit the 
enclosure ahead of the search team. In addition, the search team should also insure that 
individuals are keeping with the Accelerator Division policy of using the "buddy system". 

3.8.10. Critical Device Interlock Interfacing 
The number and types of critical devices makes it difficult to completely specify a 

standard for interfacing. However, the safety system must be able to control as well as monitor 
the device. 

Control of the device will typically be to supply 24 Volts D.C. to the device directly. 
The control voltage will be enabled when the area has been determined to be safe. 

Status of the device must be at a point in the circuit to completely indicate to the safety 
system that the device has functioned correctly. If a power supply is used, both the "ON" and 
"READY" status of the device are required. Contact closures will be used for this purpose. The 
safety system will supply the signal to detect the condition of the supply. Note that the safety 
system monitors critical devices in a fail-safe manner. Specifically, a surveillat?-ce current is 
constantly passed through the status contacts of the device. If the contact opens, or the cable is 
cut, the safety system will assume the worst case which is that beam is allowed. 

If a power supply such as a pulsed power supply contains storage capacitors and therefore 
merely turning the supply off will not necessarily render the area safe, additional precautions such 
as a crowbar to discharge the capacitor bank should be used. Alternately, some circuit to monitor 
the state of the capacitors and supply that information to the safety system would serve equally 
well to determine the status of the device. 
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3.8. 11. CARESS 
Each of the Accelerator Division's radiation and electrical safety systems are connected to 

a central control module. Each of these modules are located in the Main Control Room in three 
relay racks. These racks have come to be called CARESS, the acronym for Central Accelerator 
Radiation and Electrical Safety Systems. The following describes the operation and use of each 
of the systems that make up CARESS. 

Common Characteristics 

The common characteristics for the Main Injector Radiation and Electrical safety systems 
include the hardwire loop, logic loop, emergency loop, ground fault detection, key tree, critical 
devices, and power supply permits. These represent inputs and outputs to the master control 
modules located in CARESS. The hardwire loop, logic loop, emergency loop, ground fault 
detection, and key tree are major inputs to any given master control module. The output of the 
module controls critical devices or power supplies for an area. 

The hardwire loop, often called the "A" loop, consists of a group of switches hardwired 
in series. These switches are located on each access door to an enclosure. This loop becomes 
complete when all the doors to a particular enclosure are closed. 

The logic loop, sometimes called the "B" loop, is used to augment the "A" loop and 
provide redundancy. This loop is connected to all the interlock boxes in an enclosure. The loop 
is hardwired through all the boxes and is not complete until all doors to the enclosure are closed 
and all the interlock boxes reset in their proper sequence. The sequence will be programmed into 
a programmable logic controller. 

The emergency loop, consists of illuminated push button switches located within the 
enclosure. This system is provided to allow someone in the enclosure to disable the beam or 
power supplies in the unlikely event that he or she is trapped inside. 

The ground fault detector is a circuit used to monitor for any ground connections on the 
hardware, logic, or emergency loops. This circuit will detect any cable faults with an impedance 
less than 680 ohms to ground. This circuit is used to detect cable faults, corrosion in junction 
boxes, and corrosion or water in interlock switches. 

The key tree is also a major input to a system. The main key tree will be located in the 
Main Control Room and an additional key tree may be located at the MI-60 service building. The 
key tree contains keys to an enclosure and is provided to insure that only authorized persons are 
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allowed access. Persons needing enclosure access keys are logged in and out. Most important is 
that these keys are interlocked. This means that an area cannot be enabled if a key has been given 
to a person. 

The critical devices for an area are those devices that the system controls to enable or 
disable beam to an enclosure. All input conditions mentioned above must be complete before the 
critical devices can be enabled. The Accelerator Division crew chief is the person responsible for 
resetting the master module. Resetting initiates a message consisting of a siren sound effect 
followed by a verbal announcement and ending with a siren sound effect again. The message 
lasts approximately 2 minutes. The strobe lights within the enclosure are also activated while the 
audio warning message is played. At the end of the announcement, the critical devices are given 
a permit and beam may to brought into the enclosure. 

3.8.12. The Safety System Interlock Box 
Each interlock box is connected to two switches. One is typically referred to as the 

"hardwire" switch and is a conventional lever actuated switch. The other switch referred to as the 
"logic" switch is a magnetic proximity switch. Status lights on the front of the interlock box are 
used to ascertain the condition of these switches as well as giving the search and secure team 
members information on the progress of the search. 

All interlock boxes throughout the accelerator are identical. Refer to Figure 3.8-1 for an 
illustration of the box. The three indicators labeled: "DOOR- OPEN", "LOOP- OPEN", and 
"DOOR 1 - DOOR 2" are used to indicate the status of the interlock. 

The "DOOR 1- DOOR 2" indicator signifies the present status of the door(s). When the 
door is open, the DOOR 1 indicator will be lit red. When the door is closed, the indicator light 
will be off. The purpose of this indicator is to allow the search team to test the operation of the 
hardwire switch. To test the hardwire switch, the door should be opened and closed while the 
search team member notes the status of the indicator. In those cases where there is more than one 
door, the DOOR 2 indicator is connected to the outside door. Each door must be tested in this 
manner for proper operation. 

The "LOOP · OPEN" indicator is used to insure that the area is searched in the proper 
sequence. This status light will be lit green only when the door is closed and the interlock is reset 
in the proper order. Should this indicator not reset during a search, either the search team is 
searching the area in the improper sequence, or an interlock has been broken "behind" the search 
team. In either case, the integrity of the search is destroyed. Therefore, the search team must 
return to the beginning (interlock 1) and start again. 
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The "DOOR- OPEN" indicator gives a history of the status of the door. This status light 
will be lit green when the door is closed and reset. The indicator will latch in this state whether or 
not the search is performed in the proper sequence. When the door is opened, this indicator will 
change to the "OPEN" status (red) and stay in that state until reset again. The purpose of this 
indicator is to allow the search team to test the operation of the logic switch. The search team 
should close the door, reset the interlock, and note that the indicator changes to the "DOOR" 
(green) state. When the door is opened, the indicator should be checked to make sure it changes 
states and remains in the "OPEN" (red) state even when the door is closed again. In other words, 
it must latch open. 

The tests outlined above should be performed at each location except the emergency exit 
locations and the last interlock box in the sequence. To perform the tests as indicated above at 
emergency exits and the last interlock box would cause the area just searched to drop. This is 
because once the area is searched, it can no longer be tested without dropping the entire area. 
Therefore, at the emergency exits and the last interlock box to be reset, the search team tests as 
before with the additional requirement of keeping the reset key turned for the entire time the tests 
are performed. Keeping the reset key turned while testing tells the PLC not to drop the sequence 
loop to adjacent interlock boxes. 

3.8.13 The Main Injector Safety System 
3.8.13.1 Overview 

The Main Injector accelerator accepts 8 GeV protons from the Booster or 8 GeV anti-
protons from P-Bar and accelerates them to either 120 GeV or 150 GeV for extraction to the 
Tevatron or Experimental Areas. It is a synchrotron of approximately 2.1 miles in circumference. 
There is an 8 GeV injection line connecting the Main Injector to the Booster accelerator of 
approximately 0.4 miles. 

3.8.13.2 The Electrical Safety System 
The Main Injector Electrical Safety System is broken into two components, the MI Ring 

and the 8 Ge V injection line. Each of these safety systems will interlock many power supplies. 
The electrical safety systems interlocks supplies by controlling several remote safety system 
interface units. The electrical safety system master module in CARESS will provide redundant 
permit signals to the first interface unit. The interface unit will repeat these signals to the next 
interface unit and so on. The interface unit is capable of interlocking 12 different power supplies 
or devices to the safety system. Each device connected is provided redundant relay contact 
closures to permit the device. 
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Figure 3.8-1 
Safety System Interlock Box 

Although all inputs and outputs to the electrical safety systems are redundant and fail safe, 
the interlock connections internal to the power supply are not. The electrical safety system 
functions as an electrical permit system and no credit for life safety is attempted or taken. 
Electrical safety is provided to personnel by the Fermilab Lock Out Tag Out system described in 
section 5120 of the Fermilab ES&H Manual and other applicable Division Policies. 
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Below is a logic diagram showing the major inputs and outputs for the 8 Ge V Beamline 
and Main Injector Electrical safety systems. 

8 GeV Beamline ESS 

8 GeV Beamline 
Secure 

8 GeV Beamline 
Keys 

8 GeV Beamline 
ESS Permit A 

8 GeV Beamline 
ESS Permit B 

Main Injector ESS 

Main Injecto 
Secure 

Main Injector Main Injector 
KPVR ESS Permit A 

MI RF Sectior Main Injector 
Secure ESS Permit B 

MI RF Section 
Keys 

Accelerator Division policy requires any device with steady state parameters exceeding 50 
volts or the impulse energy content exceeding 1 Joule to be interlocked to the safety system 
(unless the device has no exposed conductors.) The following are the devices currently planned 
to be interlocked to the safety system. 

8 Ge V Interlocked Supplies 

5 -Bend Buss 4 -Quad 4 - Correction Element Bulk 

MI Ring Interlocked Supplies 

12- Bend Buss 6 -Quad 19 - Correction Element Bulk 

Additional power supplies will be added to the above lists as they are identified. 
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3.8.13.3 The Main Injector Radiation Safety System 
The Main Injector radiation safety system controls nine critical devices, the IEPB power 

supply and the Booster Lambertson are the critical devices to insure beam is not extracted from 
the Booster into the 8 GeV line. To insure beam (anti-protons or protons) are not extracted from 
P-Bar to the Main Injector, IBl, EB5-6, BSC700, and BSC925 are the critical devices. To insure 
Tevatron beam (anti-protons or protons) can not enter the Main Injector, the E48 Kicker, F17 
Kicker, and FO Lambertson are the critical devices. Each critical device receives one of the two 
redundant permit signals from the radiation safety system. Each pair of critical devices receives 
different permit signals to maintain redundancy. For example, the E48 Kicker and the FO 
Lambertson are a pair of critical devices to protection the MIRing from protons. The E48 Kicker 
would receive a different permit signal than the FO Lambertson. 

Below is a logic diagram showing the major inputs and outputs for the Main Injector 
radiation safety system. 

Main Injector RSS 

Tevatron Secure and 
Keys E3-E4, FO, F, Booster Extraction Permit TH, Al-A2 lEPB and Booster Lambertson 
8 Gev Beamline Secure 
and Keys Tevatron Protons to MI 

E48 Kicker and FO Lambertso n 

Main Injector Secure 
Tevatron Anti-Protons to MI and Keys 
F17 Kicker and FO Lambertso n 

MI RF Section P-Ear Source Protons and Secure and Keys 
Anti-Protons to MI 

Enclosure B Secure IBl, EBS-6, BSC700, BSC925 
and Keys 

8 Ge V Critical Devices 
IEPB The IEPB power supply drives a Booster extraction bend in the 8 GeV area of the Booster. 
This two-magnet string provides 10.23°. Inhibiting this supply prevents beam from entering the 8 
Ge V enclosure. 

Booster Lambertson This is a ramped power supply used to steer protons into the 8 GeV line. 
With this supply off beam can not be extracted into the Main Injector. 
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Antiproton Source Critical Devices 
The following devices are used to prevent beam from coming back from the Antiproton 

source. These devices are located in two different lines, AP-2 injection and AP-3 ejection. In 
some scenarios they insure that protons do not enter the Main Injector, and in others, that anti-
protons do not enter the Main Injector. 

IB 1 (D:H704) This device is located in the AP-2 injection line of the Antiproton Source. With 
this supply off, it insures that beam cannot be extracted from the Accumulator I Debuncher Ring 
into the Main Injector. 

EB 5/6 (D:H926) This device is located in the AP-3 ejection line of the Antiproton Source. Once 
again, with this supply off, it insures that beam will not enter the Main Injector. 

APO Injection Line Beam Stop BSC?OO This is a mechanical device that drops into the path of 
the beam. If this device is inserted into the AP-2 injection beam line, beam cannot enter the Main 
Injector. Therefore, it is a logical device to use to insure safety for the Main Injector. 

APO Ejection Line Beam Stop BSC925 Once again, if this device is inserted in the AP-3 ejection 
beam line, we can be assured beam will not enter the Main Injector. 

Tevatron Critical Devices 
The following devices are used to prevent protons and anti-protons from being reverse 

extracted from the Tevatron to the Main Injector. 

E48 Kicker This is a pulsed power supply used to kick anti-protons into the Tevatron orbit. With 
this supply off protons can not be reverse extracted into the Main Injector. 

Fl? Kicker This is a pulsed power supply used to kick protons into the Tevatron orbit. With this 
supply off anti-protons can not be reverse extracted into the Main Injector. 

FO Lambertson This is a ramped power supply used to steer protons and anti-protons into the 
Tevatron. With this supply off beam can not be extracted into the Main Injector. 

3.8.13.4. Main Injector Search and Secure Procedures 
The general search and secure procedures outlined in section 8 and the operation of the 

interlock box outlined in section 11 in conjunction with the following explanation should provide 
the necessary information to properly search the Main Injector Ring and the 8 Ge V enclosure. 
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The Main Injector consist of 6 interlocked sections. The RF straight section, the 
remaining Main Injector ring, the 8 Ge V enclosure, and a section of the existing Tevatron 
enclosure. 

RF Straight Section 
The RF straight section consists of two interlocked gates and a controlled access mini loop 

below the MI-60 service building. A two person search team begins at interlock 1 securing the 
enclosure in numerical order. After resetting interlock 1, one member remains at interlock 3 to 
insure no one enters the enclosure from behind while the other member resets interlock 2. At 
interlock 3 is a controlled access mini loop consisting of two doors and two interlock boxes. The 
team resets the first interlock of the mini loop and exits the enclosure resetting the second 
interlock of the mini loop. This concludes the searching of the RF straight section. 

Main Injector Ring 
The Main Injector ring consists of 8 gate interlocks, 18 emergency exit mini loops, 7 

controlled access mini loops, and 1 beam dump access mini loop for a total of 34 interlocks. The 
ring is further subdivided into 3 major sections with section 1 beginning at cell 608 and ending at 
cell 221. Section 2 begins at cell 221 and ends at cell 401 and section 3 begins at cell 401 and 
ends at cell 602. The search sequence for the Main Injector ring is variable and controlled by the 
PLC. This has been done to allow the search team to skip emergency exits that have not been 
entered to minimize the time required to search and secure the enclosure. The first time the 
enclosure is secured, the search team proceeds starting at interlock 1 of each section and resets the 
interlocks in numerical order. At the emergency exits, one member of the team remains at the 
bottom of the stairwell while the other resets the interlock at the top of the stairs. Then the 
interlock at the bottom of the stairs may be reset and the search team proceeds to the next 
interlock. At the controlled access mini loops, one member remains at the bottom of the stairs 
while the other resets the two interlocks in the mini loop starting with the service building side. 
The team proceeds in this fashion until all interlocks in each section have been reset. 

Once the emergency exit stairwell and controlled access mini loops have been secured, the 
search team on subsequent searches need only secure the tunnel side interlock box at the mini 
loops. If someone has entered the mini loop, the PLC will automatically require the interlock at 
the top of the stairs be reset again to insure a proper search and secure of the enclosure. 

8 GeV Enclosure 
The 8 Ge V enclosure consists of 1 gate, 1 sequence start interlock, 4 emergency exits, and 

1 controlled access mini loop for a total of 7 interlocks. The search sequence for the 8 GeV 
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enclosure is variable and controlled by the PLC. Again the search team starts at interlock 1 and 
proceeds in numerical order resetting each interlock in the same fashion as the Main Injector ring 
ending at interlock 7. 

Teyatron Enclosure E3 to A2 
The existing Tevatron enclosure is sectioned into 10 sectors, F, FO, E, EO, D, C, CO, B, A, 

and the Transfer Hall. The sectors FO, F, and TH must also be secured for the Main Injector 
radiation safety system. The search and secure procedures for these sectors is covered in the 
Main Ring search and secure procedures. 
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CHAPTER3.9 

WBS 1.1.12. 
WBS 1.1.12.1.1. 
WBS 1.1.12.1.10. 

UTILITIES AND ABORT 

UTILITIES AND ABORT 
MAIN INJECTOR RING WATER SYSTEM and 
BEAMLINE WATER SYSTEM 

FMI Low Conductivity Water System and Magnet Bus Connections 
The proposed system for connecting the power and water to the FMI is similar to the Main 

Ring. This is a system that requires minimum maintenance. Stainless steel headers supply low 
conductivity water (LCW) to local, secondary manifolds which regulate the flow to the dipole 
magnets and to the copper bus which conducts both power and cooling water to the quadrupole. A 
combination of ceramic feedthroughs and thermoplastic hoses insulate the piping electrically from 
the copper bus system. 

The FMI components and associated utilities are grouped together at the outside wall of 
the tunnel leaving most of the enclosure space for servicing, as shown in Figure 3.9-1. All 
connections to the magnets are designed to be accessible from the inner space of the enclosure. 
Figure 3.9-2 shows a schematic representation of the cooling for a typical hydraulic cell in the 
Main Injector Ring. A group of magnets, consisting of two dipoles, one quadrupole and a 
sextupole, is cooled in parallel from a 2" water manifold. This manifold can be isolated from the 
main 6" header water pressure with one 1-1/2" ball valve and two check valves to prevent back-
flow. The secondary manifold permits access to the magnet connections and minimizes the 
number of required electrical insulators. The smaller manifolds are electrically insulated from 
ground. With a second insulator at the magnets, each LCW connection to the bus has two 
insulators in series. In the Main Ring, this design has reduced the copper ion deposits inside the 
insulators. One inch thermoplastic hoses will be used for insulators farthest away from the beam 
line and where the thermal expansion of the pipes can be up to 3". Ceramic insulators will be used 
at the magnets and where restrictions are required to regulate the water flow. The supply water 
pressure around the ring enclosure is about 150 psi. The hydraulic cell is designed to give the 
correct flow to allow an average temperature rise of 8°C across each individual magnet. 

The new dipole magnets have bolted electrical connections that incorporate flexible 
copper jumpers. Compression fittings are used for the water connections. Each magnet has two 
water circuits in parallel designed to minimize thermal stresses. The dipoles have a common 
water return at the connecting bus around the quadrupole location. This also reduces the number 
of electrical insulators. The quadrupoles connections are the same as in the Main Ring where the 
brazed copper joint carries both the water and the power to the magnet. 
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Figure 3.9-1. Cross Section of Main Injector Enclosure 
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Figure 3.9-2. Typical MIR Hydraulic Cell Flow Schematic 



There will be six utility buildings uniformly spaced along the perimeter of the FMI. These 
are labeled MI-10, -20, -30, -40, -50, and -60. Each utility building will supply power and 
cooling water to about 1,815 feet of circumference in the FMI. A total of 18 water pumps will be 
installed around the ring with 3 pumps per service building. Figure 3.9-3 shows a typical service 
building LCW schematic. Each pump has a 100 hp motor and delivers 550 GPM of LCW with a 
pressure head of 164 psi (380 TDH). This design, using new industrial ANSI pumps, is superior 
to recycling the Main Ring pumps and purchasing additional pumps of the same design. The cost 
of the two approaches is about the same and the new pumps have the advantage of being installed 
prior the Main Ring shutdown. Six and four inch stainless steel pipe headers will be installed 
above the magnets along the 10,891-foot circumference of the FMI. Eight inch headers will be 
used to connect the pumps from the service buildings to the manifolds in the enclosure. One heat 
exchanger per service building is required to transfer the LCW heat load to the pond water. The 
normal heat load removal capacity per building will be about 2.7 MW. Approximately 8,000 
GPM of LCW will be required to cool magnets, bus, and power supplies in the Main Injector 
enclosure and service buildings. The 18 centrifugal pumps are capable of delivering 
approximately 9,900 GPM at the design head. The temperature of the water is regulated to 95° F 
by a 3 way control valve which diverts a portion of the water around the heat exchanger when less 
cooling is required. A constant flow of pond water is circulated in the tube side of the heat 
exchanger. The heat in the pond is removed by evaporation. In the MI design, the size of the 
ponds is the limiting factor in cooling the electrical components. 

Figures 3.9-4 to 3.9-9 show the power and the required LCW flow from each service 
building in the Main Injector. All components are connected in parallel and, with the proper 
hydraulic impedance across each secondary manifold, the local water distribution will be 
balanced between service buildings. The centrifugal pumps, also connected in parallel with the 
magnets, will share the flow and will balance the pressure head to match the impedance across the 
LCW manifolds. This LCW system design has shown itself to work well in the Main Ring. The 
150 GeV Antiproton Line has a relatively low RMS power cooling requirement and a branch 
from the enclosure served by the MI-60 building will be used to fill this cooling need. The abort 
line will be cooled by tapping into the LCW portion served by the MI-40 building. Figure 3.9-10 
shows the power and the LCW required for 150 Ge V Proton line. This .line has a separate LCW 
system. Cooling for the B2 type dipole magnets requires a water pressure differential of 200 psi. 
The pumps and the heat exchangers will be installed in the MI-52 service building. This heat is 
also dissipated to the ponds. The power and cooling water required for the 8 GeV Line is shown 
in Figure 3.9-11. From the closest MI pond, water will be pumped to service building MI-8 where 
the 8 GeV Line LCW system will be located. 
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0625 0627 0629 

Quantity 

19 
43 
23 
5 
7 
22 
1 
1 

0631 0633 0635 0637 

KEY 

Element Type 

4m Dipole 

184" Quad 

RMS Power 

Center 

P._LP 
0639 0641 0101 0104 0106 0108 

0 6mDipole 

1100" Quad 

El Sextupole 

1116' Q"'d 
8 AO Lambertson 

0110 0112 0114 0116 

Total Element Req'dFlow of Water Total Flow 
(kW I Element) RMS Power (kW) (GPM I Element) (OC) (GPM) 

4mDipole 14.4 273 8 7 152 
6mDipole 19.2 824 10 7 430 
84" Quad 18.7 431 10 7 230 
100" Quad 24.2 121 12 8 60 
116" Quad 28.8 201 12 9 84 
Sextupole 0.6 13 1 2 22 
AOLamb. 20.2 22 10 8 10 

Bus,J umpers,etc. 217 217 
Service Building 

1 
3 
1 

Power Supplies 290 
Water Pump 75 

LCW Polishing 
Total RMS Power (kW) 

Average T of Water (°C) 

290 
225 

2618 
7 

200 200 
35 8 105 
40 40 

SUM 1333 
Available Flow 1650 

Extra GPM 317 19.21% 

Figure 3.9-4. LCW Requirements for Service Building MI-10 



Center 

0118 0120 0122 0124 0126 0128 0130 0202 0204 0206 0208 0210 0212 0214 

4m Dipole 

KEY 
84" Quad 

Quantity Element Type RMS Power 

0 6m Dipole 

1100' Q"ad 

Total Element 
(kW I Element) RMS Power (kW) 

7 4mDipole 14.4 
57 6mDipole 19.2 
28 84" Quad 18.7 
1 100" Quad 24.2 
3 116" Quad 28.8 

28 Sextupole 0.6 
1 Bus,Jumpers,etc. 194 

Service Building 
1 
3 
1 

Power Supplies 290 
Water Pump 75 

LCW Polishing 
Total RMS Power (kW) 

Average 6 T of Water (°C) 

101 
1093 
524 
24 
86 
17 

194 

290 
225 

2554 
7 

Q Sextupole 

1116"Q"ad 

Req'd Flow 
(GPM I Element) 

8 
10 
10 
12 
12 
1 

200 
35 
40 

6T of Water Total Flow 
(oC) (GPM) 

7 56 
7 570 
7 280 
8 12 
9 36 
2 28 

200 
8 105 

40 
SUM 1327 

Available Flow 1650 

0216 0218 

Extra GPM 323 19.58% 

Figure 3.9-5. LCW Requirements for Service Building MI-20 



0220 

Center 

0224 0226 0228 0230 0232 0302 

Quantity 

41 
17 
17 
11 
15 
9 
1 

KEY 
4m Dipole 

184" Quad 

Element Type RMS Power 
(kW I Element) 

4mDipole 14.4 
6mDipole 19.2 
84" Quad 18.7 
100" Quad 24.2 
116" Quad 28.8 
Sextupole 0.6 

Bus,Jumpers,etc. 287 
Service Building 

1 
3 
1 

Power Supplies 266 
Water Pump 75 

LCW Polishing 
Total RMS Power (kW) 

Average T of Water (°C) 

0310 0312 0314 0316 0318 0320 0323 0325 0327 0329 

0 6m Dipole 

1100" Q""d 

Total Element 
RMS Power (kW) 

590 
326 
318 
266 
431 

5 
287 

266 
225 

2716 
8 

Sextupole 

,,,. Q""d 

Req'dFlow 
(GPM I Element) 

8 
10 
10 
12 
12 
1 

185 
35 
40 

of Water Total Flow 
(oC) (GPM) 

7 328 
7 170 
7 170 
8 132 
9 180 
2. 9 

185 
8 105 

40 
SUM 1319 

Available Flow 1650 
ExtraGPM 331 20.06% 

Figure 3.9-6. LCW Requirements for Service Building MI-30 



Q331 

Center 

Q333 Q335 Q337 Q339 Q341 Q402 Q404 Q406 Q408 Q410 Q412 

Beam Dump 
2 B2s & 3 Quads 

4m Dipole 0 6m Dipole IJ Sextupole 2.8 m Lambertson 
KEY 

184" Quad 1100" Quad I 116" Quad ill C Magnet 

•Quantity Element Type RMSPower Total Element ReqdFlow Total Flow 
(kW I Element) RMS Power (kW) (GPM I Element) (OC) (GPM) 

16 4m Dipole 14.4 
32 6m Dipole 19.2 
18 84" Quad 18.7 
4 100" Quad 24.2 
6 116" Quad 28.8 
16 Sextupole 0.6 
1 Bus,Jumpers,etc. 185 

Abort Line 
3 2.8mLamb. 20 
1 CMagnet 20 
1 2 B2s & 3 Quads 100 
1 Beam Dump 

Service Building 
1 
3 
1 

Power Supplies 290 
Water Pump 75 

LCW Polishing 
Total RMS Power (kW) 

Average of Water (0C) 

230 
613 
337 
97 
173 
10 
185 

60 
20 
100 

290 
225 

2340 
7 

8 
10 
10 
12 
12 
1 

10 
10 
50 
150 

210 
35 
40 

7 128 
7 320 
7 180 
8 48 
9 72 
2 16 

8 30 
8 10 
8 50 

150 

210 
8 105 

40 
SUM 1359 

Available Flow 1650 

Q414 

Extra GPM 291 17.64% 

Figure 3.9-7. LCW Requirements for Service Building MI-40 

Q416 



0418 0420 0422 

Quantity 

5 
59 
29 
1 
2 
29 
1 

Center 

0424 0426 0428 0430 0502 0504 0506 0508 0510 0512 

Element Type 

4mDipole 
6mDipole 
84" Quad 
100" Quad 
116" Quad 
Sextupole 

Bus,Jumpers,etc. 

4m Dipole 

KEY 
84" Quad 

RMS Power 

0 6m Dipole 

1100" Quad 

Total Element 
(kW I Element) RMS Power (kW) 

14.4 72 
19.2 1131 
18.7 543 
24.2 24 
28.8 58 
0.6 18 
193 193 

[3 Sextupole 

1116" Quad 

Req'd Flow 
(GPM I Element) 

8 
10 
10 
12 
12 
1 

ofWater 
(oC) 

7 
7 
7 
8 
9 
2 

0514 0516 

Total Flow 
(GPM) 

40 
590 
290 
12 
24 
29 

Service Building 
1 
3 
1 

Power Supplies 290 
Water Pump 75 

LCW Polishing 
Total RMS Power (kW) 

Average T of Water (°C) 

290 
225 

2553 
7 

200 200 
35 8 105 
40 40 

SUM 1330 
A vail able Flow 1650 

Extra GPM 320 19.39% 

Figure 3.9-8. LCW Requirements for Service Building MI-50 

0518 



0520 

Kicker 

0524 0526 0528 0530 0532 0602 0607 0610 0612 0614 0616 0618 

P150 GeV Line Center AP150 GeV Line 
P._LP 

§ 4m0ipole 0 6m0ipole fd Sextupole 

KEY 
184" Quad 1100" Quad 111•· a""' 

2.8 m Lambertson 

Quantity Element Type RMSPower Total Element Req'dFlow of Water Total Flow 
(kW /Element) RMS Power (kW) (GPM I Element) (oC) (GPM) 

40 4mDipole 14.4 576 8 7 320 
8 6mDipole 19.2 153 10 7 80 
13 84" Quad 18.7 243 10 7 130 
10 100" Quad 24.2 242 12 8 120 
15 116" Quad 28.8 431 12 9 180 
4 Sextupole 0.6 2 1 2 4 
3 P150 2.8m Lamb. 20 60 10 8 30 
1 AP150 GeV Line 57 57 54 4 54 
1 Bus,Jumpers,etc. 256 256 

Service Building 
1 Power Supplies 266 266 185 185 
3 Water Pump 75 225 35 8 105 
1 LCW Polishing 40 40 

Total RMS Power (kW) 
Average T of Water (°C) 

2512 
8 

SUM 1248 
Available Flow 1650 

0622 

Extra GPM 402 24.36% 

Figure 3.9-9. LCW Requirements for Service Building MI-60 
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< 
150 GeV PROTON LINE 

MAIN INJECTOR TEVATRON 

D I I I 
2.8m Lamb. C MAG B2 3Q120 3Q84 3Q60 

Magnet Circuit Mag. Power Req'd Flow of Water Total Flow 
Circuit Quantity Type Power(kW) (kW/Magnet) (GPM/Magnet) (oC) 

B1 3 2.8mLamb. 60.5 20 LCW from MI-60 
B2 4 CMAG 110.4 20 10 7.6 
B3 14 B2 740.6 48.8 14 13.2 
B4 1 B2 14.8 4.3 5 3.3 
B5 1 CMAG 26.7 20 10 7.6 
B6 4 2.8mLamb. 53.5 13 10 4.9 
Ql 1 3Q120 9.5 8.7 5 6.6 
Q2 1 3Q120 9.8 8.7 5 6.6 
Q3 7 3Q84 267.7 18.1 10 6.9 
Q4 1 3Q120 10.1 8.7 5 6.6 
Q5 1 3Q120 9.8 8.7 5 6.6 
Q6 1,1 3Q120,3Q60 14.2 8.7,4.6 5,5 6.6,3.5 
Q7 1,1 3Q120,3Q60 14.1 8.7,4.6 5,5 6.6,3.5 
Q8 1 3Q120 9.4 8.7 5 6.6 

Service Buildin g MI-52 Ma net Total Flow GPM g 
2 Water Pump (125 hp = 93.3 kW/pump) 

Power Supplies 
1 LCW Polishing 

Total Power in Tunnel (kW) 1351.1 1096.3 
Losses from Bus, Cable, Filters (kW) 254.8 

44.3 GPM/pump 

Total LCW Req'd (GPM) 

Figure 3.9-10. LCW Requirements for Service Building MI-52 
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Main Injector • 
Q851 

II I 1: I 
fll II 
I I I I 
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Q846 

I " !I 
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I " / 
I / r.: 

Circuit 
B1 
B2 
B3 
B4 
B5 
Q1 
Q2 
Q3 
Q4 

Bend 
Quad 

/ / 
/ / 
/ / 
/ / 
/ / 
/ / 

Quantity 
2 
2 
2 

55 
1 
4 
6 

37 
6 

51 
17 

MI-8 

Q837 

/ / 

" " ... ... 
/ " / / 
/ / / / 
/ / ... / 
/ / / / 

/ ... 

... 
" / 

" / 

8GeVLine 

Q831 
I 

/ 

" / 
/ 
/ 

" " 

[> 
/ 
/ 
/ 
/ 
/ 
/ 

Q822 

IT 
/ / 

/ " " / 
/ / " / 

" / " / 
/ / / ... ... ... " ... 
/ / r.: 

Q816 

t:" 
/ 
/ 

Q811 
I 

/ / 
/ / 
/ / 
/ / ... ... 
/ / 

KEY -AO Lamb. ..SQA j-3Q52 -B2 -B3 -EPB 

Element Circuit Power Element RMS Power Req'dFlow of Water 
Type (kW I Circuit) (kW I Element) (GPM I Element) (oC) 
EPB 27.3 12.4 5 9.4 
EPB 16.3 7.4 5 5.6 
B3 7.0 3.2 6 2.0 
B2 90.8 1.5 2 2.9 

AOLamb. Power and LCW from MI -10 
SQA 4.8 1.1 2 2.1 
SQA 24.4 3.7 2 7.0 
3Q52 16.3 0.4 2 0.8 
SQA 4.0 0.6 2 1.1 
Trim 22.4 <0.4 0 
Trim 5.6 <0.3 0 

Service Building 
8 Power Supply 40 5 5 
1 LCW Polishing 40 
1 Water Pump 74.6 74.6 36 8.0 

TOTAL POWER 333.5 313.6 SUM 
LOSSES FROM BUS AND FILTERS 19.9 Available Flow 

ExtraGPM 

Figure 3.9-11. LCW Requirements for Service Building MI -8 

Booster ... 
Q803 

IIIII I I Ill t'-. I IIIII W-U IIIII I t'-. I Ill 
I IIIII 1111 b, 

Total Flow 
(GPM) 

10 
10 
12 

110 

8 
12 
74 
12 
0 
0 

40 
40 
36 
364 
550 
186 33.8% 



At each utility entrance, as well as at locations half-way in-between, the enclosure will 
have a ceiling that is one foot higher than the standard tunnel. The purpose of this extra space is 
to provide space for the stainless steel pipe expansion joints. At this location, the enlarged 
enclosure allows the pipes to cross over the cable trays without obstructing the normal tunnel 
clearance for the magnet moving vehicle. At MI-52, the enclosure ceiling is also one foot higher. 
This space is required for the additional 150 GeV Proton Line LCW manifolds and its cable 
trays. 

New, rectangular copper bus (1"x4") will be used for connecting the dipoles in the 
enclosure around the quadrupoles. The bus will be supported from the wall with insulating 
structural fiberglass material. The supports will have adjustments for alignment to the magnets. 
The flexible jumpers with bolted connections allow for thermal expansion of the coils and the 
bus. Pipe bus (4 square inches in cross section) will be used at the entrances going to the power 
supplies in the service buildings. The quadrupoles will have a pipe bus (2 square inches in cross 
section) with 2-118" outside diameter. This tube size will allow the use of standard water fittings 
for brazed connections. Porcelain clamps on channel supports will be used for all round bus. 

Figure 3.9-12 shows a line representation of the Main Injector and 8 GeV Line LCW 
systems. The RF cooling in MI-60 and the 150 GeV Proton Line are separate LCW systems; 
however, they both use the MI LCW storage for water make up. 

In each service building around the ring, portable, mixed-bed deionizer bottles will be 
installed. A continuous polishing flow of about 40 GPM per service building will be required to 
maintain low conductivity in the water. The bottles are only used for polishing action. Their use 
will guarantee that an average of 9 MQ-cm resistivity of the LCW will be maintained in the ring. 
LCW fills will be done from the Central Utility Building (CUB) via the 8 GeV Line. The CUB 
has large industrial deionizer columns that meet the appropriate EPA guidelines for effluent 
discharge systems. The portable deionizer bottles will be regenerated in the CUB using its 
existing regeneration system. In service building MI-60, a 3,000 gallon combination storage and 
expansion tank will be installed for emergency LCW make-up for the MIR. A 1,500 gallon tank 
will be in MI-8 service building for the 8 GeV Line use. The FMI will require an estimated 
37,000 gallons of LCW to fill the pipes, tanks, bus, and magnets. 

As shown on Figure 3.9-13, a net clockwise flow in the ring will be accomplished with 
restricting orifices at each of the entrances. In addition to the local water circulation around each 
service building, about 100 GPM of circular flow will allow good mixing and deionizer 
processing at the Central Utility Building. 
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Figure 3.9-12. Main Injector and Beam Lines 95° F LCW System 
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Figure 3.9-13. LCW Secondary Flow 



WBS 1.1.12.1.2. CABLES AND CABLE TRAYS 
Each of the 208 quadrupole locations in the Main Injector Ring has a variety of control 

devices. These include the diagnositc devices discussed in Chapter 3.8, and various individually-
or series-powered correction magnetic elements discussed in Chapter 3.1. In addition, there are 
the vacuum pumps and gauges discussed in Chapter 3.2. All of these elements require cables 
running to/from the nearest service building. Two, 18" wide by 4" deep cable trays are provided 
for carrying these cables; one of these trays will in general be filled with coaxial signal cables. 
The other tray will be divided into two sections, one part for high voltage coaxial cables for the 
ion pumps, the other part for cables for powering the magnetic elements, either #10 or 250 MCM 
cable. 

Item 

"Signal" Tray 
BPMs: 
BLMs: 
Safety System 
Misc. 
Total 
Totalx .56 
"Power" Tray 

Dipole CE: 
Misc. & other CE: 
Ion Pumps: 

Sext. 
Total 
Totalx .56 

Table 3.9-1. 
Cable Count for Typical Service Building 

Number 
Cables 

72 
36 
4 

16 

72 
16 
96 
4 

Cable 
Type 

RG-8 
RG-58 

Multicon. 
Various 

#10 
#10 

RG-58 
250MCM 

Total 
Area 

(sq. in.) 

12 
2 
1 
4 
19 
11 

2 
2 
4 
1 
9 
5 

Total 
Weight 
(lb./ft.) 

12 
2 
1 
4 
19 
11 

2 
2 
4 
3 
11 
6 

Cable properties: (R at 35°C. Area & weight= copper only for non-coax) 
Cable Type 
250MCM 
#10 
RG-8 
RG-58 
Multiconductor 

Chapter 3.9 

Diameter Area R/1000' #/1000' 
.500 in .196 sq in .044 n 755lbs. 

.102 .030 1.06 31 

.405 .129 120 

.195 .030 29 

.530 .221 220 
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Each service building must provide control for up to 36 channels of beam position 
monitors and beam loss monitors, 36 dipole correctors, 16 other correction elements, and 96 
vacuum ion pumps. The service buildings are placed according to the dipole bus requirements to 
reduce voltage to ground stress on the magnets. Consequently, the "servicing" of quadrupole 
locations by a particular service building is not necessarily evenly distributed upstream and 
downstream of the building. In the worst situation, 56% of the cables run one direction, and 44% 
run the other direction. Table 3.9-1. lists the various cable types and quantities that are 
anticipated. These quantities will only fill about one fourth of the tray depth at the location 
nearest the service building, with the amount of cables dropping off as one moves away from the 
building. 

WBS 1.1.12.1.3. ABORT SYSTEM 
The proposed proton abort system for the new FMI relies heavily on the technology and 

design utilized in the existing Main Ring abort system commissioned in 1983. This system has 
successfully provided clean single-tum abort capability for all subsequent Main Ring proton beam 
operation. Because of the low intensities transported, no pbar abort is required. The kicker 
system which deflects the circulating beam into the extraction channel is discussed in Chapter 3.5. 
The elements and optics of the extraction line are discussed in Chapter 2.4, while vacuum aspects 
of the abort line are covered in Chapter 3.2. In this section, we discuss only the abort core box, its 
cooling system, and the shielding surrounding the core box. 

The abort dump consists of a graphite absorber, encased in a water-cooled aluminum box. 
This assembly is surrounded by steel and concrete. There are a number of new features 
incorporated in the design of the new beam dump which are intended to enhance the serviceability 
and reliability of the system. At the same time, an effort has been made to be as conservative as 
possible with regards to groundwater activation and surface radiation levels. The primary 
differences in the two designs, Main Injector vs. Main Ring are as follows: 

1. The present Main Ring abort dump is shared with the Tevatron. This sharing results in 
a rectangular core box, with two stacks of 6" x 6" graphite blocks. The Main Injector only needs 
one stack. The higher Tevatron beam energy requires a 4.4-m long graphite absorber. The Main 
Injector absorber will only need to be 2.4 m long to reduce the energy density of the shower, as it 
enters the steel, to a safe level. 

2. The present Main Ring/Tevatron beam dump is direct buried. No direct inspection is 
possible, and careful monitoring of groundwater is required. In the event of a failure (and 
fortunately, there has not been one!) repair will be difficult and time..,consuming. Radiation 
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exposure of personnel will pose a problem. The Main Injector abort dump will be in its own 
enclosure, accessible from the Main Injector tunnel for inspection and, if necessary, repair. By 
providing direct access, the time required for repair or replacement is minimized, resulting in 
shorter downtime and less exposure of personnel to the activated components. 

3. The Main Ringfrevatron abort dump is cooled by the same LCW system as the 
magnets in the Main Ring tunnel. Short-lived isotopes produced while the water is passing 
through the abort pose a problem. In spite of a delay imposed by passing through a storage tank 
in the Main Ring tunnel, the LCW returns to the nearest service building with rather high levels of 
activation. The Main Injector abort dump core box will be cooled by a closed loop system. A 
heat exchanger located in the rear of the abort dump enclosure will transfer the heat to the magnet 
LCW system. 

4. Because of the higher intensity and shorter cycle time for the Main Injector, the 
thickness of steel will be increased to reduce the levels of groundwater activation and surface 
radiation. The calculations using the computer modeling program CASIM [1] of the expected 
levels resulting from the Main Injector beam abort have been discussed in a separate document 
[2]. Using the annual aborted beam intensity listed in the PSAR [3], the groundwater activation 
levels are below the limits allowed by the Single Resident Well model [ 4], and by the more recent 
Concentration Model [5,6]. 

5. One final design difference is the incorporation in the Main Injector abort dump of a 
beampipe which would be used for 120 GeV extracted beams to some future experimental area. 
This 3" diameter pipe will be placed in the steel shielding, just outside the aluminum box. The 
beampipe will be plugged with steel until the need for extracted beams arises. 

The beam dump will be constructed with a graphite core of length 2.4 m, enclosed and 
steel and concrete, as shown in Figures 3.9-14, 3.9-15 and 3.9-16, to avoid groundwater 
contamination and to reduce radiation levels at the surface to levels which permit unlimited 
occupancy. The entire assembly is constructed in an enclosure, as shown in Figures 3.9-17 and 
3.9-18. Underdrains on each side of the dump connect to sumps in the Main Injector enclosure, 
while the sampling underdrain connects to a standpipe in the Main Injector enclosure, from which 
samples can be drawn for analysis. The steel plates and the large concrete blocks will be installed 
at the same time the enclosure is being constructed. The core box and the hand stacked blocks in 
front of it will be installed at a later date. The hand stacked blocks are quite useful in reducing the 
soft backward-scattered components in the beam shower, and account for a sizable reduction in 
the groundwater activation. Figure 3.9-19 shows the isodose contours (per 150 GeV incident 
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proton) due to hadrons for the proposed abort dump geometry; similarly, Figure 3.9-20 shows the 
dose at the surface due to muons. 

The abort dump enclosure will almost certainly be a confined space, with documented 
procedures for personnel making accesses including minimum beam-off times prior to access. 
Manually activated ventilation fans will provide fresh air drawn from the Main Injector enclosure. 
A vent line will be provided for automatically venting any hydrogen buildup in the heat 
exchanger system. Any water found inside the enclosure will have to be analyzed prior to 
disposal to determine its origin: groundwater leaking in, water from the closed loop system, or 
water from the LCW system. 

The beam dump will be instrumented with a variety of sensors, e.g. beam profile monitors, 
redundant temperature sensors, monitor and control for the cooling system. The graphite core box 
will be immersed in an oxygen-free environment such as argon to prevent oxidation of the 
graphite. 

Abort Cooling Water System 
The aluminum case that surrounds the graphite core will be cooled by a closed loop water 

system. This equipment will be located in the abort enclosure and consists of a heat exchanger, 
pumps, an expansion tank, and appropriate filters, instrumentation, and safety devices. The 
expansion tank is cushioned by nitrogen gas and has sensors that will detect potential hydrogen 
accumulations. A standby pump will facilitate normal maintenance and repairs, allowing that 
work to be done in a minimum amount of time. The heat exchanger will be the tube and shell 
type and its all-welded construction avoids potentially leaky seals, an obvious advantage in a 
radioactive environment. The designs of both the expansion tank and the heat exchanger will be 
in accordance with the ASME Boiler and Pressure Vessel Code and both will be certified with 
ASME Code stamps. A portion of the 95° F LCW that is circulating in the Main Injector ring is 
diverted to the abort enclosure and passes through the shell side of the heat exchanger. The flow 
of the coolant is maintained by the pressure differential between the supply and return headers in 
the MI enclosure. The flow rate is regulated by a temperature controlled valve. The process fluid 
on the tube side of the heat exchanger will initially be filled with LCW. Since the fluids in the 
exchanger derive from LCW, fouling is a minimal concern. With the exception of the aluminum 
core box, most of the cooling elements, including the heat exchanger, will be constructed of 
stainless steel. Other materials that will be used, such as the mechanical pump seals, consist of 
ceramic and graphite. To make the valves as radiation resistant as possible, they will have metal 
seats in combination with the best available stem seals. All components that have the potential to 
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leak will be grouped together and surrounded with a retainer that will collect any accidental water 
spills. 

The cooling system is designed to remove an estimated heat load of 300 kW (1,024,500 
BTU/Hr) from the aluminum core box. The use of a centrifugal pump with a capacity of 
approximately 80 gallons per minute is consistent with a temperature rise of 15° C in the process 
water. A flow of 115 gallons per minute on the coolant side of the heat exchanger will raise the 
LCW temperature by 10° C. 
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CHAPTER 3.10 
WBS 1.1.13. 

INSTALLATION 
INSTALLATION 

The installation WBS covers a large number of diverse· tasks and requires careful 
coordination of the various tasks and tradesmen. Much thought has ·gone into the planning of 
these activities, how to sequence them around each other, and integrate them with the Main Ring 
and Tevatron shutdowns. The vast majority of the equipment and systems that will be installed as 
part of this WBS will have been designed and fabricated under different WBSs and are 
consequently described elsewhere in this report. Supports and positioning hardware for dipole, 
quadrupole, correction magnets, specialty devices, and utilities will be described in this section. 

In the overall scheme, certain tasks need to follow a sensible sequence. Before receiving 
full or partial beneficial occupancy of the enclosures, lighting will have to be installed. · 
Alignment crews will establish reference points in finished portions of the enclosures which will 
guide the installation of all components that do not require very precise location. The physical 
support for devices other than those that lie in the beam path will come from Unistrut rails that 
have been strategically imbedded in the ceiling and outer wall of the enclosure. At this point, 
installation of LCW piping, magnet busses, and cable trays will begin. The LCW piping will start 
first, followed by cable tray installation, then bypass buss installation, magnet stands, and finally 
magnets. Approximately a month will elapse between the start of each activity allowing adequate 
tunnel space for each installation group. After appoximately 50% of the dipoles have been 
installed, cable installation will commence in the half tunnel vacated by all other personnel. 

Over the years, several schemes have been used for adjusting and supporting magnets in 
the existing Main and Tevatron rings, the Pbar rings, and various beam lines. The Main Injector 
magnets will be supported by adjusters and supports that have performed best in the past. These 
designs use thrust bearings so that heavy magnets (dipoles weigh over 40,000 lbs) can be adjusted 
up and down requiring a reasonable amount of torque; thin inserts that have a low coefficient of 
friction are placed between sliding steel surfaces, atid bronze bearing material is used in 
conjunction with steel actuators to reduce friction where large forces need to be applied. 

With magnets that have sufficient rigidity, a three point support scheme is used; a four 
point scheme is used wherever conditions make it necessary. Dipoles and quadrupoles have three 
axis adjustment: ±0.75" in the transverse and longitudinal directions and ±2.00" in the vertical 
direction. The large vertical travel is readily built into the stands and requires less installation 
time compared to other techniques, such as using shims or selectively inserting segments that 
have variable height. The need for the large vertical travel comes about because of the 
combination of three circumstances: the anticipated deviation of the tunnel floor from its nominal 
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elevation resulting from normal construction tolerances, the eccentricity of the MI ring, and the 
3.5 J.Lr tilt of the plane of the MIring discussed in Chapter 2.1. Figure 3.10-l(a) shows the twelve 
anticipated combinations of the 84" (IQB) quadrupoles, together with the correction elements, 
and vacuum valves. Similarly, Figure 3.10-l(b) shows the 100" (IQC) quad configurations, and 
Figure 3.10-l(c) shows the 116" (IQD) quad configurations. 

Installation of the dipole magnet stands was done after the LCW piping had been installed, 
progressing around the ring one task behind the other. The cable tray installation was initiated 
shortly thereafter. Once the entire ring enclosure is available, the alignment crews will return for 
a second survey. The crews will establish specific reference· marks on the enclosure floor for the 
magnet stand locations. Using these marks, an installation crew, with the aid of custom 
templates, will locate and install mounting hardware in the floor to which the appropriate magnet 
stands will be bolted. When the installation of magnet stands of a common type is completed, the 
stands will be coarsely adjusted using a light weight, custom fixture that represents the actual 
magnet. It is expected that this additional step will position the magnets to within 1/4 inch of 
their specified locations. Figure 3.10-2 shows in some detail the dipole support design. 

The intent of these procedures is to substitute, wherever possible, low cost labor for highly 
skilled labor. Magnet stands will be installed by relatively inexpensive labor. By pre-adjusting 
the stands, again using unskilled labor, the amount of time needed by rigging crews to set the 
magnets will be minimized. An additional benefit should be the reduced time that an alignment 
crew will need to make final adjustments. 

Transporting and positioning the magnets to their locations in the enclosure will again be 
patterned after procedures that have evolved at the Laboratory over several years. Several 
compact magnet moving carts will transport magnets from their staging area in the enclosure to 
their designated locations as shown in Figure 3.10-3. At that point, a compact, hydraulically 
operated device will shift the magnet from the transporter to its permanent support, as shown in 
Figure 3.10-4. These devices were custom designed andfabricated for the specific magnets used 
in the Main Injector. This particular technique was successfully employed during the Pbar ring 
magnet installation. 

Since the dipoles for the Main Injector ring will be newly constructed, they will be 
installed during the early phases of the installation cycle. As of the date of this revision, 240 
dipoles have been installed. The remainder will be installed as they become available in groups 
of approximately thirty. This will require an installation period of about one week every three 
months. The majority of the quadrupoles will be recycled from the existing Main Ring. During 
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the shut down period marking the end of Main Ring operation, they will be removed from the 
Main Ring and will undergo modifications at the magnet factory. A major operation will be the 
insertion of a new beam tube into the existing quadrupole tube. Another key modification will be 
the addition of internal beam position monitors. Once refurbished, they will be transported to the 
Main Injector enclosure and installed using techniques similar to those used for the dipole magnet 
installation. Their support stands will be new and will have been installed as described above. 

The rolled magnets in the abort line and specialty devices, such as Lambertson magnets, 
kicker magnets, etc., follow mounting schemes that are patterned after those described earlier. 
Their installation, however, will be done by rigging crews using the existing Main Ring magnet 
mover and installer. 

Many details, especially at the magnet interfaces, are complex and congested. Several full 
scale mockups will be used during the final design stages to verify the feasibility of the designs. 
One mockup, which includes a segment of the tunnel enclosure as well as replicas of magnets and 
other major component, was fabricated in 1993. It has been enormously useful in refining 
designs and arrangement of the various utilities, and has been reconfigured as the designs evolve. 
Subsequently a 3 dipole 2 quadrupole magnet string and associated LCW system has been 
installed in the actual tunnel just upstream of the RF straight section. 

Magnets that have been mounted, can be surveyed and aligned. When groups of dipoles 
and quadrupoles have been aligned, cooling water and bus connections (Chapter 3.9) will be 
made and vacuum components (Chapter 3.2) will be installed. 

Small correction magnets, (Chapter 3.1), some of which will be recycled from the Main 
Ring, will be mounted on either side of the quardrupoles. The beam pipe that runs through each 
quadrupole is, in most cases, one continuous piece which connects directly to the dipoles on 
either end. Therefore, the correction magnets need to split into halves in order to install them. 
With the exception of the sextupole magnet, these small magnets halves can be lifted by hand and 
put into their proper positions. Because of their heavier weight, a fixture will be necessary to 
support the sextupole halves while they are being positioned around the beam pipe. Again, the 
techniques used for these installations will make use of templates and mechanical aids that will 
permit the use of low cost labor. 

As far as instrumentation is concerned, the most prevalent devices will be the beam 
position monitors and the beam loss monitors. Many of the beam position monitors will be 
incorporated into the spaces that remain when the new beam tubes are inserted into the old beam 
tubes of the quadrupoles as shown in Figure 3.2-4. The beam position monitors will be installed 
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as part of the Main Ring quadrupole rework program. The beam loss monitors are the same type 
as the Tevatron system and will be installed at each quadrupole. 

Laying out the cabling for a complex machine with a large number of diverse devices 
needs careful planning to prevent clutter and disorder. Wiring for the smaller devices will be 
brought through a conduit that runs from the cable tray to the individual devices. The conduit is 
mounted transversely along the ceiling and runs vertically down on the wall nearest the beam line. 
(See Figure 3.9-1) A generous bend radius will make wire pulling easier. With the use of a 
conduit at each quadrupole, wiring will be neatly collected at the cable tray and at the other end 
the wires will be fanned out to their respective components. 

Power lines for devices requiring 120 VAC and 208 VAC will be provided via outlets on 
the wall closest to the beam line. Four 20 A, 120 V AC outlets will be located at each quadrupole, 
along with two 20 A, 3-phase 208 V AC outlets. However, the 208 V AC outlets at two adjacent 
quadrupole locations can be powered from the same circuit breaker. This provides adequate 
coverage for the pump-out ports and where leak checking equipment and turbopumps will be 
connected. 

The various magnets (dipoles, quadrupoles, trim magnets, C-magnets, Lambertsons, etc.), 
the vacuum components, the cable trays, the LCW piping, the power bus, and the instrumentation 
represent most of the major physical components that will be installed in the enclosures. There 
are additional groups of devices and systems that will complete the installation of the key 
elements of the Main Injector. These are the power supplies (Chapter 3.3), the RF systems 
(Chapter 3.4), the control system (Chapter 3.7), the safety system (Chapter 3.8), and the abort 
system (Chapter 3.9). Their installation will be staggered with respect to the other installations. 
With careful coordination, different activities can take place simultaneously in different sections 
of the Main Injector complex. 

The revised 8 Ge V beam line consists primarily of permanent magnets with a mix of 45 
pure dipoles, 65 combined function (gradient magnets), and 9 quadrupoles. To supply 
supplemental steering and adequate focusing functions, Main Ring style trim magnets and p-bar 
style quadrupoles are installed at both the Booster end and the Main Injector intersection. 
Additionally there are 4 powered dipoles (EPBs) to provide sufficient bending both vertically and 
horizontally at the upstream end of the beam line. 8 Ge V conventional wall power is formatted 
almost identically to the power provided for the Main Injector Ring as described earlier. 

The magnet stands for the permanent magnets are a simple 3 point support design and 
have been installed. This design will be used as a test bed for the upcoming Recycler installation. 
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Powered quads and dipoles are supported by a wide range of p-bar style stands and hangers which 
are complicated by the sloped ceiling at the upstream end of the beam line. The 9 permanent 
quadrupoles are supported in a fashion similar to the other permanent magnets. Trim magnets are 
supported independently from the adjacent quad allowing independent alignment and simple 
replacement in the event of failure. Special consideration was given to the stand or hanger design 
at the upstream end of the beam line in order to provide access to replace a powered magnet if 
necessary. As of this writing, 43 dipoles, 37 gradient magnets, and 3 powered quads have been 
installed. The permanent magnets were installed using special, but simple, dollies for transport 
and a pallet mover. The 3 powered quads were rigged into position by jacks and cribbing. 
Ceiling hung quads will be maneuvered into position by a fork truck capable of reaching the high, 
sloped ceiling. The EPBs are to be transported through Booster on high capacity die tables and 
lifted up to their hangers. 
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CHAPTER4. CIVIL CONSTRUCTION 

1. OVERVIEW 
The civil construction for the Fermilab Main Injector (FMI) includes all below-grade 

beamline enclosures with connections to the existing Booster and Tevatron enclosures; passive 
earth, concrete and steel shielding; equipment, utility and personnel access structures; above 
ground service buildings; a major electrical power substation and 345 kV power transmission line 
and site work such as wetland mitigation, compensatory floodplain storage, storm drainage, roads, 
parking, survey monuments, cooling ponds and cooling water system, utilities and services to 
accommodate the equipment for, and operation of, the FMI. 

The below-grade enclosures include the FMI ring enclosure and the various beam transport 
enclosures which provide for the following beam transport lines: 

1. 8 GeV protons from the Booster to the FMI, 

2. 150 GeV protons from the FMI to the Tevatron, 

3. 150 GeV antiprotons from the FMI to the Tevatron, 

4. 120 GeV protons from the FMI to the Antiproton Source, 

5. 8 GeV antiprotons from the Antiproton Source to the FMI, and 

6. 120 GeV protons from the FMI, via the Main Ring remnant in the F-sector, to the beam 
extraction lines for the fixed target areas. 

The conventional construction has been planned to permit completion of the entire MI 
(Main Injector) enclosure, the majority of the 8 Ge V enclosure, all the new service buildings and 
access structures and a functional utility system concurrent with the full and uninterrupted 
operation of the existing Fermilab accelerator complex and the experimental areas. Early 
construction has been sequenced to permit early occupancy of the MI-60 Enclosure and the MI-60 
Service Building to accommodate R&D and testing work for power supplies and controls as well 
as to provide equipment access to the MI enclosure for magnet delivery and storage. The last 
phase of the conventional construction, consisting of the 150 GeV enclosure and the FO 
(pronounced F-Zero) enclosure connecting the MI to the Tevatron, the 8 GeV enclosure link at the 
Antiproton crossing, and the modifications to the FO Service Building, will be accomplished 
during a minimum seven month shutdown of the accelerator complex. The relocation of existing 
Main Ring technical and control components, heat exchangers, harmonic filters and other 
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equipment will also be accomplished during this shutdown. Hence, the civil work will be 
completed in a sequence which corresponds to the needs of the technical development, assembly, 
installation and testing of the MI with minimal interruptions to the Fermilab operations. 

The FMI conventional design is very similar to previously utilized and proven structural 
systems and construction methods developed for other Fermilab projects. The industrial, 
utilitarian architectural style of the above-ground buildings reflects, and is harmonious with, 
existing nearby buildings. Existing wetlands, topography, vegetation, natural habitat, road system 
and site boundaries have been carefully observed in the planning of the new construction. All 
these aspects have been thoroughly addressed in the Environmental Assessment (EA) for the FMI 
which resulted in the issuance of a Finding of No Significant Impact (FONSI) by DOE on July 6, 
1992. 

Safety provisions for radiation, fire protection, and conventional life safety are included in 
this Design Handbook and further detailed in the Preliminary Safety Analysis Report (PSAR) for 
the FMI. 

In the following text, references to drawing numbers should be interpreted as referring to 
the Title 1 drawings which are included in the appendix. In addition to the Title 1 drawings, the 
appendix also contains a selection of drawings from the bid sets for the various construction 
packages, which contain much additional information. 

2. SITE CHARACTERISTICS 
The FMI ring enclosure encompasses 440 acres of the southwest comer of the Fermilab 

site and is located approximately 245 feet from the site boundary. This southwest boundary 
parallels an abandoned railroad embankment which has been converted to the lllinois Prairie Path. 
The majority of this area is open cropland, one-third of which has been in recent cultivation with 
the remainder lying fallow for more than ten years. Indian Creek and small tributary ditches 
meander through the site from the north to the southwest following the general topography which 
slopes from elevation 747' to 731' within the ring limits. Indian Creek, with its headwaters located 
on site, drains approximately 1,480 Fermilab acres before leaving the site via a double box culvert 
under the Prairie Path on a seven mile journey south and west to the Fox River. 

The FMI site crosses through the limits of the 100 year floodplain of Indian Creek at two 
locations (see Drawing C1) where shielding berms, road embankments and cooling ponds will 
displace 29 acre-feet of storage. The required compensatory storage can be readily accommodated 
in the FMI infield and has been combined with the wetland mitigation area to provide a total of 
40.9 acre-feet as shown on Drawings C2 and C7. The FMI storm drainage system will be 

Chapter4 2 Technical Design Handbook 
August. 1994 



designed not to exceed a discharge at the site boundary of 618 c.f.s. or a maximum flood elevation 
of 734' which represent the historic 100 year flood conditions. Discharge from the site will be 
controlled by impounding storm water within the FMI infield and designing the culverts through 
·the berm at the southwest quadrant to limit flows for all storms with less than a ten year 
frequency. A 100 year storm will result in a maximum impoundment of 340 acre-feet and a water 
level in the infield which will peak at approximately elevation 735.5'. The FMI berm has been 
designed as a Class ill dam in accordance with the Illinois Department of Transportation (IDOT) 
standards, and relocated Kautz Road as well as the emergency exit stairways on the infield side of 
the berm will all be located well above the maximum impoundment elevation. All service 
buildings, except MI-60, are located along the outer perimeter of the berm while service building 
MI-60 is separated from the infield by relocated Kautz Road. All building floors and almost all 
road elevations are above 100 year flood levels. The section of Indian Creek Road located 
between box culverts 3 and 5 has been designed as a broad-crested weir to allow 100 year storm 
runoff from the northwest to overtop the road for a few hours during the hydrographic peak. This 
feature prevents the flooding of upstream areas near the Antiproton Source. Any storm flow 
greater than the 100 year flood will be diverted into the perimeter cooling ponds via rip-rap lined 
spillways and carried outside the FMI ring to the Prairie Path culvert. 

A wetland survey by Envirodyne Engineers, Inc. in the spring of 1990 identified nine 
different classifications of wetlands covering a total of 100.4 acres within the environs of the FMI 
ring which are subject to regulation by Section 404 of the Clean Water Act. By careful design 
modification, the FMI will only require permanent filling of 5. 7 acres of these wetlands. These 
modifications included altered cooling pond configuration, road alignment changes, relocation of 
service building MI-40, and minimal construction limits through the major wetland area as 
demonstrated by cross sections shown on Drawing C-6. A wetland mitigation area of 10.3 acres 
has been constructed in the infield area east of and adjacent to Indian Creek exceeding the 
required 1.5 to 1.0 ratio for the mitigation area. Hydric soils from the existing wetland have been 
transferred to the mitigation area which is divided into a central sedge meadow with a perimeter 
forested zone. All work, including erosion control and the five year monitoring plan, is in 
accordance with a U.S. Army Corps of Engineers (COE) 404 permit. In addition, Fermilab has 
relocated a number of trees and shrubs from the existing wetland to augment the new plantings in 
the mitigation area. 

During the site work construction of the perimeter of Indian Creek Road and underground 
utilities in the fall of 1993, an existing, active 12-inch diameter clay tile drain was discovered on 
the west side of the FMI ring near road station 50+25. It was learned that this tile was the main 
drain for a farm tile network located on the Roth farm extending 4800 feet west of the Fermilab 
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site boundary. The tile field, constructed by Roth's grandfather in the early 1900s, drains farm 
land still under active cultivation. Since the 12-inch tile extended to Indian Creek, future 
construction of the cooling pond and the FMI ring enclosure would interfere with the tile drain. It 
was decided to intercept this tile at the Fermilab property line with a 12-inch PVC pipe and 
extend the new piping approximately 975 LF. along the west shoulder of Indian Creek Road to an 
outfall at Indian Creek before it passes under the Prairie Path. Mr. Roth accepted the diversion 
and immediately noted an improved drainage of those fields abutting the Fermilab boundary. 

A three acre great blue heron rookery was located in a stand of dead maple trees within the 
southern quadrant of the FMI infield. However, in the spring of 1991, the herons abandoned this 
nesting site in favor of an area located in the center of the Main Ring infield almost one mile to 
the northeast. Should the herons return, construction activities within a 200 meter radius would be 
limited during the nesting season. However, it has been demonstrated that construction can be 
scheduled around the nesting season without delaying the project completion. Fermilab has 
employed an ornithologist to observe the movements of the herons and to make recommendations 
to ensure the birds are protected under the Federal Migratory Bird Treaty Act. Very limited access 
to the FMI infield after completion of construction will actually provide a higher degree of 
protection to the rookery site than presently exists. 

Three archaeological sites have been identified within the region of the FMI (see Drawing 
C-2), but all have been classified as not eligible for the National Register of Historic Places. The 
Lorenz site, located adjacent to the wetland mitigation area in the infield, as well as the Pioneer 
and Tadpole sites, have been fenced and will be left undisturbed but accessible. More definitive 
and extensive information regarding these and other environmental aspects of the FMI site have 
been addressed in the EA document. The EA was the basis for a FONSI by U.S. Department of 
Energy (DOE) as published in the Federal Re&ister on July 6, 1992. 

The sub-surface characteristics of the FMI site have been thoroughly investigated and 
conditions are generally consistent with the remainder of the Fermilab site. Seven existing soil 
borings have been augmented with an additional 32 new borings (see Drawing C-1) around the 
Ml perimeter plus an additional 8 borings at the Kautz Road Substation and along the 345 kV 
transmission line. Typically, the site is overlain with several feet of topsoil, then either a layer of 
weathered till or an alluvial deposit followed by the unweathered glacial till. This brown-gray 
clay with traces of sand and gravel has proven to be an excellent foundation strata. The 
unweathered till is found at depths between 4' and 22' on the FMI site and, hence, the entire ring 
enclosure will be founded on this strata. The glacial till has unconfined compressive strengths 
ranging from 2.5 to 5.0 tons per square foot which will be adequate for superimposed enclosure 
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and shielding berm loads. Moisture contents range up to 30% near the surface to 18% in the till. 
Predicted long-term settlements for the enclosure base slab are in the range of 0.1 inches to 0.2 
inches with the majority occurring soon after construction. Permeability ranges from 10-4 to 1 o-6 

.em/sec above the till and lQ-7 to 10-8 em/sec in the glacial till. Construction dewatering will be 
required to protect initial cut slopes with ditches, benches and pumped sumps at the excavation 
base. However, construction experience at the nearby Antiproton Source indicated much of the 
groundwater was perched and presented no significant problems after initial pumping because of 
the slow recharge rate. All completed underground enclosures will be protected by perimeter 
underdrains and membrane waterproofing. 

3. SITE PREPARATION AND UTILITIES 
Site drainage will be controlled by ditches and culverts while preserving the existing 

watershed characteristics both during construction and subsequent operation. The cooling pond 
system will generally follow the ground elevations with pumping stations utilized to circulate the 
water. Culverts passing through the shielding berm over the FMI enclosure will be designed to 
attenuate radiation by limiting culvert diameter, spacing multiple culverts approximately two 
diameters on center and adding steel shielding above the enclosure roof to provide the equivalent 
passive protection afforded by the typical berm. 

An early subcontract, MI site work, included installation of a 30' wide crushed stone road 
base along the Indian Creek Road alignment to serve as a construction access road. Since the 
principle power and communication duct bank is sited below the road, its construction along with 
the manholes was included in this scope and preceded the installation of the base course. The 
manhole frames and covers as well as one or more rings of the manhole access have been 
temporarily omitted to avoid severe loading caused by earthmoving equipment. The openings are 
temporarily covered with steel plate and buried under the road base. This stone base will be 
maintained throughout the construction period for access requirements including hauling and 
earthwork activities, delivery of construction material and early installation of technical 
components. At the completion of major construction work, the manhole access, frames and 
covers will be installed. The base will then be cleaned, new stone added where required, 
recompacted and paved with two 1 1/2-inch courses of bituminous aggregate. The final paved 
width will be 22' with 4 foot aggregate shoulders. The road profile will be designed with a 
maximum grade of 3%. 

The same subcontract has provided a temporary overhead power line at 13.8 kV. The 
power source will be an existing 34.5 kV Commonwealth Edison pole line along Giese Road 
located approximately 1,000 feet northwest of the FMI ring. A transformer with a capacity of 7.5 
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MV A has been located at Giese Road, temporary poles installed along Indian Creek and Kautz 
Roads (except through the wetland borrow area) and drops terminating with fused disconnects 
provided at future service building sites for the subcontractor's use. (See Drawing E-3.) There will 
be sufficient temporary power available to operate pumping stations, subcontractor's equipment, 
and the initial power requirements for the early occupancy of the MI-60 service building. 

Underground utility systems include ICW, domestic water (DWS), sanitary sewer, chilled 
water supply (CHWS) and chilled water return (CHWR), all extensions of existing site-wide 
systems (see Drawing C-5). An ICW loop consisting of 12-inch ductile iron pipe has been 
installed along the majority of Indian Creek Road and relocated Kautz Road as part of the initial 
site work package. The remaining ICW work is included with the MI Enclosure subcontract. 
When completed, the ICW loop will be connected to the existing site system at three locations to 
provide the water source for the fire protection system at all service buildings including interior 
wet sprinklers and pairs of exterior hydrants. Post indicator valves located at each service building 
between the two hydrants provide isolation of segments between service buildings while still 
maintaining fire protection. 

Domestic water and sanitary sewer services are required for toilet facilities located at the 
MI-8 (formerly designated the North Hatch) and MI-60 Service Buildings. The DWS has been 
extended from the Antiproton Target Hall (AP-0) to the MI-60 Service Building under the initial 
site work subcontract. This package also included construction of the sanitary sewer from the MI-
60 Service Building to an existing force main in the Antiproton area near Well Pond Road. The 
sewer extension is a combination gravity line and force main and includes two lift stations. Later 
subcontracts will extend the DWS to Service Building MI-8 and provide a sanitary sewer 
connection to the nearest lift station. 

Chilled water service is limited to RF systems and environmental cooling requirements at 
the MI-60 Service Building. The service building construction subcontract included one 150 ton 
air-cooled chiller with provisions for a future second unit of the same capacity. However, in 
anticipation of planned improvements at the Central Utility Building (CUB), underground chilled 
water supply and return piping will be installed as part of several subcontracts to eventually 
connect the MI-60 Service Building with the CUB. When the chiller upgrades are completed at 
the CUB, the Ml-60 Service Building requirements can be supplied by the more reliable central 
system and the air-cooled chiller will become a standby source. Chilled water service to the 
existing FO Service Building, presently supplied by 6 inch underground supply and return piping 
from the CUB routed along the Main Ring Road, will also be switched over to the new piping 
allowing the abandonment of the old and unreliable existing piping. 
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4. RING ENCLOSURE 
The MIring enclosure (WBS 1.2.2.1 and 1.2.2.2) is an oval-shaped, below-grade structure 

approximately 10,890' in length, with a rectangular cross-section typically 10'-0" wide by 8'-0" 
high. At utility alcoves opposite the seven typical service buildings the enclosure height is 
increased to 9!-0" and widths are increased to accommodate utility penetrations, sump pumps, 
dehumidifiers, electrical panels, dry-type transformers, LCW expansion loops and services 
crossing the enclosure width along the ceiling. Four additional utility alcoves will be provided 
midway between service buildings MI-10 through MI-50 as illustrated on Drawing AS-3. Alcove 
lengths are nominally 16' but the total length of this CIP concrete varies to match the placing 
pattern of the adjacent precast concrete elements typical for the majority of the ring enclosure. 
The enclosure plan and sections are shown on Drawings AS-2 through AS-8. The floor of the ring 
enclosure is at a constant (locally defined) elevation of 713'-6" or between 18' and 33' below 
existing grade. The MI technical components for the circulating beam are in a true plane 
nominally centered at elevation 715'-9" (or more precisely at 715.724'), approximately 2'-3" 
above the enclosure floor and nominally positioned 2'-3" from the inside face of the outer 
enclosure wall. The stationing of the MI Enclosure is based on the machine lattice defined by Cell 
Boundaries (CB). In general the geometries shown on Drawing AS-1 are derived from the three 
typical cells of the machine-dispersion, normal and straight (normal cells without dipoles). 

The base for the FMI ring enclosure will be a CIP concrete slab over a 3" thick lean 
concrete "mud slab" located on undisturbed glacial till. The mud slab is placed immediately after 
the excavation is completed to minimize disturbance of the bearing strata and to provide an all-
weather work surface for placing the base slab. The majority (approximately 8,387 Lf.) of the 
walls and roof of the ring enclosure with a typical cross-section 10'-0" wide by 8'-0" high will 
consist of precast reinforced concrete inverted U-shaped elements averaging approximately 7' in 
length. These precast elements will be cast off site under a separate subcontract and delivered to 
the site for installation by the erecting subcontractor. The elements, weighing up to 18.3 tons, are 
lowered onto the base slab and held in place by welded anchors in four locations. The joints 
between units are made watertight with sealant applied over a backer rod. This underground 
enclosure construction system is a proven procedure at Fermilab with nearly 26,000 feet of this 
general type of precast element placed during the last 20 years. Drawing AS-8 illustrates the 
typical precast element details and placing plan while the typical precast section for the MI 
enclosure is shown on Drawing AS-7. Segments of the ring enclosure requiring varying widths or 
special configurations, such as the injection or extraction regions, the alcoves, the abort region, 
intersections of the ring enclosure with access labyrinth or exit stairs, regions requiring a ceiling 
height greater than 8' or the MI-60 region with a larger cross-section will be constructed of CIP 
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walls and roof as illustrated on Drawings AS-4, AS-18 and AS-19. the width at the 8 GeV 
injection area, shown on Drawing AS-14, varies from 17' to 26'. At the proton abort region, which 
may also be utilized as an extraction point for future experimental areas, the enclosure width 
varies from 16' to 25' while the base slab is stepped with the outer region (extracted beam area) at 
elevation 712'-0" as illustrated on Drawing AS-4. The MI-60 region, which houses the MI rf 
accelerating and coalescing cavities, will be approximately 460' long with a cross section 15'-0" 
wide by 9'-0" high. The 150 Ge V transition regions for the proton and antiproton injection, which 
intersect the MI ring enclosure approximately 680' to either side of CB-605 (MI-60), will 
generally be 10'-0" high enclosures with widths varying from the typical10' to a maximum of 27'. 
The 150 GeV proton extraction begins with a 10' wide by 9' high enclosure upstream of CB-521 
adjacent to the alcove for the MI-52 Service Building. Just upstream (proton direction) of CB-
523, the ceiling height becomes 10' and the enclosure width begins to increase to a maximum of 
approximately 22' downstream of CB-527. At this point the enclosure branches into two 
enclosures. The ring enclosure continues as a 10' wide by 10' high enclosure to a point midway 
between CB-528 and 529 where the ceiling drops down to the typical 8'-0". The 150 GeV 
transport enclosure continues toward FO with a cross-section 10' wide by 10' high. The stair near 
CB-529 provides separate exits from both the ring enclosure and the 150 GeV enclosure to a 
common labyrinth and stair to the exit at grade since the MI beam line components separate the 
two aisles. The extraction region includes a 3' deep by 60' long pocket or niche along the inner 
ring wall near CB-526 designed as a temporary storage location for translated beam line 
components to permit access from the MI aisle to the 150 GeV aisle for equipment installation. 

The 150 GeV antiproton extraction is generally symmetrical to the proton extraction. A 
10' wide by 9' high enclosure extends clockwise from a point adjacent to the alcove for the MI-62 
Service Building midway between CB-621 and 622. Just downstream (proton direction) of CB-
619, the ceiling height becomes 10' and the enclosure width begins to increase approximately 18' 
at a point roughly 15' downstream of CB-615, mirroring the proton transition and including the 
3' x 60' temporary storage niche along the inner ring wall. The next region, however, is 
significantly different from the proton counterpart because it must accommodate a future 
experimental proton beam extraction in the counterclockwise direction as well as the clockwise 
150 GeV antiproton transition. Hence, the plan of the next 95' of enclosure resembles a railroad 
cross-over with the CIP enclosure width varying from approximately 23' to 31' while the height 
remains at 10'. The future extracted proton beam enclosure ends opposite a point between CB-615 
and 616 as a 10' wide by 10' high stub with provisions for later extension. The 150 GeV 
antiproton enclosure proceeds clockwise as a separate 1 0' high enclosure of varying width until a 
point opposite CB-613 where the enclosure assumes the nominal 10' wide by 10' high geometry 
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of the 150 GeV transport. The exit stair separates and serves both the 150 GeV enclosure and the 
adjacent MI ring enclosure. The ring enclosure height drops to 9'-0" at this region but the 
width varies from approximately 12' at CB-613 to the standard 10' at the juncture with the MI-60 
·enclosure at CB-611 to accommodate the extraction of the experimental proton beam. 

The MI ring enclosure was divided into two principle regions-the MI-60 enclosure 
(WBS 1.2.2.1) and the remainder of the ring originally designated as the ring enclosure between 
MI-62 and MI-52 (WBS 1.2.2.2). The ultimate limits of the subcontract packages were revised to 
defme the "MI-60 Enclosure" as located roughly between CB-531 and CB-611 or approximately 
625 LF while the "Main Injector Enclosure" includes the remainder of the ring or 10,265 LF. The 
MI-60 Enclosure was planned as the first major construction effort for several reasons. Most 
importantly, the MI-60 enclosure plus the adjacent MI-60 service building will be the hub of FMI 
functions and activities during both installation and operation phases. All magnets and beamline 
equipment will be installed into the MI enclosure via an elevator or crane-covered vertical shaft 
extending from the high bay space of the MI-60 service building to the MI-60 enclosure. The MI-
60 enclosure houses atypical functional components such as the rf accelerating and coalescing 
cavities and, at regions to either side of MI-60, the extraction systems for the 150 GeV beamlines 
which will require more time to install and test. There are over 200 utility penetrations between 
the MI-60 enclosure and its service building including waveguides, power bus or cables, controls, 
diagnostics, and three LCW systems. The MI-60 service building, which immediately followed 
the MI-60 enclosure construction, houses assembly areas and will be utilized for initial 
installation and testing of power supplies, rf components and controls. The MI-60 enclosure and 
service building can be used to temporarily store delivered magnets and equipment prior to final 
testing and installation. Hence, the early occupancy of the MI-60 enclosure and service building 
are critical to the project schedule. 

There was also a basic construction scheduling logic for starting the enclosure work at MI-
60. The majority of the MI enclosure (exclusive of the MI-60 region) will be constructed using 
precast concrete inverted U-shaped elements for the walls and roof. Use of these elements makes 
the below grade work more independent of weather conditions, provides a drier enclosure with a 
better interior surface finish and minimizes the construction schedule by eliminating form work 
and concrete curing time. However, because 1,181 of these elements are required and because 
steel forms must be fabricated first, some lead time ws necessary before these elements were 
available for installation. Consequently, the CIP MI-60 enclosure with its larger atypical cross 
section was the logical initial on-site construction project while a separate concurrent procurement 
of the elements was initiated at an off-site concrete precasting plant. 
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One of the basic design parameters of the FMI was to place the new facility as close to the 
existing Main Ring enclosure as possible to minimize the length of the transfer beamlines 
between the FMI and the Tevatron, as well as maximizing the distance to the site boundary at the 
-opposite side of the new machine. Since the construction was planned to proceed while the 
·existing accelerator remained operational, the minimum distance between the old and new ring 
enclosures was determined by radiation shielding requirements. Hence, the MI-60 enclosure work 
area has been separated from the existing FO enclosure by a minimum of 21' of earth shielding. It 
is also an economical and functional expedient to locate grade-level service buildings as close to 
their associated underground enclosures as feasible without actually placing the service building 
directly above the enclosure. This latter procedure restricts the ability to increase the shielding 
between the two structures should regulations become more conservative and new penetrations, 
enclosure improvements, and construction on backfill with the probability of increased 
settlements all pose potential future problems. In order to place the MI-60 enclosure close to the 
Tevatron and, later, construct the MI-60 service building with minimal penetration and access 
lengths, two parallel lines of steel sheet piling with walers and crosslot bracing were utilized to 
form an earth retention system both southwest and northeast of the MI-60 enclosure. This 
procedure provided the required 21' of earth shielding to the existing FO region of the Tevatron, 
located the MI beamline only 38'-9" from the parallel Tevatron beamline and placed the near wall 
along column line A of the MI-60 service building slightly more than 28' horizontally from the 
MI beamline while still providing 26' of shielding. The retention wall configuration is shown in 
plan on Drawing AS-3 while Drawings AS-25 and AS-26 show several transverse cross sections. 
The final relationship of the MI-60 enclosure and service building in plan view as well as a 
tabulation of the utility penetrations is shown on Drawing AS-22. A detailed cross-section of the 
MI-60 enclosure is shown on Drawing AS-7. 

Earth berms over the FMI ring enclosure typically provide the required 24'-6" earth 
equivalent radiation shielding for unlimited occupancy resulting in a normal top of berm elevation 
of 747'-0". The extraction regions are shielded with 25'-0" of earth equivalent. Areas where future 
accessibility for increasing the shielding will be restricted, such as between the MI-60 and FO 
service buildings or directly behind typical service buildings at the service corridor, will be 
shielded with 26'-0" of earth. Shielding throughout the project will be augmented by the use of 
steel plate where physical limitations preclude "all earth" berms. A foot of steel nominally 
replaces 2.89 feet of earth. Steel will be added at culvert crossings over the enclosure (see Section 
through Indian Creek Outfall on Drawing C-6) or where the passageway between the MI-60 and 
FO service buildings and exit stairways pass over the MI enclosure (Section A on Drawing AS-
25). 
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The exterior walls and roof of the entire ring enclosure and all underground extensions 
such as stairways and labyrinths will be waterproofed and backfilled with free-draining 
compacted crushed stone fill for 1' above the enclosures and 2' from the walls. A continuous 
-underdrain system along each side of the base slab composed of a 6" perforated corrugated metal 
pipe surrounded by crushed stone filter media and a geotextile filter fabric will eliminate any 
hydrostatic head against the enclosure. The underdrains lead to a total of 13 sumps located at the 
service building and intermediate alcoves where 125 gpm duplex pumps will discharge the 
underdrain water to ditches or the cooling ponds. In selected areas where the soil borings indicate 
deep deposits of alluvial soils or unusually wet soils such as through the mitigated wetland area, 
the backfilled enclosure will be overlain with a layer of compacted impervious clay to minimize 
groundwater infiltration. 

Equipment access to the FMI ring enclosure is provided at the MI-60 region via the 
adjacent MI-60 service building. An 8' x 30' floor hatch and shaft connect the service building 
high bay area with a 10' wide by 8' high curved labyrinth illustrated on Drawing AS-3. The high 
bay is serviced by a 30 ton overhead bridge crane capable of handling all anticipated magnet 
configurations. A 6,000 pound capacity hydraulic elevator also provides equipment access via the 
same labyrinth. Hence, all major equipment for the FMI ring enclosure, including magnets, 
magnet stands, cable, beam pipe, vacuum pumps and LCW piping, will be delivered to the MI-60 
service building and installed via crane through the hatch or via elevator connected by labyrinth to 
the MI-60 region of the enclosure. When not in use, the magnet moving vehicle and the electric 
carts will be stored in the equipment labyrinth beyond a fire-rated door separating them from the 
open hatchway. Electric power will be supplied for battery charging and a small explosion-proof 
ventilation fan will exhaust the area. 

Personnel access from the seven typical service buildings plus the MI-60 service building 
is provided by CIP concrete stairs and labyrinths with interlocked doors at the head of the 
stairway. By including a direct outside egress at grade level at each of these eight stair/labyrinths, 
they also serve as emergency exits from the FMI ring enclosure. Exiting is also provided at an 
additional 18 intermediate stair/labyrinths insuring that the maximum distance to an exit is no 
more than 300' in accordance with the classification of the enclosure as a Special Industrial 
Occupancy under the NFPA 101 Life Safety Code. All stair labyrinths will include a rated door at 
the ring enclosure with a direct outside exit at grade level. The 24 designated exit stairs will 
discharge on the infield side of the berm and there will be no exterior door hardware so they will 
function solely as emergency exits. The location of access and egress stairs is indicated as part of 
the enclosure criteria shown on Drawing AS-2. 
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Survey access to the ring enclosure is provided by 10 survey riser pipes extending 
periodically from the top of the enclosure over the aisle way. These pipes will initially extend 4'-
6" above the top of the berm and provide a minimum 8" diameter vertical aperture for alignment. 
Prior to commencement of beam operation, the upper pipe segment will be removed to a point 

·3'-6" below grade, an 8' long solid steel shielding plug will be inserted, a pipe flange added and a 
concrete block placed above the pipe. The survey risers can be uncovered and reassembled as 
needed during future shutdown periods. 

Cable trays, power bus, LCW piping, lighting, convenience power and other services are 
ceiling- or wall-mounted facilitated by channel inserts embedded in the enclosure walls and 
ceilings at regular intervals. Numerous penetrations located at the alcoves or the atypical 
enclosure segments connect to the above-ground service buildings. Most penetrations are 
designed to eliminate any "line-of-sight" configurations between the technical components and 
the service buildings above to maximize radiation protection. Some penetrations, such as those 
for hard bus or water piping, must be straight-line; these will be situated so as not to point directly 
at the peamline, and the annular region around the bus or pipe will be filled with radiation-
absorbing material. 

Ventilation for the FMI enclosure is provided by above-ground pad-mounted air-handling 
units connected via buried 2' diameter steel ducts. Supply units with electric heating coils will be 
located at service buildings MI-l 0,20,30,40,50 and 60. Exhaust fans will be located between the 
supply units at service buildings MI-52 and 62, as well as the intermediate alcoves at CB-118, 
218, 327 and 418. Seven dehumidifier units will be ceiling mounted at service building alcoves 
around the FMI enclosure. Condensate drains will be directed to nearby sump pump basins. 

The MI abort is located near service building MI-40. The divergence of the abort line from 
the MI beamline requires a CIP enclosure extending 106' beyond the MI-40 alcove with a width 
varying from 18' to almost 23'. Since the abort line is extracted vertically downward, the 
enclosure floor is stepped 1'-6" down to accommodate the abort line components. A separate stair 
labyrinth (not included in the earlier exit summary) provides a grade level exit from the 
downstream end of the abort line enclosure. The beam dump is located in a separate enclosure 
centered approximately 112' from the downstream end of the abort enclosure connected by a 
buried 24" diameter steel beam pipe with centerline located at elevation 713'-9" provided with 
cathodic protection. The central feature of the dump is a graphite core surrounded by aluminum 
with cooling channels in a "box" measuring approximately 1 '-6" square by 9' long. The core box 
will be fabricated by Fermilab and furnished to the construction subcontractor for installation in 
the dump. The core box is surrounded by steel shielding with a 7' square cross-section and 20' 
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length. The steel is encased in concrete shielding with approximate overall dimensions of 14' wide 
by 14' high by 32' long. The upstream end of the shielding is composed of hand-stacked solid 
concrete bricks measuring 4" x 8" x 16" to afford access to the core box. The steel and concrete 
shielding, each totaling approximately 475,000 pounds will be procured by Fermilab and 
furnished to the construction subcontractor in designated sizes with a maximum unit weight of 
approximately 18 tons. 

The dump assembly is housed in a waterproofed CIP dump enclosure centered 23' outside 
the ring enclosure opposite CB-409. This enclosure has inside dimensions measuring 21' wide by 
52' long by 16'-9" with a floor elevation at 705'-0" or 8'-6" below the ring enclosure floor. The 
roof of the enclosure utilizes 12 precast concrete slabs as forms to support the weight and act 
compositely with CIP roof slab concrete. This design eliminates the need for forms and shoring 
which would be difficult to remove from the enclosure. The dump enclosure is connected to a CIP 
concrete alcove along the ring enclosure by a 4' wide by 7'-6" high labyrinth crossing under the 
ring to the aisle side with a stairway to a landing at elevation 713'-9" or 3" above the ring 
enclosure floor. The landing plus a curb around the stair opening provide a barrier to insure that 
any spillage in the ring enclosure cannot migrate to the dump enclosure. The floor of the ring 
enclosure above the connecting labyrinth consists of a removable slab measuring 7'-6" by 5'-0" to 
afford equipment access to the dump. The joints around this removable slab are sealed to prevent 
water infiltration. The labyrinth includes a niche with a small sump and 10 gpm pump. The pump 
is separated from the labyrinth floor by a raised curb so that any water on the floor of the dump 
enclosure will not drain into the sump. A separate 6" diameter metal underdrain system around 
the dump enclosure with an invert elevation of 704'-0" drains into this sump and the pump 
discharges into the adjacent ring enclosure underdrain. A monitoring connection will be provided. 
The dump enclosure is connected to the ring enclosure by eight 5" diameter conduits for piping or 
power and signal wiring, and a 2" stainless steel hydrogen vent pipe leads from the dump 
enclosure to an above-grade discharge. The dump enclosure contains adequate space for a small 
heat exchanger and circulating pump to be installed by Fermilab to isolate the dump LCW cooling 
circuit from the drain injector LCW system. 

The dump box and surrounding shielding is supported in the dump enclosure by a CIP 
concrete base pad 3'-6" in total thickness which, in turn, is supported 1'-9" above the enclosure 
floor by transverse concrete beams at 5'-2" spacing. This arrangement provides access below the 
dump box to permit radiation monitoring on all sides. The lower elevation of the dump enclosure 
insures no spillage will reach the ring enclosure. Perimeter gutters will be provided to collect any 
water leaks. 
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The abort beamline will be designed to accommodate an extracted proton beam for future 
experiments including short or long baseline neutrino oscillation studies. Space will be provided 
downstream of the abort dump for the required additional magnets and equipment. The buried 
?earn pipe upstream of the abort dump will be large enough to accommodate two separate beam 
alignments and a bypass will be provided through the dump itself. 

5. BEAM TRANSPORT ENCLOSURES 
Although there are six functionally different beam transport lines (listed earlier in the 

Overview), only three distinct new beam enclosures are required due to the use of shared beam 
elements and common enclosures. The civil work therefore includes the 8 GeV beam enclosure 
and the two 150 GeV transport enclosures. Drawing AS-1 illustrates the various beamlines, their 
direction and a general geometric layout. 

The 8 GeV beam enclosure, connecting the existing Booster enclosure with the FMI ring 
enclosure, requires the construction of a 2, 132' long below-grade structure with a majority of its 
length composed of a 10'-0" wide by 8'-0" high cross-section identical to the MI ring enclosure 
(see Drawing AS-14). The 8 GeV enclosure has been conceived as four separate segments 
because some construction will be restricted by on-going accelerator operations. The segment 
which connects to the Booster enclosure (WBS 1.2.3.2) and the segment which passes below the 
antiproton transport enclosure housing beamlines AP2 and AP3 (WBS 1.2.3.3) must be 
constructed during accelerator shutdown periods. The other two segments, totaling approximately 
1,865 l.f., (WBS 1.2.2.7), will be constructed while the present accelerator is operational. 

The completion of the Title II design has demonstrated that the antiproton crossing is far 
less complicated than the Booster connection. It has also been demonstrated that the "seven 
month" shutdown will involve several major simultaneous efforts including the FO enclosure and 
the removal and reinstallation of Main Ring components and equipment. It would be a distinct 
advantage if some shutdown work that can be moved forward in the schedule to be accomplished 
during an earlier routine maintenance shutdown. Therefore the 8 GeV construction will be divided 
into two subcontracts. The first will consist of three phases, including the antiproton crossing, and 
the two adjacent segments which can be constructed during accelerator operations. This package 
will extend the 8 GeV enclosure from CB-848, its connection with the injector ring enclosure, 
to CB-810 just southeast of Well Pond Road. This 1,870 LF. segment includes the equipment 
access labyrinth, elevator shaft and concrete foundations for the MI-8 Service Building, a 
temporary vertical drop hatch at CB-817 and three exit stairs to grade. The antiproton crossing, 
scoped as one phase of this package, will be awarded in a manner to permit all critical material to 
be ordered and available. Once the maintenance shutdown period has been firmly established, 
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notice to proceed will be issued and the work prosecuted under an accelerated schedule. The 
temporary drop hatch provides for equipment access to the 8 GeV enclosure north of the 
antiproton crossing, while the MI-8 Service Building provides the same function for the south 
·phase. If the maintenance shutdown occurs early in the product schedule, the three phases will be 
continuous and the temporary drop hatch can be deleted from the subcontract. 

At the completion of the construction of the 8 GeV enclosure segment near Well Pond 
Road, a separate project for the relocation of the South Booster Road will be initiated. This GPP 
project, designed by Fermilab, will eliminate the present South Booster Road location while still 
preserving access to the Tevatron Ring Road and to the Booster and CUB area. The relocation of 
the South Booster Road will simplify the 8 GeV enclosure connection to the Booster, which is the 
second construction subcontract and will be scheduled to be completed during the "seven month" 
shutdown. This work includes the physical connection of the 8 Ge V enclosure with the existing 
Booster enclosure, the demolition of 111' of an existing enclosure for the AP-4 beamline (which 
will be abandoned), the shoring of a portion of the Southwest Booster Tower to provide access for 
the new construction, the removal and reinstallation of shielding steel, and the re-routing, 
temporary support and protection of several underground utilities. The enclosure, measuring 
approximately 262' in length, will primarily be constructed of CIP concrete of various cross-
sections, 10 precast concrete elements and a single exit stair labyrinth. 

The 8 GeV beamline slopes downward from elevation 726.552' at the Booster to elevation 
715.724' at the FMI so the 8 GeV enclosure will be constructed in stepped segments with level 
base slabs. The new enclosure abutting the Booster enclosure will be 11' wide by 8' high with a 
floor slab at elevation 720'-6" or 2'-0" below the Booster enclosure floor slab. Approximately 75' 
downstream, the 8 Ge V enclosure meets the alcove at CB-804 and the base slab drops 7'-0" to 
elevation 713'-6" to match the Main Injector ring enclosure more than 2,050' to the south. The 
underside of the roof slab remains at elevation 728'-6" forming an enclosure 11' wide by 15' high 
which extends 30'-6" downstream. At this point the enclosure width reduces to the typical 10' and 
the underside of the roof slab steps down to elevation 725'-11" or a clear height of 12'-5". Over 
the succeeding 80' length of enclosure the roof slopes downward 4'-5" to match the descending 
beamline so that approximately 7'-7" downstream of CB-808 the 8 GeV enclosure assumes its 
typical cross-section of 1 0' wide by 8' high-identical to the ring enclosure. Returning to the 
alcove at CB-804, a stair will be provided for access between the 713'-6" and 720'-6" elevations 
which will alsoconnect to an exit stair labyrinth leading to an exterior exit. A 60' long trolley 
beam mounted to the ceiling will support two monorail trolleys with 10 ton hoists to move 
equipment between the 713'-6" and 720'-6" elevations. The alcove will house a duplex sump 
pump, power panels and the intake for the supply fan mounted above grade. 

Chapter4 15 Technical Design Handbook 
August, 1994 



As noted earlier, the 8 GeV enclosure Booster connection must be constructed during the 
"seven month" shutdown. This portion of the 8 GeV enclosure traverses an area with several 
active underground utilities including domestic water, sanitary force main, natural gas, two sets of 
.chilled water supply and return, industrial cold water, power and communication ducts, storm 
sewer, pump discharge and a cooling water return pipe to the Booster bond. The enclosure also 
passes below Well Pond Road, the parking lot for the Southwest Booster Lab office building and 
a portion of the building itself. Because the 8 Ge V enclosure at this location is at a relatively 
shallow depth (to accommodate the extracted beam at the Booster elevation), the shielding 
equivalent of 24'-6" of earth will require significant quantities of steel shielding to maintain roads 
at existing elevations and to minimize interference with existing facilities. In addition, sheet 
piling, steel H-piles with timber lagging, underpinning techniques and retaining walls will be 
required to protect existing utilities and structures. Approximately 111 LF. of the existing Booster 
extension enclosure will be demolished and reconstructed to support the heavier shielding load. 
Portions of the existing Booster enclosure will be reinforced with additional concrete or straddled 
with a separate support structure to carry the added shielding weight. A limited area of the 
Southwest Booster Lab office building will require modifications including underpinning, 
replacing windows with a concrete retaining wall and small quantities of interior shielding. 

With the exception of the antiproton AP2/ AP3 line crossing, the remaining portion of the 
8 Ge V enclosure will be constructed using identical methods described for the MI ring enclosure. 
A total of 211 precast concrete enclosure elements 10' wide by 8' high (including two new types) 
will be used for a total length of approximately 1,500 LF. Two intermediate alcoves at CB-823 
and 843 will be CIP concrete measuring 24' wide (offset to the west) by 16' long by 9' high to 
accommodate duplex sump pumps, LCW expansion loops, electrical power panels, dehumidifiers 
and intake grills for supply air. Segments with atypical geometry at the connection to the MI ring 
enclosure and the area downstream of the antiproton crossing will also be CIP concrete. Three 
exit stair labyrinths at CB-818, 828 and 842 will intersect the 8 GeV enclosure with CIP concrete 
sections. A temporary CIP concrete drop hatch located at CB-817 over the enclosure aisle 
provides a clear opening 7'-0" wide by 24'-2" long. The hatch extends 1'-0" above the berm to 
elevation 747'-0" and is designed to be filled with standard sized concrete shielding blocks with a 
lockable steel cover installed over the hatch. A crushed stone hardstand around the hatch and a 
short access drive connecting to Indian Creek Road will be provided. 

The principal equipment access as well as the power and cooling water source for the 
8 GeV enclosure will be provided by the MI-8 Service Building (formerly designated the North 
Hatch Building). Utility connections from this service building will be accommodated by a large 
CIP concrete alcove along the 8 GeV enclosure at CB-837 measuring 24'-3" wide by 28' long by 
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9' high. Utilities including two 8" diameter steel pipes (LCW carrier pipes) and twenty-four 6" 
diameter PVC penetrations will extend from the alcove toward the MI-8 service building 
terminating at elevation 743'-0". At CB-835 a 10' wide by 8' high CIP concrete curving equipment 
access enclosure will intersect the 8 Ge V enclosure and extend westward in a 180 degree arc to 
meet the equipment access hatch located within the footprint of the MI-8 service building. The 
construction subcontract for the 8 GeV enclosure will provide the 10' wide x 30' long vertical 
access shaft, the pit and shaft for a 6,000 pound capacity freight elevator, a stair labyrinth to 
grade, a sump enclosure, the lower level enclosure between the access labyrinth, elevator and the 
stair and four caissons necessary to support columns for the future service building. The stair, 
elevator shaft and equipment shaft openings will be covered at grade with temporary timber 
closures. 

The two places of the 8 GeV enclosure constructed while the existing accelerator is 
operational may be required to be terminated with a sheetpiling earth retention system at the 
interface with the third phase for the 8 GeV crossing of the antiproton depending upon the 
schedule of the maintenance shutdown. A sheetpiling retention wall will be required at the 
downstream end of the 8 Ge V enclosure to prevent unbalanced lateral earth pressure acting upon 
the adjacent MIring enclosure. Portions of the 8 GeV enclosure will require the removal of an 
abandoned 4' diameter concrete sewer pipe at invert elevation 727'-0". This work also includes a 
run-around and relocation of Kautz Road, temporary support and reconstruction of protective 
covers at the helium line crossing and the installation of segments of new utilities including pump 
discharge piping, culverts, chilled water supply and return and power and communications ducts. 
Three portakamps located east of Indian Creek Road will be relocated by Fermilab prior to the 
start of this project. 

The 8 Ge V enclosure crossing under the AP2 and AP3 beam line enclosure during a 
maintenance shutdown will require Fermilab removal of beamline equipment and utilities from an 
approximately 100' long segment of the existing enclosure. This material and equipment will be 
stored within the enclosure to either side of the area to be demolished with temporary timber 
partitions erected to isolate the construction zone. Eleven identical existing precast concrete 
inverted "U"-shaped elements will then be carefully removed from the base slab and stored 
nearby for later reinstallation. Approximately 88 LF of the AP enclosure base slab will be 
demolished to permit completion of the excavation to elevation 711 '-6" for the 8 Ge V enclosure 
segment. Both the base slab at elevation 713'-6" and the 8 GeV enclosure with typical dimensions 
of 10' wide by 8' high will be CIP concrete for the connecting length of approximately 160 LF. 
Typical precast concrete elements cannot be used for this segment because of the heavier loads 
imposed by the shielding. If the adjacent 8 GeV enclosure segment has been completed to a sheet 

Chapter4 17 Technical Design Handbook 
August, 1994 



pile retaining wall, the connection will involve cutting an opening through the steel piling to 
accomplish the connections. Waterproofing, underdrains and backfilling will be identical to the 
previously described procedures with special care for adequate compaction of fill below the AP 
enclosure. Steel shielding will be required between the 8 Ge V enclosure roof and the underside of 
the base slab of the rebuilt AP enclosure. A new CIP base slab will be constructed for the AP 
enclosure, the precast elements will be replaced, welded in place, caulked, waterproofed and 
repainted. A shielded sight riser which accesses both enclosures will be installed extending to a 
point 4'-6" above the final berm elevation of 747'-0". Backfill around the AP enclosure will 
include reconnection of the underdrains and another layer of steel shielding over the AP 
enclosure. Fermilab will reinstall the AP2 and AP3 beamline components and related equipment. 

The stair connected to the equipment access enclosure at the MI-8 Service Building, the 
three exit stairs along the 8 Ge V enclosure of Phase 1, the exit stair from the alcove at CB-805 at 
the Booster connection under Phase 2 and the stair constructed at the 8 GeV connection to the 
injector ring under the MI enclosure project insure no "dead-end" longer than 50' and no exit 
distance greater than 300'. As noted earlier, the primary equipment access for the entire 8 GeV 
enclosure will be via the equipment hatch at the MI-8 Service Building. If the maintenance 
shutdown schedule permits early construction of the 8 GeV enclosure crossing of the AP2 and 
AP3 enclosure, the major of the 8 Ge V enclosure will be connected and the temporary 
access hatch at CB-815 can be eliminated. 

The other two beam transport enclosures are the nearly symmetrical structures connecting 
the MI and Tevatron enclosures. Identified by their major functions as the 150 GeV proton 
injection (P-150 GeV) and 150 GeV antiproton injection (A-150 GeV) enclosures, the plan is 
shown on Drawing AS-3 with longitudinal sections on Drawings AS-5 and AS-6, and the 
transverse section on Drawing AS-7. In addition to the 150 Ge V proton injection beamline, the 
southeastern enclosure also houses another magnet string for both the 120 Ge V proton beam from 
the FMI to the antiproton production target and the 120 GeV extracted proton test beam to the 
fixed target areas. These beams travel to the Tevatron enclosure at FO where both beams are 
injected into a beamline arc composed of the former Main Ring accelerator components as far as 
either F-17 in the case of the antiproton production, or the AO Transfer Hall and the start of the 
Switch yard for fixed target beams in the case of the test beam. The 8 Ge V antiprotons are 
transported to the FMI following the 120 Ge V antiproton production line in reverse from F-17 to 
FO and back to the FMI. While the injector beam lines are approximately 900' in length, a 
significant portion of their components are housed in widened portions of the Injector enclosure 
and the FO sector of the Tevatron enclosure leaving only 116' long segments as 10'-0" wide by 
10'-0" high enclosures with a floor elevation at 713'-6". Because the 150 GeV enclosures 
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physically connect the early Phase 2 MI enclosure work with the Phase 3 shutdown work at the 
FO enclosure, they must necessarily be constructed in two phases. Drawing AS-3 shows the 
interface between these construction phases as a line of sheet piling transverse to the 150 Ge V 
·enclosures and clearly demonstrates why a portion of each enclosure is part of the injector 
enclosure between MI-62 and MI-52 (WBS 1.2.2.2) with the remaining segments are included 
with the FO enclosure (WBS 1.2.3.1). The Phase 2 enclosure will be CIP concrete but the majority 
of the Phase 3 portion of the 150 GeV enclosure will incorporate precast concrete roof planks 
which serve as a form and become composite with the CIP concrete roof topping while still 
providing continuity at the roof-wall joint. This procedure saves the time and cost involved in 
forming and shoring the roof slab and eliminates the problem of installing and removing material 
from an area with limited outside access. A similar procedure will be utilized for the FO enclosure. 

The transfer beams must transition from the MI beamline at elevation 715'-9" to meet 
either the Tevatron or remnant Main Ring at elevations 723'-4 1/2" and 725'-6" respectively. 
Provisions must also be made to install (or later replace) magnets and other equipment along these 
several beamlines. With the floor of the MI enclosure at 713'-6" or 9'-0" below the Main Ring 
enclosure floor elevation of 722'-6", one possible solution was holding the transition enclosures 
and one side of the FO enclosure at the MI floor elevation of 713'-6". This configuration would 
have allowed the magnet mover a level access floor throughout but requires mounting magnets 
12' above the floor. It also requires the MI side of the FO enclosure to be 17'-0" high - a very large 
expensive structure. The final solution is a compromise providing a 5'-0" vertical step from the 
150 GeV enclosures to the FO enclosure with a floor elevation of 718"-6". The majority of the 
transfer line magnets can be installed from elevation 713'-6" with the magnet mover but hoists 
and rigging are required to install equipment for the MI components in the FO enclosure. 
Longitudinal sections of the two 150 GeV enclosures shown on Drawings AS-5 and AS-6 show 
the beamlines in relation to the enclosure elevation. 

The plan of the enclosures and beamlines in the area of CB-526 and CB-616, shown on 
Drawing AS-3, indicates that a 60' long segment of Main Injector components must be moved 
laterally toward a pocket along the inside wall to provide access for the magnet mover to travel 
from the MI aisle to the 150 GeV enclosure. Provisions for a one ton jib crane have been 
furnished at the bifurcation of the two enclosures so that smaller components can be moved over 
the MI beamline into the 150 GeV enclosure without moving magnets. Note also an exit stair 
from the 150 GeV enclosure near the jib crane location. This stair labyrinth passes over the beam 
enclosures to connect with the exit stair from the MI enclosure. Hence access between the MI 
enclosure and the 150 GeV enclosure, as well as exiting, is provided without crossing under or 
over beamlines. The ceiling of a portion of the 150 GeV transition enclosure will be provided 
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with two lines of embedded steel plates centered on the beamline for the support of elevated beam 
components. These 90' long continuous plates extend downstream of CB-523 and upstream of 
CB-619. 

6. FO ENCLOSURE 
The FO Enclosure (WBS 1.2.3.1) construction as shown on Drawing AS-3, encompasses a 

region slightly longer than the long straight section of the existing Tevatron enclosure and 
connects with the 150 GeV transition enclosures. This region will house the rf accelerating 
cavities reinstalled from the existing Tevatron, the remnant Main Ring elements and components 
of the several transport beamlines. Functionally, these are elements of the 150 Ge V proton 
injection line, the 150 GeV antiproton injection line, the 120 GeV antiproton production line, the 
8 Ge V antiproton accumulator to the FMI, and the 120 Ge V extracted test beam line. As noted 
above, some of these lines share common elements or share common enclosures. But the existing 
FO long straight section has insufficient space for the new transport beams to be included in 
addition to space required for the existing Tevatron rf cavities and beamline components. Hence, 
except for the equipment access labyrinth at the south end, 626' of the existing Tevatron 
enclosure, including all of the FO long straight section, must be demolished and a new larger 
enclosure rebuilt with all work to be accomplished during the "seven month" Phase 3 shutdown. 
The sequence of construction in the FO/MI-60 area is illustrated by several cross-sections shown 
on Drawing AS-26. Stages 1 and 2 show the completion of the MI-60 Enclosure, MI-60 Service 
Building and the North Addition to the FO Service Building - all completed while the Tevatron 
remains in operation. Note that the two initial lines of sheet piling remain in place. The 
southwestern line has been used to support utility penetrations and allow an early start of the MI-
60 Service Building construction. The second or middle line of piling remains in place to be used 
again during the Phase 3 work. 

Once the shutdown of the Tevatron operation commences, equipment will be relocated (by 
Fermilab) from the southwest portion of the existing FO Service Building to the North Addition 
and demolition will begin from the southeast. Fortuitously, the section of the service building to 
be demolished is actually a former building addition and the demarcation line is a full-height 
concrete wall which will function well in the remodeled configuration. Concurrently with the 
removal of equipment from the service building, beamline components will be removed from the 
underground FO enclosure by Fermilab. Equipment, such as the Tevatron rf cavities which must 
be reinstalled later, will be stored in the E-sector of the Tevatron enclosure. Removal will be 
sequenced to provide early access to the 200' long CIP concrete section between stations E-49 and 
F-11 so that transverse saw cutting of the concrete can commence from inside the enclosure. The 
majority of the remaining enclosure to be demolished consists of precast concrete hoop-shaped 
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elements on a CIP base slab. After the above-grade service building is removed along with the 
helium transfer lines and the upper portion of the waveguide and utility penetrations, the third 
(northeast) retention wall will be constructed between the remaining section of the FO Service 
·Building and the northeast side of the underground Tevatron enclosure. The retention wall will be 
designed by a specialty sub-subcontractor and will probably consist of a combination of braced 
sheetpiling or soldier piles and timber sheeting with drilled and grouted tie-backs to laterally 
brace the piles and eliminate cross bracing. Approximately 680' of a retention system will be 
required extending roughly between points opposite Tevatron stations E47 to F14. Two 100' long 
segments of sheetpiling must also be driven between the 150 GeV enclosures and the southwest 
side of the Tevatron enclosure near E47 and F14 because the new enclosure is 9' below the 
existing Tevatron floor slab. The retention wall system is depicted as Stage 3 on Drawing AS-26. 
The retention wall system, like the service building demolition will move from the southeast 
toward the northwest. Interior saw cutting will be similarly sequenced so no piling is driven above 
occupied areas of the FO Enclosure. Excavation between the new extension wall and the existing 
middle line of piling will follow the piling operation with walers and crosslot bracing installed as 
the excavation proceeds. 

As the existing Tevatron enclosure is exposed by the excavation work, demolition will 
proceed in earnest. There are three types of demolition or removal operations planned. The central 
200' of FO Enclosure walls and roof are CIP concrete approximately 20" thick. This area will be 
sawcut transversely at approximately 6' intervals and then sawcut horizontally at the base of the 
walls to free the inverted U-shapes in 25 ton units. The 31 units will then be removed from the 
excavation and hauled to the railhead storage area on the Fermilab site for future use. The 
majority of the remaining FO Enclosure is composed of 12' diameter (176') and 10' diameter (194') 
hoop-shaped precast concrete elements each approximately 10' long. Experience has shown that 
these elements, with a maximum weight of 16 tons, are readily broken free of the base slab and 
easily removed to be stored at the railhead. An additional three precast hoops will be removed for 
access to the work and later reinstalled. The 34' long CIP concrete enclosure at the equipment 
access, two transitional enclosure sections between the 12' and 10' diameter hoops and the entire 
626' long CIP concrete base slab, with a maximum thickness of 18", will be sawcut into 
manageable pieces, removed and deposited in the excavation along the middle line of sheet piling 
as shown in Stage 4, Section A on Drawing AS-26. 

Beginning just upstream of the Tevatron station E48 and continuing for 496' the 
reconstructed FO enclosure will have a floor slab at two different elevations. The southwest or MI 
portion of the floor will be at elevation 718'-6" while the northeast side will match the Tevatron 
enclosure floor at elevation 722'-6" as shown in Section D on Drawing AS-7. The beamline 
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components will be mounted on stands fixed to the lower floor but both levels will include an 
aisle space to permit magnets and equipment to be moved longitudinally along both sides of the 
enclosure. In particular, the upper level at elevation 722'-6" will allow the magnet mover to travel 
:through the FO enclosure providing continuous access around the Tevatron ring. The enclosure 
width will vary in steps from the typical 18'-0" minimum to a maximum of 24'-0" to meet the 
requirements of the diverging beamlines as indicated on Drawing AS-3. The ceiling elevation of 
730'-6" provides a minimum clear height of 8'-0" on the Tevatron side and 12'-0" on the MI side. 
The FO enclosure will be a CIP concrete enclosure except for precast concrete roof beams. These 
roof beams will be utilized as a composite roof element to speed the construction by eliminating 
the need for interior shoring. The precast beams will be designed to carry the weight of the CIP 
roof concrete with provision to tie the two elements structurally so that the composite roof can 
support the full shielding loads. Centered at a point approximately 22'-9" upstream of Tevatron 
station E49 or directly below the passageway between the MI-60 and FO service buildings, a 22' 
long section of the FO enclosure roof will be constructed of three layers of steel totaling 2'-6" 
topped with 6" of concrete. The steel structure provides required shielding below the passageway 
whose floor elevation of 742'-6" is only 12' above the FO enclosure ceiling. Another atypical 
section occurs just downstream of Tevatron station FO, where the enclosure widens to 22'-6" for a 
length of 23'-0" and the ceiling height increases to elevation 735'-4". This alcove will house an 
underhung bridge crane with two 10-ton hoists for the purpose of transferring magnets or 
equipment transversely between the Tevatron and the MI sides of the enclosure. This hoist area is 
located at beamline segments without magnets to provide maximum vertical clearance for 
material handling. The existing curved access labyrinth leading to the stair and hydraulic freight 
elevator at the FO Service Building will be reconnected to the new FO enclosure. 

Eight waveguides serving the Tevatron RF cavities must be reinstalled between the FO 
enclosure and the FO service building, as discussed in Chapter 3.4. Located at 9'-3 1/8" centers 
beginning downstream of Tevatron station E49, the waveguide penetrations will extend 
horizontally from the southwest retaining wall of the FO service building as 16" diameter steel 
pipes centered at elevation 744'-10" or 2'-4" above the floor of the service building. Each of the 
four pairs of horizontal pipes will intersect a vertical rectangular CIP concrete shaft which extends 
from the roof slab of the FO enclosure to elevation 757'-6" or one foot above the berm. The inside 
of the shaft measures a nominal 3'-0" wide (transverse to the enclosure) by 12'-0" long down to 
elevation 743'-0". The 16" diameter horizontal penetrations intersect the shaft 1'-10" above this 
level. The structure below elevation 743'-0" is a solid CIP concrete prism with outside dimensions 
matching those of the shaft above and penetrated by two 16" diameter pipe alcoves down through 
the FO roof slab. The open 3'x12' shaft provides ample work space to install and connect the 
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vertical and horizontal components of the pair of waveguides. After assembly, the shaft will be 
filled with a combination of steel shielding and standard sized precast concrete shield blocks to 
affect a total shielding above elevation 743'-0" equivalent to the typical 26' earth berm. The shaft 
will be covered with a 6" thick concrete slab and sealed weather tight. Rare maintenance access 
can be achieved during shutdowns by removing the shielding. 

A similar shielded shaft located downstream of station E49 will provide access from grade 
to the FO enclosure for 10" diameter carrier pipes for helium supply and return and 6" diameter 
carrier pipes for nitrogen supply and return. The carrier pipes will exit the shaft enclosure at 45 
degrees and terminate 1'-0" above grade with blind flanges. Fermilab will install the cryogenic 
piping after completion of the construction. 

The FO enclosure is connected to the adjacent service buildings by several other types of 
utility penetrations. Control conduits for the 150 GeV beamlines consisting of two groups of eight 
6" diameter PVC ducts will extend from the MI-60 Service Building to the top of the southwest 
FO enclosure wall at locations 172' upstream and 223' downstream of Tevatron station FO. A pair 
of 6" diameter PVC "S"-shaped conduits centered ateach waveguide location will extend from 
the back wall of the FO service building at elevation 7 51'-11" to the northeast wall of the FO 
enclosure. Three groups of fifteen 6" diameter PVC conduits each will extend from the rear wall 
of the FO service building centered at elevation 7 51'-11" to penetrations through the roof slab on 
the southwest side of the FO enclosure. These conduits, designated for beamline power, will be 
located upstream and downstream of the crane alcove near station FO and opposite the pump room 
in the FO service building. Other groups of 6", 3", and 2" diameter conduits will connect the FO 
service building and the FO enclosure. 

The 4' step between the 722'-6" and 718'-6" floor levels in the FO enclosure will be formed 
with a 1'-4" corbel or projection at the upper level producing a minimum floor width of 6'-6" on 
the Tevatron side. The corbel will be designed to support equipment loads while the protected 
area below will be the location of cryogenic bypass piping. A removable pipe handrail located 1'-
6" from the edge of the corbel will run the length of the enclosure. At four locations along the 
wall on the Tevatron side of the enclosure, a 6" diameter stainless steel pipe with a capped 
exterior end will be cast into the wall 6'-6" above the floor providing a 4' long sleeve to house 
components for the Tevatron quench protection system. A series of transverse steel plates will be 
embedded in the FO enclosure ceiling 4'-11" on center for 132'-9" length beginning 9' 
downstream of F 11. These plates will provide a future anchorage for 120 Ge V beam line 
components to be supported from above. 
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The FO enclosure connection to the 150 GeV enclosures at each end will have nearly 
symmetrical features. The 150 GeV enclosure floor elevation at 713'-6" will meet the FO 
enclosure floor at 718'-6" at a single 5'-0" step approximately 205' upstream and 291' downstream 
from station FO. A combined stairway will be located at this step providing personnel access from 
both levels of the 150 GeV enclosure and also from the adjacent MI-60 enclosure to a common 
exit stair labyrinth leading to grade level. A physical barrier with an air-tight door will be required 
beyond the stairways at both 150 GeV enclosures to isolate the Oxygen Deficiency Hazard 
potential of the Tevatron enclosure from the MI enclosure. The step area is also the location of a 
ceiling mounted monorail with two 10 ton hoists which provide a means of transferring beamline 
equipment between the 713'-6" level and the 718'-6" level of the FO enclosure. The hoist area 
includes a shallow alcove area for storing rigging equipment and locating power panels. The hoist 
enclosure will be 17'-0" high, a maximum of 18'-0" wide and extend 30'-0" beyond the step to 
meet the 10'-0" wide by 10'-0" high 150 GeV enclosure. The hoist area is shown in plan view on 
Drawing AS-3 and as longitudinal sections on Drawings AS-5 and AS-6. 

Other features of the FO enclosure are identical to the beamline enclosures described 
earlier including channel inserts at walls and ceiling, underdrains, waterproofing and backfilling 
procedures. Underdrains for the FO area will connect with the existing Tevatron system and the 
adjacent MI-60 enclosure underdrains. Since the FO enclosure is generally higher in elevation, the 
added hydrostatic head will insure good drainage. Granular backfill between the FO enclosure and 
the retention wall systems to either side will be specified to an elevation 1' above the structure to 
speed the backfilling process and to insure construction can proceed during subfreezing weather. 

Shielding for the FO enclosure has been established at 26' primarily because the ground 
level area between the MI-60 and FO service building will be difficult to access in the future. As 
shown on the cross-section on Drawing AS-26, the final berm over the FO enclosure will be at 
elevation 756'-6" or 8'-0" higher than the adjacent berm over the MI-60 enclosure. The FO 
enclosure will require steel shielding above the bridge crane alcove with its raised ceiling, below 
the passageway connecting the FO and MI-60 service buildings (in addition to the steel used for 
the enclosure roof construction) and along the top of the northeast wall for a distance of 325' to 
provide sufficient shielding for the adjacent FO service building. This construction subcontract 
will also place shielding steel below the aforementioned passageway at its crossing of the MI-60 
enclosure. 

Once the majority of the backfill between the MI-60 and FO service buildings is complete, 
an 8'-0" wide by 8'-0" high connecting passageway of CIP concrete will be constructed between 
the buildings for personnel and control cabling access. The floor elevation of 742'-6" matches 
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both buildings. This construction subcontract will include modifications to the remaining portion 
of the FO service building. The existing utility trench extruding 253' along the southwest wall of 
the FO service building will be abandoned and filled with concrete to provide the necessary 26' of 
radiation shielding to the building interior. A new 1'-0" thick CIP concrete retaining wall will be 
constructed 2'-0" beyond the existing 8" thick CIP concrete southwest building wall for a distance 
of 400'. Reinforcing steel will be doweled into the existing wall, reinforcing steel will be placed in 
the 2' space between the walls and the void filled with lean concrete. The resulting 3'-8" thick wall 
structure will be capable of retaining the lateral load of the earth shielding berm. The existing 
roofing and insulation over the remaining portion of the FO service building will be removed and 
replaced with new material to meet the roofing of the North Addition to the FO service building 
constructed earlier under a separate MI subcontract. A combination gutter and drain tile will be 
constructed along the top of the aforementioned concrete wall to carry the roof drainage out to 
either end of the building. The pump room at the north end and most existing interior masonry 
partitions will remain. One new partition between column lines 8 and 9 will be constructed and 
the existing metal siding, door and windows separating the North Addition from the existing 
building will be removed. Mechanical work will include roof-top ventilators and exhaust fans, 
cabinet heaters and fan coil units connected to the existing chilled water system. Sprinkler piping 
will be extended from the North Addition as well as the fire detection/alarm system and the 
central system. Electrical work will include new power panels, power distribution, convenience 
power, grounding and lighting. At the completion of these modifications the existing portion of 
the FO service building and the North Addition will function as a single 13,250 S.F. service 
building. 

7. SERVICE BUILDINGS 
Eleven above-grade service buildings in five configurations will house equipment, 

services and utilities for the FMI and beam transport lines. The locations of the eleven service 
buildings are shown on the site plan, Drawing C3, and the site criteria plan, Drawing C4. 

Five typical service buildings, MI-10, 20, 30, 40 and 50 (WBS 1.2.2.3) are identical in 
size, construction and function. Floor elevations vary so the buildings are slightly above the local 
terrain and nearby roads to insure positive drainage away from the buildings. These buildings are 
located outside the FMI shielding berm approximately 1,800' apart. Since the buildings contain 
the magnet power supplies, their locations correspond to equal strings of magnets or 
approximately one-sixth of the dipoles in the beam enclosure below. A secondary consideration 
for MI-10 and 40 is the desire to locate the building adjacent to the kickers to minimize cable 
lengths. The narrow construction limits through the wetland mitigation area, however, will force 
MI-40 to be offset from the kicker it serves. The buildings also contain control racks, cable trays, 
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LCW pumps, heat exchangers, deionizing bottles and controls for the LCW system and power 
distribution equipment. At two buildings, MI-10 and MI-40, power supplies and controls for 
kicker magnets (8 GeV injection and 150 GeV proton abort respectively) are also housed in a 

room with a depressed floor to retain oil spills. Each typical service building provides a 
direct personnel access via a CIP concrete service corridor over the berm to a stair and labyrinth 
connecting to an alcove area of the injector enclosure below. The stair and labyrinth contain no 
utilities, cable trays or ventilation air for the enclosure. Supply or return air to the FMI enclosure 
alcove below is directed via a vertical duct to an outdoor air handling unit. A rated door at the 
base of the stairs and an outside door at the top of the berm provide an emergency exit from the 
FMI enclosure at each typical service building. The service corridor between the back of the 
service building and the interlocked doors at the head of the stairway provide three functions 
other than personnel access to the FMI enclosure. The 6'-0" width permits a 2'-6" wide utility aisle 
for de bus in a protective enclosure, sprinkler piping and LCW piping to extend from the building 
to penetrations which connect with the alcove below. The penetrations consist of steel tubes or 
carrier pipes which extend vertically to the ceiling of the alcove or enclosure structure below. A 
door to the outside just before reaching the interlocked door provides a second exit from the 
service building. Since the corridor is constructed of reinforced concrete and the aforementioned 
outside door will be protected against flying projectiles by a concrete retaining wall, the service 
corridor also serves as a tornado shelter. 

These five typical service buildings are nominally 50'-0" square in plan with a clear 
interior height of 11 '-0" at the front wall and 12'-0" at the rear wall abutting the shielding berm. 
The foundations consist of concrete spread footings and a retaining wall at the rear wall with 
concrete floor slabs. The access corridor with its labyrinth and stairs will be supported by three 
concrete piers extending down to the enclosure roof. The buildings will be framed in steel 
columns and roof beams with metal deck, rigid insulation and built-up roofing. The exterior walls 
will consist of insulated metal siding over an insulated, reinforced 8" concrete masonry wall. The 
concrete masonry units (CMU) will provide lateral stiffness, a fire rated wall opposite the 
substation area and a sturdy mounting surface for equipment. These typical buildings are 
subdivided into a power supply room, pump room, control room and a kicker room. Equipment 
access is provided by a 10'-0" wide by 8'-0" high roll-up door at the power supply room, a 6'-0" 
wide by 9'-0" high roll-up door at the pump room and a double door to the kicker room. The 
structural steel roof beam over the kicker room will be sized to support a future 1-ton monorail 
hoist. Kicker room floors will be depressed 3" below the general service building floor elevation 
to retain any potential oil spills from the kicker supplies. A transformer yard will typically be 
located immediately outside the power supply room of each building. Outdoor equipment will 
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include pad-mounted transformers for the dipole and quadrupole power supplies, a conventional 
power transformer, vacuum circuit breakers and switchgear. Below grade concrete retaining walls 
filled with stone will be provided around the perimeter of all equipment using oil coolants to 
serve as a secondary containment basin. Because the proximity of the transformers to the power 
supplies significantly reduces power costs, the distance will be minimized and the service 
building will be protected by an 8" concrete block fire-rated wall adjacent to the transformer yard. 
Elevated bus ducts will penetrate this wall to connect transformers and power supplies with 
proper fire stops. All interior partitions will be concrete masonry units (CMU) with hollow metal 
doors and frames. 

Service buildings will typically be located 25'-6" from the FMI beam centerline except for 
MI-40 which, because of its location opposite the abort extraction, will be 31'-0" from the 
beamline. This siting arrangement provides a minimum of 26' equivalent earth shielding between 
the service building and the FMI enclosure. Utility penetrations, consisting of 6" PVC ducts and 
shaped in a reverse curve to avoid line-of-sight radiation leaks, will extend from the top of the 
near wall of the enclosure to the top of the concrete retaining wall at the rear of the building. 
Typically three sets of four conduits will service the kicker room and a total of 20 conduits will 
extend from the enclosure alcove to service both the power supply and kicker rooms. The 
retaining wall will permit earth fill behind the building to extend above the horizontal run of these 
conduits to provide radiation shielding. 

The MI-52 and 62 service buildings (WBS 1.2.2.4) have the same dimensions and typical 
features except for the following variations. Because of site limitations, the floor plan and 
substation of MI-62 will be opposite hand of the other buildings. MI-52 will not include a control 
room. The pump room and kicker room will be expanded. MI-62 will not include a pump room 
although stub-up piping for pond water supply and return will be provided. The power supply 
room will occupy three-quarters of the floor area with the kicker room occupying the remainder. 
The transformer yard will be laid out in a similar pattern to the typical buildings, but will initially 
contain few transformers and isolated containment basins. 

All buildings will include underground power and communication duct bank connections 
to manholes located along the service roads. The building will be provided with underground 
piping connections for pond water supply and return. Concrete aprons will be added at all doors 
and a hardstand area for vehicular parking will be provided on the side of the building opposite 
the transformer yard. 
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Kicker Service Building Fl7 (WBS 1.2.3.1) is located adjacent to the Main Ring berm 
between existing service buildings Fl and F2. The power supplies and controls in this building 
are required by the kicker magnets to be installed in the existing Main Ring enclosure to inject the 
i50 GeV protons into the Tevatron. The complementary function for the 150 GeV antiproton 
insertion at E48 will be powered from a room in the remodeled FO building above Tevatron 
location E48. No new kicker building is required at that location. The F17 kicker building, shown 
on Drawing AS-21, is nominally 20' wide by 35' long with a 10'-3" inside clear height. The 
foundation and walls of this building will be CIP concrete primarily because it is set into the Main 
Ring shielding berm. The side walls and front of the building will be faced with insulated metal 
panels. Two double doors on the front wall provide access to the building. The roof structure will 
consist of steel beams, metal roof deck, rigid insulation and built-up roofing. Provisions typical 
for kicker rooms such as a depressed floor and future monorail supports will be provided. Three 
sets of 3-6" diameter PVC utility penetrations will be constructed between the Tevatron enclosure 
and the floor of the service building during an accelerator shutdown since the work requires 
removal of the shielding berm, core drilling of the enclosure hoops and temporary support of the 
helium lines on the berm. A hardstand and driveway will provide access to the existing ring roads. 

The MI-8 service building (WBS 1.2.2.8), formerly designated as the North Hatch, is sited 
along the 8 GeV beamline near the intersection of Kautz and Indian Creek Roads. The MI-8 
building nominally measures 90' by 75' and consists of a 75' x 40' high bay approximately 30' 
high and a 50' x 75' low bay with a 13' high clearance. Functionally the low bay mimics the 
typical service building functions of a pump room, power supply space and control room area. No 
kicker room is required but the Ml-8 building will have toilet facilities and a janitor's closet. The 
stair and labyrinth access to the 8 GeV enclosure is also of a different configuration but serves the 
same functions of an exit from the below grade enclosure to a direct outside egress, tornado 
shelter and second exit from the service building. Power supplies, controls, LCW cooling 
equipment, and penetrations service the dipole and quadrupole magnets of the 8 Ge V beam line. 

The high bay of the North Hatch building primarily provides equipment access to the 
same 8 Ge V beam enclosure. A 10' x 30' hatch is located at one end of the high bay connecting 
directly with a semi-circular 10' wide by 8' high labyrinth at elevation 713'-6". The hatch will be 
covered with 1'-6" thick precast concrete blocks as additional shielding whenever the 8 GeV 
beamline is operational. A 12' wide by 13' high roll-up door provides truck access to the high bay 
which is serviced by a 30-ton bridge crane. The high bay will also serve as a magnet storage and 
staging area for the 8 Ge V beam line. Other features, including utility penetrations to an enclosure 
alcove, earth shielding parameters, transformer yard, hardstand and all construction features, are 
similar to those described for the typical service building. 
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The largest of the new service buildings, completed in FY94, is located parallel to and 
southwest of the MI-60 segment of the FMI enclosure directly across the berm from the existing 
FO service building. The MI-60 Service Building (WBS 1.2.2.8) as shown in plan view on 
Drawing AS-22 and AS-23 with elevations shown on Drawing AS-24 and sections illustrated on 
Drawing AS-26, houses a number of functions, including two power supply areas at opposite ends 
of the building for dipole and quadrupole magnets, all power supply and control requirements for 
the FMI rf cavities, a pump room and deionizing facility for LCW, technician space, rf 
development and assembly spaces, magnet test area, the FMI control room, and toilet facilities all 
located in a 22,500 sq ft low bay area. An adjacent 5,000 sq ft high bay features an open 8'-0" by 
30'-0" long hatch connecting directly with a curving 10' wide by 8' high labyrinth at elevation 
713'-6" which is the equipment access for the entire FMI ring enclosure as well as the 150 GeV 
FMI enclosures. A 12' wide by 13' high roll-up door provides truck access to the high bay which 
is serviced by a 30-ton bridge crane. A 6,000 pound capacity hydraulic freight elevator and a 
stairway located immediately adjacent to the high bay area provide additional access to the FMI 
enclosure below. The stair and adjoining labyrinth provide a rated exit for the MI-60 enclosure 
and the lower elevator lobby and hatch area serve as a tornado shelter. The high bay space will 
also serve as a staging and storage area for the FMI magnets and other beam line components. 

The MI-60 Service Building is 450' long with a low bay width of 50' while the high bay 
measures 50' by 100'. As indicated on the building sections shown on Drawing AS-25, the floor 
elevation of the MI-60 Service Building is set at elevation 742'-6" to match the existing FO service 
building floor and the clear interior heights are 12' for the low bay and approximately 28' for the 
high bay. The majority of the low bay area is provided with a continuous floor trench located 
along the northeast wall for routing of the ac power for the rf systems. The northeast wall also 
has numerous utility penetrations leading to the MI-60 Enclosure. The MI-60 Service Building is 
positioned far enough from the MI-60 Enclosure to provide 26' of equivalent earth shielding to the 
lower outer comer of the aforementioned cable trench. 

Transformer yards are located at either end of the MI-60 Service Building as well as 
directly southwest of the LCW pump room. Anode power transformers will be housed in special 
enclosures connecting to the rf gallery and because the entire service building is air conditioned, 
two 150-ton pad-mounted chillers will also be located southwest of the building. One chiller is 
presently installed; the second one will be required once all the rf equipment becomes operational. 
In addition to the high bay area, equipment access via roll-up doors will be provided at the pump 
room and at each beamline power supply room at the ends of the building. Construction features 
generally are identical with those outlined for the typical service buildings. Some departures 
include CMU walls at the anode power supply enclosures, horizontal strip windows at occupied 
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areas such as the high bay, tech area and rf development lab and a continuous, full height CIP 
concrete wall adjacent to the berm. 

The existing FO(RF) Service Building will undergo several modifications as part of the 
FMI project. These changes are required because the underground FO Enclosure, which lies 
directly below the southwest half of the FO Service Building must be demolished and 
reconstructed to accommodate the expanded beamline functions. Consequently, the overlying 
portion of the service building must be vacated of equipment and demolished. These steps take 
place during the Phase 3 shutdown and will be described in the following section of this report. 
They are mentioned here to explain the ultimate need to replace space in the FO (RF) Service 
Building. 

Since equipment must be relocated before demolition can commence, the substitute space 
will be created before the shutdown. The scope of Service Building FO North Addition (WBS 
1.2.2.6) accomplishes this work. Conceived as a concurrent project with other service building 
construction, the north addition will be constructed without disturbing the ongoing functions 
within the FO Service Building. Drawing AS-22 shows the plan view of the addition while the 
section is shown as Stage 2,. Section A on Drawing AS-26. Construction will first require the 
relocation of approximately 650' of the Main Ring Road away from the present FO service 
building to the far side of the transformers. Some relocation of underground utilities will also be 
required involving short duration shutdowns for reconnection. The 25'-0" wide addition will 
consist of the same structural and architectural details as the typical MI service buildings. The 
existing northeast wall of the FO Service Building will remain in place except for small cut-outs 
required to connect new roof beams to existing columns. The existing foundation wall has been 
shown to have adequate strength and bearing to support its share of the new addition. The North 
Addition will be approximately 228' long and enclose an added floor area of 5,720 sq ft. After the 
shutdown commences, Tevatron rf power supplies and controls, beamline power supplies and the 
control room will be relocated into the addition. Exterior transformers, anode power transformers 
and chillers will be provided to augment existing equipment. 
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8. KAUTZ ROAD MASTER SUBSTATION AND POWER DISTRIBUTIONS 
Power for the FMI project will be provided via a new 345 kV overhead transmission line, 

a new 345 kV substation and a 13.8 kV secondary distribution system in underground ductbanks 
to various substations for three FMI power systems: the pulsed power system, the conventional 
power system and the beamline power system. 

A new 345 kV switching station will be installed at the southeast corner of the Fermilab 
site along the Commonwealth Edison Co. transmission line corridor paralleling the EJ&E railroad 
tracks as indicated on Drawing C-1. Two manually operated 1,600 amp, 345 kV switches will 
connect the new transmission line to Commonwealth Edison transmission lines No. 11119 and 
No. 11120. 

A new overhead transmission line, approximately 13,200' long will be installed parallel to 
the southern boundary within the Fermilab site, at least 500' from Illinois Highway 56, Butterfield 
Road. The line will bend northward and terminate at the new Kautz Road Master Substation 
(KMS). Double ann steel poles at an average span of 760' will carry a single 345 kV circuit with 
static shield wires above. 

The new KMS will be located east of Kautz Road approximately 900' from the nearest arc 
of the FMI, 0.5 miles from the south site boundary and 1.6 miles from the existing Master 
Substation (MSS) at the intersection of Roads A-1 and B. The new substation area is well drained 
and lies east of the wooded areas that abut the Tevatron ring between service buildings E-3 and E-
4. 

The new KMS will consist of an 194,000 sq. ft. rock base enclosed within a security fence 
with an access gate to Kautz Road. Within this area will be the 345 kV dead-end structures, 
aluminum tubular bus and insulators, motor operated 345 kV switches, SF6 main circuit breaker, 
four transformers, three harmonic filters and a walk-in switchgear building for secondary 
equipment. Foundation pads and vaults, oil containment sumps, lightning and ground grids are 
also included. 

Two new transformers and two existing transformers from the present MSS will be 
installed in the new KMS. Refer to Drawing E-1. The new transformers will be 40 MV A capacity 
(40/53/66.6 MVA-OA/FNFOA), 345113.8 kV, 3-phase, 60Hz, oil filled, and will be used for the 
FMI pulsed power supply and beamline power systems. An existing 60 MVA transformer 82B, 
that will be retired from Main Ring pulsed power supply service, will be used for the FMI 
conventional power system. Another existing 40 MVA transformer 84A, currently an MSS on-
line spare, will be moved and reinstalled in the new KMS. 
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The secondary sides of the four transformers will be connected by 3,000 A, 13.8 kV non-
segregated outdoor bus to 13.8 kV, SF-6 type main and feeder breaker with sufficient interrupting 
capacity for the available short circuit currents. These breakers, together with metering, relaying 
-and communication equipment are all housed in an enclosed metal walk-in switchgear building. 

Underground concrete-encased ductbanks with precast concrete manholes will route the 
13.8 kV feeders from vaults under the switchgear equipment at the new KMS to the various FMI 
power systems. Refer to Drawings E-1 and E-2. Other ductbanks will connect back to the existing 
Main Ring ductbank between service buildings E-2 and E-3. With these connections and the use 
of existing but unused or retired Main Ring feeders, approximately 40 MV A of primary power 
may be back-fed to the MSS to provide emergency and maintenance power in either direction 
between the KRS and MSS. 

The pulsed power supply system will be fed from the two new 40 MV A transformers in 
the KMS through a modified primary selective distribution system with parallel feeders to each 
service building. The FMI ring will use two feeders per service building carried through an 
underground ductbank, the ends of which connect through switchgear at the KMS and at each 
service building. At each service building, there will be a disconnect switch to supply power to 
the power supplies. This routing is shown in Drawing F-2. This switch can also be used for feeder 
isolation for maintenance purposes. The power for the beamlines will also require a modified 
primary selective distribution system for two 1,500 kVA substations at MI-60 and one 1,500 kVA 
substation at the MI-8 service building. 

The Conventional Power System will be fed from the relocated transformer 82B and will 
consist of one 13.8 kV feeder around the FMI ring, with two 1,500 kVA transformers at MI-60 
service building, a 750 kVA transformer at each of the principal ring service buildings and a 750 
kVA at the MI-8 service building. The conventional power will be used for building power, 
lights, pumps, heating and air conditioning. At each service building there will be a disconnect 
switch with a ductbank connection to the conventional power transformer. Conventional power 
will be connected to power distribution panelboards in each service building. Power for the water 
pumps, heating and ventilating equipment, control racks and service outlets will be provided by 
480/277 V, 3-phase branch circuits. Step-down transformers and panelboards provide 208/120 V 
power for lighting and outlets. Separate panelboards for isolating beam equipment at 480/277 V 
and 208/120 V are provided. Drawing E-4 summarizes the criteria used for determining general 
lighting levels and convenience power distribution. 
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9. PRIMARY COOLING AND MECHANICAL SYSTEMS 
The primary heat rejection medium for the 21.9 MW water-cooled load generated by the 

FMI is cooling pond water (PW). Drawings M-3 and M-4 show the eight new interconnected 
·cooling ponds (A through H) that roughly follow the MIring perimeter and provide 18.8 acres of 
cooling surface. The ponds total 11 ,900' in length, range from 60' to 90' in width and generally 
have a depth range of from 4'-6" to 7'-0". A transverse concrete dam near service building MI-30 
permits a change in water level between ponds D and E. Generally, the pond water levels vary 
from elevation 741' to 737' following the general site topography with ponds A, B, G and Hat 
elevation 739' to match the Main Ring pond elevations at the FO area. Transfer piping between the 
FMI ponds and the existing Main Ring ponds allow for make-up and temperature control. 

As described in Chapter 3.9, the LCW system consists of parallel supply and return loops 
exchanging heat from the FMI beamline magnets, rf components and power supplies to the pond 
water. Primary deionized water will be supplied to the FMI LCW system along piping in the 8 
GeV enclosure from existing Main Ring columns at the Central Utility Building. This building 
will also be fitted with 3,000 gallons of LCW tanked storage for make-up use in the FMI similar 
to the existing Main Ring system. An additional 3,000 gallon storage tank will be located at the 
MI-60 service building. Continuous slip-stream deionizing bottles will be located at the six 
typical FMI service buildings, the MI-60 and the MI-8 service buildings. 

The civil construction scope (WBS 1.2.1.2) includes the pond excavation and berm 
construction, dams between ponds, interconnecting underground piping, pond liners, rip-rap slope 
protection, and pond overflow structures. The pond water system included as WB S 1.2.1.11 
includes the pond water intake and discharge pipes, pump vaults, pond water pumps, level control 
system and supply and return piping to the service building as shown schematically on Drawing 
M-3. The installation of heat exchangers, LCW pumps, LCW piping and related work is included 
in the technical scope of work. 

Service building MI-60 includes a new 150 ton air-cooled chiller with provisions for a 
future second unit. Underground 12" diameter chilled water supply and return piping will be 
extended from the MI-60 service building to the Central Utility Plant with taps for the AP Target 
Hall and future experimental area loads near the MI -8 service building. It is anticipated that a 
chilled water system retrofit will provide ample CHW for the MI-60 environmental as well as RF 
cooling loads prior to commissioning of the FMI service from the central plant will negate the 
need for the second air-cooled unit and permit abandoning the leaky CHW piping along the Ring 
Road. 
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An existing chilled water (CW) system at the PO service building, which originates at the 
Central Utility Building, will be retained and extended to the pump room of the new MI-60 
service building to cool the LCW for the MI rf system. The new combined loads on the CW 

·system will be comparable to the present loads. 

An underdrain system, typically consisting of 6" perforated pipe surrounded by a granular 
filter media and covered by a geotextile fabric, will be installed along both sides of the base slab 
for all underground enclosures. Similar underdrain systems are typically used for all Fermilab 
beam enclosures. Sump basins with alternating duplex pumps will be located in alcoves along the 
enclosures to collect the underdrain flow and discharge it into surface ditches or cooling ponds as 
indicated on Drawing M-3. Based upon the Main Ring experience, the average MI ring 
underdrain flow is anticipated to be 200 gpm. 

A slurry wall or similar barrier will be constructed on either side of the MI enclosure as it 
passes through the wetland area along Indian Creek at the south quadrant of the ring. The cutoff 
wall will extend through the alluvial soil and 5' into the glacial till to seal off any wetland 
groundwater flow into the underdrain system. A cross-section of the proposed slurry (cutoff) wall 
is shown on Drawing C-6. 

Moderate ventilation rates with dehumidification will be used in the FMI enclosures. 
Drawing M-1 presents a general layout of this arrangement. Ventilation supply fans with filters 
and electric heat are located at each service building with exhaust fans at intermediate points 
between, all connected by underground ducts to alcove areas of the FMI enclosures. Two air 
changes per hour will be provided when needed during non-operating periods. Dehumidification 
units will be located periodically along the beam enclosures at the ceiling in alcoves or opposite 
exit stairways where sump basins are available to receive condensate. Small fans in the units will 
afford some circulation as a further aid in controlling humidity. Both the ventilation and 
dehumidification systems are patterned after the existing Main Ring systems. 

The FMI service buildings are equipped with a variety of HV AC systems to accommodate 
the required occupancy, as outlined on Drawings M-1 and M-2. Local exterior wall-mounted air 
conditioning units with electric heat will provide temperature control in all kicker rooms and 
control rooms in the typical service buildings. Electric unit heaters and filtered ventilative cooling 
supply fans with interlocked relief louvers will serve pump rooms, power supply rooms and 
magnet staging and storage areas in these same buildings. Temperature control at the FO/MI-60 
service building will be provided by a combination of fan coil units and HV AC units with electric 
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heat and fed from local central air-cooled chillers totaling about 425 tons capacity. All of the 
above buildings will be equipped with required ventilation provisions. 

10. FIRE PROTECTION AND LIFE SAFETY 
All FMI structures will be provided with fire protection systems as scoped on Drawing M-

1. Automatic sprinkler systems will be supplied from a direct buried 12" diameter ICW loop 
encircling the FMI and tied into the existing site ICW fire protection system in two places, just 
north of the FO area and just south of the existing Antiproton Target Hall. All service buildings 
including FO and F-17 will be fully sprinklered with a wet system design hydraulically for 
ordinary hazard, group 1 with a water density of 0.14 gpm per sq. ft. over a minimum area of 
2,000 sq. ft. In addition, the enclosure alcoves at the typical FMI service building will be served 
by a 4" standpipe with hose connection and a wet sprinkler system within the immediate alcove 
area. Two hydrants will be provided at every service building with an intermediate PIV to provide 
limited fire protection even when one leg of the 12" loop between adjacent buildings is out of 
service. The FMI and beamline enclosures will be protected with a continuous line-type heat 
detection system. Alarms and manual pull stations will be used throughout with smoke and heat 
detectors supplied in above grade structures including detection in HV AC and fan units. All 
systems will be integrated with the site-wide FIRUS system. 

The ten service buildings range in area from 700 sq. ft. at the F17 Kicker building to 
27,500 sq. ft. at the MI-60 service building. All service buildings are Type II (000) construction 
consisting primarily of insulated metal siding and built-up roofing on steel frames. Where 
transformers are in close proximity to a service building, the adjacent wall will include two-hour 
fire rated masonry construction with a metal siding facing. All exit enclosures including stair 
labyrinths will include 1 1/2-hour rated door assemblies. Penetrations between enclosures and 
service buildings for cabling and other services will be sealed with fire stopping materials. Exits 
will be provided in accordance with the criteria of NFPA 101, the Life Safety Code. For this 
purpose, DOE-CH has classified the underground beam line enclosures as a "Special Purpose 
Industrial Occupancy" under Subsection 28-2.6.3 which requires the maximum travel distance for 
emergency egress not to exceed 300 feet. The addition of the exit stair labyrinths combined with 
access stairs at the service buildings results in intervals between exits at less than 600' at all 
locations. Additionally, where beamline components present a barrier to an aisle, such as 
diverging beams at the abort, 8 GeV injection or the 150 GeV extraction regions, exits are 
provided on both sides of the beamline. Wherever possible, dead end enclosures have been 
limited to 50' and stairways between enclosure levels are enclosed. Handrails, railings around 
equipment hatches, stair configurations, aisle widths and vertical headroom have been designed 
in accordance with recognized standards - most notably OSHA standards. Emergency lighting is 
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provided throughout the FMI facility and all electrical work will be in conformance with the 
National Electric Code and Underwriters Laboratory. Emergency power for the beamline 
enclosures will be provided by 480 V uninterruptible power supplies (UPS) located in the service 
buildings to eliminate battery power sources in radioactive environments. Refer to the FMI 
Preliminary Safety Analysis Report for details of the fire protection and life safety provisions. 

11. ENVIRONMENTAL CONCERNS AND ACTIONS 
Detailed and specific definitions of the wetland areas, floodplain and storm water 

management, archaeological concerns and ecological resources have been identified by 
environmental consultants resulting in the preparation, submittal and approval of a 
Floodplain/Wetland Assessment Report and an EA. As a result of these efforts, the following 
approvals/permits have been obtained: 

AGENCY 
Division of Air Pollution Control 
Illinois Environmental Protection 
Agency 
Springfield, Illinois 

U.S. Environmental Protection Agency 
Region V (SAC-26) 
Chicago, Illinois 

Division of Water Pollution Control 
Illinois Environ mental Protection Agency 
Springfield, Illinois 

Department of the Army 
Chicago District U.S.Corps of 
Engineers 
Chicago, lllinois 

U.S.Department of Argiculture 
Soil Conservation Service 
Champaign, Illinois 

U.S.Department of Energy 
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ACTION REQUESTED 
Application for Permit 
to Construct 

ISSUED 
Apri11, 1991 

11. Adm. Code 201.142 
NESHAP 
ID #0438 07 AA1 

Application for Permit May 9, 1991 
to Construct 
40 CPR Part 61.07 
Radionuclides National Emission 
Standards for Hazardous Air Pollutions 
(NESHAP) 
REF: 5AT-26 

Clean Water Act June 4, 1991 
Section 401, 
Water Quality Certification 

Clean Water Act June 26, 1991 
Section 404, Nationwide 26 
Permit Application 
No. 3499102 

Farmland Conversion Sept. 18, 1991 
Impact Rating 

Finding of No Significant July 6, 1992 
Impact (FONSI) 
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In addition, other environmental agencies have been consulted resulting in the following 
accords: 

AGENCY 
U.S. Fish & Wildlife Service 
·Rock Island, Illinois 

Illinois Department of Conservation 
Springfield, Illinois 

State Historical Preservation Officer 
Illinois Historic Preservation Agency 
Springfield, Illinois 
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CONSULTATION REQUESTED 
Consultation in Accordance 
With Fish &Wildlife Coordination 
Act 
48 Stat. 401 
16 u.s.c. 661 
Endangered Species Act 

Consultation in Accordance with 
Fish & Wildlife Coordination Act 

106 Determination of No Effect 
36 CPR 800 

ISSUED 
April 30, 1991 

June 20, 1991 

July 22, 1991 
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I--46-+---8-G-e..,V""Ii-ne--=-Po_w_e_r-:Su_p_p::-lie-s------+---:4-:0d+-1-0I,..I/-:-9-7+---11_/2_51_9_7+-------I-----+f·-·I·J -lf r r I ; !- i 1- "1 1 1 r -f i j· +-l· r·-
: F-sector Power supplies ;:;;: 136 :J::. ::::J!t:!:'.J::J.tt:t::· ... 

1 1 : J rf_ 
53 Anode Power Supplies 250d 10/1/96 9/15197 '<1 ""<S. 1 i ··i··· ·:.!·-··til ····t · i ····t-····-r·-··1····. 
54 Relocate Main Ring Equipment SOd 9/16197 115198 I ..... -·= r··r·r -r··rL ·'··-· .... ···j·"i r·-r + .. ! I -: +-++ . 

1--:::--l-----::-:-:--------+----:-::+----:-:c=+------=----::-::+:------+-------+ ::l_.::.lr:::_ ···- .. .. .... .. ........... ( .... ,!, ..... ... ....... l ... f .... ; ... . 
55 cavHies 60d 9116/97 1218/97 2 ...... :· .. + .... J .. ·-·1 ...... + ... ·]· ... j ...... j ... -j .... j ..... [ .... [ .... , ...... 1 ... .; .... ! .. + ... i .... . 

:: was : ::::r:r:: :Jt':J.:Jj:t:J: .. :I::: :1 J.J.:J :J .:LJ j ::J:j· 
•• : fHTJ Uf} rft 
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'97 '98 
ID Name Ourallon Start Finish Predecessors Successors o-r N D iT FT Ml AI Ml Jl il A sl 0 NT D J F I M I A I M I J J A S 0 N D 

1--63-+-__ T_e_v_P,_ro_ton-:--:l_nJ-.,•c_tlon-.,_K-,Ie_k_e_r .... .j[ .. J.. .. j .J l-J j ... j .. ..... j .. j ..... j ...... ·-·1 i i i i 

1 11m i i 64 Tev ?bar Injection Kicker 20d 9/16/98 10/13198 3 ... 1 ..... .L-.. J ! 1 ! 1 i ! 1 ! : 1 

65 Fabricate Electrostatic Septa 325d 10/1/96 12129/97 135 ······r··T···-r··· 
66 Install Electrostatic septa 5d 6/24198 s/30/9& 13SSS+30d .. 1 ...... ·-t:··r·J --r ·r-1· .. ·.-.1. +-r--r :-

_____ ,_ .. --·- ···---fl--··+······ ---l·· ... !-····-! • ····+-···t-·--·-t-···--t .. ··· 
67 was 1.1.8.1nstrumentallon 412d 1011/96 4129/98 

: GeV lmelnstrumentatlon 1: 
1
::::: 

23
SS+

2
0d :Jii.l· :·-j:·::r:: 

:: ::::: Cables ::: 
1
::::: ::: ·_·_·_·_·_·_r_-_·_-_._, .. _._·_-_ m .,...... • ... 'r 1 J .. LLJ ... +-- ! 

l--72-+---l-ns-ta_t_IB_P_M_s-,B-L"'"M,..s-,M-u_H_iw-ir-e-s,--T-or-o'"'"ids-.""IP"'"M,..s-,e-t+---11"'"0d-+--9-I1-/9-7+---11-30-/-9B+--------if----------+ I .Jf++·i ., .. , ··r·•· .. L..L .. l 1 1 i 1 1 jl I i l 

l---::--+---:::----:-:--:::--::-----:::-:--:::--::----:-+---:-:::-:l--:::=+--:=±--:----+-----t-----·----T'--- .... j -j·-i- +- ·_· .. .. it·-----_ 
73 Move Main Ring Dampers, Schottky Detectors, el 162d 9/16197 4/29/98 2 ···-·· -----! ...... ···-·'l"l--·":"······.···-··----1 .... -+---"":""··· _ _ _. __ 
74 WBS 1.1.9. Controls 310d 1011/96 12/8/97 I 1 I l I I J I j' I I 
75 Install Relay Racks, New Controls m Serv. Bldgs. 187d 10/1/96 6118/97 ...... l ...... j..... ..ll L i .. , -I j -; . '!"" t f "'1 .. ""j i ... tl' .. t· i "] T ... r- r 
76 Relocate Controls Equip. I rom Main Ring GOd 9/16197 12/B/97 2 ...... """"] T 1 l"l "T j -j .. .. I .... I... ·•· 1 . .. .. t r . l .. 1 j ... r . I 

...... 

78 lnstaii8GeVLineSa1etySystem 44d 11/6196 1/6/97 .l":lii ... fr·j 'f' t·-j·- 1" 'j -j-·[' f "l T i ...... t -f .. i l""T'"T'f' 
f--::79-:-+----l,-,ns"""'ta""t:-:tM-::I::R-:S-:at:-e:-ty-:S:-:ys"""'t-em-------t--::120d::-:t--:3/=17:::19::7+----:-BI2=9/9::c7:+------f----:-1::33:+ 1 .. -·Jf.j !. I. l.. L.J L I f ·I .... + -j j H 1-· .} ·t t .! ... 

.. 1 ...... ;• . .. .., L L .. 1 ........ LJ-1-J... l 1- ..... , .... j ....... J .. 
... :: ]t:t::J::] t:r::j rl:r:i: t·[:! 

I--83-+----M..,.I--1-o-.. -2-o,--30,..-,L-:c"'w-,.,..tn-st"'at,..ta"'"tto-n-----+------:9-:4d+-,-121:-:2:-:o"'loo::t--4130-/-97+--------1f------a4- 1 i rt--T-r-· j .. 1 ·j· t ·r-·j···J-·j···t··t·j--· 
84 Ml·4o, ·5o, ·52 Lew tnstallatlon 66d 5/1197 7131/97 83 1:·----L"···· · ····r-r···r··-t ·t 

. ---r--··f··++·· 

_____ , • , I 
91 WBS 1.1.13.1nstallallon 551d 1011/96 11/10/88 ...... l ...... j ............ ), .. ! .... j ...... l ..... ! ...... ) .... ) .... ) ...... f .... J .... ---+·-1 ...... ) .... +----[--·-·j------ ----+·+-----L ... i.. ... .. 

__ ·-·j!·t--·ti·--j-t-··j· fl+4· --H-- J-· 
l--94-+-----ln_st_a_ll_21_s_D_:po_le_s _______ -+--5d+-101_2_81_9_s+--_11_1_1,_96+-----......jf-----------+··J .. J ..... 

95 Install 240 Dipoles 5d 12/9/96 12/13/96 I II ·+---j 
1- j-97 lnstall305 Dipoles 5d 7/28197 811197 

98 tnstall344 Dipoles 10d 9/2/97 9/15/97 13FF+10d 105SS+2d;133 

99 Dipole Buslnstallallon 1BSd 112/97 9/17/97 
100 lnstall1x4 Dipole Bus, IOC locations 25d 1/2/97 2/5/97 101 

101 lnstall1x4 Dipole Bus, IOD Locations 50d 2/6197 4116/97 100 I I -+ .. i I ! 1 I ! i j j j I j ! 1 1 i i 

::r:rJ:::IJ·:]::J:::lJ::J::E 
104 Install Dipole Bus, Serv. Bldg. to Enclosure 40d 6/2/97 7/25/97 I 1 I' j 1 j lill!lll I I j I j j j . . I i --l i i · 
105 Dipole Connections 10d 914197 9111197 98SS+2d 133 .... .. ) 
106 Quad Bus lnstallallon 90d 411/97 B/4197 .. ..J 
107 Install Bus, IOD Locations 25d 411/97 5/5/97 108 

108 tnstaiiBus,IQC Locations 15d 5/6197 5126/97 107 109 
109 Install Remammg Bus 50d 5/27/97 8/4197 108 

---·---t···--+·· 
110 Quad lnstallallon 301d 3/3/97 4127/98 

111 lnstaiiiODs (most) 40d 3/3197 4125/97 I 
112 lnstaiiiOCs (most) 20d 3/21/97 4117/97 ,., I' 1 T""'j"j-·j-· i f j J.. I 1 i 1 -j·j-
113 lnstaiiiQB(MalnRing)Quads BOd 1/6/98 4127/98 .. t .. 1 l l "l j 1 .... f" f 1 -l::c+----· .... ' f ["'j I J j------· 

114 lnstaiiQuads,M1·101oMI-40 20d 1/6198 2/2/98 29FF+10d 37FF+9d ...... , .... +·--· -j: i· I "I"! 1-Jt::J:::t r:J r••J .. r I h ! 
1-1-1-5-+--------:1-ns-ta"'II-:Oc-u-ad:-s-. M"'""'t·40----to,..,.,M"'H'"'o---+--:2c:Od+-c3/-::3:-:1-:/9-B+---41-27-/9-8+30-F_F_+_10d----+---3-BF_F_+_9d-f ...... l ...... i·•·-- t -: --I I - r t - !• i ... r 

.J ..... lt l ! I .... : ! .J .. . l .. : 
1
1_ ; I 

116 8 GeV Beamllne Magnet Installation 247d 12/19/96 11128197 1 1 l I 
1 
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1
:::::: 25SS+15d 

137 
··1 ll·.· __ .. _1

1
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1
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'97 '98 
ID successors 0 N D J F M A M J J A S 0 N D J F M A M J J A S I 0 I N I D Nama Duration Start Finish Prede<:essors 

Install First B2s, 84" Quads 

LCW,Cabling 

Install Remaining Magnets 

Tevatron 

Restore Cables, Bus, etc. 

Install Cryogenic OevJces, Leak Check, Cook 

Install AF cavHies 

Projecl: FMIINTEGRATED INSTALLATION SCHEDULE 
Date: 217/97 11:04 AM 

15d 1218/97 

10d 9/16/98 

10d 9/30/98 

40d 9/16198 

10d 9/16/98 

40d 9/16/98 

10d 9/16/98 

12128/97 2SS+60d 

9/29/98 3 

10/13198 126 

11/10198 

. 9/29/98 3 

11/10/98 3 

9/29/98 3 

I Task Milestone+ Summary 4 "' 



APPENDICES 

.SCHEDULE 44 

SUMMARY SCHEDULES 

LA TTl CE FILES 
1. Main Injector Ring Lattice Description (MI_19) 

and Main Injector Ring Site Coordinates (MI_19) 
2. 8 Ge V Line Lattice Description 

and 8 Ge V Line Site Coordinates 
3. 150 GeV Line Lattice Description 

and 150 GeV Line Site Coordinates 
4. 120 GeVLine Lattice Description 

and 120 GeV Line Site Coordinates 

CIVIL DRAWINGS 
1. Title I Drawings 
2. Selected Drawings from Bid Sets 



FERMILAB 
FY 1996 BUDGET REQUEST 

CONSTRUCTION PROJECT DATA SHEET 

BAKALIA 
SCHEDULE44 

GENERAL SCIENCE AND RESEARCH- PLANT AND CAPITAL EQUIPMENT 
HIGH ENERGY PHYSICS 

(Tabular dollars in thousands. Narrative material in whole dollars) 

CIDCAGO OPERATIONS 
Field Office 

1. Title and Location of Project: 
Fermilab Main Injector 
Fermi National Accelerator Laboratory, Batavia, Illinois 

3. Date A-E work initiated: 3rd Quarter FY 1992 

3a. Date physical construction starts: 3rd Quarter FY 1992 

4. Date construction ends: 4th Quarter FY 1998 

7. Financial Schedule: EisQal ApprQpriatiQn 
1992 $11,650 
1993 15,000 
1994 25,000 
1995 43,000 
1996 70,000 
1997 64,950 
1998 

Total $229,600 

8. Ph:x:siQal Qf 

ObligatiQn 
$11,650 

15,000 
25,000 
43,000 
70,000 
50,000 
14.950 

$229,600 

FERMI NATIONAL ACCELERATOR 

2. Project No. 92-G-302 

5. Previous Cost Estimate 
Total Estimated Cost: $229,600 
Total Project Cost: $259,300 

6. Current Cost Estimate 
Total Estimated Cost: $229,600 
Total Project Cost: $259,300 

Date: January, 1994 

$1,000 
10.,000 
35,500 
43,700 
60,900 
49,100 
29.400 

$229,600 

This project provides for the construction of a new accelerator, called the Fermilab Main Injector, which will replace 
the aging Fermilab Main Ring accelerator in all its functions. This accelerator will provide particles for injection into 
the existing Fermilab superconducting Tevatron accelerator and for direct delivery to the existing fixed target 



CONS1RUCTION PROJECT DATA SHEET 

1. Title and location of Project: 2. Project Nq. 92-G-302 
Fermilab Main Injector 
Fermi National Accelerator Laboratory, Batavia, Illinois 

experimental and test beam areas. The accelerator is 3.3 km in circumference and is capable of accelerating protons 
and antiprotons to 150 GeV. It is constructed using conventional iron core magnets. Also provided are five new 
beamlines which tie the Main Injector into the existing accelerator complex, transport 120 GeV proton beams to the 
fixed target experimental areas, and provide particle beams for the testing and calibration of detector components and 
subsystems. 

The Fermilab Main Injector accelerator will recycle many technical components from the existing Main Ring, 
including quadrupole magnets, some power supplies and correction magnets, radio frequency systems, some controls 
components, and diagnostic devices. 

The Main Injector will be located on the southwest side of the Fermilab site, tangent to the existing Tevatron at the F-
zero straight section. 

Specifically provided for in the scope of the project are: 

a. Construction of a 3.3 km ring enclosure with service buildings and utilities, and the fabrication of new technical 
components including dipole magnets, high current power supplies, and vacuum systems. 

b. Construction of beamline enclosures, service buildings, utilities, and technical components required to implement 
the 8 GeV Booster-to-Main Injector beamline, the 150 GeV proton and antiproton Main Injector-to-Tevatron 
transfer lines, and the 120 GeV Main Injector-to-Antiproton Production Target beamline. 

c. Construction of technical components required to implement the delivery of 120 GeV beam from the Main Injector 
to the A-zero Transfer Hall, from which distribution to the existing experimental areas is possible. 

d. Construction of a new sub-station and 345 kV power lines for delivery of electrical power to the Main Injector 
location. 

e. Modifications to the Tevatron ring tunnel at the F-zero straight section for installation of the 150 GeV proton and 
antiproton transfer lines. 

f. Refurbishment and reinstallation in the Main Injector ring enclosure of those technical components which will 
be recycled from the old Main Ring. 



CONSTRUCTION PRvJECT DATA SHEET 

1. Title and location of Project: 2. Project 92-G-302 
Fermilab Main Injector 
Fermi National Accelerator Laboratory, Batavia, Illinois 

9. Purpose. Justification of Need for. and Scope of Project 

The primary purpose of this project is to greatly increase the luminosity which the Tevatron proton-antiproton 
collider can deliver to the two existing collider detector facilities at Fermilab. Fermilab is the only operational high 
energy physics facility in the world with sufficiently high energy to produce the top quark, the last unobserved 
fundamental building block forming the basis of our current understanding of the structure of matter. Increasing 
the luminosity available at the Fermilab Proton-Antiproton Collider to 5x1o31 cm-2sec-1 will nearly assure discovery 
and determination of the properties of the Top quark if it lies within the range indicated by all present experimental 
data. The project will also increase significantly the number of protons which can be delivered to the Tevatron for 
acceleration and delivery to the fixed target experimental areas. Other important purposes are to provide a new 
capability for 120 GeV beams for fixed target physics research, and to provide year-round beams for the testing and 
calibration of detector components and subsystems simultaneously with Tevatron collider operations for physics 
research. 

Increasing the collider luminosity requires increasing both the number of protons and antiprotons injected into the 
Tevatron. The substantial improvement in injection intensities results from the large effective aperture of the Main 
Injector ring, and from its rapid repetition rate capability. These are achieved through tighter focusing, improved 
field quality, and the elimination of overpasses which were installed in the Main Ring to accommodate the collider 
detector facilities. The Main Injector will be capable of accelerating an intense beam of protons to 120 GeV every 1.5 
seconds for antiproton production, as compared to a 2.4 second cycle for the present Main Ring. The beam intensity 
injected into the Tevatron by the Main Injector will approach 6x1o13 protons per 60 second cycle, which is about two 
times as great as could be achieved with the Main Ring. The Tevatron proton-antiproton colliding beam luminosity 
will be increased to at least 5x1o13 cm-2sec-1, which is five times greater than could be achieved using the Main Ring. 
These performance goals are expected to be reached after some months of operational experience with the upgraded 
facilities. 

10. Details of Cost Estimate* 

a. EDI&A at 16.9% of construction costs 
b. Main Injector construction costs 

1. Conventional construction 
2. Special facilities 

c. Contingency at 17.7% of above cost 

Total 

Item Cost 

$77,500 
$89,300 

Total Cost 
$28,200 

$166,800 

$34.600 

$229,600 



CONSTRUCTION PROJECT DATA SHEET 

1. Title and location of Project: 2. Project No. 92-G-302 
Fermilab Main Injector 
Fermi National Accelerator Laboratory, Batavia, Illinois 

* The annual escalation rates assumed for FY1992 through FY1998 are 3.1, 2.6, 3.4, 4.0, 3.9, 3.8, and 3.6 percent 
respectively. 

11. Method of Performance 

Design of facilities will be by the operating contractor and subcontractors as appropriate. To the extent feasible 
construction and procurement will be accomplished by fixed-price contracts awarded on the basis of competitive bids. 

12. Schedule of Project Funding and Other Related Funding Requirements 

a. Total project cost Prior Years FY1992 FY 1993 FY 1994 FY 1995 FY1996 FY1997 FY1998 
1. Total facility costs 

(a) Construction line item __$Q $1.000 $10.000 $35.500 $43.700 $60.900 $49.100 $29.400 
Total facility cost $0 $1,000 $10,000 $35,500 $43,700 $60,900 $49,100 $29,400 

2. Other project costs 
(a) R&D costs necessary to complete $5,400 $4,300 $6,000 $2,700 $0 $0 $0 $0 

construction (G&A included) 
(b) Pre-operating costs $0 $0 $0 $0 $0 $0 $0 $2,000 
(c) Capital equipment $0 $200 $100 $100 $100 $100 $200 $200 
(d) Inventories and Spares _jQ $Q $Q $Q _:!!D. _$_Q $2,6QQ $5,7QQ 
Total other project costs $5,400 $4,500 $6,100 $2,800 $100 $100 $2,800 $7,900 

Total project costs $5,400 $5,500 $16,100 $38,300 $43,800 $61,000 $51,900 $37,300 

b. Total related incremental annual funding requirements (estimated life of project: 20 years) 
1. Power costs for Main Injector slow spill operations 
2. Experimental Areas operating costs with 120 Ge V slow spill beam 

Total incremental annual funding 

TOTAL 

$222,6QQ 
$229,600 

$18,400 

$2,000 
$1,000 
$8.3QQ 

$29,700 

$259,300 

$5,400 
$1.2QQ 

$6,600 



CONSTRUCTION PRuJECT DATA SHEET 

1. Title and location of Project: 2. Project No. 92-G-302 
Fermilab Main Injector 
Fermi National Accelerator Laboratory, Batavia, Illinois 

13. Narrative Explanation of Total Proiect Funding and Other Related Funding Requirements 

a. Total project costs 
1. Total facility cost 

(a) Construction line item - explained in items 8, 9, 10. 
2. Other project costs 

(a) Direct R&D operating costs - This provides for project conceptual design activities, for design and 
development of new components, and for the fabrication and testing of prototypes. R&D on all elements of the 
project to optimize performance and minimize costs will continue through early stages of the project. 
Specifically included are development of the high current dipole magnet, the associated power supply system, a 
new sextupole magnet, and new rf power amplifiers. A small number of these components will be fabricated 
and tested using R&D operating funds. 
(b) Pre-operating costs - Includes personnel costs for a several month commissioning period. 
(c) Capital equipment - Includes test instruments, electronics, and other general equipment to support 12.a.1 
and 2. 
(d) Inventories and Spares - Provides for special process spares for the major technical components, primarily 
magnets and power supplies, and for an increase in common use inventories for Main Injector related items. 

b. Total incremental funding requirements - It is assumed that the Fermilab Tevatron complex will continue to 
operate both the fixed target and collider programs, with each running about 40% of the time. The Main Injector 
replaces the existing Main Ring in all its functional roles and it is designed to require nearly the same amount of 
power to operate for those purposes. The new Main Injector capability for test beam operations simultaneous with 
Tevatron operations for physics research will require an average increase in power plus other operating cost of 
about $6.6M annually. The increase in operating costs in 12. b.1 and 2 reflects solely the incremental demands of 
delivering 120 GeV protons to the fixed target experimental areas during Tevatron collider operations. 

14. Incorporation of Fallout Shelters in Future Federal Buildings 

Not specifically incorporated into this project as sufficient space is available at other locations on the site. 

15. Incorporation of Measures for the Prevention. Control. and Abatement of Air and Water Pollution at Federal 
Facilities. 



CONSTRUCTION PROJECT DATA SHEET 

1. Title and location of Project: 2. Project No. 92-G-302 
Fermilab Main Injector 
Fermi National Accelerator Laboratory, Batavia, Illinois 

The total estimated cost of this project includes the cost of those measures necessary to assure the facility will comply 
with Executive Order 12088. A Section 404 permit from the Army Corps of Engineers has been issued for this 
construction. 

16. Evaluation of Flood Hazard 

This project will be partially located in the flood plain of Indian Creek, which originates on the Fermilab site. An 
active drainage system will allow the control of water levels within the region encompassed by the Main Injector 
ring. Measures will be taken to insure that the water retention capacity of the Indian Creek drainage basin is 
maintained both during the construction and operational phases of the project. Components installed in the 
underground Main Injector ring and beamline enclosures will be protected by pumps, as are all existing underground 
enclosures on the Fermilab site. Service buildings and enclosure access points will be located well above the 
floodplain. Construction will be in accordance with Executive Order 11988. An Army Corps of Engineers permit has 
been issued for this construction. 

17. Environmental Impact 

Environmental documentation has been prepared for this project and a Finding of No Significant Impact (FONSI) 
issued. Any wetlands that will be disturbed during the course of the project will be restored as closely as possible to 
their original condition. Mitigation plans for any disturbance and/or loss of wetlands have been finalized after 

· consultation with the Corps of Engineers. Compensatory wetlands will be created in the vicinity of the disturbed 
wetlands in a ratio of 1-1/2 to 1 of existing wetlands impacted by construction of the Main Injector site. The project 
will be in compliance with the National Environmental Policy Act. 

18. Accessibility to the Handicapped 

All tunnel enclosures and service buildings are occupied only temporarily. They do not provide permanent working 
space, and are considered hazardous areas with restricted access under laboratory policy. As such, no special measures 
for accessibility to the handicapped will be provided in these areas. 



SCHEDULES 

THE FOLLOWING SCHEDULES WERE PRODUCED FROM 

THE PROJECT CONTROL SYSTEM'S MICROSOFT 

PROJECT® FILES. THESE FILES WERE CREATED BY 

AND ARE UPDATED MONTHLY BY THE WBS LEVEL 3 

MANAGERS. THE GANTT CHARTS HAVE BEEN 

CONDENSED FIRST BY REMOVING EDI&A, AND THEN 

FORMATTING THE FILES TO SHOW ONLY THE 

"SUMl\1ARY TASKS", WHICH SPAN THE DURATION OF 

THE SUBORDINATE TASKS. THE CALENDAR SHOWS 

FISCAL YEAR QUARTERS. 



Name I Duration start I finish 
Magnets l 1263d 10/1/931 8/4/98 
··--------·-------·-·--·-----------------·---··-·-r--·--·---------·--

Dipole I 1055d 10/1/93 i 10/16/97 
----------·--··--·--·-----------------·-··--·!----··-··---········--·-·-.4······-------··· 

IDA i 1055d I 10/1/93! 10/16/97 

IDB 1 1055d 10/1/93j 10/16/97 
-7/i.si94T--10i16i97 

IDD 1055d 10/1/931 10/16/97 
·--·-·-------···--------··----····--··---·-·-----·---r·---·-···-·-r·········--·-·-··.1·-·-······-·---· 

·--12i8193t--12i1.8195 

IOD t 416d j·- 5/16/94J 12/18/95 ----·----·--·----------·-------------·-- ------····--··-··-·--t--·-·---
Reworked 84' Quads 817d L 4/17/95

1 
6/2198 

New Small Magnets I 973d j 2/1/94 j 10/23/97 
----------····--------------·----··------·-r---·----[-·-·-···········-·:r---·--·--

sextupole Magnets i 973d 2/1/941 10/23/97 
-·····-5/15/95l--5i14/96 

-----------··-··-·---------·------··-----------·-·····-·· ····-·-···--···-i·---·-··--·-

30120A Magnets t' 343d 10/31/95 1 2/20/97 ··---------------·----------------··-·----- --·-·-·-· --··-·-----'L-------·--
30160 Magnets 379d 10/31/95T 4/11/97 

·--·----------·-·-·----·-----·---·---·-----·---·--+---·---· ·---·-······-+----··-·--· 
110' Lambertsons (5 total) I 593d 3/20/951 6/25/97 

···-----------·······----------·-······---------------------------·-·-··--·------------...L.-------______________ J _____________ _ 

.. 
TRIM QUADS + 350d 10/16/961 2/17/98 

·-·-·--·si<E-W-au:.\-68---------·-·-·-··--·---··-·-··--···-·-, ·-·-352d. -···-;·iii16/96 1 ·-·-·2/19/98 
---------------··------------------------------------------------------.l.....--------------·-· -····-------·····--·--·-l··--··-·-···-··-··-·-· 
. OCTUPOLES I 360d 10/16/96 i 3/3/98 

.. 
92's (BDM) , 398d 10/16/96 i 4/24/98 

·-···---·-········-·····-·····-········-·-·-·-···-··---······--·--·-···-·-·-··--···---r-··-············· ·······-·--···········t·····-··-··-······--· 
EPB DIPOLES 405d 10/16/96 i 5/5/98 

··-·---··s3··;iooM·i·--·-·----·--··-·-·-····---·--------·--r-·····351·d· ···-·10i1'6/96T ___ 2118/98 
__ 2120/98 

·----'HoR'izA:Nov'EFirrRIM-8.'FiEwoFii<-t-ia9;;;·--·---r··-·47iidl-1oi16/96T ___ Si4/9e 
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WBS l I 1993 I 1994 I 1995 I 1996 1997 1998 
Name Duration start flnlsh I I I I I I I I I I I I J 1 I I I I I I I 
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Date: 9/19/94 
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Summary 9 
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I WBS Name Duration start finish I I I I I I I I J J J I I I I I I I . I I I I I 

Project: FORECAST/wbs 1.1.3 Pc Critical V////////ffhJ Progress 

Dale: 9/19/94 Noncrlllcal (;;;·. "" · Milestone + 
Page 1 

Summary 9 
Relied Up 0 
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WBS Name DuraUon start I finish 
1.1.4.1.1.1.1 MIR rf 53 mhz/200kw POWER AMPLIFIER 920d I 10n/931 4/16197 

·----------·-------·-- ·····--·---·T-··---------
1.1.4.1.1.1.1 Start 200 KW PA-.1.1.1.1 I Od I 12/11931 12/1193 

··-·--··-·····--·-·---·-·········---·--------·- ··-----·-
1.1.4.1.1.1.1 OrderPAComponents 210d' 1/2/95 10/20195 f.-----+--··-- +----- --··- ·---·-·-

PA 
1.1.4.1.1.1.1 Final PAAssembly 230d 2/15/96j 111197 

1-------1·-·---- -------------- --· -·--·-------'-----1 
1.1.4.1.1.1.1 
1.1.4.U.1.2 MIRrf53 mhz/4KW SOLID STATE DRIVER 911d 10n/93 413197 

__ 

f------1·--·--·--·-·--·-------···---·------+--·--1---·------
1.1.4.1.1.1.2 Start4KW Driver -.1.1.1.2 Od 12/1193 12/1193 ----==- ---
1.1.4.1.1.2.1 Start Anode Supplles-.1.1.2.1 Od 10/1194 10/1194 ------------ ------------------- -----------------·-
1.1.4.1.1.2.1 Spec. & Order Components 106d 11/1/94 3/28195 

1-1-.1-.4-.1-.1-.2-.1-+-· Fabricate APS -··---12/1/941' 5/2Sros 
·--------·---------------------- ---·-----------------

1.1.4.1.1.2.1 Install APS Sub-Assemblies 100d I 5/261951 10/12195 
1. 1.4. 1. 1.2.1 ·---····-i7·3;:;r--9/6i95J--9i2o/96 

1.1.4.1.1.2.1 

I-1_.1_.4_.1_.1_.2_.1_+ _____ 

::::::::::::: 
l-1-.1-.4-.1-.1-.2-.1-+_-__ __ 

::::::::::::: 

f---1_.1_.4_. 1_.1_.2_._1 
1.1.4.1.1.2.1 Complete Anode Supplies-.1.1.2.1 Od 12/26/971! 12126197 

----····---··-··--·-···-···-··-···-··-·-·····-··-···----·----·--·--···---···-····--......................... --······---··-·--· 
1.1.4.1.1.2.2 MIRrf53mhz/MODULATORS 1 1000d 12/1/931 10/1197 

: ::: ::: -
1-------1-·--·---------·-· ·------------·-----··---------

::: :::::::: MiR l ........ 

--- ·----· Od ·-1Di1fJ93t-wi15193 
1-------1-·---------·---------·-------· ---·--- .................... ....l... ...... ----

1.1.4.1.1.4 Bus Bers Installed In Penetrations Od 11/231931 11/23193 
1------i··-·--··--·--·······------·-··········---···-··-·-··----------··-· ............... . 

___ 
1.1.4.1.1.6 StartH=588Cavllles·.1.1.6 1 -o;;l 6/15196i 6/15/96 1-----_,. ............ 
:: ::::: 
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WBS Name Durallon start I finish 
1.1.6.1.1.1 8 Gev Proton tn)IKickerMagnet I 1032d 911/94J 8/14/98 

1--1.-1-.6-.1-.1-.-1 _, ____ 111 . 16cid-- 1t19i95T--al3ol9s 
1-----+-------·------------------------------------------ ------ ·----------·····--+--·-··--·--

& Assembly 111) __ . 160d 
1.1.6.1.1.1 Magnet 112 and 113 160d 115/981 B/14/98 

1--1.-1.-6-.1-.1-.1-t----· Mechanical & Assembly -·130d --- 2/1S'98 j---si14t98 
1--1._1._6_.1_.1_.2--1 ______ 
f--1._1._6._1._.1._2--+------- .. __ ____ 81_6_196_ 

1.1.6.1.1.2 Thyratron Pulsar 331d 1/27/94 1 5/4195 

1.1.6.1.1.2 ___ Th_yratron Pulse_r 
1.1.6.1.1.2 Resonant Charging Supply 140d 1/1/97 1 7/15197 

1-----t·---------------------------------·----· ............ - ...... ---------·----·-·-·+-------····---· 1.1.6.1.1.2 PFL 170d 1/11971 8/26/97 
1----+--------------·-·-------·----------l--------·---·-----·-t·--1.1.6.1.1.2 Load Resistor I 180d 1/1197 919197 

1.1.6.1.2.2 Thyratron Pulsar -+816.5dti 1/1/94j 2/18/97 -----------------·--·------------------· ----· ----·-----·- . ·-----------· 1.1.6.1.2.2 PFN 504d 111/941 1217195 
1-----t---:---- . ------------·-----·--- ------------·--' -·----1. 1.6.1.2.2 Load Resistor =1 150d 4/7195! 1112/95 1-----+-·-·--·----------------------- -·--·-------------------t·------·-··-1.1.6.1.2.2 lnstallallon 75d 10/21/961 1/31197 f-----t----------·--·-----·-----··-·--- ·-·-------·--·--·------+-------· 
f--1

1 
:-: _____________________ 

1.1.6.1.4.2 ____ 3125196r--· 4125197 

1--::-::-:-::-::-: ;-t-P __ 
1.1.6.1.5.2 ... _1;·!1·3/96 

1.1.6.1.5.2 · ---Puls;;;----------·----------r---w5d ,---·-1i1'6!94r·---;·2i22195 
f-------i---··-·--------·-·-·------------------·----------------------------±·---·-·------:1········-----·-·--·r------····--··----······ 1.1.6.1.5.2 Pulsar 112 270.9d 1 11/1/95 i 11/13/96 

::::::::::: 
-p;ar __ 212198l, ... 

1.1.6.3.2.2 Controls Rework 1 168.75d 611/95! 1/23/96 f-----t--·--------·------- _____________ __J._________ 1.1.6.3.2.2 Cable Installation i 369d I 10/1/961 2127198 

1--:-:1-:::-6:-:: _ 

1.1.6. 14 -9/3o/94 

f--:-: 

992 1993 
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1992 1993 
WBS Name Duration start finish lll lll 

Ml Project ___ ,. 
1

. 
Start Project Od 311/92 i 311/92 + 

+ 
1------+----- --- - --1.1.8.1.1 awardcontract Od 10/1/941 10/1/94 

1--::-:.-·:-: 

1.0 

1.1.8.1.2 Rlngblms 100d 10/1/94! 2/17195 1------l-------------------. ---- ----·-----1·------------t-------
1.1.8. 1.2 Start blm's ----iEi: ______ __ 

1--1_.1_.8_.1_.5_+ _p : 
1--1_.1_.8_._1._5---t----- prch level ___ 

1.1.8.1.3 Ring Resistive wall 65d 10/1/94 12130/94 
1-----+--------------------- ------- ----------+-----·--

-----------------------, ---------------------1.1.8.1.7 Ring DCCT I 75d 10/1194! 1/13/95 

__ __ _____ 
1.1.8.1.6 Start Flying Wires I Od I 10/1/94! 10/1/94 

t-----t---------------------------------------------------------'------------------------------------------------------------1.1.8.1.8 Start Transverse Scraper Od 9/1/951 9/1/95 

1994 l 19951 1996 1997 I 1998 I H 
lll!llllll I. I I I I I I I! I 

I •! i ! 

i +\ +I 

t
1

_r 1 I 

! ·w I I I I 

I t 
I 

• I I 
... : ! l• I I r 1 I 

I i 
i.-.1 I 

I . 
I I 
I I l.·· ... ,.. I 

i ...L l 
I i 1 I 1.1.8.10.9 · -------24-()d 

1.1.8.10.9 -
1---1-.1-.8-.-14--+-E-D&I 10/1/92! 8/18/97 

I I ., 

l' ! : , I I 
1----------t------------------------ ------------ _____________ l__ __ _ 

1.1.8.14 Ring bpm 973d 10/1/92J 6/24/96 1------+-----·-··------------------------------------------------------------------··-r···-···-··----·····-·-····-·······--:: :::::: f I 

1------l----------------------------------------------------..,----------------- __________ _. ________ _ 1.1.8.14 Beamline SEMs t 230d 8/18197 
1.1.13.2.4 [i;;;;;,llne - 293d ---1oi1/96i--1i/13m 1-------l---------------------------------------- ------------ ___________ L_ ____________ __ 

':",b._,_ ___ ............ -r, i =1 
•• -
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WBS Name Duration start finish 
1.1.9 Mi201:l/o Od 4125196 4/25196 

1----+------- -----------------+--------------.----
1.1.9 Mi30 1:!/o I Od I 519196 519/96 

r---::-:-::--1 ........ = 1----t---:- ____ 5., ______ ---
1.1.9 Total con1rois 1540d j 12111192 11/5198 

__ __ -__ -__ -__ -_-----=f---__ .... !L_ ___ 
(inciinstall'n) ____ __ 

1.1.9.1.2 Crates, Cards, etc (inciinstall'n) 892d i 1211194 511198 
. ____ l ___ 370dl ___ fu29/9sj-10125196 

1.1.9.1.4 FIR.US(incllnstall'ni · ____ -- -,"[:-
1.1.9.1.5 Ethernet (inclinstali'n) 631d i 8/1194 12130/96 
1. 1.9. 1.5 - -----·-o;;·r----------a;·;/94 ------a;·;i94 
1.1.9.1 o Total (BeamLin-;s)_____________ ·--i27'df ___ 1o/24tesl ___ e/5198 

1-:-::-::-: :-:-::--+-----
1.1.9.14 

1-1-. 1-.1-3-_ 1-.5-+---wss 1.1. above ---- -----4Cidl ___ 2!119sr-- 3127198 

_, __ 

1.1.9.1.1 Computer, Links (inci install'n) Obiig 1 1123d 1 5121/98 -------------------------------·-··------------------------------ ___________ .J........_____________ -------------·· 
1.1.9.1.2 Crates, Cards, etc (inclinstall'n) Obllg I 914d I 11/1194 511/98 
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__ -___ 
l--1-_1._9_.1_4_, ____ eo __ ntrois EDI&A Obllg _________________ L ___ __ 

1.1.13.1.5 1.1.13.1.5notlncludedaboveobllgations I 40dl 2111981 3127/98 
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WBS Name Duration I start finish 
1993 I 1994 1995 1996 1997 1998 
I I I I I I I I I I l l l l l l l l l 

1.1.10 Ml Safety Systems 269.4w j 10/1192/ 11/28197 

• 
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1993 
WBS Name Duration start finish I I I 

1.1.12.1.1.2 MIR-HEATEXCHANGER 869.55d 8129/94 12129/97 

1.1.12.1.1.2 
--·--------f-----------·-------------i ---

Partial Occupancy Ser. Bldgs. 10 to 50 Odi 8119/96 8119/96 
PROCESSING____ 683:-5dr--,-Oii-7194 ---- 5/29/97 

1------t-----------------------+------j·-----------------i 

1.1. 12. 1. 1.2 

1.1.12.1.1.2 

1.1.12.1.1.3 Fundlng-1C:V1/95 Od 1C:V1/95 1C:V1/95 
1------+---------------------------- -------- ------------ -----

1.1.12.1,1.3 Fundlng-1C:V1/96 Od 1C:V1/96 1C:V1196 
1----"---+··--------------------------------------- ---- -------------------- ---------

1.1.12.1.1.4 MIR-LCW PUMP SYSTEM 649d 12113/94 818197 
1------+-----------------· --

Fundlng-1C:V1196 Od 1C:V1/96 1C:V1/96 1.1.12.1.1.4 
f----t-------

1.1.12.1.1.5 MIR-LCW PIPING 

Project FORECAST/wbs 1.1.12 L 
Date: 9/19/94 
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WBS Name Duration start finish 
Total$ 1559.5d 1011/92 9/23198 

·---:: ::::: :::·.: ___ 
1.1.13.1.2.3 MIR HARMONIC FILTER 355.5d 5/30197 .. -----
1.1.13.1.4 MIR INSTRUMENTATION INSTALL'N 424.3Bd 7/8196 2120198 

.. -----,------ f.-----·---·------
1.1.13.1.6.1 ABORT STAND -·----- ____ !__1.}_?!_'!!_1 __ 6/25/96 

1.1.13.1.6.2 ABORTMAGNETINSTALLATION 263.75d 9/30196 1012/97 
................... ---·-------.. ·-·--------- ......... _.. __ .. _____ ........ ,_ .. ____ _ 

1.1.13.1.8 MIR SAFETY SYSTEM INSTALL'N 61 1.67d 1/26/96 6/1/98 
1---------+--·-----------·--.. --.--·-----.. --- .. ---- i----.............. ·------

1.1.13.2.1.1 .. _ 

1.1.13.2.1.2 8 GeV LINE MAGNET ....... ·--· 8 __ ....!_17198 
1.1.13.2.1.3 8 GeV LINE ALIGNMENT 693.33d 9/29/95 5/27/98 1----+--·-.. --... --.. ---.. -·--·--....... _ .. ________ .... -............ .................... ·--·----·-
1.1.13.2.4 8 GeV LINE INSTR INSTALL'N 54.72d 4117/98 7/2/98 .. - .. ---.. -·---........ ____ ----- ......... _... ·------

1.1.13.3.1.1 150GeVLINEMAGSTANDINSTALL'N 425d 1/9197 8/26/98 

.... .. 
__ ----· .. 

1----------t----.. Ent;k;;--------·--.. r ......... ,oi1/92 

f---------t-------.. .......................... -.. ·--·, ................ ;·dt·-··-··-,c;1/921''''""''"1Ci1/92 
.. -·1-dT--1011is2l ___ 1011/92 + 
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WBS Name Duration start I finish 
1992 1993 1994 I 1995 J 1996 1997 1998 1999 2ooo 
I I I I I I I I I I I I I I I IJ JJJ I I I I I I I I I 

1.2 CIVILCONSTRUCTION 2153dJ __ 1n'1/!lj __ 

1.2.1 CIVIL : _____________ _ __ 1011/98 
f---1.2-.-1.-1-+·---:W-=ETLANDS MITIGATION 7/13/92 t 10/1/98 

1.2.1.2 SITE PREP. AND COOUNG PONDS ---a98d ---;;3/93 2111197 ----+--·----·------------------------·-· --------
1.2.1.2.1 SITE PREPARATION 236d Q'3/93 1 7/31/94 

1.2.1.2.2 PONDS__ 247d 
f-1-.2-.1-.3-if---R-0--ADS, UTIUTIES, & 13.8 KV POWER 896d 9/1419al2f18/97 

f--1.-2.-1-.3-.1--t----·-::-Ro"'A-:-:DS & UTILITIES 618d 9/14/91 1/25/96 

1.2.1.3.2 13.8 KV POWER 6-6·10 - 2/18/97 r 
1.2.2 CIVILPHASEII __ .,.. I 

1.2.2.1 INJECTOR ENOL AT Ml-60 947d 2115/931 10/1196 '"' j 

i 

!...+:: 
l 

l 
1.2.2.1 lnjectorEnciAtMI-606-6-4 251d 2/15/93l1131/94 .,.. j l 

f-1-.2-.2-.-2-+---·-ci-:N-::JE"'C:::T:-::OA ENC_L -==?Eil!i4[-1<Y1/e6 ... llillillllillill .. 

. 
1.2.2.3 SERV BLDGS Ml-10,20,30,40,50 part ol6.£.8 10/1&'951 617/96 ! t-.: 

r,l: • 

1.2.2.5 • 
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WBS Name Dura1ion o1art I finish 
1992 1993 
I I I Ill 

1994l 1995 1996 1997 1998 1999 2000 
I I I I I I I I I I I I IJI I I I I I I I 

f--1_.o __ +S1_a_rt_P_r_oJ_e_c_1 7/1/92 
f--1_.3_+-P_rOJ_·_. M_g-:-rrt-:--. and Accel. Phy. 

1.3.1 Projeci Managemen1 1630.94d Q'3QI98 
f-----1-.3-.-1-1---P-rOJ-:--.e-ct--:-Managemem FY92 63.87d 7/1192 i Q/28192 1-----+----·--··---------------- ------- ____ ___t_ ____ _ 

1.3.1 Projec1 Mgrrt. LABOR FY92 12.77w 7/11921 1¥28192 

• 
I I 

FY9_:_ ________ 
1.3.1 Project Mgrrt. LABOR FY93 52.04w 1QI1192 1 Q'3QI93 

f------1-.3-.-:--1 -lf--::Pr-OJ--: .• -ct-:M·-;-a-na_ge.-me--n1--:FY=9:-:4-- -2-60-.23d 

h ......... 
1----+-------- -- -----.----------+-------

1.3.1 Project Mgrrt. LABOR FY94 51.79WI 1QI1193i 1¥28194 

1.3.1 Projed-Managemen1--FY95 259.95d ----9130194! ---;w-2Q'95 
f---1-.3-.1-t-----,--Projeci Mgrrt. M&S FY94 52.05;.,.j . 

1---:-::-:-: ---
1----+-------- -- -----·--+----1 

1.3.1 Project Managemen1_ __ 
1.3.1 _ Q/27/96 

1--1-.3-.1-:---+---:P:--rOJ-:.ect Mgrrt. M&S FY96 51.68w 1QI2195j Q/26196 
1.3.1 -2s9.9ed 

m7 ____________ F-___ 
l--1-.3-.1-+----·-,--p;;;;-;;-1:1grri:-M"&s-FYB7 ____________ 

::::: __ 
f---1_.3_.2_+A_c_ce __ ___ -__ 

LABOR FY95 ______________ __1 

--

Project FORECAST/wbs 1.3 I Cr"ical V///////////1 
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LATTICE FILES 



mi19 _mad.twiss _425 _415 _elements.out Fri Sep 9 15:53:39 1994 1 

1 "MAD" Version: 8.17 Run: 09/09./94 15.47.38 
Linear lattice functions for beam line: MI - 19 Range: #S/#E 
delta (p) /p = 0.000000 syrnrn = F page 1 
----------------------------------------------------------------------------------------------------------------------------------

ELEMENT SEQUENCE I H 0 R I z 0 NT A L I V E R T I C A L 
pos. element occ. dist I be tax alfax mux X(CO) px(co) Dx Dpx I betay alfay muy y(co) py(co) Dy Dpy 
no. name no. [m] I [m] [1] [2pi] [rnrn] [. 001] [m] [1] I [m] [1] [2pi] [rnrn] [. 001] [m] [1] 
----------------------------------------------------------------------------------------------------------------------------------
begin NI_19 1 0.000 9.783 0.027 0.000 0.000 0.000 0.054 0.000 62.329 0.040 0.000 0.000 0.000 0.000 0.000 

11 CAV 1 3.728 13.855 -0.833 0.053 0.000 0.000 0.061 0.002 46.743 2.228 0.011 0.000 0.000 0.000 0.000 
19 CAV 2 6.550 19.531 -1.178 0.080 0.000 0.000 0.067 0.002 35.180 1. 868 0.022 0.000 0.000 0.000 0.000 
27 CAV 3 9.373 27.156 -1.523 0.100 0.000 0.000 0.073 0.002 25.650 1. 508 0.037 0.000 0.000 0.000 0.000 
35 CAV 4 12.195 36.729 -1.868 0.114 0.000 0.000 0.079 0.002 18.155 1.148 0.058 0.000 0.000 0.000 0.000 
43 CAV 5 15.018 48.249 -2.213 0.125 0.000 0.000 0.086 0.002 12.693 0.787 0.088 0.000 0.000 0.000 0.000 
52 HC606 1 16.076 53.068 -2.343 0.128 0.000 0.000 0.088 0.002 11.170 0.652 0.102 o.boo 0.000 0.000 0.000 
57 M_ 606 1 17.289 56.344 -0.029 0.132 0.000 0.000 0.088-0.002 10.248 0.065 0.120 0.000 0.000 0.000 0.000 
68 CAV 6 23.486 33.278 1.706 0.154 0.000 0.000 0.057-0.005 18.798 -1.087 0.195 0.000 0.000 0.000 0.000 
76 CAV 7 26.309 24.585 1.374 0.170 0.000 0.000 0.042-0.005 25.861 -1.415 0.216 0.000 0.000 0.000 0.000 
84 CAV 8 29.131 17.764 1.043 0.191 0.000 0.000 0.027-0.005 34.775 -1.743 0.231 0.000 0.000 0.000 0.000 
92 CAV 9 31.954 12.814 o. 711 0.221 0.000 0.000 0.011-0.005 45.538 -2.070 0.242 0.000 0.000 0.000 0.000 

101 VC607 1 33.364 11.042 0.545 0.240 0.000 0.000 0.004-0.005 51.611 -2.234 0.247 0.000 0.000 0.000 0.000 
106 M_ 607 1 34.577 10.357 -0.025 0.258 0.000 0.000 -0.003-0.005 54.742 -0.035 0.250 0.000 0.000 0.000 0.000 
115 HC608 1 36.192 11. 67 4 -0.650 0.282 0.000 0.000 -0.012-0.006 50.045 2.127 0.255 0.000 0.000 0.000 0.000 
123 M_ 608 1 51.866 59.288 0.030 0.381 0.000 0.000 -0.098-0.001 10.987 -0.067 0.375 0.000 0.000 0.000 0.000 
136 VC609 1 67.954 10.524 0.579 0.490 0.000 0.000 -0.056 0.003 59.260 -2.500 0.486 0.000 0.000 0.000 0.000 
141 1-1_ 609 1 69.155 9.756 0.023 0.509 0.000 0.000 -0.054 0.000 62.618 0. 034 0.489 0.000 0.000 0.000 0.000 
152 DIPOLE_C 1 75.458 21.197 -1.424 0.584 0.000 0.000 -0.097-0.017 29.253 2.364 0.512 0.000 0.000 0.000 0.000 
164 DIPOLE_D 1 79.881 36.588 -2.056 0.609 0.000 0.000 -0.199-0.031 12.744 1.368 0.549 0.000 0.000 0.000 0.000 
176 HC610 1 80.528 39.304 -2.148 0.612 0.000 0.000 -0.219-0.031 11.069 1.223 0.557 0.000 0.000 0.000 0.000 
181 M_ 610 1 82.121 42.741 0.243 0.618 0.000 0.000 -0.257-0.016 8.524 0.379 0.584 0.000 0.000 0.000 0.000 
192 DIPOLE_C 2 88.424 18.269 1.615 0. 653 0.000 0.000 -0.299-0.014 14.332 -0.925 0.685 0.000 0.000 0.000 0.000 
204 DIPOLE_D 2 92.848 7.848 0.741 0.713 0.000 0.000 -0.391-0.028 25.050 -1.497 0.722 0.000 0.000 0.000 0.000 
216 VC611 1 93.494 6.972 0.614 0.727 0.000 0.000 -0.409-0.028 27.040 -1.581 0.726 0.000 0.000 0.000 0.000 
221 M_ 611 1 95.087 6.033 -0.035 0. 767 0.000 0.000 -0.472-0.054 29.844 0.000 0.735 0.000 0.000 0.000 0.000 
232 DIPOLE_C 3 101.391 18.348 -1.668 0.874 0.000 0.000 -1.007-0.098 15.021 0.972 0.781 0.000 0.000 0.000 0.000 
244 DIPOLE_D 3 105.814 37.132 -2.579 0.901 0.000 0.000 -1.468-0.112 8.955 0.400 0.844 0.000 0.000 0.000 0.000 
256 HC612 1 106.461 40.552 -2.712 0.904 0.000 0.000 -1.540-0.112 8.493 0.316 0.855 0.000 0.000 0.000 0.000 
261 M_ 612 1 108.054 45.728 -0.241 0.909 0.000 0.000 -1.648-0.016 8.531 -0.379 0.886 0.000 0.000 0.000 0.000 
272 DIPOLE_C 4 114.357 23.518 1.603 0.939 0.000 0.000 -1.232 0.068 27.592 -2.283 0.956 0.000 0.000 0.000 0.000 
284 DIPOLE_D 4 118.781 12.305 0.932 0.981 0.000 0.000 -0.960 0.054 52.184 -3.27 6 0. 975 0.000 0.000 0.000 0.000 
296 VC613 1 119.427 11.165 0.834 0.990 0.000 0.000 -0.925 0.054 56.513 -3.421 0.976 0.000 0.000 0.000 0.000 
301 M_ 613 1 121.020 9.732 0.047 1. 014 0.000 0.000 -0.877 0.002 62.621 -0.033 0.981 0.000 0.000 0.000 0.000 
311 S613 1 122.7 83 10.927 -0.570 1. 042 0.000 0.000 -0.919-0.035 56.486 2.432 0.985 0.000 0.000 0.000 0.000 
320 DIPOLE_A 1 129.485 24.009 -1.382 1.110 0.000 0.000 -1.219-0.056 29.365 1.614 1.012 0.000 0.000 0.000 0.000 
332 DIPOLE_B 1 135.940 46.906 -2.165 1.141 0.000 0.000 -1.644-0.077 13.637 0.822 1. 064 0.000 0.000 0.000 0.000 
344 HC614 1 137.077 5i.984 -2.303 1.144 0.000 0.000 -1.731-0.077 11.927 0.683 1. 078 0.000 0.000 0.000 0.000 
349 1-1_ 614 1 138.309 55.302 -0.035 1.148 0.000 0.000 -1.785-0.001 10.936 0.069 1. 095 0.000 0.000 0.000 0.000 
355 8614 1 139.976 50.220 2.189 1.153 0.000 0.000 -1.700 0. 076 12.054 -0.577 1.119 0.000 0.000 0.000 0.000 
359 0614 1 140.218 49.167 2.161 1.154 0.000 0.000 -1.681 0. 076 12.340 -0.604 1.122 0.000 0.000 0.000 0.000 
369 DIPOLE_A 2 146.773 25.790 1. 405 1.183 0.000 0.000 -1.249 0.055 25.006 -1.328 1.183 0.000 0.000 0.000 0.000 
381 DIPOLE_B 2 153.229 12.454 0.661 1.242 0.000 0.000 -0.958 0.034 46.735 -2.038 1.213 0.000 0.000 0.000 0.000 
396 VC615 1 154.397 11.067 0.526 1.258 0.000 0.000 -0.918 0.034 51.646 -2.166 1.217 0.000 0.000 0.000 0.000 
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401 M_615 1 
412 DIPOLE_C 5 
424 DIPOLE_D 5 

155.597 
161.901 
166.324 

10.439 -0.045 
23.304 -1.553 
39.911 -2.201 

Linear lattice functions for beam line: MI_19 
delta(p}/p = 0.000000 symm = F 

1.276 
1.345 
1.368 

0.000 
0.000 
0.000 

0.000 -0.898-0.004 
0.000 -1.248-0.071 
0.000 -1.591-0.085 

H 0 R I Z 0 N T A L 
pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

I 
dist I 
[m] I 

betax alfax mux x(co) px(co) Dx 
I 

Dpx I 
[1] I name no. 

436 HC616 
441 M_616 
452 DIPOLE_C 
464 DIPOLE_D 
476 VC617 
481 M_617 
492 DIPOLE_C 
504 DIPOLE_D 
516 HC618 
521 M_618 
532 DIPOLE_C 
544 DIPOLE_D 
556 VC619 
561 M_619 
572 HC620 
580 M_620 
592 VC621 
597 M_621 
610 HC622 
615 M_622 
626 DIPOLE_C 
638 DIPOLE_D 
650 VC623 
655 M_623 
666 DIPOLE_C 
678 DIPOLE_:_D 
690 HC624 
695 M_624 
706 DIPOLE_C 
718 DI POLE_D 
730 VC625 
735 M_625 
746 DIPOLE_C 
758 DIPOLE_D 
770 HC626 
775 M_626 
785 8626 
789 0626 
798 DIPOLE_A 
810 DIPOLE_B 
822 VC627 -

1 
1 
6 
6 
1 
1 
7 
7 
1 
1 
8 
8 
1 
1 
1 
1 
1 
1 
1 
1 
9 
9 
1 
1 

10 
10 

1 
1 

11 
11 

1 
1 

12 
12 

1 
1 
1 
1 
3 
3 
1 

166.970 
168.563 
174.867 
179.290 
179.937 
181.530 
187.833 
192.257 
192.903 
194.496 
200.800 
205.223 
205.869 
207.463 
209.177 
224.751 
240.827 
242.040 
258.128 
259.329 
265.632 
270.056 
270.702 
272.295 
278.599 
283.022 
283.668 
285.261 
291.565 
295.988 
296.635 
298.228 
304.531 
308.955 
309.601 
311.194 
312.938 
313.180 
319.659 
326.114 
327.251 

[m] [1] [2pil [rom] [ .001] [m] 

42.817 
46.406 
19.304 

7.749 
6.772 
5.623 

17.014 
35.295 
38.653 
43.862 
23.351 
12.824 
11.741 
10.460 
11.877 
58.697 
10.414 

9.662 
53.874 
57.160 
26.838 
11.946 
10.454 

8.252 
15.075 
26.789 
28.945 
31.942 
15.389 

8.541 
8.006 
7.840 

24.916 
47.591 
51.608 
57.265 
51.585 
50.488 
26.366 
12.363 
10.935 

-2.296 
0.314 
1.786 
0.826 
0.686 
0.030 

-1.603 
-2.530 
-2.666 
-0.316 
1. 497 
0.883 
0. 793 

-0.015 
-0.654 

0.040 
0.566 
0.013 

-2.389 
-0.037 

2.145 
1.222 
1.087 
0.295 

-1.024 
-1.624 
-1.712 
0.027 
1. 088 
0.460 
0.369 

-0.296 
-2.088 
-3.039 
-3.178 
-0.017 
2.280 
2.251 
1. 472 
0.697 
0.560 

1.370 
1.376 
1. 408 
1.467 
1.481 
1.524 
1. 640 
1. 669 
1. 672 
1. 678 
1. 708 
1. 749 
1. 758 
1. 781 
1.806 
1.904 
2.014 
2.033 
2.161 
2.165 
2.189 
2.229 
2.238 
2.266 
2.366 
2.401 
2.405 
2.413 
2.457 
2.520 
2.533 
2.565 
2.643 
2.663 
2.665 
2.670 
2.675 
2.676 
2.704 
2.762 
2. 778 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

. 0. 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

-1.646-0.085 
-1.707 0.016 
-1.080 0.102 
-0.659 0.088 
-0.603 0.088 
-0.487 0.056 
-0.306 0.016 
-0.263 0.002 
-0.262 0.002 
-0.247 0.018 
-0.088 0.017 
-0.039 0.003 
-0.037 0.003 
-0.033 0.001 
-0.032 0.000 
-0.031 0.001 

0.012 0.003 
0.015 0.003 
0.079 0.004 
0.082 0.000 
0.030-0.018 

-0.079-0.032 
-0.100-0.032 
-0.156-0.040 
-0.495-0.065 
-0.809-0.078 
-0.860-0.078 
-0.945-0.024 
-0.809 0.019 
-0.755 0.005 
-0.752 0.005 
-0.777-0.039 
-1.319-0.101 
-1.794-0.115 
-1.868-0.115 
-1.967 0.000 
-1.864 0.085 
-1.843 0.085 
-1.359 0.064 
-1.010 0.043 
-0·c·Q62 0. 043 

2 

54.548 
25.586 
11.507 

0.037 
2. 036 
1.147 

"MAD" Version: 
Range: #S/#E 

betay 
[m] 

alfay 
[1] 

10.109 1.017 
8.110 0.235 

15.939 -1.122 
28.640 -1.748 
30.959 -1.840 
34.244 -0.015 
17.016 1.164 

9.423 0.552 
8.767 0.463 
8.356 -0.236 

24.448 -1.960 
45.653 -2.833 
49.398 -2.961 
54.651 -0.007 
49.444 2.140 
10.645 -0.067 
59.019 -2.523 
62.512 -0.002 
11.611 0.668 
10.682 0.066 
21.922 -1.384 
36.765 -1.971 
39.368 -2.057 
42.581 0.283 
18.262 1. 602 

7.907 0.738 
7.034 0.612 
6.111 -0.045 

18.709 -1.693 
37.729 -2.606 
41.183 -2.739 
46.473 -0.286 
24.684 1.595 
13.378 0.961 
12.196 0.868 
10.738 0.023 
12.100 -0.633 
12.413 -0.661 
25.825 -1.409 
48.816 -2.152 
53.857 -2.283 

1. 221 
1. 247 
1. 288 

8.17 

0.000 
0.000 
0.000 

Run: 

0.000 .o.ooo 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
09/09/94 15.47.38 

page 2 

V E R T I C A L 
muy y(co) py(co) Dy Dpy 

[1] [2pi] [mm] [. 001] [m] 

1. 298 
1.326 
1.424 
1. 457 
1. 460 
1.468 
1. 509 
1. 565 
1.577 
1.607 
1. 683 
1. 704 
1. 706 
1. 711 
1. 716 
1. 838 
1. 952 
1. 955 
2.054 
2.072 
2.142 
2.167 
2.169 
2.176 
2.210 
2.270 
2.284 
2.324 
2.429 
2.455 
2.458 
2.464 
2.492 
2.532 
2.540 
2.562 
2.587 
2.590 
2.649 
2. 678 
2.682 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
o.ooo (' 
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827 M_ 627 1 328.483 10.194 -0.009 2.797 0.000 0.000 -0.930 0.003 57.089 0.016 2.685 0.000 0.000 .o .000 0.000 
833 8627 1 330.150 11.511 -0.634 2.822 0.000 0.000 -0.969-0.036 51.790 2.260 2.690 0.000 0.000 0.000 0.000 
843 DIPOLE_A 4 336.947 25.747 -1.461 2.886 0.000 0.000 -1.277-0.057 26.503 1. 460 2. 719 0.000 0.000 0.000 0.000 
855 DIPOLE_B 4 343.403 49.682 -2.247 2.915 0.000 0.000 -1.708-0.078 12.569 0.698 2.777 0.000 0.000 0.000 0.000 
867 QC628 1 344.123 52.984 -2.335 2.917 0.000 0.000 -1.764-0.078 11.624 0.613 2.786 0.000 0.000 0.000 0.000 
871 HC628 1 344.539 54.947 -2.385 2.919 0.000 0.000 -1.796-0.078 11.135 0.563 2.792 0.000 0.000 0.000 0.000 

1 "MAD" Version: 8.17 Run: 09/09/94 15.47.38 
Linear lattice functions for beam line: MI - 19 Range: #8/#E 
delta(p}/p = 0.000000 symm = F page 3 
----------------------------------------------------------------------------------------------------------------------------------

ELEMENT SEQUENCE I H 0 R I z 0 NT A L I V E R T I CAL 
pos. element occ. dist I be tax alfax mux X(CO) px(co) Dx Dpx I betay alfay muy y(co) py(co) Dy Dpy 
no. name no. [m] I [m] [1] [2pi] [mm] [. 001] [m] [1] I [m] [1] [2pi] [mm] [. 001] [m] [1] 
----------------------------------------------------------------------------------------------------------------------------------

876 M_ 628 1 345.771 58.329 0.014 2.922 0.000 0.000 -1.850 0.001 10.403 -0.022 2.811 0.000 0.000 0.000 0.000 
882 8628 1 347.439 52.804 2.356 2.927 0.000 0.000 -1.758 0.080 11.802 -0.665 2.835 0.000 0.000 0.000 0.000 
886 0628 1 347.681 51.671 2.326 2.927 0.000 0.000 -1.738 0.080 12.131 -0.694 2.838 0.000 0.000 0.000 0.000 
896 DIPOLE_A 5 354.236 26.509 1.513 2.956 0.000 0.000 -1.275 0.060 26.475 -1.493 2.898 0.000 0.000 0.000 0.000 
908 DIPOLE_B 5 360.691 12.147 0.712 3.014 0.000 0.000 -0.954 0. 039 50.824 -2.278 2.926 0.000 0.000 0.000 0.000 
920 VC629 1 361.828 10.689 0.571 3.030 0.000 0.000 -0.910 0.039 56.158 -2.416 2.929 0.000 0.000 0.000 0.000 
925 M_ 629 1 363.060 9.916 0.008 3.050 0.000 0.000 -0.883 0.001 59.616 -0.017 2.933 0.000 0.000 0.000 0.000 
931 8629 1 364.727 11.151 -0.606 3.075 0.000 0.000 -0.923-0.036 54.184 2.333 2. 937 0.000 0.000 0.000 0.000 
941 DIPOLE_A 6 371.524 25.048 -1.439 3.142 0.000 0.000 -1.233-0.057 27.945 1.527 2.965 0.000 0.000 0.000 0.000 
953 DIPOLE_B 6 377.979 48.734 -2.230 3.171 0.000 0.000 -1.665-0.078 13 .193 0.758 3.020 0.000 0.000 0.000 0.000 
965 QC630 1 378.700 52.013 -2.319 3.174 0.000 0.000 -1.721-0.078 12.162 0. 672 3.029 0.000 0.000 0.000 0.000 
969 HC630 1 379.116 53.963 -2.370 3.175 0.000 0.000 -1.754-0.078 11.624 0.622 3.034 0.000 0.000 0.000 0.000 
974 M_ 630 1 380.348 57.353 -0.014 3.178 0.000 0.000 -1.809-0.001 10.767 0.021 3.052 0.000 0.000 0.000 0.000 
980 8630 1 382.016 52.010 2.292 3.183 0.000 0.000 -1.722 0.077 12.043 -0. 627 3. 076 0.000 0.000 0.000 0.000 
984 0630 1 382.258 50.908 2.263 3.184 0.000 0.000 -1.704 0.077 12.354 -0.655 3.079 0.000 0.000 0.000 0.000 
994 DIPOLE_A 7 388.812 26.411 1.475 3.213 0..000 0.000 -1.265 0.056 25.907 -1.412 3.139 0.000 0.000 0.000 0.000 

1006 DIPOLE_B 7 395.268 12.381 0.699 3.271 0.000 0.000 -0.968 0.035 48.937 -2.155 3.168 0.000 0.000 0.000 0.000 
1023 VC631 1 396.424 10.926 0.560 3.287 0.000 0.000 -0.928 0. 035 54.071 -2.288 3.171 0.000 0.000 0.000 0.000 
1028'M_ 631 1 397.636 10.203 -0.008 3.305 0.000 0.000 -0.906-0.003 57.217 0.019 3.175 0.000 0.000 0.000 0.000 
1037 8631 1 399.401 11. 63 9 -0.644 3.331 0.000 0.000 -0.959-0.042 51.458 2.256 3.180 0.000 0.000 0.000 0.000 
1047 DIPOLE_A 8 406.101 25.722 -1.458 3.395 0.000 0.000 -1.304-0.063 26.527 1. 465 3.209 0.000 0.000 0.000 0.000 
1059 DIPOLE_B 8 412.556 49.611 -2.243 3.423 0.000 0.000 -1.773-0.084 12.550 0.700 3.266 0.000 0.000 0.000 0.000 
1071 QC632 1 413.277 52.907 -2.330 3.426 0.000 0.000 -1.834-0.084 11. 602 0.614 3.276 0.000 0.000 0.000 0.000 
1075 HC632 1 413.693 54.867 -2.381 3.427 0.000 0.000 -1.869-0.084 11.112 0.565 3.282 0.000 0.000 0.000 0.000 
1080 M_ 632 1 414.925 58.242 0.015 3.430 0.000 0.000 -1.928-0.001 10.376 -0.019 3.300 0.000 0.000 0.000 0.000 
1086 8632 1 416.592 52.723 2.353 3.435 0.000 0.000 -1.837 0.081 11.764 -0.661 3.325 0.000 0.000 0.000 0.000 
1090 0632 1 416.835 51.591 2.323 3.436 0.000 0.000 -1.817 0.081 12.092 -0.691 3.328 0.000 0.000 0.000 0.000 
1100 DIPOLE_A 9 423.389 26.464 1. 510 3.464 0.000 0.000 -1.349 0.060 26.390 -1.490 3.388 0.000 0.000 0.000 0.000 
1112 DIPOLE_B 9 429.845 12.130 o. 710 3.523 0.000 0.000 -1.024 0. 039 50.695 -2.274 3.416 0.000 0.000 0.000 0.000 
1124 VC633 1 430.981 10.677 0.569 3.539 0.000 0.000 -0.979 0. 039 56.022 -2.413 3.419 0.000 0.000 0.000 0.000 
1129 M_633 1 432.213 9.908 0.007 3.558 0.000 0.000 -0.952-0.001 59.479 -0.020 3.423 0.000 0.000 0.000 0.000 
1135 8633 1 433.881 11.147 -0.607 3.584 0.000 0.000 -0.999-0.041 54.067 2.325 3.427 0.000 0.000 0.000 0.000 
1145 DIPOLE_A 10 440.678 25.075 -1.442 3.650 0.000 0.000 -1.345-0.062 27.914 1. 522 3.455 0.000 0.000 0.000 0.000 
1157 DIPOLE_B 10 447.133 48.807 -2.235 3.680 0.000 0.000 -1.810-0.083 13.209 0.756 3.510 0.000 0.000 0.000 0.000 
1169 QC634 1 447.854 52.092 -2.323 3.682 0.000 0.000 -1.870-0.083 12.182 0.670 3.519 0.000 0.000 0.000 0.000 
1173 HC634 1 448.270 54.046 -2.374 3.683 0.000 0.000 -1.905-0.083 11.645 0. 621 3.525 0.000 0.000 0.000 0.000 
1178 M_ 634 1 449.502 57.443 -0.015 3.687 0.000 0.000 -1.963 0.001 10.793 0.018 3.542 0.000 0.000 0.000 0.000 
1184 8634. 1 451.169 52.094 2.295 3. 692 0.000 0.000 -1.866 0.085 12.080 -0.631 3.566 0.000 0.000 0.000 0.000 
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1188 0634 1 451.411 50.990 2.266 3.692 0.000 0.000 -1.846 0.085 12.392 -0.659 3.569 0.000 0.000 0.000 0.000 
1198 DIPOLE_A 11 457.966 26.457 1.477 3.721 0.000 0.000 -1.355 0.064 25.994 -1.416 3.629 0.000 0.000 0.000 0.000 
1210 DIPOLE_B 11 464.422 12.397 0.701 3.779 0.000 0.000 -1.007 0.043 49.072 -2.158 3.657 0.000 0.000 0.000 0.000 
1222 SQ635 1 465.139 11.454 0.615 3. 789 0.000 0.000 -0.976 0.043 52.229 -2.241 3.660 0.000 0.000 0.000 0.000 
1226 VC635 1 465.558 10.960 0.564 3.795 0.000 0.000 -0.958 0.043 54.128 -2.289 3.661 0.000 0.000 0.000 0.000 
1231 M_ 635 1 466.790 10.211 -0.006 3.813 0.000 0.000 -0.926 0.004 57.364 0.021 3.664 0.000 0.000 0.000 0.000 
1237 8635 1 468.458 11.517 -0.631 3.838 0.000 0.000 -0.965-0.036 52.023 2.275 3.669 0.000 0.000 0.000 0.000 
1247 DIPOLE_A 12 475.255 25,693 -1.455 3.903 0.000 0.000 -1.271-0.057 26.563 1.470 3.699 0.000 0.000 0.000 0.000 
1259 DIPOLE_B 12 481.710 49.536 -2.239 3.932 0.000 0.000 -1.700-0.077 12.536 0.703 3.756 0.000 0.000 0.000 0.000 

1 nMA.D" Version: 8.17 Run: 09/09/94 15.47.38 
Linear lattice functions for beam line: MI - 19 Range: #S/#E 
delta {p) /p = 0.000000 syrnrn = F page 4 
----------------------------------------------------------------------------------------------------------------------------------

ELEMENT SEQUENCE I H 0 R I z 0 N T A L I V E R T I C A L 
pos. element occ. dist I be tax alfax mux x(co) px(co) Dx Dpx I betay alfay muy y(co) py (CO) Dy Dpy 
no. name no. [m] I [m] [1] [2pi] [rnrn] [.001] [m] [1] I [m] [1] [2pi] [rnrn] [. 001] [m] [1] 
----------------------------------------------------------------------------------------------------------------------------------

1271 SQ636 1 482.199 51.754 -2.298 3.933 0.000 0.000 -1.738-0.077 11.877 0.644 3.762 0.000 0.000 0.000 0.000 
1275 SQ636 2 482.427 52.811 -2.326 3.934 0.000 0.000 -1.756-0.077 11.589 0.617 3.766 0.000 0.000 0.000 0.000 
1279 HC636 1 482.847 54.782 -2.376 3.935 0.000 0.000 -1.788-0.077 11.093 0.567 3. 771 0.000 0.000 0.000 0.000 
1284 M_ 636 1 484.078 58.149 0.015 3. 939. 0.000 0.000 -1.842 0.001 10.351 -0.017 3.790 0.000 0.000 0.000 0.000 
1290 8636 1 485.746 52.637 2.350 3.943 0.000 0.000 -1.750 0.080 11.729 -0.658 3.814 0.000 0.000 0.000 0.000 
1294 0636 1 485.988 51.507 2.320 3.944 0.000 0.000 -1.731 0.080 12.054 -0.687 3.818 0.000 0.000 0.000 0.000 
1304 DIPOLE_A 13 492.543 26.418 1. 508 3.973 0.000 0.000 -1.270 0.059 26.302 -1.486 3.878 0.000 0.000 0.000 0.000 
1316 DIPOLE_B 13 498.998 12.115 0.708 4.031 0.000 0.000 -0.952 0. 03 8 50.553 -2.270 3.906 0.000 0.000 0.000 0.000 
1328 SQ637 1 499.716 11.163 0.619 4.041 0.000 0.000 -0.925 0.038 53.873 -2.357 3.908 0.000 0.000 0.000 0.000 
1332 VC637 1 500.135 10.666 0.567 4.047 0.000 0.000 -0.909 0.038 55.871 -2.408 3.909 0.000 0.000 0.000 0.000 
1337 M_ 637 1 501.367 9.902 0.005 4.067 0.000 0.000 -0.882 0.001 59.323 -0.022 3.913 0.000 0.000 0.000 0.000 
1343 8637 1 503.035 11.146 -0.609 4.092 0.000 0.000 -0.923-0.037 53.933 2.317 3.917 0.000 0.000 0.000 0.000 
1353 DIPOLE_A 14 509.831 25.105 -1.445 4.159 0.000 0.000 -1.235-0.057 27.873 1.516 3.945 0.000 0.000 0.000 0.000 
1365 DIPOLE_B 14 516.287 48.884 -2.239 4.188 0.000 0.000 -1.669-0.078 13.220 0.753 4.000 0.000 0.000 0.000 0.000 
1380 HC638 1 517.455 54.284 -2.383 4.192 0.000 0.000 -1.761-0.078 11. 623 0.615 4.015 0.000 0.000 0.000 0.000 
1385 M_ 638 1 518.655 57.534 -0.012 4.195 0.000 0.000 -1.813-0.001 10.816 0.015 4.032 0.000 0.000 0.000 0.000 
1396 DIPOLE_C 13 524.959 26.800 2.168 4.220 0.000 0.000 -1.253 0.092 23.000 -1.477 4.100 0.000 0.000 0.000 0.000 
1408 DIPOLE_D 13 529.382 11.785 1.227 4.260 0.000 0.000 -0.875 0.078 38.768 -2.087 4.124 0.000 0.000 0.000 0.000 
1420 VC639 1 530.028 10.287 1. 090 4.270 0.000 0.000 -0.825 0.078 41.524 -2.176 4.127 0.000 0.000 0.000 0.000 
1425 M_ 639 1 531.622' 8.072 0.302 4.298 0.000 0.000 -0.734 0.033 44.928 0.296 4.132 0.000 0.000 0.000 0.000 
1436 DIPOLE_C 14 537.925 14.787 -1.021 4.400 0.000 0.000 -0.788-0.023 19.199 1. 705 4.165 0.000 0.000 0.000 0.000 
1448 DIPOLE_D 14 542.349 26.521 -1.632 4.436 0.000 0.000 -0.917-0.037 8.097 0.805 4.223 0.000 0.000 0.000 0.000 
1460 HC640 1 542.995 28.688 -1.721 4.440 0.000 0.000 -0.941-0.037 7.141 0.673 4.237 0.000 0.000 0.000 0.000 
1465 M_ 640 1 544.588 31.739 0.002 4.448 0.000 0.000 -0.958 0.020 6.042 0.008 4. 276 0.000 0.000 0.000 0.000 
1476 DIPOLE_C 15 550.892 15.508 1.072 4.492 0.000 0.000 -0.549 0.062 17.731 -1.604 4.385 0.000 0.000 0.000 0.000 
1488 DIPOLE_D 15 555.315 8. 739 0.459 4.554 0.000 0.000 -0.303 0.048 35.858 -2.494 4. 413 0.000 0.000 0.000 0.000 
1500 VC641 1 555.961 8.203 0.369 4.566 0.000 0.000 -0.272 0.048 39.165 -2.624 4.416 0.000 0.000 0.000 0.000 
1505 M_ 641 1 557.555 8.044 -0.302 4.598 0.000 0.000 -0.206 0. 034 44.263 -0.295 4.422 0.000 0.000 0.000 0.000 
1516 DIPOLE_C 16 563.858 25.242 -2.092 4.674 0.000 0.000 -0.079 0.010 23.781 1. 499 4.452 0.000 0.000 0.000 0.000 
1528 DIPOLE_D 16 568.281 47.921 -3.035 4.694 0.000 0.000 -0.065-0.004 13 .189 0.896 4.492 0.000 0.000 0.000 0.000 
1540 HC100 1 568.928 51.932 -3.173 4.696 0.000 0.000 -0.067-0.004 12.088 0.807 4.500 0.000 0.000 0.000 0.000 
1545 M_100 1 570.521 57.541 0.008 4.701 0.000 0.000 -0.071 0.000 10.807 -0.030 4.523 0.000 0.000 0.000 0.000 
1556 VC101 1 572.235 51.886 2.316 4.706 0.000 0.000 -0.068 0.003 12.331 -0.693 4.547 0.000 0.000 0.000 0.000 
1564 M_101 1 587.810 9.937 -0.005 4.829 0.000 0.000 -0.023 0.002 60.319 0.016 4.641 0.000 0.000 0.000 0.000 
1576 1 603.885 54.796 -2.402 4.954 0.000 0.000 -- ·00 6 0.001 11.305 0.622 4.744 0.000 0.000 0.000 - 000 
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1581 M_102 1 605.098 58.136 -0.012 4.957 0.000 0.000 -0.005 0.001 10.457 0.032 4.762 0.000 0.000 .0.000 0.000 
1593 VC103 1 621.174 10.927 0.574 5.064 0.000 0.000 0.018 0.001 53.403 -2.291 4.885 0.000 0.000 0.000 0.000 
1598 M_103 1 622.387 10.172 0.006 5.083 0.000 0.000 0.020 0.002 56.590 -0.014 4.888 0.000 0.000 0.000 0.000 
1611 HC104 1 638.475 54.285 -2.356 5.206 0.000 0.000 0.069 0.003 11.441 0.559 4.994 0.000 0.000 0.000 0.000 
1616 M_104 1 639.676 57.469 0.015 5.209 0.000 0.000 0.072 0.000 10.758 -0.034 5.012 0.000 0.000 0.000 0.000 
1627 DIPOLE_C 17 645.979 26.55i 2.173 5.234 0.000 0.000 0.020-0.018 23.765 -1.563 5. 079 0.000 0.000 0.000 0.000 
1639 DIPOLE_D 17 650.402 11. 54 6 1.220 5.275 0.000 0.000 -0.088-0.032 40.419 -2.202 5.102 0.000 0.000 0.000 0.000 
1651 VC105 1 651.049 10.059 1.080 5.284 0.000 0.000 -0.109-0.032 43.325 -2.295 5.104 0.000 0.000 0.000 0.000 
1656 M_105 1 652.642 7.862 0.300 5.314 0.000 0.000 -0.165-0.040 46.951 0.288 5.110 0.000 0.000 0.000 0.000 
1667 DIPOLE_C 18 658.945 14.595 -1.031 5.418 0.000 0.000 -0.509-0.065 20.156 1. 788 5.141 0.000 0.000 0.000 0.000 
1679 DIPOLE_D 18 663.369 26.484 -1.657 5.454 0.000 0.000 -0.826-0.079 8.410 0.867 5.196 0.000 0.000 0.000 0.000 
1691 HC106 1 664.015 28.684 -1.748 5.458 0.000 0.000 -0.878-0.079 7.376 0.733 5.209 0.000 0.000 0.000 0.000 

1 11 MAD'' Version: 8.17 Run: 09/09/94 15.47.38 
Linear lattice functions for beam line: MI - 19 Range: #S/#E 
delta (p) /p = 0.000000 symm = F page 5 
----------------------------------------------------------------------------------------------------------------------------------

ELEMENT SEQUENCE I H 0 R I z 0 N T A L I V E R T I C A L 
pos. element occ. dist I be tax alfax mux X(CO) px(co) Dx Dpx I betay alfay muy y(co) py (co) Dy Dpy 
no. name no. [m] I [m] [1] [2pi] [mm] [. 001] [m] [1) I [m) [1) [2pi) [mmJ [. 001) [m) [1) 
----------------------------------------------------------------------------------------------------------------------------------
1696 M_l06 1 665.608 31.824 -0.025 5.466 0.000 0.000 -0.964-0.024 6.110 0.055 5.248 0.000 0.000 0.000 0.000 
1707 DIPOLE_C 19 671.912 15.764 1.068 5.510 0.000 0.000 -0.820 0.020 16.961 -1.515 5.359 0.000 0.000 0.000 0.000 
1719 DIPOLE_D 19 676.335 8.975 0.467 5.570 0.000 0.000 -0.760 0.006 34.158 -2.372 5.389 0.000 0.000 0.000 0.000 
1731 VC107 1 676.982 8.428 0.379 5.582 0.000 0.000 -0.756 0.006 37.305 -2.498 5.392 0.000 0.000 0.000 0.000 
1736 l'-1_107 1 678.575 8.247 -0.299 5. 613 0.000 0.000 -0.779-0.038 42.163 -0.283 5.398 0.000 0.000 0.000 0.000 
1747 DIPOLE_C 20 684.878 25.397 -2.079 5.688 0.000 0.000 -1.314-0.100 22.755 1.414 5.429 0.000 0.000 0.000 0.000 
1759 DIPOLE_D 20 689.302 47.887 -3.006 5.708 0.000 0.000 -1.785-0.114 12.821 0.832 5. 471 0.000 0.000 0.000 0.000 
1771 HC108 1 689.948 51.859 -3.141 5. 710 0.000 0.000 -1.858-0.114 11.801 0.746 5. 479 0.000 0.000 0.000 0.000 
1776 M_l08 1 691.541 57.371 0.035 5. 715 0.000 0.000 -1.956 0.001 10.688 -0.077 5.502 0.000 0.000 0.000 0.000 
1786 SlOB 1 693.285 51.511 2.329 5. 720 0.000 0.000 -1.853 0.085 12.419 -0.748 5.527 0.000 0.000 0.000 0.000 
1790 0108 1 693.527 50.39,0 2.299 5.721 0.000 0.000 -1.832 0.085 12.789 -0.778 5.530 0.000 0.000 0.000 0.000 
1799 DIPOLE_A 15 700.006 25.841 1.491 5.749 0.000 0.000 -1.348 0.064 28.133 -1.590 5.585 0.000 0.000 0.000 0.000 
1811 DIPOLE_B 15 706.461 11.791 0.686 5.810 0.000 0.000 -1.000 0.043 53.863 -2.395 5.612 0.000 0.000 0.000 0.000 
1823 VC109 1 707.598 10.393 0.544 5.826 0.000 0.000 -0.951 0.043 59.470 -2.537 5.615 0.000 0.000 0.000 0.000 
1828 M_l09 1 708.830 9. 677 -0.009 5.846 0.000 0.000 -0.919 0.004 63.076 0.005 5.618 0.000 0.000 0.000 0.000 
1834 8109 1 710.497 10.958 -0.620 5.872 0.000 0.000 -0.957-0.035 57.249 2.492 5. 623 0.000 0.000 0.000 0.000 
1844 DIPOLE_A 16 717.294 25.218 -1.478 5.939 0.000 0.000 -1.260-0.056 29.177 1. 638 5.649 0.000 0.000 0.000 0.000 
1856 DIPOLE_B 16 723.749 49.567 -2.294 5.968 0.000 0.000 -1.685-0.077 13.283 0.824 5.702 0.000 0.000 0.000 0.000 
1868 HellO 1 724.886 54.944 -2.437 5.972 0.000 0.000 -1.772-0.077 11.573 0.680 5. 717 0.000 0.000 0.000 0.000 
1873 M_110 1 726.118 58.457 -0.038 5.975 0.000 0.000 -1.825 0.001 10.577 0.078 5.735 0.000 0.000 0.000 0.000 
1879 8110 1 727.786 53.084 2.317 5.980 0.000 0.000 -1.735 0. 079 11.638 -0.557 5.759 0.000 0.000 0.000 0.000 
1883 0110 1 728.028 51.969 2.288 5.981 0.000 0.000 -1.716 0.079 11.914 -0.584 5.763 0.000 0.000 0.000 0.000 
1893 DIPOLE_A 17 734.583 27.135 1. 501 6.008 0.000 0.000 -1.260 0.058 24.398 -1.320 5.825 0.000 0.000 0.000 0.000 
1905 DIPOLE_B 17 741.038 12.749 0.727 6.065 0.000 0.000 -0.948 0.037 46.113 -2.043 5.856 0.000 0.000 0.000 0.000 
1917 VC111 1 742.175 11.250 0.591 6.080 0.000 0.000 -0.905 0.037 50.901 -2.170 5.860 0.000 0.000 0.000 0.000 
1922 M_lll 1 743.406 10.446 0.011 6.098 0.000 0.000 -0.879 0.000 53.992 0.000 5.864 0.000 0.000 0.000 0.000 
1928 8111 1 745.074 11.708 -0.617 6.123 0.000 0.000 -0.921-0.037 49.033 2.121 5.869 0.000 0.000 0.000 0.000 
1932 0111 1 745.316 12.013 -0.646 6.126 0.000 0.000 -0.930-0.037 48.012 2.094 5. 870 0.000 0.000 0.000 0.000 
1942 DIPOLE_A 18 751.871 25.545 -1.419 6.187 0.000 0.000 -1.237-0.058 2 5. 3 67 1.360 5.900 0.000 0.000 0.000 0.000 
1954 DIPOLE_B 18 758.326 48.777 -2.180 6.216 0.000 0.000 -1.675-0.079 12.479 0. 63 6 5.959 0.000 0.000 0.000 0.000 
1966 HC112 1 759.463 53.886 -2.314 6.220 0.000 0.000 -1.765-0.079 11.179 0.508 5. 974 0.000 0.000 0.000 0.000 
1971 M_l12 1 760.695 57.141 0 .. 038 6.223 0.000 0.000 -1.821-0.001 10.582 -0.07 8 5.992 0.000 0.000 0.000 0.000 
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1 

1977 8112 
1981 0112 
1991 DIPOLE_A 
2003 DIPOLE_B 
2020 VC113 
2025 M_113 
2034 8113 
2044 DIPOLE_A 
2056 DIPOLE_B 
2068 HC114 
2073 M_114 
2079 8114 
2083 0114 
2093 DIPOLE_A 
2105 DIPOLE_B 

1 
1 

19 
19 

1 
1 
1 

20 
20 

1 
1 
1 
1 

21 
21 

762.362 
762.605 
769.159 
775.615 
776.770 
777.983 
779.748 
786.448 
792.903 
794.040 
795.272 
796.939 
797.181 
803.736 
810.192 

51.655 
50.536 
25.755 
11.784 
10.375 

9.689 
11.107 
25.324 
49.768 
55.164 
58.688 
53.288 
52.169 
27.217 
12.754 

2.328 
2.298 
1.483 
0.681 
0.538 

-0.013 
-0.637 
-1.485 
-2.302 
-2.446 
-0.037 

2.327 
2.298 
1.509 
0.732 

6.228 
6.229 
6.258 
6.318 
6.335 
6.354 
6.382 
6.447 
6.477 
6.480 
6.483 
6.488 
6.489 
6.517 
6.573 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.734 0.077 
0.000 -1.716 0.077 
0.000 -1.276 0.056 
0.000 -0.979 0.035 
0.000 -0.938 0.035 
0.000 -0.917-0.004 
0.000 -0.971-0.043 
0.000 -1.322-0.064 
0.000 -1.796-0.084 
0.000 -1.892-0.084 
0.000 -1.952-0.001 
0.000 -1.859 0.082 
0.000 -1.839 0.082 
0.000 -1.363 0.061 
0.000 -1.030 0.041 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

pos. 
no. 

ELEMENT SEQUENCE 
element occ. 
name no. 

2117 VC115 
2122 H_115 
2128 8115 
2138 DIPOLE_A 
2150 DIPOLE_B 
2162 HC116 
2167 H_116 
2173 8116 
2177 0116 
2187 DIPOLE_A 
2199 DIPOLE_B 
2211 VC117 
2216 M_117 
2222 8117 
2232 DIPOLE_A 
2244 DIPOLE_B 
2256 HC118 
2261 H_118 
2267 8118 
2271 0118 
2281 DIPOLE_A 
2293 DIPOLE_B 
2305 VC119 
2310 H_119 
2316 8119 
2320 0119 
2330 DIPOLE_A 
2342 DIPOLE_B 
2354 

1 
1 
1 

22 
22 

1 
1 
1 
1 

23 
23 

1 
1 
1 

24 
24 

1 
1 
1 
1 

25 
25 

1 
1 
1 
1 

26 
26 

1 

I 
dist I 
[m] I 

811.328 
812.560 
814.228 
821.025 
827.480 
828.617 
829.849 
831.516 
831.758 
838.313 
844.768 
845.905 
847 .137 
848.805 
855.601 
862.057 
863.193 
864.425 
866.093 
866.335 
872.890 
879.345 
880.482 
881.714 
883.381 
883.624 
890.178 
896.634 
897.770 

H 0 R I Z 0 N T A L 
betax alfax mux x(co) px(co) Dx Dpx 

[1] [m] [1] [2pil [mmJ [ .001] [mJ 

11.246 
10.432 
11. 67 8 
25.439 
48.579 
53.669 
56.915 
51.455 
50.341 
25.678 
11.782 
10.403 

9.705 
11.016 
25.430 
49.963 
55.377 
58.909 
53.483 
52.358 
27.290 
12.753 
11.236 
10.414 
11.645 
11.946 
25.333 
48.388 

0.595 
0.015 

-0.612 
-1.412 
-2.172 
-2.306 

0.036 
2.317 
2.287 
1.476 
0.677 
0.536 

-0.017 
-0.630 
-1.491 
-2.309 
-2.454 
-0.035 
2.338 
2.308 
1.516 
0.736 
0.599 
0.019 

-0.607 
-0.636 
-1.406 
-2.165 

53.462 -2.299 

6.588 
6.606 
6.631 
6.695 
6.725 
6.728 
6.732 
6.737 
6.737 
6. 7 67 
6.827 
6.843 
6.863 
6.889 
6.956 
6.985 
6.988 
6.992 
6.996 
6.997 
7.025 
7.081 
7.096 
7.115 
7.139 
7.142 
7.204 
7.233 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -0.983 0.041 
0.000 -0.955 0.000 
0.000 -1.001-0.040 
0.000 -1.339-0.061 
0.000 -1.799-0.082 
0.000 -1.892-0.082 
0.000 -1.949 0.001 
0.000 -1.853 0.084 
0.000 -1.832 0.084 
0.000 -1.342 0.064 
0.000 -0.996 0.043 
0.000 -0.947 0.043 
0.000 -0.915 0.004 
0.000 -0.953-0.035 
0.000 -1.254-0.056 
0.000 -1.678-0.077 
0.000 -1.765-0.077 
0.000 -1.818 0.001 
0.000 -1.728 0.079 
0.000 -1.709 0.079 
0.000 -1.257 0.058 
0.000 -0.947 0.037 
0.000 -0.905 0.037 
0.000 -0.879 0.000 
0.000 -0.922-0.038 
0.000 -0.931-0.038 
0.000 -1.241-0.058 
0.000 -1.682-0.079 

7.237 0.000 0.000 

I 
I 
I 

6 

12.195 
12.559 
28.022 
53.822 
59.545 
63.078 
56.801 
29.288 
13.398 
11. 682 
10.682 
11.752 
12.030 
24.525 
46.185 

-0.735 
-0.766 
-1.592 
-2.403 
-2.549 
-0.005 

2.471 
1. 635 
0.826 
0.683 
0.078 

-0.560 
-0.587 
-1.318 
-2.036 

"HAD" Version: 
Range: #S/#E 

betay 
[m] 

50.958 
54.027 
49.033 
25.272 
12.367 
11.072 
10.478 
12.079 
12.441 
27.881 
53.718 
59.356 
63.005 
57.248 
29.366 
13.506 
11.787 
10.786 
11.869 
12.149 
24.679 
46.320 
51.083 
54.136 
49.101 
48.070 
25.210 
12.264 

alfay 
[1] 

-2.163 
0.010 
2.131 
1.365 
0.634 
0.505 

-0.077 
-0.731 
-0.762 
-1.593 
-2.408 
-2.552 
-0.015 

2.472 
1. 630 
0.827 
0.685 
0. 076 

-0.565 
-0.592 
-1.319 
-2.033 
-2.158 

0.019 
2.144 
2.116 
1.371 
0. 634 

10.970 0.504 

6.016 
6.019 
6.076 
6.103 
6.106 
6.109 
6.114 
6.140 
6.193 
6.207 
6.225 
6.249 
6.252 
6.314 
6.345 

8.17 

0.000 o.ooo. 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

Run: 09/09/94 15.47.38 

page 6 

V E R T I C A L 
muy y(co) py(co) Dy Dpy 

[1] [2pi] [mm) [. 001) [m] 

6.349 
6.353 
6.358 
6.389 
6.448 
6.464 
6.482 
6.506 
6.509 
6.566 
6.593 
6.59'6 
6.599 
6.604 
6. 630 
6.683 
6.697 
6. 715 
6.739 
6.742 
6.804 
6.834 
6.838 
6.842 
6.847 
6.848 
6.878 
6. 938 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

6.953 0.000 0.000 0.000 000 
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2359 
2365 
2369 
2379 
2391 
2408 
2413 
2422 
2432 
2444 

M_120 1 
8120 1 
0120 1 
DIPOLE_A 27 
DIPOLE_B 27 
VC121 1 
M_121 1 
8121 1 
DIPOLE_A 28 
DIPOLE_B 28 

2456 HC122 1 
2461 M_122 1 
2467 8122 1 
2471 0122 1 
2481 DIPOLE_A 29 
2493 DIPOLE_B 29 
2505 VC123 1 
2510 l-1_123 1 

899.002 
900.670 
900.912 
907.467 
913.922 
915.078 
916.291 
918.055 
924.755 
931.211 
932.347 
933.579 
935.247 
935.489 
942.044 
948.499 
949.636 
950.867 

56.699 
51.266 
50.157 
25.609 
11.785 
10.395 

9.726 
11.175 
25.536 
50.150 
55.579 
59.119 
53.666 
52.53 6 
27.354 
12.747 
11.222 
10.391 

0.034 
2.306 
2.277 
1.469 
0.673 
0.530 

-0.021 
-0.647 
-1.497 
-2.316 
-2.460 
-0.033 
2.348 
2.319 
1. 523 
0.740. 
0.602 
0.023 

7.240 
7.245 
7.246 
7.275 
7.336 
7.352 
7.372 
7.399 
7.464 
7.493 
7.497 
7.500 
7.505 
7.505 
7.533 
7.589 
7.604 
7.623 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

-1.828-0.001 
-1.741 0.077 
-1.723 0. 077 
-1.282 0.056 
-0.983 0.035 
-0.943 0.035 
-0.921-0.004 
-0.976-0.043 
-1.327-0.064 
-1.802-0.085 
-1.898-0.085 
-1.958-0.001 
-1.865 0.083 
-1.845 0.083 
-1.366 0. 062 
-1.030 0.041 
-0.984 0.041 
-0.955 0.000 

Linear lattice functions for beam line: MI_19 
delta(p}/p = 0.000000 symm = F 

pos. 
no. 

ELE1'1ENT SEQUENCE 
element occ. 

I 
dist I 
[ml I 

2516 
2526 
2538 
2550 
2555 
2561 
2565 
2575 
2587 
2599 
2604 
2610 
2620 
2632 
2644 
2649 
2655 
2659 
2669 

name no. 

8123 
DIPOLE_A 
DIPOLE_B 
HC124 

1 
30 
30 

1 
1 
1 

M_124 
8124 
0124 1 
DIPOLE_A 31 
DIPOLE_B 
VC125 

31 
1 

M_125 
8125 
DIPOLE_A 
DIPOLE_B 
HC126 
M_126 
8126 
0126 
DIPOLE_A 

1 
1 

32 
32 

1 
1 
1 

2681 DIPOLE_B 
2693 VC127 
2698 M_127 
2704 8127 

1 
33 
33 

1 
1 
1 

2708 0127 1 
2718 DIPOLE_A 34 
2730 DIPOLE_B 34 

952.535 
959.332 
965.787 
966.924 
968.156 
969.824 
970.066 
976.620 
983.076 
984.212 
985.444 
987.112 
993.909 

1000.364 
1001.501 
1002.733 
1004.400 
1004.642 
1011.197 
1017.653 
1018.789 
1020.021 
1021.689 
1021.931 
1028.486 
1034.941 

H 0 R I Z 0 N T A L 
betax alfax mux x(co) px(co} Dx Dpx 

[1] [m] [1] [2pi] [mm] [ .001] [m] 

11.609 
25.227 
48.206 
53.266 
56.496 
51.090 
49.986 
25.550 
11.794 
10.431 

9.750 
11.089 
25.641 
50.326 
55.769 
59.314 
53.835 
52.700 
27.408 
12.735 
11.203 
10.365 
11.569 

-0.603 
-1.401 
-2.159 
-2.292 

0.032 
2.296 
2.266 
1. 462 
0.669 
0.530 

-0.024 
-0.639 
-1.502 
-2.322 
-2.466 
-0.031 
2.358 
2.329 
1.530 
0.743 
0.605 
0.026 

-0.598 
11.866 -0.627 
25.123 -1.396 
48.036 -2.154 

7. 647 
7.712 
7.742 
7.745 
7.749 
7.754 
7.755 
7.784 
7.845 
7.861 
7.881 
7.907 
7.973 
8.001 
8.005 
8.008 
8. 013 
8.014 
8.041 
8.097 
8.112 
8.131 
8.155 
8.159 
8.221 
8.251 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.000-0.040 
0.000 -1.336-0.061 
0.000 -1.792-0.082 
0.000 -1.885-0.082 
0.000 -1.942 0.001 
0.000 -1.845 0.084 
0.000 -1.825 0.084 
0.000 -1.337 0.063 
0.000 -0.991 0.043 
0.000 -0.943 0.043 
0.000 -0.911 0.004 
0.000 -0.949-0.035 
0.000 -1.249-0.056 
0.000 -1.672-0.077 
0.000 -1.759-0.077 
0.000 -1.812 0.001 
0.000 -1.723 0.078 
0.000 -1.704 0.078 
0.000 -1.254 0.058 
0.000 -0.946 0.037 
0.000 -0.905 0.037 
0.000 -0.879-0.001 
0.000 -0.923-0.038 
0.000 -0.932-0.038 
0.000 -1.245-0.059 
0.000 -1.689-0.080 

I 
I 
I 

7 

10.375 -0.075 
11.961 -0.726 
12.320 -0.757 
27.714 
53.554 
59.295 
62.861 
56.670 
29.411 
13.604 
11.886 
10.887 
11.987 
12.270 
24.858 
46.514 
51.276 
54.316 

-1.591 
-2.410 
-2.557 
-0.024 

2.446 
1.622 
0. 82 6 
0.685 
0.073 

-0.571 
-0.598 
-1.322 
-2.032 
-2.157 

0.029 
"MAD' Version: 
Range: #S/#E 

betay 
[m] 

alfay 
[1] 

49.235 2.159 
25.182 1.379 
12.172 0.636 
10.875 0.505 
10.276 -0.071 
11.843 -0.719 
12.199 -0.750 
27.523 -1.587 
53.331 -2.409 
58.973 -2.554 
62.645 -0.033 
56.981 2.441 
29.422 1.613 
13.690 0.824 
11.976 0.684 
10.983 0.069 
12.105 -0.579 
12.392 -0.605 
25.060 -1.327 
46.764 -2.035 
51.531 -2.159 
54.565 0.038 
49.433 2.177 
48.386 
25.189 
12.091 

2.149 
1.389 
0. 639 

6.972 
6.996 
6.999 
7.057 
7.084 
7.087 
7.090 
7.095 
7.121 
7.173 
7.187 
7.205 
7.229 
7.232 
7.293 
7.323 
7.327 
7.331 

8.17 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Run: 

0.000' 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 .0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
09/09/94 15.47.32 

page 7 

V E R T I C A L 
muy y(co} py(co} Dy Dpy 

[1] [2pi] [mm] [. 001] [m] 

7.336 
7.367 
7.427 
7.443 
7.461 
7.486 
7.489 
7.547 
7 .57"4 
7.577 
7.581 
7.585 
7.612 
7.664 
7.678 
7.695 
7. 719 
7.722 
7.782 
7. 813 
7.816 
7.820 
7.825 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

7.826 0.000 
7.856 0.000 
7.916 0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
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2742 HC128 1 
2747 M_128 1 
2753 8128 1 
2757 0128 1 
2767 DIPOLE_A 35 
2779 DIPOLE_B 35 
2791 VC129 1 
2796 M_129 1 
2802 8129 1 
2812 DIPOLE_A 36 
2824 DIPOLE_B 36 
2836 HC130 1 
2841 M_130 1 
2847 8130 1 
2851 0130 1 
2861 DIPOLE_A 37 
2873 DIPOLE_B 37 
2890 VC201 1 
2.:395 M_201 1 
2904 8201 1 
2914 DIPOLE_A 38 

1036.078 
1037.310 
1038.977 
1039.219 
1045.774 
1052.229 
1053.366 
1054.598 
1056.266 
1063.062 
1069.518 
1070.654 
1071.886 
1073.554 
1073.796 
1080.351 
1086.806 
1087.962 
1089.175 
1090.940 
1097.639 

53.083 
56.309 
50.929 
49.829 
25.501 
11.808 
10.452 

9.778 
11.130 
25.744 
50.490 
55.944 
59.493 

-2.287 
0.029 
2.286 
2.257 
1.455 
0.666 
0.527 

-0.028 
-0.643 
-1.507 
-2.327 
-2.4 71 
-0.028 

53.988 2.368 
52.849 2.339 
27.452 1.536 
12.718 0.746 
11.157 0.605 
10.336 0.029 
11.644 -0.605 
25.022 -1.392 

8.254 
8.258 
8.263 
8.263 
8.293 
8.353 
8.370 
8.389 
8.415 
8.481 
8.510 
8.513 
8.516 
8.521 
8.522 
8.549 
8.605 
8.621 
8.639 
8.665 
8.729 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.779-0.080 
0.000 -1.836-0.001 
0.000 -1.749 0.077 
0.000 -1.730 0.077 
0.000 -1.288 0.056 
0.000 -0.988 0.035 
0.000 -0.947 0.035 
0.000 -0.925-0.004 
0.000 -0.975-0.043 
0.000 -1.332-0.064 
0.000 -1.808-0.085 
0.000 -1.904-0.085 
0.000 -1.964-0.001 
0.000 -1.870 0.083 
0.000 -1.850 0.083 
0.000 -1.369 0.062 
0.000 -1.030 0.041 
0.000 -0.983 0.041 
0.000 -0.954 0.001 
0.000 -1.002-0.040 
0.000 -1.331-0.060 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

I 
dist I 
[m] I name no. 

2926 DIPOLE_B 38 
2938 HC202 1 
2943 M_202 1 
2949 8202 1 
2953 0202 1 
2963 DIPOLE_A 39 
2975 DIPOLE_B 39 
2987 VC203 1 
2992 M_203 1 
2998 8203 1 
3008 DIPOLE_A 40 
3020 DIPOLE_B 40 
3032 HC204 1 
3037 M_204 1 
3043 8204 1 
3047 0204 1 
3057 DIPOLE_A 41 
3069 DIPOLE_B 41 
3081 VC205 1 
3086 M_205 1 
3092 8205 1 
3096 0205 1 
3106 DIPOLP-\ 42 

1104.095 
1105.231 
1106.463 
1108.131 
1108.373 
1114.928 
1121.383 
1122.520 
1123.752 
1125.419 
1132.216 
1138.672 
1139.808 
1141.040 
1142.708 
1142.950 
1149.505 
1155.960 
1157.097 
1158.328 
1159.996 
1160.238 
1166.793 

H 0 R I Z 0 N T A L 
betax alfax mux x(co) px(co) Dx Dpx 

[1] [m] [1] [2pi] [mm] [.001] [m] 

47.879 
52.916 
56.139 
50.785 
49.689 
25.463 
11.828 
10.477 

9.808 
11.173 
25.842 
50.640 
56.102 
59.654 
54.123 
52.979 
27.484 
12.697 
11.153 
10.304 

-2.149 
-2.283 

0.026 
2.277 
2.247 
1. 449 
0.663 
0.525 

-0.030 
-0.648 
-1.511 
-2.331 
-2.475 
-0.025 
2.377 
2.348 
1.542 
0.749 
0.609 
0.032 

11.483 -0.590 
11.775 -0.618 
24.926 -1.388 

8.759 
8. 7 63 
8.766 
8. 771 
8.772 
8.801 
8.862 
8.878 
8.898 
8.924 
8.989 
9.018 
9.021 
9.025 
9.029 
9.030 
9.057 
9.114 
9.129 
9.147 
9.172 
9.175 
9.238 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.785-0.081 
0.000 -1.878-0.081 
0.000 -1.934 0.001 
0.000 -1.838 0.084 
0.000 -1.817 0.084 
0.000 -1.330 0.063 
0.000 -0.987 0.042 
0.000 -0.939 0.042 
0.000 -0.907 0.004 
0.000 -0.945-0.035 
0.000 -1.245-0.056 
0.000 -1.667-0.076 
0.000 -1.754-0.076 
0.000 -1.807 0.001 
0.000 -1.718 0.078 
0.000 -1.699 0.078 
0.000 -1.252 0.057 
0.000 -0.946 0.036 
0.000 -0.905 0.036 
0.000 -0.880-0.001 
0.000 -0.925-0.038 
0.000 -0.934-0.038 
0.000 -."<>50-0.059 

I 
I 
I 

8 

10.789 
10.183 
11.727 
12.078 
27.311 
53.054 
58.687 
62.364 
56.752 
29.398 
13.764 
12.058 
11.07 4 
12.220 
12.511 
25.281 
47.067 
51.929 
54.879 
49.265 
25.230 

0.507 
-0.067 
-0.711 
-0.742 
-1.581 
-2.405 
-2.551 
-0.042 

2.422 
1. 602 
0.820 
0.682 
0.064 

-0.587 
-0.614 
-1.334 
-2.040 
-2.167 

0.046 
2.185 
1.402 

"HAD" Version: 
Range: #S/#E 

betay 
[m] 

12.024 
10.713 
10.096 
11.614 
11.961 
27.081 
52.726 
58.344 
62.019 
56.465 
29.340 
13.824 
12.128 
11.15 6 
12.330 
12.626 
25.518 
47.418 

alfay 
[1] 

0.644 
0.510 

-0.061 
-0.702 
-0.733 
-1.573 
-2.398 
-2.544 
-0.050 
2.402 
1. 589 
0.814 
0.677 
0.058 

-0.597 
-0.624 
-1.343 
-2.049 

52.216 -2.173 
55.252 
50.005 
48.938 
25.305 

0.054 
2.218 
2.190 
1. 415 

7. 932 
7.951 
7. 976 
7.979 
8. 038 
8.065 
8.068 
8.071 
8. 076 
8.102 
8.154 
8.168 
8.185 
8.209 
8.212 
8.272 
8.302 
8.305 
8.309 
8.314 
8.345 

8.17 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Run: 

0.000 .o.ooo 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
09/09/94 15.47.38 

page 8 

V E R T I C A L 
muy y(co) py(co) Dy Dpy 

[1] [2pi] [mm] [. 001] [m] 

8.405 
8.421 
8.440 
8.465 
8.468 
8.528 
8.555 
8.558 
8.562 
8.566 
8.593 
8.645 
8.659 
8. 67 6 
8.699 
8.702 
8.761 
8. 791 
8.795 
8.798 
8.803 
8.804 
8.834 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 ""00 
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1 

3118 DIPOLE_B 
3130 QC206 
3134 HC206 
3139 M_206 
3145 8206 
3149 0206 
3159 DIPOLE_A 
3171 DIPOLE_B 
3183 VC207 
3188 M_207 
3194 8207 
3204 DIPOLE_A 
3216 DIPOLE_B 
3228 QC208 
3232 HC208 
3237 M_202 

42 
1 
1 
1 
1 
1 

43 
43 

1 
1 
1 

44 
44 

1 
1 
1 

3243 S208 1 
3247 0208 1 
3257 DIPOLE_A 45 
3269 DIPOLE_B 45 
3281 VC209 1 
3286 M_209 1 
3292 8209 1 
3302 DIPOLE_A 46 

1173.248 
1173.969 
1174.385 
1175.617 
1177.285 
1177.527 
1184.081 
1190.537 
1191.673 
1192.905 
1194.573 
1201.370 
1207.825 
1208.546 
1208.962 
1210.194 
1211.861 
1212.103 
1218.658 
1225.114 
1226.250 
1227.482 
1229.150 
1235.947 

47.737 
50.891 
52.766 
55.988 
50.658 
49.568 
25.437 
11.852 
10.506 

9.842 
11.218 
25.936 
50.774 
54 .. 203 
56.242 
59.795 
54.240 
53.092 
27.505 
12.670 

-2.146 
-2.230 
-2.279 

0.023 
2.268 
2.238 
1. 444 
0.661 
0.523 

-0.033 
-0.651 
-1.514 
-2.334 
-2.425 
-2.47.S 
-0.021 
2.386 
2.356 
1. 547 
0.751 

11.123 0. 611 
10.268 0.034 
11.437 -0.586 
24 . .935 -1.385 

9.268 
9.270 
9.271 
9.275 
9.280 
9.281 
9.310 
9.371 
9.387 
9.407 
9.432 
9.498 
9.526 
9.528 
9.529 
9.533 
9.537 
9.538 
9.565 
9.622 
9.637 
9.656 
9.680 
9.746 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.696-0.080 
0.000 -1.754-0.080 
0.000 -1.787-0.080 
0.000 -1.844-0.001 
0.000 -1.757 0.077 
0.000 -1.738 0.077 
0.000 -1.294 0.057 
0.000 -0.992 0.036 
0.000 -0.952 0.036 
0.000 -0.929-0.004 
0.000 -0.979-0.043 
0.000 -1.336-0.064 
0.000 -1.812-0.085 
0.000 -1.874-0.085 
0.000 -1.909-0.085 
0.000 -1.969-0.001 
0.000 -1.874 0.083 
0.000 -1.854 0.0.93 
0.000 -1.371 0.063 
0.000 -1.030 0.042 
0.000 -0.983 0.042 
0.000 -0.953 0.001 
0.000 -0.997-0.039 
0.000 -1.326-0.060 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

pos. 
no. 

ELEHENT SEQUENCE 
element occ. 

I 
dist I 
[m] I name no. 

331'4 DIPOLE_B 
3326 QC210 
3330 HC210 
3335 M_210 
3341 8210 
3345 0210 
3355 DIPOLE_A 
3367 DIPOLE_B 
3384 VC211 
3389 M_211 
3398 8211 
3408 DIPOLE_A 
3420 DIPOLE_B 
3432 QC212 
3436 HC212 
3441 M_212 
3447 8212 

46 
1 
1 
1 
1 
1 

47 
47 

1 
1 
1 

48 
48 

1 
1 
1 
1 

3451 0212 1 
3461 DIPOLE_A 49 
3473 DIPOLE_B 49 

1242.402 
1243.123 
1243.539 
1244.771 
1246.438 
1246.680 
1253.235 
1259.690 
1260.846 
1262.059 
1263.824 
1270.523 
1276.979 
1277.700 
1278.115 
1279.347 
1281.015 
1281.257 
1287.812 
1294.267 

H 0 R I Z 0 N T A L 
betax alfax mux .x(co) px(co) Dx 

I 
Dpx I 
[1] I [m] [1] [2pi] [mm] [. 001] [m] 

47.611 
50.762 
52.636 
55.858 
50.552 
49.465 
25.421 
11.881 
10.519 

9. 879 
11.393 
26.024 
50.890 
54.322 
56.363 
59. 913 
54.336 
53.184 
27.514 
12.639 

-2.143 
-2.228 
-2.277 
0.019 
2.259 
2.230 
1. 439 
0.659 
0.520 

-0.035 
-0.667 
-1.517 
-2.335 
-2.427 
-2.480 
-0.018 

2.394 
2.364 
1.552 
0.752 

9. 777 
9.779 
9.780 
9.784 
9.789 
9.789 
9.819 
9.880 
9.896 
9.915 
9.942 

10.006 
10.034 
10.036 
10.038 
10.041 
10.045 
10.046 
10.074 
10.130 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.777-0.081 
0.000 -1.836-0.081 
0.000 -1.869-0.081 
0.000 -1.925 0.001 
0.000 -1.829 0.084 
0.000 -1.809 0.084 
0.000 -1.324 0.063 
0.000 -0.982 0.042 
0.000 -0.934 0.042 
0.000 -0.903 0.004 
0.000 -0.944-0.035 
0.000 -1.240-0.056 
0.000 -1.663-0.076 
0.000 -1.718-0.076 
0.000 -1.750-0.076 
0.000 -1.803 0.001 
0.000 -1.714 0.078 
0.000 -1.696 0.078 
0.000 -1.250 0.057 
0.000 -0.947 0.036 

9 

11.972 
11.097 
10.648 
10.018 
11.506 
11.848 
26.838 
52.355 
57.949 
61.619 
56.125 
29.248 
13.869 
12.767 
12.187 

0.650 
0.564 
0.515 

-0.055 
-0.692 
-0.723 
-1.563 
-2.388 
-2.534 
-0.057 

2.379 
1.574 
0.807 
0.722 
0.672 

11.230 0.051 
12.435 -0.607 
12.735 -0.634 
25.767 -1.354 
47.809 -2.060 
52.634 -2.185 
55.679 0.061 
50.371 2.241 
25.412 1.430 
"MAD" Version: 
Range: #S/#E 

betay 
[m] 

11.934 
11.049 
10.595 

9.949 
11.406 
11.7 43 
26.585 
51.944 
57.606 
61.168 
55.279 
29.126 
13.899 
12.807 
12.234 
11.293 
12.531 

alfay 
[1] 

0.657 
0. 571 
0.521 

-0.047 
-0.681 
-0.712 
-1.552 
-2.376 
-2.523 
-0.064 

2.344 
1. 559 
0.799 
0. 714 
0.665 
0.043 

-0.618 
12.837 -0.645 
26.023 -1.366 
48.237 -2.074 

8.894 
8.904 
8.910 
8. 930 
8.955 
8.958 
9.018 
9.045 
9.049 
9.052 
9.056 
9.083 
9.135 
9.144 
9.149 
9.166 
9.189 
9.192 
9.251 
9.280 
9.284 
9.288 
9.293 
9.323 

8.17 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Run: 

o.ooo. 0.000 0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
09/09/94 15.47.38 

page 9 

V E R T I C A L 
muy y(co) py(co) Dy Dpy 

[1] [2pil [mm] [. 001] [mJ 

9.383 
9.393 
9.399 
9.419 
9.444 
9.447 
9.508 
9. 53 6 
9.539 
9.542 
9.547 
9.574 
9.626 
9. 634 
9.640 
9.657 
9.679 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

9.682 0.000 
9.741 0.000 
9.770 0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
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1 

3485 SQ213 1 
3489 VC213 1 
3494 M_213 1 
3500 8213 1 
3510 DIPOLE_A 50 
3522 DIPOLE_B 50 
3534 SQ214 1 
3538 SQ214 2 
3542 HC214 1 
3547 M_214 1 
3553 8214 1 
3557 0214 1 
3567 DIPOLE_A 51 
3579 DIPOLE_B 51 
3591 SQ215 1 
3595 VC215 1 
3600 M_215 1 
3606 8215 1 
3616 DIFOLE_A 52 
3628 DIFOLE_B 52 
3643 HC216 1 
3648 t·l_216 1 
3659 DIPOLE_C 21 
3671 DIPOLE_D 21 
3683 VC217 1 
3 6 8 8 l-1_21 7 1 
3699 DIPOLE_C 22 

1294.985 
1295.404 
1296.636 
1298.303 
1305.100 
1311.556 
1312.045 
1312.273 
1312.692 
1313.924 
1315.592 
1315.834 
1322.389 
1328.844 
1329.562 
1329.981 
1331.213 
1332.880 
1339.677 
1346.133 
1347.301 
1348.501 
1354.805 
1359.228 
1359.874 
1361.467 
1367.771 

11. 623 
11.089 
10.231 
11.390 
24.751 
47.504 
49.627 
50.639 
52.526 
55.751 
50.467 
49.384 
25.418 
11. 914 
11.032 

0. 663 
0.612 
0.036 

-0.583 
-1.383 
-2.142 
-2.200 
-2.227 
-2.276 

0.016 
2.251 
2.222 
1.434 
0.658 
0.572 

10.574 0.521 
9.917 -0.037 

11.312 -0.658 
26.104 -1.519 
50.988 -2.336 
56.620 -2.484 
60.005 -0.010 
27.876 2.270 
12.113 1.294 
10.533 1.151 

8.153 0.346 
14.256 -0.964 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

10.139 
10.145 
10.164 
10.189 
10.255 
10.285 
10.287 
10.288 
10.289 
10.292 
10.297 
10.298 
10.328 
10.388 
10.398 
10.404 
10.424 
10.449 
10.514 
10.542 
10.546. 
10.549 
10.573 
10.611 
10.621 
10.648 
10.752 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -0.921 0.036 
0.000 -0.906 0.036 
0.000 -0.882-0.001 
0.000 -0.927-0.039 
0.000 -1.255-0.060 
0.000 -1.704-0.081 
0.000 -1.743-0.081 
0.000 -1.762-0.081 
0.000 -1.796-0.081 
0.000 -1.853-0.001 
0.000 -1.765 0.078 
0.000 -1.746 0.078 
0.000 -1.300 0.057 
0.000 -0.997 0.036 
0.000 -0.971 0.036 
0.000 -0.956 0.036 
0.000 -0.932-0.003 
0.000 -0.983-0.043 
0.000 -1.340-0.064 
0.000 -1.816-0.085 
0.000 -1.915-0.085 
0.000 -1.972 0.000 
0.000 -1.358 0.101 
0.000 -0.938 0.088 
0.000 -0.881 0.088 
0.000 -0.778 0.040 
0.000 -0.802-0.018 

H 0 R I Z 0 N T A L 
pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

I 
dist I 
[m] I 

betax alfax mux x(co) px(co) Dx Dpx 
[1] name no. 

3 711 DI POLE_D 
3723 HC218 
3728 M_218 
3739 DIPOLE_C 
3751 DIPOLE_D 
3763 VC219 
3768 M_219 
3779 DIPOLE_C 
3791 DIPOLE_D 
3803 HC220 
3808 M_220 
3822 VC221 
3827 M_221 
3839 HC222 
3844 M_222 
3857 VC223 
3862 M_22:' 

22 
1 
1 

23 
23 

1 
1 

24 
24 

1 
1 
1 
1 
1 

1372.194 
1372.841 
1374.434 
1380.737 
1385.161 
1385.807 
1387.400 
1393.704 
1398.127 
1398.773 
1400.367 
1416.442 
1417.655 
1433.731 

1 1434.944 
1 1451.032 
1 1452.233 

[m] [1] [2pi] [mm] [ .001] [m] 

25.428 
27.504 
30.435 
15.001 

8.694 
8.214 
8.186 

26.305 

-1.562 
-1.650 
-0.002 
1.011 
0.415 
0.328 

-0.346 
-2.189 

49.981 -3.163 
54.161 -3.306 
59.997 0.014 
10.693 0.598 

9.873 0.036 
52.567 -2.312 
55.790 -0.020 
10.916 0.530 
10.274 -0.036 

10.789 
10.793 
10.802 
10.848 
10.911 
10.923 
10.955 
11.028 
11.048 
11.050 
11.054 
11.161 
11.180 
11.308 
11.311 
11.421 
11.440 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

-0.912-0.032 
-0.932-0.032 
-0.942 0.024 
-0.516 0.065 
-0.259 0.051 
-0.226 0.051 
-0.154 0.040 

0.027 0.018 
0.081 0.005 
0.084 0.005 
0.087-0.001 
0.021-0.004 
0. 016-0.004 

-0.031-0.003 
0.000 -0.034-0.001 
0.000 -0.035 0.000 
0.000 

I 
I 
I 

10 

51.270 -2 .153 
53.093 -2.199 
56.152 0.066 
50.782 2.265 
25.550 1.446 
11.913 0.666 
11.291 0.607 
11.020 0. 579 
10.556 0.528 

9.891 -0.039 
11.314 -0.670 
11.646 -0.701 
26.327 -1.538 
51.502 -2.360 
54.955 -2.452 
57.032 -2.505 
60.674 -0.069 
55.304 2.331 
2.9.973 1.542 
13.912 0.790 
12.225 0.654 
11.346 0.034 
23.434 -1.457 
38.924 -2.045 
41.623 -2.131 
44.869 0.346 
18.781 1. 713 
"HAD" Version: 
Range: #8/#E 

9. 772 
9.773 
9.777 
9.782 
9.812 
9. 872 
9. 879 
9.882 
9.889 
9.908 
9. 934 
9. 937 
9.998 

10.026 
10.028 
10.029 
10.033 
10.037 
10.064 
10.116 
10.131 
10.147 
10.213 
10.236 
10.239 
10.244 
10.278 
8.17 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Run: 

0. 000 . 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
09/09/94 15.47.38 

page 10 

V E R T I C A L 
betay 
[m] 

alfay 
[1] 

muy y(co) py(co) Dy Dpy 
[1] [2pi] [mm] [. 001] [m] 

7.723 
6.794 
5.754 

17.833 
36.686 
40.131 
45.503 
24.783 
13.873 
12.721 
11.355 
56.704 
59.889 
10.746 

0.787 
0.651 

-0.007 
-1.664 
-2.597 
-2.734 
-0.347 
1. 531 
0.935 
0.848 

-0.019 
-2.354 

0.067 
0.597 

10.338 
10.352 
10.394 
10.505 
10.533 
10. 53 6 
10.542 
10.571 
10.609 
10.617 
10.638 
10.750 
10.754 
10.860 

9.941 0.025 10.879 
53.751 -2.356 11.005 
57.018 -0.061 11.008 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 
0.000 0.000 0.000 
o.ooo o.ooo 
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1 

3873 DIPOLE_C 
3885 DIPOLE_D 
3897 HC224 
3902 M_224 
3913 DIPOLE_C 
3925 DIPOLE_D 
3937 VC225 
3942 M_225 
3953 DIPOLE_C 
3965 DIPOLE_D 
3977 HC226 
39.32 M_226 
3993 DIPOLE_C 
4005 DIPOLE_D 
4017 VC227 
4022 t·1_227 
4032 8227 
4041 DIPOLE_A 
4053 DIPOLE_B 
4065 HC228 
4070 1'-1_228 
4076 8228 
4080 022.S 
4090 DIPOLE_A 
4102 DIFOLE_B 
4117 VC229 
4122 M_229 
413 3 DI POLE_C 
4145 DIPOLE_D 
4157 HC230 

25 
25 

1 
1 

26 
26 

1 
1 

27 
27 

1 
1 

28 
28 

1 
1 
1 

53 
53 

1 
1 
1 
1 

54 
54 

1 
1 

29 
29 

1 

1458.536 
1462.960 
1463.606 
1465.199 
1471.503 
1475.926 
1476.572 
1478.165 
1484.469 
1488.892 
1489.539 
1491.132 
1497.435 
1501.859 
1502.505 
1504.098 
1505.861 
1512.563 
1519.018 
1520.155 
1521.387 
1523.054 
1523.296 
1529 . .S51 
1536.307 
1537.475 
1538.675 
1544.979 
1549.402 
1550.048 

22.924 
39.366 
42.248 
45.829 
19.181 

7.800 
6.836 
5. 713 

17.188 
35.449 
38.798 
43.967 
23.249 
12.666 
11.581 

-1.535 
-2.182 
-2.277 

0.298 
1. 758 
0.815 
0.677 
0.022 

-1.604 
-2.524 
-2.658 
-0.299 
1. 508 
0.885 
0.794 

10.289 -0.007 
11.729 -0.647 
25.825 -1.457 
49.668 -2.237 
54.910 -2.374 
58.266 0.023 
52.719 2.361 
51.583 2.331 
26.383 1.514 
12.040 0.708 
10.555 0.563 

9.827 0.006 
21.582 -1.454 
37.269 -2.092 
40.033 -2.186 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 syrnrn = F 

pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

I 
dist I 
[m] I name no. 

4162 M_230 1 
4173 DIPOLE_C 30 
4185 DIPOLE_D 30 
4197 VC231 1 
4202 M_231 1 
4213 DIPOLE_C 31 
4225 DIPOLE_D 31 

1 
1 

32 
32 

1551.642 
1557.945 
1562.368 
1563.015 
1564.608 
1570.911 
1575.335 
1575.981 
1577.574 
1583.878 
1588.301 

4237 HC232 
4242 M_232 
4253 DIPOLE_C 
4265 DIPOLE_D 
4277 VC301 
4282 M_301 
4296 HC302 

1 1588.948 
1 1590.541 
1 1606.617 

betax alfax 
[m] [ 1] 

43.524 
18.544 
7. 876 
6. 975 
5.980 

0.251 
1.650 
0.762 
0.632 

-0.018 
18.024 -1.643 
36.574 -2.551 
39.957 
45.097 
23.319 
12.317 

-2.684 
-0.250 
1.573 
0.914 

11.198 0.818 
9.814 0.030 

52.918 -2.333 

Fri Sep 9 15:53:39 1994 

11.510 
11.533 
11.53 6 
11.541 
11.574 
11.633 
11.647 
11.689 
11.804 
11.832 
11.835 
11.841 
11.871 
11.913 
11.921 
11.945 
11.971 
12.034 
12.0 63 
12.066 
12.070 
12.074 
12.075 
12.104 
12.163 
12.179 
12.198 
12.272 
12.297 
12.300 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -0.085-0.018 
0.000 -0.191-0.031 
0.000 -0.212-0.031 
0.000 -0.252-0.017 
0.000 -0.303-0.016 
0.000 -0.402-0.030 
0.000 -0.421-0.030 
0.000 -0.487-0.056 
0.000 -1.042-0.101 
0.000 -1.518-0.115 
0.000 -1.592-0.115 
0.000 -1.703-0.016 
0.000 -1.270 0.071 
0.000 -0.984 0.057 
0.000 -0.947 0.057 
0.000 -0.895 0.004 
0.000 -0.934-0.034 
0.000 -1.225-0.055 
0.000 -1.642-0.076 
0.000 -1.728-0.076 
0.000 -1.780 0.001 
0.000 -1.693 0.077 
0.000 -1.674 0.077 
0.000 -1.236 0.056 
0.000 -0.940 0.035 
0.000 -0.899 0.035 
0.000 -0.877-0.002 
0.000 -1.209-0.068 
0.000 -1.539-0.082 
0.000 -1.592-0.082 

H 0 R I Z 0 N T A L I 
Dpx I 
[1] I 

mux x(co) px{co) Dx 
[2pi] [rnrn] [. 001] [m] 

12.306 
12.340 
12.400 
12.414 
12.454 
12.562 
12.590 
12.592 
12.598 
12.628 
12.670 
12.679 
12.704 
12.832 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.651 0.016 
0.000 -1.044 0.098 
0.000 -0.639 0.084 
0.000 -0.585 0.084 
0.000 -0.474 0.054 
0.000 -0.307 0.014 
0.000 -0.274 0.000 
0.000 
0.000 
0.000 
0.000 

-0.273 
-0.261 
-0.105 
-0.059 

0.000 
0.016 
0.017 
0.003 

0.000 0.000 -0.057 0.003 
0.000 0.000 -0.054 0.000 
0.000 0.000 -0.093-0.002 

11 

27.511 
12.737 
11.226 

9.021 
16.391 
28.177 
30.318 
33.196 
15.736 

8.464 
7.884 
7.625 

24.325 
46.723 

2.107 
1. 233 
1.105 
0. 27 6 

-1.049 
-1.615 
-1.698 

0.086 
1.147 
0.496 
0.401 

-0.269 
-2.057 
-3.006 

50.697 -3.145 
56.435 -0.111 
51.184 2.117 
27.604 1.401 
13.980 0./09 
12.508 0.587 
11.764 -0.043 
13.343 -0.732 
13.705 -0.760 
28.602 -1.512 
52.901 -2.251 
58.317 
61.43.7 
28.109 
11.927 
10.3.16 

-2.3.85 
0.109 
2.33.7 
1.321 
1.172 

"MAD" Version: 
Range: #S/#E 

betay 
[m] 

alfay 
[1] 

7.886 0.358 
13.939 -0.972 
25.266 -1.588 
27.377 -1.678 
30.470 -0.077 
15.921 0.976 

9.683 0.434 
9.174 
9.125 

27.965 
51.938 

0.355 
-0.364 
-2.236 
-3.183 

11.033 
11.071 
11.079 
11.105 
11.196 
11.229 
11.232 
11.240 
11.283 
11.345 
11.358 
11.391 
11.471 
11.492 
11.494 
11.499 
11.504 
11.533 
11.586 
11.600 
11.616 
11.637 
11.640 
11.694 
11.720 
11.724 
11.727 
11.750 
11.789 
11.798 
8.17 

0.000 0.000' 0.000 0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

Run: 09/09/94 15.47.38 

page 11 

V E R T I C A L 
muy y(co) py{co) Dy Dpy 

[1] [2pi] [rnrn] [. 001] [m] 

11.827 
11.934 
11.972 
11.976 
11.985 
12.029 
12.087 
12.098 
12.127 
12.194 
12.212 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

56.142 -3.321 12.214 0.000 0.000 0.000 0.000 
61.954 0.044 12.218 0.000 0.000 0.000 0.000 
11.055 0.643 12.321 0.000 0.000 0.000 0.000 
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1 

4301 M_302 
4313 VC303 
4318 M_303 
4330 HC304 
4335 M_304 
4347 VC305 
4352 M_305 
4364 HC306 
4369 M_306 
4381 VC307 
4386 Ivl_307 
439B HC308 
4403 M_308 
4416 VC309 
4421 1-1_309 
4432 DIPOLE_C 
4 4 4 4 DI FC>LE_D 
4456 HC310 
4461 H_310 
4472 DIPOLE_C 
4484 DIPOLE_D 
4496 VC311 
4501 l-1_311 
4512 DIPOLE_C 
4524 DIPOLE_D 
4536 HC312 
4541 1·1_312 
4552 DIPOLE_C 
4564 DIPOLE_D 
4576 VC313 
4581 1-1_313 
4591 8313 
4600 DIPOLE_A 

1 1607.829 
1 1623.905 
1 1625.118 
1 1641.194 
1 1642.407 
1 1658.482 
1 1659.695 
1 1675.771 
1 1676.984 
1 1693.060 
1 1694.273 
1 1710.348 
1 1711.561 
1 1727.650 
1 1728.850 

33 1735.153 
33 1739.577 

1 1740.223 
1 1741.816 

34 1748.120 
34 1752.543 

1 1753.189 
1 1754.783 

35 1761.086 
35 1765.510 

1 1766.156 
1 1767.749 

36 1774.053 
36 1778.476 

1 1779.122 
1 1780.716 
1 1782.478 

55 1789.180 

56.176 
11.005 
10.328 
56.138 
59.464 
10.575 

9.783 
53.068 
56.344 

-0.026 
0.541 

-0.028 
-2.423 

0.027 
0.585 
0.027 

-2.343 
-0.029 

11.042 0. 545 
10.357 -0.025 
55.979 -2.413 
59.288 0.030 
10.524 0.579 

9.756 0.023 
21.197 -1.424 
36.588 -2.056 
39.304 -2.148 
42.741 0.243 
18.269 1.615 

7.848 0.741 
6.972 0.614 
6.033 -0.035 

18.348 -1.668 
37.132-2.579 
40.552 -2.712 
45.728 -0.241 
23. 518 1. 603 
12.305 0.932 
11.165 0 .. 934 

9.732 0.047 
10.927 -0.570 
24.009 -1.382 

Linear lattice functions for beam line: MI_19 
delta {p) /p = 0. 0.00000 syrnrn = F 

12.835 
12.944 
12.963 
13.082 
13.085 
13.193 
13.213 
13.341 
13.344 
13.453 
13.471 
13.590 
13.594 
13.702 
13.721 
u .796 
13.822 
13 .. '324 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

1.3.830 0.000 
13.865 0.000 
13.926 0.000 
13.939 
13.980 
14.086 
14.113 
14 .116 
14.122 
14.151 
14.193 
14.202 
14.227 
14.255 
14.323 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -0.093 0.002 
0.000 -0.007 0.006 
0.000 0.000 0.005 
0.000 0.089 0.006 
0.000 0.093 0.002 
0.000 0.056-0.002 
0.000 0.054 0.000 
0.000 0.088 0.002 
0.000 0.088-0.002 
0.000 0.004-0.005 
0.000 -0.003-0.005 
0.000 -0.093-0.006 
0.000 -0.098-0.001 
0.000 -0.056 0.003 
0.000 -0.054 0.000 
0.000 -0.097-0.017 
0.000 -0.199-0.031 
0.000 -0.219-0.031 
0.000 -0.257-0.016 
0.000 -0.299-0.014 
0.000 -0.391-0.028 
0.000 -0.409-0.028 
0.000 -0.472-0.054 
0.000 -1.007-0.098 
0.000 -1.468-0.112 
0.000 -1.540-0.112 
0.000 -1.648-0.016 
0.000 -1.232 0.068 
0.000 -0.960 0.054 
0.000 -0.925 0.054 
0.000 -0.877 0.002 
0.000 -0.919-0.035 
0.000 -1.219-0.056 

H 0 R I Z 0 N T A L 
pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

I 
dist I 
[m] I 

betax alfax mux x(co) px{co) Dx 
I 

Dpx I 
[1] I name no. 

4612 DIPOLE_B 55 
4624 HC314 1 
4629 M_314 1 
4635 S314 1 
4639 0314 1 
4649 DIPOLE_A 56 
4661 DIPOLE_B 56 
4676 VC315 1 
4681 M_315 1 
4692 DIPOLE_C 37 
4704 D 37 

1795.635 
1796.772 
1798.004 
1799.672 
1799.914 
1806.468 
1812.924 
1814.092 
1815.292 
1821.596 
1826.019 

[m] [1] [2pi] [rnrn] [ .001] [m] 

46.906 -2.165 
51.984 -2.303 
55.302 -0.035 
50.220 2.189 
49.167 2.161 
25.790 1.405 
12.454 0.661 
11.067 0.526 
10.439 -0.045 
23.304 -1.553 
39.911 -2.201 

14.353 
14.357 
14.361 
14.366 
14.366 
14.396 
14.454 
14.470 
14.488 
14.557 
14.580 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.644-0.077 
0.000 -1.731-0.077 
0.000 -1.785-0.001 
0.000 -1.700 0.076 
0.000 -1.681 0.076 
0.000 -1.249 0.055 
0.000 -0.958 0.034 
0.000 -0.918 0.034 
0.000 -0.898-0.004 
0.000 -1.248-0.071 
0.000 591-0.085 

12 

10.153 
51.903 
55.074 
11.727 

0.059 
-2.256 
-0.044 

0.540 
11.086 -0. 062 
58.942 -2.478 
62.329 0.040 
11.170 0.652 
10.248 0.065 
51.611 -2.234 
54.742 -0.035 
11.610 0.531 
10.987 -0.067 
59.260 -2.500 
62.618 0.034 
29.253 2.364 
12.744 1.368 
11.069 1. 223 

8.524 0.379 
14.332 -0.925 
25.050 -1.497 
27.040 -1.581 
29.844 0.000 
15.021 ·o.972 

8.955 0.400 
8.493 0.316 
8.531 -0.379 

27.592 -2.283 
52.184 -3.276 
56.513 -3.421 
62.621 -0.033 
56.486 2.432 
29.365 1.614 
"MAD" Version: 
Range: #S/#E 

betay 
[mJ 

13.637 
11.927 
10.936 
12.054 
12.340 
25.006 
46.735 

alfay 
[1] 

0.822 
0.683 
0.069 

-0.577 
-0.604 
-1.328 
-2.038 

51.646 -2.166 
54.548 0.037 
25.586 2.036 
11.507 1.147 

12.339 
12.466 
12.470 
12.57 6 
12.593 
12.704 
12.707 
12.809 
12.827 
12.954 
12.958 
13.065 
13.082 
13.194 
13.197 
13.219 
13.256 
13.265 
13.292 
13.392 
13.430 
13.434 
13.443 
13.489 
13.551 
13.563 
13. 593 
13.664 
13.682 
13.684 
13.688 
13.693 
13.719 
8.17 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Run: 

o.ooo. 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
09/09/94 15.47.38 

page 12 

V E R T I C A L 
muy y(co) py{co) Dy Dpy 

[1] [2pi] [mm] [.001] [m] 

13.771 
13.786 
13.803 
13. 827 
13.830 
13.891 
13.921 
13.925 
13.928 
13.954 
13.996 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 IJOO 



-
mi19_mad.twiss_425 415 elements.out Fri Sep 9 15:53:39 1994 

1 

4716 HC316 1 
4721 M_316 1 
4732 DIPOLE_C 38 
4744 DIPOLE_D 38 
4756 VC317 1 
4761 M_317 1 
4772 DIPOLE_C 39 
4784 DIPOLE_D 39 
4796 HC318 1 
4801 M_318 1 
4812 DIPOLE_C 40 
4824 DIPOLE_D 40 
4836 VC319 1 
4841 l-1_319 1 
4855 HC320 1 
4860 t-1_32 0 1 
4872 VC321 1 
4877 1·1_321 1 
4890 HC322 1 
4895 t-1_322 1 
4906 DIPOLE_C 41 
4918 DIPOLE_D 41 
4930 VC323 1 
4935 1·1_323 1 
4946 DIPOLE_C 42 
4958 DIPOLE_D 42 
4970 HC324 1 
4975 l-1_324 1 
4986 DIPOLE_C 43 
4998 DIPOLE_D 43 
5010 VC325 1 
5015 M_325 1 
5026 DIPOLE_C 44 
5038 DIPOLE_D 44 
5050 HC326 1 
5055 M_326 1 

1826.666 
1828.259 
1834.562 
1838.986 
1839.632 
1841.225 
1847.529 
1851.952 
1852.598 
1854.192 
1860.495 
1864.919 
1865.565 
1867.158 
1883.234 
1884.447 
1900.522 
1901.735 
1917.824 
1919.024 
1925.327 
1929.751 
1930.397 
1931.990 
1938 . .294 
1942.717 
1943.364 
1944.957 
1951.260 
1955.684 
1956.330 
1957.923 
1964.227 
1968.650 
1969.296 
1970.890 

42.817 
46.406 
19.304 

7.749 
6.772 
5.623 

17.014 
35.295 
38.653 
43.862 
23.351 
12.824 
11.741 
10.460 
55.445 
58.697 
10.414 

9.662 

-2.296 
0.314 
1. 786 
0.826 
0.686 
0.030 

-1.603 
-2.530 
-2.666 
-0.316 
1.497 
0.883 
0.793 

-0.015 
-2.380 
0.040 
0.566 
0.013 

53.874 -2.389 
57.160 -0.037 
26.833 2.145 
11.946 
10.454 

8.252 
15.075 
26.789 
28.945 
31.942 
15.389 

8.541 
8.006 
7.840 

24.916 
47.591 
51.608 
57.265 

1.222 
1. 087 
0.295 

-1.024 
-1.624 
-1.712 

0.027 
1. 088 
0.460 
0.369 

-0.296 
-2.088 
-3.039 
-3.178 
-0.017 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

14.583 
14.588 
14.621 
14.680 
14.694 
14.736 
14.853 
14.882 
14.884 
14.890 
14.921 
14.962 
14.970 
14.994 
15.113 
15 .116 
15.226 
15.246 
15.374 
15.377 
15.402 
15.442 
15.451 
15.479 
15.578 
15.614 
15.617 
15.625 
15.670 
15.733 
15.745 
15.778 
15.855 
15.876 
15.878 
15.882 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.646-0.085 
0.000 -1.707 0.016 
0.000 -1.080 0.102 
0.000 -0.659 0.088 
0.000 -0.603 0.088 
0.000 -0.487 0.056 
0.000 -0.306 0.016 
0.000 -0.263 0.002 
0.000 -0.262 0.002 
0.000 -0.247 0.018 
0.000 -0.088 0.017 
0.000 -0.039 0.003 
0.000 -0.037 0.003 
0.000 -0.033 0.001 
0.000 -0.031 0.000 
0.000 -0.031 0.001 
0.000 
0.000 
0.000 
0.000 
0.000 

0.012 0.003 
0.015 0.003 
0.079 0.004 
0.082 0.000 
0.030-0.018 

0.000 -0.079-0.032 
0.000 -0.100-0.032 
0.000 -0.156-0.040 
0.000 -0.495-0.065 
0.000 -0.809-0.078 
0.000 -0.860-0.078 
0.000 -0.945-0.024 
0.000 -0.809 0.019 
0.000 -0.755 0.005 
0.000 -0.752 0.005 
0.000 -0.777-0.039 
0.000 -1.319-0.101 
0.000 -1.794-0.115 
0.000 -1.868-0.115 
0.000 -1.967 0.000 

H 0 R I Z 0 N T A L 
pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

I 
dist I 
[m] I 

betax alfax mux x(co) px(co) Dx Dpx 
[1] name no. 

5065 8326 1 
5069 0326 1 
5078 DIPOLE_A 57 
5090 DIPOLE_B 57 
5102 VC327 1 
5107 M_327 1 
5113 S327 1 
5123 DIPOLE_A 58 

1972.633 
1972.875 
1979.354 
1985.810 
1986.946 
1988.178 
1989.846 
1996.643 

[m] [1] [2pi] [mm] [.001] [m] 

51.585 2.280 
50.488 2.251 
26.366 1.472 
12.363 0.697 
10.935 0.560 
10.194 -0.009 
11.511 -0.634 
25.747 -1.461 

15.887 
15.888 
15.917 
15.975 
15.990 
16.009 
16.034 
16.099 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.864 0.085 
0.000 -1.843 0.085 
0.000 -1.359 0.064 
0.000 -1.010 0.043 
0.000 -0.962 0.043 
0.000 -0.930 0.003 
0.000 -0.969-0.036 
0.000 -1.277-0.057 

I 
I 
I 

13 

10 .109 1. 017 
8.110 0.235 

15.939 -1.122 
28.640 -1.748 
30.959 -1.840 
34.244 -0.015 
17.016 1.164 

9.423 0.552 
8.767 0.463 
8.356 -0.236 

24.448 -1.960 
45.653 -2.833 
49.398 -2.961 
54.651 -0.007 
11.252 0.519 
10.645 -0.067 
59.019 -2.523 
62.512 -0.002 
11.611 0.668 
10.682 0.066 
21.922 -1.384 
36.765 -1.971 
39.368 -2.057 
42.581 0.283 
18.262 1.602 

7.907 0.738 
7.034 0.612 
6.111 -0.045 

18.709 -1.693 
37.729 -2.606 
41.183 -2.739 
46.473 -0.286 
24.684 1.595 
13.378 0.961 
12.196 0.868 
10.738 0.023 
"MAD" Version: 
Range: #S/#E 

betay 
[m] 

alfay 
[1) 

12.100 -0.633 
12.413 -0.661 
25.825-1.409 
48.816 -2.152 
53.857 -2.283 
57.089 0.016 
51.790 2.260 
26.503 1.460 

14.005 
14.034 
14.131 
14.164 
14.168 
14.176 
14.216 
14.273 
14.284 
14.315 
14.390 
14.411 
14.413 
14.418 
14.52S 
14.545 
14.659 
14.662 
14.762 
14.779 
14.849 
14.874 
14.877 
14.883 
14.918 
14.978 
14.992 
15.032 
15.13 6 
15.163 
15.165 
15.171 
15.200 
15.239 
15.247 
15.270. 
8.17 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Run: 

o.ooo. 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
09/09/94 15.47.38 

page 13 

V E R T I C A L 
muy y(co) py(co) Dy Dpy 

[1) [2pi] [mm] [. 001) [m] 

15.294 
15.298 
15.357 
15.386 
15.389 
15.393 
15.397 
15.427 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
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1 

5135 DIPOLE_B 58 
5147 QC328 1 
5151 HC328 1 
5156 M_328 1 
5162 8328 1 
5166 0328 1 
5176 DIPOLE_A 59 
5188 DIPOLE_B 59 
5200 VC329 1 
5205 M_329 1 
5211 8329 1 
5221 DIPOLE_A 60 
5233 DIPOLE_B 60 
5245 QC330 1 
5249 HC330 1 
5254 l-1_330 1 
5260 2330 1 
5264 0330 1 
5274 DIPOLE_A 61 
5286 DIPOLE_B 61 
5303 VC331 1 
5308 t-1_331 1 
5317 S331 1 
5327 DIPOLE_A 62 
5:339 DIPOLE_B 62 
5351 QC332 1 
5355 HC332 
5360 M_332 
5366 S332 
5370 0332 
5380 DIPOLE_A 
5392 DIPOLE_B 
5404 VC333 
5409 M_333 
5415 8333 
5425 DIPOLE_A 
5437 DIPOLE.:_B 
5449 QC334 
5453 HC334 

1 
1 
1 
1 

63 
63 

1 
1 
1 

64 
64 

1 
1 

2003.098 
2003.819 
2004.235 
2005.466 
2007.134 
2007.376 
2013.931 
2020.386 
2021.523 
2022.755 
2024.423 
2031.219 
2037.675 
2038.395 
2038.811 
2040.043 
2041.711 
2041.953 
2048.508 
2054.963 
2056.119 
2057.332 
2059.097 
2065.796 
2072.252 
2072.972 
2073.38.'3 
2074.620 
2076.288 
2076.530 
2083.085 
2089.540 
2090.677 
2091.909 
2093.576 
2100.373 
2106.828 
2107.549 
2107.965 

49.682 -2.247 
52.984 -2.335 
54.947 -2.385 
58.329 0.014 
52.804 2.356 
51.671 2.326 
26.509 1.513 
12.147 0.712 
10.689 0.571 

9.916 0.008 
11.151 -0.606 
25.048 -1.439 
48.734 -2.230 
52.013 -2.319 
53.963 -2.370 
57.353 -0.014 
52.010 2.292 
50.908 2.263 
26.411 1.475 
12.381 0.699 
10.926 0.560 
10.203 -0.00-S 
11.639 -0.644 
25.722 -1.458 
49.611 -2.243 
52.907 -2.330 
54.867 
58.242 
52.723 
51.591 
26.464 
12.130 
10.677 

9.908 
11.147 
25.075 
48.807 
52.092 
54.046 

-2.381 
0.015 
2.353 
2.323 
1.510 
0. 710 
0.569 
0.007 

-0.607 
.-1. 442 
-2.235 
-2.323 
-2.374 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

I 
dist I 
[m] I name no. 

5458 M_334 
5464 8334 
5468 0334 
5478 DIPOLE_A 
5490 DIPOI-'< 

1 
1 
1 

65 
65 

2109.197 
2110.865 
2111.107 
2117.661 
2124.117 

betax alfax 
[m] [1] 

57.443 
52.094 
50.990 
26.457 
12.397 

-0.015 
2.295 
2.266 
1.477 
0.701 

Fri Sep 9 15:53:39 1994 

16.128 
16.130 
16.131 
16.134 
16.139 
16.140 
16.168 
16.227 
16.243 
16.262 
16.288 
16.354 
16.384 
16.386 
16.337 
16.391 
16.396 
16.396 
16.425 
16.4 83 
16.499 
16.518 
16.544 
16.607 
16.636 
16.638 
16.639 
16.643 
16.648 
16.648 
16.677 
16.735 
16.751 
16.771 
16.796 
16.863 
16.892 
16.895 
16.896 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.708-0.078 
0.000 -1.764-0.078 
0.000 -1.796-0.078 
0.000 -1.850 0.001 
0.000 -1.758 0.080 
0.000 -1.738 0.080 
0.000 -1.275 0.060 
0.000 -0.954 0.039 
0.000 -0.910 0.039 
0.000 -0.883 0.001 
0.000 -0.923-0.036 
0.000 -1.233-0.057 
0.000 -1.665-0.078 
0.000 -1.721-0.078 
0.000 -1.754-0.078 
0.000 -1.809-0.001 
0.000 -1.722 0.077 
0.000 -1.704 0.077 
0.000 -1.265 0.056 
0.000 -0.968 0.035 
0.000 -0.928 0.035 
0.000 -0.906-0.003 
0.000 -0.959-0.042 
0.000 -1.304-0.063 
0.000 -1.773-0.084 
0.000 -1.834-0.084 
o:ooo -1.869-0.084 
0.000 -1.928-0.001 
0.000 -1.837 0.081 
0.000 -1.817 0.081 
0.000 -1.349 0.060 
0.000 -1.024 0.039 
0.000 -0.979 0.039 
0.000 -0.952-0.001 
0.000 -0.999-0.041 
0.000 -1.345-0.062 
0.000 -1.810-0.083 
0.000 -1.870-0.083 
0.000 -1.905-0.083 

H 0 R I Z 0 N T A L 
mux x(co) px(co) Dx Dpx 

[1] [2pi] [mm] [. 001] [m] 

16.899 
16.904 
16.905 
16.934 
16.992 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.963 0.001 
0.000 -1.866 0.085 
0.000 -1.846 0.085 
0.000 -1.355 0.064 
0.000 0.043 

I 
I 
I 

14 

12.569 0.698 
11.624 0. 613 
11.135 0.563 
10.403 -0.022 
11.802 -0.665 
12.131 -0.694 
26.475 -1.493 
50.824 -2.278 
56.158 -2.416 
59.616 -0.017 
54.184 2.333 
27.945 1.527 
13.193 0.758 
12.162 0.672 
11.624 0.622 
10.767 0.021 
12.043 -0.627 
12.354 -0.655 
25.907 -1.412 
48.937 -2.155 
54.071 -2.288 
57.217 0.019 
51.458 2.256 
26.527 1.465 
12.550 0.700 
11.602 0.614 
11.112 0.565 
10.376 -0.019 
11.764 -0.661 
12.092 -0.691 
26.390-1.490 
50.695 -2.274 
56.022 -2.413 
59.479 -0.020 
54.067 2.325 
27.914 1.522 
13.209 0.756 
12.182 0.670 
11.645 0.621 
"MAD" Version: 
Range: #S/#E 

betay 
[m] 

alfay 
[1] 

10.793 0.018 
12.080 -0.631 
12.392 -0.659 
25.994 -1.416 
49.072 -2.158 

15.484 
15.494 
15.500 
15.518 
15.543 
15.546 
15.605 
15.633 
15.637 
15.640 
15.645 
15.673 
15.727 
15.736 
15.742 
15.760 
15.783 
15.787 
15.846 
15. 87 5 
15.879 
15.882 
15.887 
15.916 
15.974 
15.9'33 
15.989 
16.008 
16.032 
16.035 
16.095 
16.124 
16.127 
16.130 
16.135 
16.163 
16.217 
16.226 
16.232 
8.17 

0.000 0.000 .o.ooo 0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

Run: 09/09/94 15.47.38 

page 14 

V E R T I C A L 
muy y(co) py(co) Dy Dpy 

[1] [2pi] [mm] [. 001] [m] 

16.250 
16.273 
16.277 
16.336 
16.365 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0. 000 ,-- '"00 
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1 

5502 SQ335 
5506 VC335 
5511 M_335 
5517 8335 
5527 DIPOLE_A 
5539 DIPOLE_B 
5551 SQ336 
5555 SQ336 
5559 HC336 
5564 )\1_336 
5570 S336 
557 4 0336 
5534 DIPOLE_A 
5596 DIPOLE_B 
560c SQ337 
5612 VC337 
5617 f.1_337 
5623 2337 
5633 DIP<)LE_A 
5645 DIF'OLE_B 
5660 HC33e 
5665 1·1_33:3 
5676 DIPOLE_C 
56:::: DIPOLE_D 
57<)0 VC339 
5 70 5 1·1_3 3 9 
5716 DIPOLE_C 
572S DIPOLE_D 
5740 HC340 
5745 !,1_340 
5756 DIPOLE_C 
5768 DIPOLE_D 
5780 VC341 
5785 M_341 
5796 DIPOLE_C 
5808 DIPOLE_D 
5820 HC400 
5825 M_400 
5839 VC401 
5844 M_401 
5853 HC402 
5861 M_402 

1 
1 
1 
1 

66 
66 

1 
2 
1 
1 
1 
1 

67 
67 

1 
1 
1 
1 

68 
68 

1 
1 

45 
45 

1 
1 

46 
46 

1 
1 

47 
47 

1 
1 

48 
48 

1 
1 
1 
1 
1 
1 

2124.834 
2125.253 
2126.485 
2128.153 
2134.950 
2141.405 
2141.894 
2142.123 
2142.542 
2143.774 
2145.441 
2145.684 
2152.238 
2158.694 
2159.411 
2159.830 
2161.062 
2162.730 
2169.527 
2175.982 
2177.150 
2178.3-51 
21-34.654 
2189.078 
2189.724 
2191.317 
2197.621 
2202.044 
2202.690 
2204.283 
2210.587 
2215.010 
2215.657 
2217.250 
2223.553 
2227.977 
2228.623 
2230.216 
2246.292 
2247.505 
2249.120 
2264.794 

11.454 
10.960 
10.211 
11.517 
25.693 
49.536 
51.754 
52. 811 
54.782 
58.149 
52.637 
51.507 
2 6. 418 
12.115 
11.163 
10.666 

0.615 
0.564 

-0.006 
-0.631 
-1.455 
-2.239 
-2.298 
-2.326 
-2.376 

0.015 
2.350 
2.320 
1. 508 
0.708 
0.619 
0.567 

9.902 0.005 
11.146 -0.609 
25.105 -1.445 
48.884 -2.239 
54.284 -2.383 
57.534 -0.012 
26.800 2.168 
11.7.s5 
10.287 

8.072 
14.787 
26.521 
28.688 
31.739 
15.508 

8.739 
8.203 
8.044 

25.242 
47.921 
51.932 
57.541 
10.655 

9.937 
11.156 
58.136 

1.227 
1. 090 
0.302 

-1.021 
-1.632 
-1.721 
0.002 
1. 072 
0.459 
0.369 

-0.302 
-2.092 
-3.035 
-3 .173 
0.008 
0.554 

-0.005 
-0.615 
-0.012 

17.001 
17.007 
17.026 
17.051 
17.115 
17.144 
17.146 
17.147 
17.148 
17.151 
17.156 
17.157 
17.185 
17.244 
17.254 
17.260 
17.279 
17.305 
17.371 
17.401 
17.405 
17.408 
17.433 
17.47::-
17.4.'32 
17.510 
17.612 
17.648 
17.652 
17.660 
17.704 
17.766 
17.779 
17.811 
17.886 
17.907 
17.909 
17.913 
18.023 
18.042 
18.067 
18.169 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0. 00<) 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -0.976 0.043 
0.000 -0.958 0.043 
0.000 -0.926 0.004 
0.000 -0.965-0.036 
0.000 -1.271-0.057 
0.000 -1.700-0.077 
0.000 -1.738-0.077 
0.000 -1.756-0.077 
0.000 -1.788-0.077 
0.000 -1.842 0.001 
0.000 -1.750 0.080 
0.000 -1.731 0.080 
0.000 -1.270 0.059 
0.000 -0.952 0.038 
0.000 -0.925 0.03-S 
0.000 -0.909 0.038 
0.000 -0.882 0.001 
0.000 -0.923-0.037 
0.000 -1.235-0.057 
0.000 -1.669-0.07-S 
0.000 -1.761-0.078 
0.000 -1.813-0.001 
0.000 -1.253 0.092 
0.000 -O . .S75 0.078 
0.000 -0 . .'325 0.078 
0.000 -0.734 0.033 
0.000 -0.7.'38-0.023 
0.000 -0.917-0.037 
0.000 -0.941-0.037 
0.000 -0.958 0.020 
0.000 -0.549 0.062 
0.000 -0.303 0.048 
0.000 -0.272 0.048 
0.000 -0.206 0.034 
0.000 -0.079 0.010 
0.000 -0.065-0.004 
0.000 -0.067-0.004 
0.000 -0.071 0.000 
0.000 -0.026 0.003 
0.000 -0.023 0.002 
0.000 -0.021 0.001 
0.000 -0.005 0.001 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

I 
dist I 
[m) I name no. 

5873 VC403 
5878 M_403 

1 2280.869 
1 2282.082 

H 0 R I Z 0 N T A L 
betax alfax mux x(co) px(co) Dx 
[m) [1) [2pi) [mm) [ .001] [m] 

I 
Dpx I 
[1] I 

10.927 0.574 18.277 0.000 0.000 0.018 0.001 
10.172 0.006 18.295 0.000 0.000 0.020 0.002 

15 

52.229 -2.241 
54.128 -2.289 
57.364 0.021 
52.023 2.275 
26.563 1. 470 
12.536 0.703 
11.877 0.644 
11.589 0.617 
11.093 0.567 
10.351 -0.017 
11.729 -0.658 
12.054 -0.687 
26.302-1.486 
50.553 -2.270 
53-.873 -2.357 
55.-371 -2.408 
59.323 -0.022 
5:3.933 2.317 
27.873 1.516 
13.220 0.753 
11.62.3 0.615 
10.316 0.015 
23.000 -1.477 
3E.768 -2.087 
41.524 -2.176 
44.928 0.296 
19.199 1.705 

8.097 0.805 
7.141 0.673 
6.042 0.008 

17.731 -1.604 
35.858 
39.165 
44.263 
2.3.781 
13.189 
12.088 
10.807 
56.992 
60.319 
54.968 
10.457 

-2.494 
-2.624 
-0.295 
1. 499 
0.896 
0.807 

-0.030 
-2.417 
·o. 016 
2.397 
0.032 

"MAD" Version: 
Range: #S/#E 

betay 
[m] 

alfay 
[1) 

16.367 
16.368 
16.372 
16.377 
16.406 
16.464 
16.470 
16.473 
16.479 
16.497 
16.522 
16.525 
16.585 
16.614 
16.616 
16.617 
16. 620 
16.625 
16.653 
16.708 
16.723 
16.7 40 
16.808 
16.831 
16.8.34 
16.840 
16.873 
16.931 
16.944 
16.984 
17.093 
17.121 
17.124 
17.130 
17.160 
17.200 
17.208 
17.231 
17.346 

.17.349 
17.353 
17.470 
8.17 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Run: 

0. ooo. 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
09/09/94 15.47.38 

page 15 

V E R T I C A L 
muy y(co) py(co) Dy 
[2pi] [mm] [. 001] [m] 

Dpy 
[1] 

53.403 -2.291 17.592 0.000 0.000 0.000 0.000 
56.590 -0.014 17.596 0.000 0.000 0.000 0.000 
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1 

5891 HC404 1 
5896 M_404 1 
5907 DIPOLE_C 49 
5919 DIPOLE_D 49 
5931 VC405 1 
5936 M_405 1 
5947 DIPOLE_C 50 
5959 DIPOLE_D 50 
5971 HC406 1 
5976 M_406 1 
5987 DIPOLE_C 51 
5999 DIPOLE_D 51 
6011 VC407 1 
6016 M_407 1 
6027 DIPOLE_C 52 
60:39 DIFOLE_D 52 
6051 HC408 1 
6056 Jvl_40f. 1 
6066 2408 1 
6070 0408 1 
6079 DIPOLE_A 69 
6091 DIPOLE_B 69 
610:3 VC409 1 
61 0 8 J'.1_ 4 0 9 1 
6114 2409 1 
6124 DIFOLE_A 70 
61:36 DIPOLE_B 70 
6148 HC410 1 
6153 M_410 1 
6159 S410 1 
6163 0410 1 
6173 DIPOLE_A 71 
6185 DIPOLE_B 71 
6197 VC411 1 
6202 M_411 1 
6208 S411 1 
6212 0411 1 
6222 DIPOLE_A 72 
6234 DIPOLE_B 72 
6246 HC412 1 
6251 M_412 1 
6257 S412 1 
6261 0412 1 
6271 DIPOLE_A 73 
6283 DIPOLE_B 73 

2298.171 
2299.371 
2305.674 
2310.098 
2310.744 
2312.337 
2318.641 
2323.064 
2323.710 
2325.304 
2331.607 
2336.031 
2336.677 
2338.270 
2344.574 
2348.997 
2349.643 
2351.236 
2:352.980 
235:3.222 
2359.701 
2366.156 
2367.293 
22·6·8 .525 
2:370.193 
2376.989 
238:3.445 
2384.581 
2385 .. '313 
2387.481 
2387.72:3 
2394.278 
2400.73:3 
2401.870 
2403.102 
2404.769 
2405.011 
2411.566 
2418.022 
2419.158 
2420.390 
2422.058 
2422.300 
2428.855 
2435.310 

54.285 
57.469 
26.551 
11.546 
10.059 

7.862 
14.595 
26.484 
28.684 
31.824 
15.764 

8.975 
8.428 

-2.356 
0.015 
2.173 
1.220 
1.080 
0.300 

-1.031 
-1.657 
-1.7 48 
-0.025 
1.068 
0. 4 67 
0.379 

8.247 -0.299 
25.397 -2.079 
47 .. 987 -3.006 
51.859 -3.141 
57.371 
51.511 
50.390 
25.841 
11.791 
10.]93 

9.677 
10.958 
25.218 
49.567 
54.944 
58.457 
53.084 
51.969 
27.135 
12.749 
11.250 
10.446 
11.708 
12.013 
25.545 
48.777 
53.886 
57.141 
51.655 
50.536 
25.755 
11.784 

0.035 
2.329 
2.299 
1. 491 
0.626 
0.544 

-0.009 
-0.620 
-1.478 
-2.294 
-2.437 
-0.038 

2.:317 
2.288 
1. 501 
0.727 
0.591 
0. 011 

-0.617 
-0.646 
-1.419 
-2.180 
-2.314 

0.038 
2.328 
2.298 
1. 483 
0.681 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

ELEMENT SEQUENCE I 

18.418 
18.422 
18.447 
18.487 
18.497 
18.526 
18.630 
18.667 
18.670 
18.679 
18.722 
18.783 
18.795 
18.826 
18.900 
18.921 
18.923 
18. 927 
18.932 
18.93:3 
18.962 
19.022 
19.03E 
19.058 
19.084 
19.151 
19.181 
19.184 
19.188 
19.192 
19.193 
19.221 
19.277 
19.292 
19.311 
19.335 
19.338 
19.399 
19.429 
19.432 
19.436 
19.441 
19.441 
19.470 
19.531 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.069 0.003 
0.072 0.000 
0.020-0.018 

-0.088-0.032 
-0.109-0.032 
-0.165-0.040 
-0.509-0.065 

0.000 -0.826-0.079 
0.000 -0.878-0.079 
0.000 -0.964-0.024 
0.000 -0.820 0.020 
0.000 -0.760 0.006 
0.000 -0.756 0.006 
0.000 -0.779-0.038 
0.000 -1.314-0.100 
0.000 -1.785-0.114 
0.000 -1.858-0.114 
0.000 -1.956 0.001 
0.000 -1.853 0.085 
0.000 -1.832 0.085 
0.000 -1.348 0.064 
0.000 -1.000 0.043 
0.000 -0.951 0.043 
0.000 -0.919 0.004 
0.000 -0.957-0.035 
0.000 -1.260-0.056 
0.000 -1.685-0.077 
0.000 -1.772-0.077 
0.000 -1.825 0.001 
0.000 -1.735 0.079 
0.000 -1.716 0.079 
0.000 -1.260 0.058 
0.000 -0.948 0.037 
0.000 -0.905 0.037 
0.000 -0.879 0.000 
0.000 -0.921-0.037 
0.000 -0.9:30-0.037 
0.000 -1.237-0.058 
0.000 -1.675-0.079 
0.000 -1.765-0.079 
0.000 -1.821-0.001 
0.000 -1.734 0.077 
0.000 -1.716 0.077 
0.000 -1.276 0.056 
0.000 -0.979 0.035 

H 0 R I Z 0 N T A L 
pos. element occ. dist I betax alfax rnux x(co) px(co) Ox 

I 
Dpx I 
[1] I no . narnP no . [rn] I [rn] [1] [2pi] [rnm] [. 001 '--'m] 

16 

11.441 
10.758 
23.765 
40.419 
43.325 
46.951 
20.156 
8.410 
7.376 
6.110 

16.961 
34.158 
37.305 

0.559 
-0.034 
-1.563 
-2.202 
-2.295 

0.288 
1. 788 
0.867 
0.733 
0.055 

-1.515 
-2.372 
-2.498 

42.163 -0.283 
22.755 1.414 
12.821 0.832 
11.801 0.746 
10.688 -0.077 
12.419 -0.748 
12.789-0.778 
28.133 -1.590 
53.863 -2.395 
59.470 -2.537 
63.076 
57.249 
29 .177 
13.2 83 
11.573 
10. 577 
11.638 
11.914 
24.398 
46.113 
50.901 
53.992 
49.033 
48.012 
25.367 
12.479 
11.179 
10.582 
12.195 
12.559 
28.022 
53.822 

0.005 
2.492 
1. 638 
0. ·924 
0.680 
0.078 

-0.557 
-0.584 
-1.320 
-2.043 
-2.170 

0.000 
2.121 
2.094 
1. 360 
0. 636 
0.508 

-0.078 
-0.735 
-0.766 
-1.592 
-2.403 

"MAD" Version: 
Range: #S/#E 

17.702 
17.719 
17.786 
17.809 
17.812 
17.817 
17.849 
17.904 
17.917 
17.956 
18.067 
18.096 
18.099 
18.105 
18.137 
18.178 
18.187 
18.210 
18.234 
18.237 
18.293 
18.319 
18.32:3 
12.326 
18.330 
18.357 
18.410 
18.425 
18.442 
18.467 
18.470 
18.533 
18.564 
18.567 
18.571 
18. 57 6 
18.577 
18.607 
18.666 
18.682 
18.700 
18.724 
18.727 
18.783 
18.810 
8.17 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0. 000· 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

Run: 09/09/94 15.47.38 
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V E R T I C A L 
betay alfay muy y(co) py{co) Dy Dpy 

'1.] [m] [1] [2pi] [rnm] [.001] [rn] 



mi19_mad.twiss_425_415_elements.out 

1 

6300 VC413 1 
6305 M_413 1 
6314 S413 1 
6324 DIPOLE_A 74 
6336 DIPOLE_B 74 
6348 HC414 1 
6353 M_414 1 
6359 S414 1 
6363 0414 1 
6373 DIPOLE_A 75 
6385 DIPOLE_B 75 
6397 VC415 1 
6402 t.f_415 1 
6408 8415 1 
6418 DIPOLE_A 76 
6430 DIPOLE_B 76 
6442 HC416 1 
6 4 4 7 t1_ 416 1 
6453 8416 1 
6457 0416 1 
6467 DIPOLE_A 77 
6479 DIPOLE_B 77 
6491 VC417 1 
6496 1-1_417 1 
6502 8417 1 
6512 DIPOLE_A 
6524 DIPOLE_B 
6536 HC418 
6541 M_41B 
6547 S41B 
6551 041B 
6561 DIPOLE_A 
6573 DIPOLE_B 
6585 VC419 
6590 M_419 
6596 S419 

78 
78 

1 
1 
1 
1 

79 
79 

1 
1 
1 

6600 0419 1 
6610 DIPOLE_A 80 
6622 DIPOLE_B 80 
6634 HC420 1 
6639 M_420 1 
6645 S420 1 
6649 0420 1 
6659 DIPOLE_A 81 
6671 DIPOLE_B 81 
6688 VC421 1 
6693 M_421 1 

2436.466 
2437.679 
2439.443 
2446.143 
2452.598 
2453.735 
2454.967 
2456.635 
2456.877 
2463.431 
2469.887 
2471.024 
2472.255 
2473.923 
2480.720 
2487.175 
2488.312 
2489.544 
2491.211 
2491.454 
249c:. 008 
2504.464 
2505.600 
2506.832 
2508.500 
2515.297 
2521.752 
2522 . .389 
2524.121 
2525.7.38 
2526.030 
2532.585 
2539.041 
2540.177 
2541.409 
2543.077 
2543.319 
2549.874 
2556.329 
2557.466 
2558.697 
2560.365 
2560.607 
2567.162 
2573.617 
2574.773 
2575.986 

10.375 0.538 
9.689 -0.013 

11.107 -0. 637 
25.324 -1.485 
49 .'768 -2.302 
55.164 -2.446 
58.688 -0.037 
53.288 2.327 
52.169 2.298 
27.217 1.509 
12.754 0.732 
11.246 0.595 
10.432 0.015 
11.678 -0.612 
25.439 -1.412 
48.579 -2.172 
53.669 -2.306 
56.915 0.036 
51.455 2.317 
50.341 2.287 
25.67.:0 1.476 
11.782 0. 677 
10.403 0.536 

9.705 -0.017 
11.016 -0.630 
25.430 
49.963 
55.377 
58.909 
53,483 
52.358 
27.290 
12.753 
11.236 
10.414 
11. 645 
11.946 
25.333 
48.388 
53.462 
56.699 
51.266 
50.157 
25.609 
11.785 
10.395 

-1.491 
-2.309 
-2.454 
-0.035 

2.:::.38 
2.308 
1. 516 
0.736 
0.599 
0.019 

-0.607 
-0.636 
-1.406 
-2.165 
-2.299 

0.034 
2.306 
2.277 
1.469 
0.673 
0.530 

9.726 -0.021 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 syrnrn = F 

Fri Sep 9 15:53:39 1994 

19.547 
19.567 
19.595 
19.660 
19.689 
19.692 
19.696 
19.701 
19.701 
19.729 
19.785 
19.801 
19.819 
19.843 
19.908 
19.937 
19.941 
19.944 
19.949 
19.950 
19.979 
20.040 
20.056 
20.076 
20.102 
20 .168 
20.197 
20.201 
20.204 
20.209 
20.210 
20.237 
20.294 
20.309 
20.327 
20.352 
20.355 
20.416 
20.446 
20.449 
20.453 
20.458 
20.458 
20.488 
20.548 
20.565 
20.584 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -0.938 0.035 
0.000 -0.917-0.004 
0.000 -0.971-0.043 
0.000 -1.322-0.064 
0.000 -1.796-0.084 
0.000 -1.892-0.084 
0.000 -1.952-0.001 
0.000 -1.859 0.082 
0.000 -1.839 0.082 
0.000 -1.363 0.061 
0.000 -1.030 0.041 
0.000 -0.983 0.041 
0.000 -0.955 0.000 
0.000 -1.001-0.040 
0.000 -1.339-0.061 
0.000 -1.799-0.082 
0.000 -1.892-0.082 
0.000 -1.949 0.001 
0.000 -1.853 0.084 
0.000 -1.832 0.084 
0.000 -1.342 0.064 
0.000 -0.996 0.043 
0.000 -0.947 0.043 
0.000 -0.915 0.004 
0.000 -0.953-0.035 
0.000 -1.254-0.056 
0.000 -1.678-0.077 
0.000 -1.765-0.077 
0.000 -1.818 0.001 
0.000 -1.728 0.079 
0.000 -1.709 0.079 
0.000 -1.257 0.058 
0.000 -0.947 0.037 
0.000 -0.905 0.037 
0.000 -0.879 0.000 
0.000 -0.922-0.038 
0.000 -0.931-0.038 
0.000 -1.241-0.058 
0.000 -1.682-0.079 
0.000 -1.772-0.079 
0.000 -1.828-0.001 
0.000 -1.741 0.077 
0.000 -1.723 0.077 
0.000 -1.282 0.056 
0.000 -0.983 0.035 
0.000 -0.943 0.035 
0.000 -0.921-0.004 

17 

59.545 -2.549 
63.078 -0.005 
56.801 
29.288 
13.3 98 
11.682 
10.682 

' 11.7 52 
12.030 
24.525 
46.185 

2. 471 
1. 635 
0.826 
0.683 
0.078 

-0.560 
-0.587 
-1.318 
-2.036 

50.958 -2.163 
54.027 0.010 
49.033 2.131 
25.272 1.365 
12.367 0.634 
11.072 0.505 
10.47E -0.077 
12.079 -0.731 
12.441 -0.762 
27.831 -1.593 
53.71E -2.40B 
59.356 -2.552 
63.005 -0.015 
57.248 2.472 
29.366 1.630 
13.506 0.827 
11.787 
10.786 
11.8 69 
12.149 
24.679 
46.320 
51.083 
54.136 
49.101 
48.070 
25.210 
12. 2 64 
10.970 
10.375 
11.9 61 
12.320 
27.714 
53.554 
59.295 
62.861 

0.685 
0.076 

-0.565 
-0.592 
-1.319 
-2.033 
-2.158 
0.019 
2.144 
2.116 
1.371 
0. 634 
0.504 

-0.075 
-0.726 
-0.757 
-1.591 
-2.410 
-2.557 
-0.024 

"MAD" Version: 
Range: #S/#E 

18.813 
18.816 
18.821 
18.847 
18.900 
18.915 
18.932 
18.956 
18.960 
19.022 
19.053 
19.056 
19.060 
19.065 
19.096 
19.156 
19.171 
19.190 
19.214 
19.217 
19.27 4 
19.301 
19.304 
19.307 
19.311 
19.338 
19.390 
19.405 
19.422 
19.446 
19.449 
19.511 
19.542 
19.545 
19.549 
19.554 
19.555 
19.585 
19.645 
19.661 
19.679 
19.703 
19.707 
19.764 
19.791 
19.794 
19.798 
8.17 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 
0.000 0.000 
o. ooo o. 
0.000 0.000 
0. 0 00 0 . 0 (lrJ 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

Run: 09/09/94 15.47.38 
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1 

pos. 
no. 

ELEMENT SEQUENCE 
element occ: 

I 
dist I 
[m] I name no. 

6702 8421 
6712 DIPOLE_A 
6724 DIPOLE_B 
6736 HC422 
6741 M_422 
6747 8422 
6751 0422 
6761 DIPOLE_A 
6773 DIPOLE_B 
6785 VC423 
6790 1-1_422· 
6796 .S422· 
6206 DIPOLE_A 
6E12. DIPOLE_B 
6330 HC424 
6835 1·1_424 
6841 2424 
6845 0424 
6255 DIFOLE_A 
6867 DIPOLE_B 
6879 VC425 
6 8 8 4 l·f_ 4 2 5 
6890 8425 
6900 DIFOLE_A 
6912 DIPOLE_B 
6924 HC426 
6929 M_426 
6935 8426 
6939 0426 
6949 DIPOLE_A 
6961 DIPOLE_B 
6973 VC427 
6978 M_427 
6984 8427 
6988 0427 
6998 DIPOLE_A 
7010 DIPOLE_B 
7022 HC428 
7027 M.:_428 
7033 8428 
7037 0428 
7047 DIPOLE_A 
7059 DIPOLE_B 
7071 VC429 
7076 M_429 

1 
82 
82 

1 
1 
1 
1 

83 
83 

1 
1 
1 

84 
84 

1 
1 
1 
1 

85 
85 

1 
1 
1 

86 
86 

1 
1 
1 
1 

87 
87 

1 
1 
1 
1 

88 
88 

1 
1 
1 
1 

89 
89 

1 
1 

2577.751 
2584.450 
2590.906 
2592.042 
2593.274 
2594.942 
2595.184 
2601.739 
2608.194 
2609.331 
2610.563 
2612.230 
2619.027 
2625.483 
2626.619 
2627.851 
2629.519 
2629.761 
2636.316 
2642.771 
2643.908 
2645.140 
2646.807 
2653.604 
2660.060 
2661.196 
2662.428 
2664.096 
2664.338 
2670.893 
2677.348 
2678 .. 485 
2679.716 
2681.384 
2681.626 
2688.181 
2694.636 
2695.773 
2697.005 
2698.673 
2698.915 
2705.469 
2711.925 
2713.061 
2714.293 

7082 8429 1 2715.961 
7092 DIPOLE_A 90 2722.758 

H 0 R I Z 0 N T A L 
be tax 
[m] 

alfax mux x(co) px(co) Dx 
I 

Dpx I 
[1] I [1] [2pi] [mm] [ .001] [m] 

11.17 5 
25.53 6 
50.150 
55.579 
59.119 
53.666 
52.536 
27.354 
12.747 
11.222 

-0.647 
-1.497 
-2.316 
-2.460 
-0.033 
2.348 
2.319 
1.523 
0.740 
0.602 

10.391 0.023 
11.609 -0.603 
25.227 -1.401 
4.8.206 -2.159 
53.266 -2.292 
56.496 0.032 
51.090 
49.986 
25.550 
11.794 
10.431 

9.750 
11.089 
25.641 
50.326 
55.769 
59.314 
53.835 
52.700 
27.408 
12.735 
11.203 
10.365 
11.569 
11.866 
25.123 
48.036 
53.083 
56.309 
50.929 
49.829 
25.501 
11.808 
10.452 

2.296 
2.266 
1.462 
0.669 
0.530 

-0.024 
-0.639 
-1.502 
-2.322 
-2.466 
-0.031 
2.358 
2.329 
1. 530 
0.743 
0.605 
0.026 

-0.598 
-0.627 
-1.396 
-2.154 
-2.287 

0.029 
2.286 
2.257 
1. 455 
0.666 
0.527 

9.778 -0.028 

20.612 
20.677 
20.706 
20.709 
20.712 
20.717 
20.718 
20.745 
20.802 
20.817 
20.835 
20.960 
20.925 
20.954 
20.958 
20.961 
20.966 
20.967 
20.996 
21.057 
21.073 
21.093 
21.119 
21.185 
21.214 
21.217 
21.221 
21.225 
21.226 
21.254 
21.310 
21.325 
21.343 
21.368 
21.371 
21.433 
21.463 
21.467 
21.470 
21.475 
21.476 
21.505 
21.566 
21.582 
21.602 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.01)0 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -0.976-0.043 
0.000 -1.327-0.064 
0.000 -1.802-0.085 
0.000 -1.898-0.085 
0.000 -1.958-0.001 
0.000 -1.865 0.083 
0.000 -1.845 0.083 
0.000 -1.366 0.062 
0.000 -1.030 0.041 
0.000 -0.984 0.041 
0.000 -0.955 0.000 
0.000 -1.000-0.040 
0.000 -1.336-0.061 
0.000 -1.792-0.022 
0.000 -1.885-0.082 
0.000 -1.942 0.001 
0.000 -1.245 0.024 
0.000 -1.825 0.084 
0.000 -1.337 0.063 
0.000 -0.991 0.043 
0.000 -0.943 0.043 
0.000 -0.911 0.004 
0.000 -0.949-0.035 
0.000 -1.249-0.056 
0.000 -1.672-0.077 
0.000 -1.759-0.077 
0.000 -1.812 0.001 
0.000 -1.723 0.078 
0.000 -1.704 0.078 
0.000 -1.254 0.058 
0.000 -0.946 0.037 
0.000 -0.905 0.037 
0.000 -0.879-0.001 
0.000 -0.923-0.038 
0.000 -0.932-0.038 
0.000 -1.245-0.059 
0.000 -1.689-0.080 
0.000 -1.779-0.080 
0.000 -1.836-0.001 
0.000 -1.749 0.077 
0.000 -1.730 0.077 
0.000 -1.288 0.056 
0.000 -0.988 0.035 
0.000 -0.947 0.035 
0.000 -0.925-0.004 

11.130 -0.643 21.628 0.000 0.000 -0.975-0.043 
25.744 -1.507 21.693 0.000 0.000 -1.332-0.064 
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betay 
[m] 

56.670 
29.411 
13.604 
11.886 
10.887 
11.987 
12.270 
24.858 

alfay 
[1] 

2.446 
1. 622 
0.826 
0.685 
0.073 

-0.571 
-0.598 
-1.322 

46.514 -2.032 
51.276 -2.157 
54.316 0.029 
49.235 2.159 
25.132 1.379 
12.172 0.636 
10.E:75 0.505 
10.276 -0.071 
11.843 -0.719 
12.199 -0.750 
27.523 -1.587 
53.331 -2.409 
58.973 -2.554 
62.645 -0.033 
56.981 2.441 
29.422 
13.690 
11.97 6 
10.983 
12.105 
12.392 
25.060 
46.764 
51.531 
54.565 
49.433 
48.386 
25.189 
12.091 
10.789 
10.183 
11.727 
12.078 
27.311 
53.054 
58.687 
62 .364 

1. 613 
0.924 
0.684 
0.069 

-0.579 
-0.605 
-1.327 
-2.035 
-2.159 

0.038 
2.177 
2.149 
1. 389 
0.639 
0.507 

-0.067 
-0.711 
-0.742 
-1.581 
-2.405 
-2.551 
-0.042 

V E R T I C A L 
muy y(co) py(co) Dy Dpy 

[1] [2pi J [rom] [. 001] [m] 

19.802 
19.828 
19.881 
19.895 
19.912 
19. 93 6 
19.939 
20.000 
20.031 
20.035 
20.038 
20.043 
20.074 
20.134 
20.150 
20.169 
20.193 
20.197 
20.255 
20.282 
20.285 
20.288 
20.292 
20.319 
20.371 
20.385 
20.403 
20.426 
20.429 
20.490 

20.524 
20.527 
20.532 
20.533 
20.563 
20.624 
20.639 
20.658 
20.683 
20.686 
20.745 
20.772 
20.775 
20.779 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.00(1 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

56.752 2.422 20.783 0.000 0.000 0.000 0.000 
29.398 1.602 20.810 0.000 0.000 0.000 0.000 
"MAD" Version: 8.17 Run: 09/09/94 F '7.38 
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Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 syrnrn = F 

ELEMENT SEQUENCE I 
pos. 
no. 

element occ. 
name no. 

dist I 
[m) I 

7104 DIPOLE_B 90 
7116 HC430 1 
7121 M_430 1 
7127 8430 1 
7131 0430 1 
7141 DIPOLE_A 91 
7153 DIPOLE_B 91 
7170 VC501 1 
717 5 l-1_5 01 1 
7124 2501 1 
7194 DIPOLE_A 92 
72CI6 DIPOLE_B 92 
7218 HC502 1 
7223 11_502 1 
7229 8502 1 
7233 0502 1 
7242 DIPOLE_A 93 
7255 DHOLE_B 93 
7267 VC503 1 
7272 11_50.3 1 
7278 850.3 1 
72S·S DIPOLE_A 94 
7.300 DIPOLE_B 94 
7312 HC504 1 
7317 ]11_504 1 
7323 8504 1 
7327 0504 1 
7337 DIPOLE_A 95 
7349 DIPOLE_B 95 
7361 VC505 1 
7366 11_505 1 
7372 8505 1 
7376 0505 1 
7386 DIPOLE_A 96 
7398 DIPOLE_B 96 
7410 QC506 1 
7414 HC506 1 
7419 ]11_506 1 
7425 S506 1 
7429 0506 1 
7439 DIPOLE_A 97 
7451 DIPOLE_B 97 

2729.213 
2730.350 
2731.582 
2733.249 
2733.491 
2740.046 
2746.502 
2747.657 
27 4.3. 870 
2750.635 
2757.335 
2763.790 
2764.927 
2766.159 
2767.826 
276-3.068 
2774.623 
278.1. 07 8 
2782.215 
2783.447 
2785.115 
2791.911 
2798.367 
2799.503 
2800.735 
2802.403 
2802.645 
2809.200 
2815.655 
2816.792 
2818.024 
2819 .. 691 
2819.934 
2826.488 
2832.944 
2833.664 
2834.080 
2835.312 
2836.980 
2837.222 
2843.777 
2850.232 

7463 VC507 
7 468 11_507 
7474 S507 

1 2851.369 
1 2852.601 
1 2854.268 

be tax 
[m) 

alfax 
[1) 

50.490 -2.327 
55.944 -2.471 
59.493 -0.028 
53.98S 
52.849 
27.452 
12.718 
11.157 

2.368 
2.339 
1. 536 
0.746 
0.605 

10.336 0.029 
11.644 -0.605 
25.022 -1.392 
47.879 -2.149 
52.916 -2.2.S3 
56.139 0.026 
50.785 2.277 
49.6.S9 
25. 462· 
11. .S28 
10.477 

9.808 
11.173 
25.S42 
50.640 
56.102 
59.654 
54.123 
52.979 
27.484 
12.697 
11.153 
10.304 

2.247 
1.449 
0. 663 
0.525 

-0.030 
-0.648 
-1.511 
-2.331 
-2.475 
-0.025 

2.377 
2.348 
1.542 
0.749 
0.609 
0.032 

11.483 -0.590 
11.775 -0.618 
24.926 -1.388 
47.737 -2.146 
50.891 -2.230 
52.766 -2.279 
55.988 0.023 
50.658 
49.568 
25.437 
11.852 

2.268 
2.238 
1.444 
0.661 

10.506 0.523 
9.842 -0.033 

11.218 -0.651 

Fri Sep 9 15:53:39 1994 

H 0 R I Z 0 N T A L 
mux x(co) px(co) Dx Dpx 

[1) [2pi] [rnrn] [. 001] [m] 

21.722 
21.726 
21.729 
21.734 
21.734 
21.7 62 
21.81S 
21.233 
21 .. 852 
21.878 
21.942 
21.972 
21.975 
21.979 
21.984 
21.984 
22.014 
22.075 
22.091 
22.110 
22 .13 6 
22.202 
22.230 
22.234 
22.237 
22.242 
22.242 
22.270 
22.326 
22.341 
22.360 
22.385 
22.388 
22.450 
22.480 
22.483 
22.484 
22.488 
22.492 
22.493 
22.523 
22.583 
22.600 
22.619 
22.645 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
(1. 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.808-0.085 
0.000 -1.904-0.085 
0.000 -1.964-0.001 
0.000 -1.870 0.083 
0.000 -1.850 0.083 
0.000 -1.369 0.062 
0.000 -1.030 0.041 
0.000 -0.983 0.041 
0.000 -0.954 0.001 
0.000 -1.002-0.040 
0.000 -1.331-0.060 
0.000 -1.785-0.081 
0.000 -1.878-0.081 
0.000 -1.934 0.001 
0.000 -1.832 0.084 
0.000 -1.817 0.084 
0.000 -1.330 0.063 
0.000 -0.987 0.042 
0.000 -0.929 0.042 
0.000 -0.907 0.004 
0.000 -0.945-0.035 
0.000 -1.245-0.056 
0.000 -1.667-0.076 
0.000 -1.754-0.076 
0.000 -1.807 0.001 
0.000 -1.718 0.078 
0.000 -1.699 0.078 
0.000 -1.252 0.057 
0.000 -0.946 0.036 
0.000 -0.905 0.036 
0.000 -0.880-0.001 
0.000 -0.925-0.038 
0.000 -0.934-0.038 
0.000 -1.250-0.059 
0.000 -1.696-0.080 
0.000 -1.754-0.080 
0.000 -1.787-0.080 
0.000 -1.844-0.001 
0.000 -1.757 0.077 
0.000 -1.738 0.077 
0.000 -1.294 0.057 
0.000 -0.992 0.036 
0.000 -0.952 0.036 
0.000 -0.929-0.004 
0.000 -0.979-0.043 

I 
I 
I 
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Range: #S/#E 
page 18 

V E R T I C A L 
betay 
[m] 

alfay 
[1] 

muy y (co) py (co) Dy Dpy 
[1] [2pi] [rnrn] [. 001) [m] 

13.764 0.820 
12.058 0.682 
11.074 0.064 
12.220 -0.587 
12.511 -0.614 
25.281-1.334 
47.067 -2.040 
51.929 -2.167 
54.879 0.046 
49.265 2.1:'5 
25.230 1.402 
12.024 0.644 
10.713 0.510 
10.096 -0.061 
11.614 -0.702 
11.961 -0.733 
27.081 -1.573 
52.726 -2.398 
58.344 -2.544 
62.019 -0.050 
56.465 2.402 
29.340 1.589 
13.824 0.814 
12.128 0.677 
11.156 0.058 
12.330 -0.597 
12.626 -0.624 
25.518 
47.418 
52.216 
55.252 
50.005 
48.938 

-1.343 
-2.049 
-2.173 

0.054 
2.218 
2.190 

25.305 1.415 
11.972 0.650 
11.097 0.564 
10.648 0.515 
10.018 -0.055 
11.506 -0.692 
11.848-0.723 
26.838 -1.563 
52.355 -2.388 

20.862 
20.876 
20.893 
20.916 
20.919 
20.979 
21.009 
21.013 
21.017 
21.022 
21.052 
21. 113 
21.129 
21.148 
21.173 
21.176 
21.235 
21.263 
21.266 
21.269 
21.27 4 
21.300 
21.352 
21.366 
21.383 
21.406 
21' 409 
21:469 
21.498 
21.502 
21.506 
21.511 
21.512 
21.541 
21.602 
21.612 
21.618 
21.637 
21.662 
21.666 
21.725 
21.753 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

57.949 -2.534 21.756 0.000 
61.619 -0.057 21.760 0.000 
56.125 2.379 21.764 0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.{)00 0.000 
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1 

7484 DIPOLE_A 98 2861.065 
7496 DIPOLE_B 98 2867.521 

25.936 -1.514 
50.774 -2.334 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

I 
dist I 
[rn] I name no. 

7508 QC508 1 
7512 HC508 1 
7517 M_508 1 
7523 8508 1 
7527 0508 1 
7537 DIPOLE_A 99 
7549 DIPOLE_B 99 
7561 VC509 1 
7566 H_509 1 
7572 8509 1 
7582 DIPOLE_A 100 
7594 DIPOLE_B 100 
7606 QC510 1 
7610 HC510 1 
7615 t-1_510 1 
7621 8510 1 
7625 0510 1 
7635 DIPOLE_A 101 
7647 DIPOLE_B 101 
7664 VC511 1 
7669 M_511 1 
7678 S511 1 
7688 DIPOLE_A 102 
7700 DIPOLE_B 102 
7712 QC512 1 
7716 HC512 1 
7721 M_512 1 
7727 S512 1 
7731 0512 1 
7741 DIPOLE_A 103 
7753 DIPOLE_B 103 
7765 SQ513 1 
7769 VC513 1 
7774 M_513 1 
7780 S513 1 
7790 DIPOLE_A 104 
7802 DIPOLE_B 104 
7814 SQ514 1 
7818 SQ514 2 
7822 HC514 1 
7827 M_514 1 
7833 S51' 1 

2868.241 
2868.657 
2S69.SS9 
2S71. 557 
2-371.799 
2878.354 
2284.809 
28S5.946 
28E7.177 
228.'3.845 
2895.642 
2902.097 
2902.818 
2903.234 
2904.466 
2906.134 
2906.376 
2912.930 
2919.386 
2920.541 
2921.754 
2923.519 
2930.219 
2936.674 
2937.395 
2937.811 
2939.043 
2940.710 
2940.952 
2947.507 
2953.963 
2954.680 
2955.099 
2956.331 
2957.999 
2964.796 
2971.251 
2971.740 
2971.969 
2972.388 
2973.620 
2975.287 

be tax 
[m] 

alfax 
[1] 

54.203 -2.425 
56.242 -2.478 
59.795 -0.021 
54.240 2.]86 
5].092 2.356 
27.505 1.547 
12.670 0.751 
11.123 0.611 
10.268 (1 .0.34 
11.437 -0.526 
24.835 -1.385 
47.611 -2.14] 
50.762 -2.228 
52.636 -2.277 
55.858 0.019 
50.552 2.259 
49.465 2.230 
25.421 1.439 
11.881 0.659 
10.519 0.520 

9.879 -0.035 
11.393 -0.667 
26.024 -1.517 
50.890 -2.335 
54.322 -2.427 
56.363 -2.480 
59.913 -0.018 
54.336 2.394 
53.184 2.364 
27.514 1.552 
12.639 0.752 
11.623 0.663 
11.089 0.612 
10.231 
11.390 
24.751 
47.504 

0.036 
-0.583 
-1.383 
-2.142 

49.627 -2.200 
50.639 
52.526 
55.751 
50.467 

-2.227 
-2.276 

0.016 
2.251 

Fri Sep 9 15:53:39 1994 

22.710 
22.739 

0.000 
0.000 

0.000 -1.336-0.064 
0.000 -1.812-0.085 

H 0 R I Z 0 N T A L 
rnux 
[2pi] 

22.741 
22.742 
22.745 
22.750 
22.751 
22.778 
22.8:?-4 
22.849 
22.:368 
22.2.93 
22.959 
22.989 
22.991 
22.993 
22.996 
2].001 
23.002 
2J.032 
23.092 
23.109 
23.128 
23.155 
23.218 
23.247 
23.249 
23.250 
23.253 
23.258 
23.259 
23.286 
23.342 
23.352 
23.358 
23.376 
23.401 
23.468 
23.498 
23.499 
23.500 
23.501 
23.505 
23.510 

x(co) 
[mrn] 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

px(co} Ox 
[.001] [rn] 

Dpx 
[1] 

0.000 -1.874-0.085 
0.000 -1.909-0.085 
0.000 -1.969-0.001 
0.000 -1.874 0.083 
0.000 -1.854 0.083 
0.000 -1.371 0.063 
0.000 -1.030 0.042 
0.000 -0.923 0.042 
0.000 -0.953 0.001 
0.000 -0.997-0.039 
0.000 -1.326-0.060 
0.000 -1.777-0.081 
0.000 -1.836-0.081 
0.000 -1.869-0.081 
0.000 -1.925 0.001 
0.000 -1.829 0.024 
0.000 -1.809 0.084 
0.000 -1.324 0.063 
0.000 -0.982 0.042 
0.000 -0.934 0.042 
0.000 -0.903 0.004 
0.000 -0.944-0.035 
0.000 -1.240-0.056 
p.ooo -1.663-0.076 
0.000 -1.718-0.076 
0.000 -1.750-0.076 
0.000 -1.803 0.001 
0.000 -1.714 0.078 
0.000 -1.696 0.078 
0.000 -1.250 0.057 
0.000 -0.947 0.036 
0.000 -0.921 0.036 
0.000 -0.906 0.036 
0.000 -0.882-0.001 
0.000 -0.927-0.039 
0.000 -1.255-0.060 
0.000 -1.704-0.081 
0.000 -1.743-0.081 
0.000 -1.762-0.081 
0.000 -1.796-0.081 
0.000 -1.853-0.001 
0.000 -.765 0.078 

I 
I 
I 
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29.248 1.574 
13.869 0.807 
"MAD" Version: 
Range: #S/#E 

21.791 
21.843 
8.17 

0.000 O.OOQ 0.000 0.000 
0.000 0.000 0.000 0.000 

Run: 09/09/94 15.47.38 

page 19 

\1 E R T I C A L 
betay 
[rnl 

alfay 
[1] 

rnuy 
[2pi] 

12.767 0.722 21.851 
12.187 0.672 21.857 
11.230 0.051 21.874 
12.435 -0.607 
12.735 -0.6]4 
25.767 -1.354 
47.809 -2.060 
52.634 -2.1-'35 
55.679 
50.371 
25.412 
11.934 
11.049 
10.595 

0.061 
2.241 
1.430 
0.657 
0. 571 
0.521 

9.949 -0.047 
11.406 -0.681 
11.743 -0.712 
26.585 -1.552 
51.944 -2.376 
57.606 -2.523 
61.168 -0.064 
55.279 2.344 
29.126 1.559 
13.899 0.799 
12.807 0.714 
12.234 0.665 
11.293 0.043 
12.531 -0.618 
12.837 -0.645 
26.023 -1.366 
48.237 -2.074 
51.270 -2.153 
53.093 -2.199 
56.152 0.066 
50.782 2.265 
25.550 1.446 
11.913 0.666 
11.291 0.607 

21.896 
21.900 
21.95B 
21.988 
21.991 
21.995 
22.000 
22.030 
22.091 
22.101 
22.107 
22.126 
22.152 
22.155 
22.215 
22.24] 
22.247 
22.250 
22.255 
22.281 
22.333 
22.342 
22.347 
22.364 
22.387 
22.390 
22.448 
22.477 
22.480 
22.481 
22.484 
22.489 
22.520 
22.580 
22.587 

11.020 
10.556 

9.891 
11.314 

0.579 22.590 
0.528 22.596 

-0.039 22.615 
-0. 670· 22.641 

y(co} 
[rnrnl 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

py(co} Dy 
[. 001] [rn] 

Dpy 
[1] 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 O.OOIJ 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 •J.OOO 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
o.oor ooo 



mi19_mad.twiss_425_415_elements.out 

1 

7837 0514 1 
7847 DIPOLE_A 105 
7859 DIPOLE_B 105 
7871 SQ515 1 
7875 VC515 1 

2975.529 
2982.084 
2988.539 
2989.257 
2989.676 

49.384 
25.418 
11.914 
11. 032 
10.574 

2.222 
1.434 
0.658 
0.572 
0.521 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

I 
dist I 
[m] I name no. 

7 1·1_515 1 
7856 8515 1 
7.396 DIPOLE_A 106 
790: DIPOLE_E 106 
7923 HC51E 1 
792: 1·1_51( 1 
7939 DIPOLE_C 53 
7951 DIFOLE_D 53 
7963 VC517 1 
7 9G : 1·1_51 7 1 
7979 DIPOLE_C 54 
7991 DIPOLE_D 54 
8003 HC518 1 
8008 ].1_51::0 1 
B019 DIPOLE_C 55 
80.::.1 DIPOLE_D 55 
8043 VC519 1 
8048 1·1_519 1 
8059 DIPOLE_C 56 
8071' DIPOLE_D 56 
8083 HC520 1 
8088 M_520 1 
8102 VC521 1 
8107 M_521 1 
8116 HC522 1 
8124 M_522 1 
8137 VC523 1 
8142 M_523 1 
8153 DIPOLE_C 57 
8165 DIPOLE_D 57 
8177 HC524 1 
8182 M_524 1 
8193 DIPOLE_C 58 
8205 DIPOLE_D 58 
8217 VC525 1 
8222 M_525 1 
8233 DIPOLE_C 59 
8245 DIPOLE_D 59 
8257 HC526 1 

2990.908 
2992.576 
2999.372 
3005.B23 
3006.996 
2·002· .196 
3014.500 
2·019. 923 
3019.570 
3021.163 
3027.466 
3031. '390 
3032.536 
3034.129 
3040.433 
3044.856 
3045.502 
3047.096 
3053.399 
3057.823 
3058.469 
3060.062 
3076.138 
3077.351 
3078.965 
3094.639 
3110.728 
3111.928 
3118.231 
3122.655 
3123.301 
3124.894 
3131.198 
3135.621 
3136.268 
3137.861 
3144.164 
3148.588 
3149.234 

be tax 
[m] 

alfax 
[1] 

9.917 -0.037 
11.312 -0.65:: 
26.104 -1.519 
50.982 -2.3·3t· 
56.620 -2.4::4 
60.005 -0. 01C1 

27. '376 2.270 
12.11.:3 1.294 
10.533 1.151 

8.153 0.346 
14.256 -0.964 
25.428 -1.562 
27.504 -1.650 
30.435 -0.002 
15.001 1.011 

8.694 0.415 
8.214 0.328 
3.186 -0.2·46 

26.305 -2.189 
49.981 -3.163 
54.161 -3.306 
59.997 0.014 
10.693 0.598 

9.873 0.036 
10.946 -0.567 
55.790 -0.020 
10.916 0.530 
10.274 -0.036 
22.924 -1.535 
39.366 -2.182 
42.248 
45.829 
19.181 

7.800 
6. 83 6 
5. 713 

-2.277 
0.298 
1. 758 
0.815 
0.677 
0.022 

17.188 -1.604 
35.449 -2.524 
38.798 -2.658 
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23.511 
23.540 
23.601 
23. 611 
23.617 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.746 0.078 
0.000 -1.300 0.057 
0.000 -0.997 0.036 
0.000 -0.971 0.036 
0.000 -0.956 0.036 

H 0 R I Z 0 N T A L 
mux x(co) px(co) Dx Dpx 

[1] [2pi] [rnrn] [.001] [m] 

23.636 
23.662 
23.726 
23.755 
23.758 
23.7 62 
23.785 
23.824 
23. 83.:?· 
23. 861 
23.965 
24.002 
24.006 
24.014 
24.060 
24.124 
24.136 
24.167 
24.241 
24.260 
24.262 
24.267 
24.373 
24.392 
24.417 
24.524 
24.634 
24.652 
24.722 
24.746 
24.748 
24.754 
24.787 
24.846 
24.860 
24.901 
25.016 
25.045 
25.047 

0.000 
0.000 
0.000 
0. 00C1 

0.000 
Cl. 00 0 
0.000 
0.000 
0. 00(1 
0.000 
0. 00(1 
0.000 
0.000 
0.000 
0.000 
0.000 
0. OOCI 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -0.932-0.003 
0.000 -0.983-0.043 
0.000 -1.340-0.064 
0.000 -1.816-0.085 
0.000 -1.915-0.085 
0.000 -1.972 0.000 
0.000 -1.358 0.101 
0.000 -0.938 0.088 
0.000 -0.?31 0.088 
0.000 -0.778 0.040 
0.000 -0.302-0.01'3 
0.000 -0.912-0.032 
0.000 -0.932-0.032 
0.000 -0.942 0.024 
0.000 -0.516 0.065 
0.000 -0.259 0.051 
0.000 -0.226 0.051 
0.000 -0.154 0.040 
0.000 0.027 0.018 
0.000 0.081 0.005 
0.000 0.084 0.005 
0.000 0.087-0.001 
0.000 0.021-0.004 
0.000 0.016-0.004 
0.000 0.011-0.003 
0.000 -0.034-0.001 
0.000 -0.035 0.000 
0.000 -0.036-0.001 
0.000 -0.085-0.018 
0.000 -0.191-0.031 
0.000 -0.212-0.031 
0.000 -0.252-0.017 
0.000 -0.303-0.016 
0.000 -0.402-0.030 
0.000 -0.421-0.030 
0.000 -0.487-0.056 
0.000 -1.042-0.101 
0.000 -1.518-0.115 
0.000 -1.592-0.115 

I 
I 
I 

21 

11.646 -0.701 
26.327 -1.538 
51.502 -2.360 
54.955 -2.452 
57.032 -2.505 
"MAD" Version: 
Range: #S/#E 

betay 
[m] 

alfay 
[1] 

60.674 -0.069 
55.304 2.331 
28.972 1.542 
13.912 0.790 
12.225 0.654 
11.34E (1. 034 
23.434 -1.457 
3S.924 -2.045 
41.62::. -2.131 
44.S69 0.346 
18.781 1.713 

7.727. 0.787 
6.794 0.651 
5.754 -0.007 

17 .. -1.664 
36.£.,% -2.597 
40.131-2.734 
45.503 
24.783 
13.873 
12.721 
11.355 
56.704 
59.889 
54.424 

9.941 
53.751 
57.018 
27.511 
12.737 
11.226 

-0.347 
1. 531 
0. 935 
0.848 

-0.019 
-2.354 

0.067 
2.423 
0. 025 

-2.356 
-0.061 

2.107 
1. 233 
1.105 
0.276 

-1.049 
-1.615 
-1.698 

0.086 

22.644 
22.705 
22.733 
22.736 
22.737 
8.17 

0.000 0.000 .o.ooo 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

Run: 09/09/94 15.47.38 

page 20 

V E R T I C A L 
muy y(co) py(co) Dy Dpy 

[1] [2pi] [mrn] [. 001] [m] 

22.740 
22.745 
22.772 
22.824 
22.83E 
22.E55 
22.920 
22.944 
22.946 
22.952 
22.986 
23.045 
23.060 
23.101 
23.213 
23.241 
23.243 
23.249 
23.278 
23.316 
23.324 
23.346 
23.458 
23.461 
23.466 
23.586 
23.712 
23.716 
23.740 
23.778 
23.787 
23. 813 
23.903 
23.936 
23.940 
23.947 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.0('0 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

9.021 
16.391 
28.177 
30.318 
33.196 
15.736 

8.464 
7.884 

1.147 23.990 
0.496 24.053 
0.401 24.065 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 



mi19_mad.twiss_425_41S_elements.out 

1 

8262 M_526 1 
8273 DIPOLE_C 60 
8285 DIPOLE_D 60 
8297 VC527 1 
8302 M_527 1 
8312 8527 1 
8321 DIPOLE_A 107 
8333 DIPOLE_B 107 

3150.827 
3157.131 
3161.554 
3162.200 
3163.794 
3165.556 
3172.258 
3178.714 

43.967 
23.249 
12.666 
11.581 
10.289 
11.729 
25.825 

-0.299 
1. 508 
0.885 
0.794 

-0.007 
-0.647 
-1.457 

49;668 -2.237 

Linear lattice functions for beam line: MI_19 
delta(p)/p = 0.000000 symm = F 

pos. 
no. 

ELEMENT SEQUENCE 
element occ. 

. I 
dist I 
[m] I name no. 

8345 HC528 1 
8350 t·1_52E 1 
9356 2528 1 
8360 0528 1 
837(1 DIPOLE_A 108 
8392 DIPOLE_E 108 
8397 VC529 1 
8402 t-1_529 1 
841::. DIPOLE_C 61 
8425 DIPOLE_D 61 
8437 HC530 1 
8442 M_530 1 
8453 DIPOLE_C 62 
8465 DIPOLE_D 62 
8477 VC531 1 
8482 M_531 1 
8493 DIPOLE_C 63 
8505 DIPOLE_D 63 
8517 HC532 1 
8522 M_532 1 
8533 DIPOLE_C 64 
8545 DIPOLE_D 64 
8557 VC601 1 
8562 M_601 1 
8576 HC602 1 
8581 M_602 1 
8593 VC603 1 
8598 M_603 1 
8609 CAV 10 
8617 CAV 11 
8625 CAV 12 
8633 CAV 13 
8642 HC604 1 
8647 M_604 1 
8658 CAV 14 
8666 CAV 15 

3179.850 
3H1. 0·82 
31:2.750 
3182.992 
3189.547 
3196.002 
3197.170 
3198.370 
3204.674 
3209.097 
3209.744 
3211.337 
3217.640 
3222.064 
.3222. 710 
3224.303 
3230.607 
3235.030 
3235.676 
3237.270 
3243.573 
3247.997 
3248.643 
3250.236 
3266.312 
3267.525 
3283.601 
3284.813 
3289.247 
3292.069 
3294.892 
3297.714 
3300.889 
3302.102 
3306.182 
3309.005 

betax alfax 
[m] [1] 

54.910 -2.374 
58.266 0.023 
52.719 2.:361 
51.583 2. 331 
26.383 1.514 
12.040 0.708 
10.555 0.563 

9.827 0.006 
21.582 -1.454 
37.269 
40.033 
43.524 
18.544 

7. S7 6 
6. 975 

-2.092 
-2.186 
0.251 
1. 650 
0. 762 
0.632 

5.980 -0.018 
18.024 
36.574 
39.957 
45.097 
23.319 
12.317 
11.198 

9.814 
52.918 
56.176 
11.005 
10.328 
16.307 
22.916 
31.476 
41.986 

-1.643 
-2.551 
-2.684 
-0.250 
1.573 
0. 914 
0.818 
0.030 

-2.333 
-0.026 

0.541 
-0.028 
-0.998 
-1.344 
-1.689 
-2.035 

56.138 -2.423 
59.464 0.027 
42.879 2.108 
31.991 1.750 
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25.054 
25.084 
25.125 
25.134 
25.158 
25.184 
25.247 
25.275 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.703-0.016 
0.000 -1.270 0.071 
0.000 -0.984 0.057 
0.000 -0.947 0.057 
0.000 -0.895 0.004 
0.000 -0.934-0.034 
0.000 -1.225-0.055 
0.000 -1.642-0.076 

H 0 R I Z 0 N T A L 
rnux x(co) px(co) Dx Dpx 

[1] [2pi] [rnrn] [. 001] [rn] 

25.279 0.000 
25.292 0.000 
25.287 0.000 
25.288 0.000 
25.:?.16. 0.000 
25.375 0.000 
25.392 
25.411 
25.4S5 
25.510 
25.512 
25.518 
25.553 
25.612 
25.626 
25.666 
25.775 
25.802 
25.805 
25.811 
25.841 
25.883 
25.892 
25.916 
26.044 
26.048 
26.157 
26.175 
26.232 
26.255 
26.272 
26.284 
26.295 
26.298 
26.311 
26.323 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 -1.72S-0.076 
0.000 -1.780 0.001 
0.000 -1.693 0.077 
0.000 -1.674 0.077 
0.000 -1.236 0.056 
0.000 -0.940 0.035 
0.000 -0.899 0.035 
0.000 -0.877-0.002 
0.000 -1.209-0.06S 
0.000 -1.539-0.082 
0.000 -1.592-0.082 
0.000 -1.651 0.016 
0.000 -1.044 0.098 
0.000 -0.639 0.084 
0.000 -0.585 0.084 
0.000 -0.474 0.054 
0.000 -0.307 0.014 
0.000 -0.274 0.000 
0.000 -0.273 0.000 
0.000 -0.261 0.016 
0.000 -0.105 0.017 
0.000 -0.059 0.003 
0.000 -0.057 0.003 
0.000 -0.054 0.000 
0.000 -0.093-0.002 
0.000 -0.093 0.002 
0.000 -0.007 0.006 
0.000 0.000 0.005 
0.000 0.024 0.006 
0.000 0.040 0.006 
0.000 0.055 0.006 
0.000 
0.000 
0.000 
0.000 
0.000 

0.071 0.006 
0.089 0.006 
0.093 0.002 
0.085-0.002 
.. '"178-0. 002 

I 
I 
I 

22 

7.625 -0.269 
24.325 -2.057 
46.723 -3.006 
50.697 -3.145 
56.435 -0.111 
51.184 2.117 
27.604 1.401 
13.980 0.709 
"MAD" Version: 
Range: #S/#E 

betay 
[m] 

alfay 
[1] 

12.508 0.5:7 
11.764 -0.043 
1.?.343 -0.732 
13.705-0.760 
28.602 -1.512 
52.901 -2.251 
58.317 -2.385 
61.437 0.109 
28.109 2.3J7 
11.927 1.321 
10.316 1.172 

7.8'36 0.358 
13.939 -0.972 
25.266 -1.582 
27.377 -1.67.s 
30.470 -0.077 
15.921 0.976 

9.683 
9.174 
9.125 

27.965 
51.938 
56.142 
61.954 
11.055 
10.153 
51.903 
55.074 
39.230 
29.820 
22.165 
16.266 

0. 434 
0.355 

-0.364 
-2.236 
-3.183 
-3.321 

0.044 
0.643 
0.059 

-2.256 
-0.044 
1. 822 
1.511 
1. 201 
0.890 

11.727 0.540 
11.086 -0.062 
16.921 -1.025 
23.672 -1.367 

24.099 
24.179 
24.200 
24.202 
24.206 
24.212 
24.240 
24.293 
8.17 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Run: 

0.000 . 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
09/09/94 15.47.38 

page 21 

V E R T I C A L 
rnuy y(co) py(co) Dy Dpy 

[1] [2pi] [mm] [.001] [m] 

24.307 
24.323 
24.J45 
24.348 
24.401 
24.428 
24.4J1 
24.434 
24.458 
24.497 
24.506 
24.535 
24.642 
24.680 
24.684 
24.692 
24.737 
24.795 
24.806 
24.834 
24.901 
24.920 
24.922 
24.926 
25.028 
25.047 
25.174 
25.177 
25.192 
25.205 
25.223 
25.247 
25.284 
25.301 
25.350 
25.372 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0. 0(10 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0. 1)00 
0.000 0.00(1 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 '00 
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8674 CAV 16 3311.828 23.125 1.391 26.339 0.000 0.000 0. 072-0. 002 32.353 -1.709 25.389 0.000 0.000 0.000 0.000 
8682 CAV 17 3314.650 16.283 1.033 26.362 0.000 0.000 0.065-0.002 42.965 -2.051 25.401 0.000 0.000 0.000 0.000 
8690 CAV 18 3317.473 11.463 0.675 26.396 0.000 0.000 0.058-0.002 55.508 -2.393 25.410 0.000 0.000 0.000 0.000 
8699 VC605 1 3318.178 10.575 0.585 26.406 0.000 0.000 0.056-0.002 58.942 -2.478 25.412 0.000 0.000 0.000 0.000 
8704 M_605 1 3319.391 9.783 0.027 26.425 0.000 0.000 0.054 0.000 62.329 0.040 25.415 0.000 0.000 0.000 0.000 

end MI_19 1 3319.391 9.783 0.027 26.425 0.000 0.000 0.054 0.000 62.329 0.040 25.415 0.000 0.000 0.000 0.000 

1 "MAD" Version: 8.17 Run: 09/09/94 15.47.38 
Linear lattice functions for beam line: MI_19 Range: #S/#E 
delta(p)/p = 0.000000 symm = F page 22 

total length 3319 . .390644 Qx 26.425002 Qy 25.414999 
delta (s) 0.000000 mm Q:-::' -33.680129 Qy' -.32.868866 
alfa 0. 2143.35E-02 betax(max) 60.004373 betay (max) 63.077526 
gamma ( tr) 21.599969 Dx(max) 1.972.394 Dy(max) 0.000000 

Dx ( r . rn . s . ) 1.203955 Dy(r.rn.s.) 0.000000 
:-:co (max) 0.000000 yco(rnax) 0.000000 
xco(r.rn.s.) 0.000000 yco(r.rn.s.) 0.000000 
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1 
survey of beam line: MI_19 

pos. 
no. 

E L E M E N T 
element occ. 
name no. 

begin t-11_19 
57 M_606 

10 6 t-1_607 
123 M_608 
141 t1_609 
181 M_610 
221 l-1_611 
261 l-1_612 
3 o 1 r-1_613 
349 l-1_614 
4 01 r-1_615 
441 M_616 
41?1 l-1_617 
521 !,1_61 s 
561 l-1_619 
580 1·1_620 
597 t-1_621 
E-15 )'.1_622 
655 t-1_623 
695 t-1_624 
73 5 1·1_625 
77 5 1·1_62 6 
827 M_627 
87 6 t-1_628 
92 5 t1_62 9 
97 4 M_630 

1028 !1_631 
1080 M_632 
1129 M_633 
1178 t-1_634 
1231 t-1_635 
1284 M_636 
1337 M_637 
1385 M_638 
1425 M_639 
1465 M_640 
1505 M_641 
1545 M_100 
1564 M_101 
1581 M_102 
1598 M_103 
1616 M_104 
1656 M_105 
1696 M_106 
1736 M_1o-

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

S E Q U E N C E 
sum(L) arc 
[m] [m] 

0.000000 
17.288639 
34.577278 
51.865917 
69.154556 
82.120970 
95.087384 

108.05379:3 
121.020212 
138.308620 
155.597042 
162.563462 
181.529876 
194.496290 
207.462704 
224.751343 
242.039922 
259.328621 
272.295035 
285.261449 
298.227863 
311.194277 
328.482695 
345.771113 
363.059531 
380.347949 
397.636367 
414.924785 
432.213203 
449.501621 
466.790039 
484.078457 
501.366875 
518.655293 
531.621707 
544.588121 
557.554535 
570.520949 
587.809588 
605.098227 
622.386866 
639.675505 
652.641919 
665.608333 
678.574747 

0.000000 
17.288639 
34.577278 
51.865917 
69.154556 
82.121035 
95.087515 

10.3.053994 
121.020474 
13.3.309113 
155.597752 
168.564221 
E1. 530710 
194.497190 
207.463669 
224.752308 
242.040947 
259.329586 
272.296066 
285.262545 
298.229025 
311.195504 
328.4-94143 
345.772782 
363.061421 
380.350060 
397.638698 
414.927337 
432.215976 
449.504615 
466.793254 
484.081893 
501.370532 
518.659170 
531.625650 
544.592129 
557.558609 
570.525088 
587.813727 
605.102366 
622.391005 
639.679644 
652.646124 
665.612603 
678.579083 

I 
I 
I 

X 
[m] 

P 0 S I T I 0 N S 
y 

29606.625709 
29615.589860 
29624.554010 
29633.518161 
29642.482312 
29649.050305 
29655.305001 
29661.241565 
29666 . .355411 
29673.794179 
296-30.066229 
29634.34:0:951 
29688.289217 
29691.884523 
29695.13226:3 
29699.22%72 
29703.327075 
29707.424478 
29710.321974 
29712.867041 
29715.057712 
29716.-892293 
29718.742198 
29719.87.3942 
29720.285556 
29719.976324 
29718.946786 
29717.198730 
29714.735196 
29711.560468 
29707.680066 
29703.100738 
29697.830447 
29691.878357 
29686.993778 
29681.777217 
29676.232705 
29670.364528 
29662.326333 
29654.288137 
29646.249942 
29638.211746 
29632.024440 
29625.522786 
29618.711809 

[m] 

218.153141 
218.15::.141 
218.153141 
218.153141 
218.153141 
218.153141 
21-3.153141 
218.153141 
218.153141 
212.15.3141 
21.'3 .153141 
218.153141 
2H .153141 
218.153141 
21-8.153141 
218.153141 
218.153141 
21<3.153141 
21-3.153141 
218.15.3141 
218.153141 
218.15.3141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218. 

"MAD" Version: 8.17 
range: #S/#E 

z 
[m] 

30942.395446 
30927.612312 
30912.829179 
30898.046045 
30883.262911 
30272 .08J777 
30860.726385 
30249.19951:3 
308:37.512070 
30821.679054 
3 0 31:15.570524 
2-0793.232264 
30780. 97969E: 
30768.522374 
20755.969919 
2-072-9.17382-9 
30722 .J77758 
::.coos. 581677 
30692.943794 
30680.230250 
J0667.450870 
30654.615533 
30637.428074 
30620.178435 
30602 . .'396611 
30585.612651 
30568.356610 
30551.15.'3495 
30534.048209 
30517.055505 
J0500.2099J1 
30483.540778 
30467.077033 
30450.847322 
30438.836807 
30426.966716 
30415.246222 
30403.684385 
30388.378032 
30373.071679 
30357.765325 
30342.458972 
30331.064727 
30319.846881 
30308.814103 

I 
I 
I 

theta 
[rad] 

2.596497 
2.596497 
2.596497 
2.596497 
2.596497 
2.624299 
2.652101 
2. 679903 
2.707704 
2.749407 
2.791109 
2.818911 
2 .. S4671J 
2.:?74514 
2.902316 
2.902316 
2.902316 
2.902J16 
2.9J0118 
2.957920 
2.985721 
3. 013523 
:: .. 055226 
3.09692.'3 
3.138631 
3.180333 
3.222036 
3.263738 
3.305441 
3.347143 
3.388846 
3.430549 
3. 472251 
3. 513954 
3.541755 
3.569557 
3.597359 
3.625161 
3.625161 
3.625161 
3.625161 
3.625161 
3.652962 
3.680764 
3.708566 

Run: 09/09!94 16.01.53 
page 1 

A N G L E S 
phi 
[rad] 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

psi 
[rad] 

0.000000 
0.000000 
0.000000 
0.000000 
o.oooooc• 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000<)00 
0. 000(1(11:• 
0. 00(1000 
0. OOC100C• 
0.000000 
0.000000 
0. 0001)0(' 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
o . .-
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1 

177 6 M_108 
1828 M_109 
1873 M_110 

1 
1 
1 

691.541161 
708.829579 
726.117997 

691.545562 
708.834201 
72 6 .122840 

Survey of beam line: MI_19 

pos. 
no. 

E L E M E N T 
element occ. 
name no. 

1922 M_111 
1971 1'1_112 
2025 t.'j_113 
2 07 3 1'1_114 
2122 H_115 
2167 ]'.1_116 
221E t.I_117 
2 2 61 1·1_11 : 
2310 1·1_119 
2359 1·1_120 
2413 1'1_121 
2461 1·1_122 
2510 1·1_123 
2555 ]'.1_124 
2604 ]'.1_125 
2 64 9 t·1_12 6 
2698 1'1_127 
2747 1·1_128 
2796 1'1_129 
2.S41 1-1_130 
2895 1-1_201 
2943 M_202 
2992 1-1_203 
3037 M_204 
3086 M_205 
313 9 M_20 6 
3188 M_207 
3237 M_208 
3286 M_209 
3335 M_210 
3389 M_211 
3441 M_212 
3494 M_213 
3547 M_214 
3600 M_215 
3648 M_216 
3688 M_217 
3728 M_218 
3768 M_219 
3808 M_220 
3827 M_221 
3844 M_,_222 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

S E Q U E N C E 
sum(L) arc 
[m] [m] 

743.406415 
760.694833 
777.983251 
795.271669 
B12.560027 
829.848505 
847.136923 
864.425341 
.S-:1.713759 
·899.002177 
916.290595 
933.579013 
950.867431 
968.155849 
985.444267 

1002.732685 
1020.021103 
1037.309521 
1054.597939 
1071. 8·86357 
1089.174775 
1106.463193 
1123.751611 
1141.040029 
1158.328447 
1175.616865 
1192.905283 
1210.193701 
1227.482119 
1244.770537 
1262.058955 
1279.347373 
1296.635791 
1313.924209 
1331.212627 
1348.501045 
1361.467459 
1374.433873 
1387.400287 
1400.366701 
1417.655340 
1434.943979 

743.411479 
760.700117 
777.988756 
795.277395 
812.566034 
S29.854673 
847.143312 
864.431951 
S81. 720590 
S99.00922S 
916. 297B67 
933.586506 
950.675145 
968.1637C4 
985.452423 

1002.741062 
1020.029701 
1037.318339 
1054.606978 
1071.895617 
1089.184256 
1106.472895 
1123.761534 
1141.050173 
1158.338811 
1175.627450 
1192.916089 
1210.204728 
1227.493367 
1244.782006 
1262.070645 
1279.359284 
1296.647922 
1313.936561 
1331.225200 
1348.513839 
1361.480318 
1374.446798 
1387.413277 
1400.379757 
1417.668396 
1434.957035 

I 
I 
I 

29611.59677 4 
29601.614214 
29591.051952 

218.153141 
218.153141 
218.153141 

X 
[m] 

P 0 S I T I 0 N S 
y 

29579.928353 
29568.262761 
29556.075459 
29543.387640 
29530.221366 
29516.599531 
29502. 545;:.22 
29488.084676 
29473. 2412.:': 
2945B.041319 
29442 .. 511350 
29426.678335 
29410.569804 
29394.213770 
29377.638671 
29360 . .'3733.:'.0 
29343.946900 
29326. B88.S12 
29309.728722 
29292.496427 
29275.222054 
29257.935466 
29240.666782 
29223.446029 
29206.303152 
29189.267960 
29172.370074 
29155.638877 
29139.103463 
29122.792584 
29106.734603 
29090.957440 
29075.488532 
29060.354776 
29045.582486 
29031.197351 
29020.664223 
29010.345339 
29000.248675 
28990.382035 
28977.382997 
28964.383958 

[m] 

218.153141 
218.153141 
212.153141 
212.153141 
218.153141 
212.153141 
21:.153141 
212.153141 
21: .153141 
218.153141 
218.15.:'141 
218.153141 
218.153141 
218.153141 
218.153141 
21·S .153141 
218.153141 
218.153141 
218.153141 
21S .153141 
212· .153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 

30297.974922 
30283.861829 
30270.177185 

3.736367 
3.778070 
3. 819772 

"MAD" Version: 8.17 
range: #S/#E 

z 
[m] 

30256.944784 
30244.187635 
30231.927922 
30220.186962 
3020.8. 9·85172 
3C1198 .342022 
301C'8.2760.:'9 
30178.S04707 
.:'·0169. 944502 
30161.710830 
30154 .11·8008 
30147.179239 
30140.906529 
30135.310965 
30130.402096 
30126.12.8519 
30122.677561 
30119.875326 
30117.786687 
30116.415275 
30115.763477 
30115.832424 
30116.621997 
30118.130824 
30120.356279 
30123 .. 294495 
30126.940361 
30131.287538 
30136.328468 
30142.054383 
30148.455329 
30155.520174 
30163.236634 
30171.591292 
30180.569619 
30190.156004 
30197.716743 
30205.567362 
30213.701793 
30222.113748 
30233.512083 
30244.910417 

I 
I 
I 

theta 
[rad] 

3.861475 
3.903178 
3.944880 
3.986583 
4.028285 
4.069988 
4.111690 
4.153393 
4.195095 
4.236798 
4.278501 
4.320203 
4.361906 
4.403608 
4. 445311 
4.487013 
4.528716 
4.570418 
4.612121 
4.653824 
4.695526 
4.737229 
4.778931. 
4.820634· 
4.862336' 
4.904039 
4.945742 
4.987444 
5.029147 
5.070849 
5.112552 
5.154254 
5.195957 
5.237659 
5.279362 
5.321065 
5.348866 
5.376668 
5.404470 
5.432271 
5.432271 
5.432271 

0.000000 
0.000000 
0.000000 

Run: 09/09/94 

A N G L E S 
phi 
[rad] 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0. 00<)000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
16.01.53 

page 2 

psi 
[rad] 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.0000(10 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0. OOOOr]O 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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1 

3862 M_223 
3902 M_224 
3942 M_225 
3982 M_226 
4022 M_227 
4070 M_228 

1 1452.232618 
1 1465.199032 
1 1478.165446 
1 1491.131860 
1 1504.098274 
1 1521.386692 

1452.245674 
1465.212153 
1478.178633 
1491.145112 
1504.111592 
1521.400230 

Survey of beam line: MI_19 

pos. 
no. 

E L E M E N T 
element occ. 

S E Q U E N C E 
sum(L) arc 

name no. 

4122 £.1_229 
4162 £.1_22-0 
4202 1·1_231 
4242 1-1_232 
4 2E2 1·1_3 01 
4 3 ') 1 1·1_3 ['2 
431 s £.1_::-o::. 
43::5 1·1_3 04 
4352 1'1_305 
4269 1·1_306 
430: ;:::. ]\1_31)7 
4 403 1·1_3 03 
4421 £.1_309 
4461 ]\1_310 
4501 1-1_311 
4541 1-1_312 
4581 ]\1_313 
4 629 l-1_314 
4681 M_315 
4721 1-1__)16 
4761 l-1_317 
4801 1-1_318 
4841 1-1_319 
4860 ]\1_320 . 
4877 1-1_321 
4895 1-1_322 
4935 ]\1_323 
4975 1-1_324 
5015 ]\1_325 
5055 £.1_326 
5107 M_327 
5156 M_328 
5205 1-1_329 
5254 M_330 
5308 1-1_331 
5360 M_332 
5409 1-1_333 
5458 M_334 
5511 M_33 .. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

[m] [m] 

1538.675110 
1551.641524 
1564.60793<:: 
1577.574352 
1590.540766 
1607.829405 
1625 .11-:'044 
1642.406633 
1659.695322 
1676.933961 
1694.272600 
1711.561239 
1728. E:4927E 
1741.816292 
1754.722706 
1767.749120 
1720.715534 
1792.003952 
1815.292370 
1822.258784 
1841.225198 
1854.191612 
1867.158026 
1884.446665 
1901.735304 
1919.023943 
1931.990357 
1944.956771 
1957.923185 
1970.889599 
1988.178017 
2005.466435 
2022.754853 
2040.043271 
2057.331689 
2074.620107 

1538.6.38869 
1551.655349 
1564.62182: 
1577.583208 
1590.5547 87 
1607. :::4342E 
1625.132065 
1642.420704 
1659.709343 
1676.997932 
1694.236621 
1711.575260 
1728.863899 
1741.830379 
1754. 79685.s 
1767. 7632·2-7 
1780.729817 
1798.013456 
1815.307095 
1828.273574 
1841.240053 
1854.206533 
1867.173012 
1884.461651 
1901.750290 
1919.038929 
1932.005409 
1944.971888 
1957.938368 
1970.904847 
1988.193486 
2005.482125 
2022.770764 
2040.059403 
2057.348041 
2074.636680 

1 2091.908525 2091.925319 
1 2109.196943 2109.213958 
1 2126.485361 2126.502597 

I 
I 
I 

28951.384919 
28941.755928 
28932.372030 
28923.240475 
28914.368322 
28902.984597 

218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.15:3141 

30256.308752 
30264.991730 
30273.939022 
30283 .143710 
30292.598681 
30305.607974 

5.432271 
5.460073 
5.487875 
5.515676 
5.543478 
5.585181 

"MAD" Version: 8.17 
range: #S/#E 

X 
[m] 

P 0 S I T I 0 N S 
y z 

2."892 .1531::.3 
22884.3:35076 
2287f .. 908598 
2E %9.729477 
28362 .:05.326:? 
2'::"53. 2:39113 
2'3344.924962 
2':335.960311 
::::326-996660 
2S318.032509 
n::o9. 068358 
28800.10420S 
2S791.140057 
2S7S4.572064 
2877.s.317367 
28772.380803 
28766.766957 
28759.S28189 
2S753.55553S 
2S749.273417 
28745.333150 
28741.737785 
28738.490099 
28734.392695 
28730.295292 
28726.197889 
28723.300392 
28720.755325 
28718.564654 
28716.730073 
28714.880168 
28713.748424 
28713.336810 
28713.646041 
28714.675579 
28716.423635 
28718.887169 
28722.061897 
28725.942298 

[m] 

218.153141 
218.153141 
218.152·141 
21::.153141 
213.153141 
218.153141 
213.153141 
213.153141 
218.153141 
213.153141 
21-3.153141 
21S.153141 
213.153141 
218.153141 
213.153141 
218.153141 
21S.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 

[m] 

30319.080543 
30329.461727 
30340.054331 
303·50.?51674 
30361.:43910 
30376. (27044 
30391.410177 
30406 .192·311 
30420.976444 
30435. 75957? 
30450.542712 
30465.325845 
30430.10:3979 
30491.282113 
30502.645505 
30514.172377 
30525.859::20 
30541.692835 
30557 .·301365 
30570.039626 
30582.392191 
30594.849515 
30607.401970 
30624.198051 
30640.994131 
30657.790212 
30670.428095 
30683.141640 
30695.921019 
30708.756357 
30725.943815 
30743.193454 
30760.475279 
30777.759238 
30795.015279 
30812.213394 

218.153141 30829.323680 
218.153141 30846.316384 

30863.161959 

I 
I 
I 

theta 
[rad] 

5.626:0:S3 
5.654635 
5.6824S7 
5.710232 
5.73t:090 
5.733090 
5.733090 
5.738090 
5.733090 
5.733090 
5.73.3090 
5.738090 
5.72·8090 
5.765392 
5.793694 
5.821495 
5.849297 
5.890999 
5.932702 
5.960504 
5.988305 
6.016107 
6.043909 
6.043909 
6.043909 
6.043909 
6.071711 
6.099512 
6.127314 
6.155116 
6.196818 
6.238521 
6.280223 
6.321926 
6.363628 
6.405331 
6.447034 
6.488736 
6.530439 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

Run: 09/09/94 

A N G L E S 
phi 
[rad] 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
16.01.53 

page 3 

psi 
[rad] 

0.000000 
0.000000 
0.000000 
0. OOOOC1') 

0.000000 
0.000000 
0.000000 
0. 0000 1)0 
0.000000 
0.000000 
0.000000 
0.000000 
0. OOOOOC' 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0. r ''100 
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1 

5564 M_336 
5617 M_337 
5665 M_338 
5705 M_339 
5745 M_340 
5785 M_341 
5825 M_400 
5844 M_401 
5861 H_402 

1 
1 
1 
1 
1 
1 
1 
1 
1 

2143.773779 
2161.062197 
2178.350615 
2191.317029 
2204.283443 
2217.249857 
2230.216271 
2247.504910 
2264.793549 

Survey of ceam line: MI_l9 

2143.791236 
2161.079875 
2178.368514 
2191.334993 
2204.301472 
2217.267952 
2230.234431 
2247.523070 
2264.811709 

E L E M E N T S E Q U E N C E 
pos. element occ. sum(L) arc 
no. name no. [m] [m] 

5:078 t-1_403 
5896 f:.l_4C14 
593 6 H_4C15 
5976 H_406 
6016 !:-1_407 
6 0 5 6 f:.l_ 4 0 .s 
611)8 t-1_409 
6 15 2 l·1_ 41 0 
6202 t-1_411 
6 2 51 l·I_ 412 
6305 1·1_413 
6353 t-1_414 
6 402 !:-1_ 415 
6447 1·1_416 
6496 l:-1_417 
6541 !:-1_418 
6590 l:-1_419 
6639 M_420 
6693 l:-1_421 
6741 l:-1_422 
6790 l:-1_423 
6835 l:-1_424 
6884 l:-1_425 
6929 M_426 
6978 M_427 
7027 M_428 
7076 M_429 
7121 l:-1_430 
7175 M_501 
7223 M_502 
7272 M_503 
7317 M_504 
7366 M_505 
7419 M_506 
7468 M_507 
7517 M_508 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2282 .082BE· 
2299.370827 
2312.337241 
2325.303655 
2338. 270(169 
2351.2364S3 
2368.524901 
2335.813319 
2403.101737 
2420.390155 
2437.678573 
2454.966991 
2472.255409 
2489.543.<:27 
2506 . .':32245 
2524.120663 
2541.409081 
2558.697499 
2575.985917 
2593.274335 
2610.562753 
2627.851171 
2645.139589 
2662.428007 
2679.716425 
2697.004843 
2714.293261 
2731.581679 
2748.870097 
2766.158515 
2783.446933 
2800.735351 
2818.023769 
2835.312187 
2852.600605 
2869.889023 

2282.10034: 
2299. 3.SS9E7 
2312.355467 
2325.321946 
2338.283426 
2.::-51.254905 
2360:.543544 
2.::-85. E:321E3 
2403.120822 
2420.409461 
2437.698099 
2454.986738 
2472.275377 
2489.564016 
2506.852655 
2524.141294 
2541.429933 
2558.718572 
2576.007210 
2593.295849 
2610.584488 
2627.873127 
2645.161766 
2662.450405 
2679.739044 
2697.027682 
2714.316321 
2731.604960 
2748.893599 
2766.182238 
2783.470877 
2800.759516 
2818.048155 
2835.336793 
2852.625432 
2869.914071 

I 
I 
I 

28730.521626 
28735.791916 
28741.744007 
28746.628586 
28751.845147 
28757.389658 
28763.257835 
28771.296030 
28779.334226 

218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.15:3141 
218.153141 

X 
(m] 

P 0 S I T I 0 N S 
y 

28787.372421 
22795. 41C'616 
28801.597923 
28808.099576 
23814.910553 
28822.025588 
28832.00814:: 
2':'342. 570410 
28853. 6'94002 
2-3865.359601 
28877.546902 
28890.234721 
28903.400995 
28917.022829 
28931.076539 
28945.537685 
28960.381123 
28975.581041 
28991.111010 
29006.944025 
29023.052556 
29039.408590 
29055.983689 
29072.749030 
29089.675460 
29106.733548 
29123.893632 
29141.125872 
29158.400306 
29175.686894 
29192.955578 
29210.176331 
29227.319208 
29244.354400 
29261.252286 
29277.983483 

[ITt] 

21E:.152141 
21·8.152141 
218 .153·141 
218.153141 
218.153141 
218.152141 
218.153141 
218.152.141 
218.153141 
218.153141 
218.153141 
218.153141 
2l.S .152.141 
2l.S .153·141 
2H .153141 
218.15:3141 
218.15:3141 
218.15:3141 
218.153141 
218.153141 
218.15:3141 
218.15:3141 
218.153141 
218.15:3141 
218.153141 
218.153141 
218.153141 
218.15:3141 
218.153141 
218.153141 
218.153141 
218.15:3141 
218.153141 
218.153141 
218.153141 
218.153141 

30879.831111 
30896.294857 
30912.524567 
:30924.535082 
30936.405174 
30948.125667 
:30959.687505 
:30974.99:3858 
:30990.300211 

11 MAD" 

6.572141 
6.613844 
6.655546 
6.683348 
6. 711150 
6.738951 
6.766753 
6.766753 
6.766753 

Version: .S.l7 
range: #S/#E 

z 
[m] 

3· 10C'5. 606565 
31020.912912 
31032 . .::071EJ. 
31043.525009 
:'·1054. 5577·:7 
31065.396969 
31079.510C1f.l 
31093.194706 
31106.427107 
31119 .1.S4256 
31131.443969 
31143.1.S4929 
31154.3%719 
31165. 029.S63 
31175 .095f::53 
:31184. 567l.S5 
:31193.427390 
:31201.661062 
31209.253884 
31216.192653 
31222.465303 
31228.060928 
31232.969797 
:312:37.183:37 4 
31240.694:3:32 
31243.496568 
31245.585207 
31246.956619 
31247.608418 
31247.539470 
31246.749897 
31245.241071 
31243.015615 
31240.077400 
312:36.431534 
31232.084:357 

I 
I 
I 

theta 
[rad] 

6.766753 
6. 7 6 67 5:3 
f.794555 
6.:322357 
6.S5015S 
6.577960 
6.919663 
6.961365 
7.00306-S 
7.044770 
7.026473 
7.12.3175 
7.169.S7.s 
7.2115·SO 
7.25328:3 
7.294986 
7.3:36688 
7.378:391 
7.42009:3 
7.461796 
7.50:3498 
7.545201 
7.586903 
7.628606 
7.670309 
7. 712011 
7.753714 
7.795416 
7. 837119 
7.878821 
7.920524 
7.962226 
8.003929 
8.045632 
8.087334 
8.1290:37 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

Run: 09/09/94 

A N G L E S 
phi 
[rad] 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
16.01.53 

page 

psi 
[rad] 

4 

0.000000 
0. OOOCII)(I 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0. 000('00 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 



mi19_mad.survey_markers.out Fri Sep 9 16:01:34 1994 5 

1 

7566 M_509 
7615 M_510 
7669 M_511 
7721 M_512 
7774 M_513 
7827 M_514 
7880 l-1_515 
7928 M_516 
7968 M_517 
8008 t1_518 
8048 1:-1_519 
8088 11_520 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2887.177441 
2904.465859 
2921.754277 
2939.042695 
2956.331113 
2973.619531 
2990.907949 
3008.196367 
3021.162781 
3034.129195 
3047.095609 
3060.062023 

2887.202710 
2904.491349 
2921.779988 
2939.068627 
2956.357265 
2973.645904 
2990.934543 
3008.223182 
3021.189662 
3034.156141 
3047.122620 
3060.089100 

Survey of beam line: MI_19 

pos. 
no. 

8107 
2124 
8142 
.SE2 
3222 
.S262 
8302 
8350 
8402 
3442 
8482 
8522 
8562 
8581 
8598 
8647 
8704 

end 

E L E t1 E N T 
element occ. 
name no. 

11_ 521 1 
H_ 522 1 
l-1_ 52.3 1 
1'1_ 524 1 
l\1_ 525 1 
l-1_ 52 6 1 
l-1_ 527 1 
M_ 528 1 
M_ 529 1 
t-1_ 530 1 
M_ 531 1 
t1_ 532 1 
M_ 601 1 
l-1_ 602 1 
M_ 603 1 
M_ 604 1 
M_ 605 1 
MI 19 1 -

u E Q U E N C E 
sum{L) arc 
[m] [m] 

3077.350662 3077.377739 
3094.639301 3094.666378 
3111.927940 3111.955017 
3124.594354 3124.921496 
3137.360768 3137.887976 
3150.827182 3150.S54455 
3163.793596 3163.S20935 
3181.082014 3181.109574 
3198.370432 3198.398212 
3211.336846 3211.364692 
3224.303260 3224.331171 
3237.269674 3237.297651 
3250.236088 3250.264130 
3267.524727 3267.552769 
3284.813366 3284.841408 
3302.102005 3302.130047 
3319.390644 3319.418686 
3319.390644 3319.418686 

I 
I 
I 

29294.518897 
29310.829776 
29326.887758 
29342.664920 
29358.133828 
29373.267585 
29388.039874 
29402.425009 
29412.958138 
29423.277022 
29433.373686 
29443.240326 

218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 
218.153141 

X 
[ITt] 

F 0 S I T I 0 N S 
y 
[m] 

29456.239365 218.153141 
29469.23.3404 21.3.153141 

.237 443 21'?.153141 
29491.566433 212.153141 
29501.250332 218.153141 
29510.381887 218.153141 
29519.254040 218.153141 
29530.637765 218.153141 
29541.469229 218.153141 
29549.237287 218.153141 
29556.713765 218.153141 
29563.892885 218.153141 
29570.769099 218.153141 
29579.733250 218.153141 
29588.697401 218.153141 
29597.661552 218.153141 
29606.625703 218.153141 
29606.625703 218.153141 

31227.043428 
31221.317512 
31214.916567 
31207.851722 
31200.135262 
31191.780605 
31182.802278 
31173.215893 
31165.655154 
31157.804535 
31149.670104 
31141.258149 

8.170739 
8.212442 
8.254144 
8.295847 
8.337549 
8.379252 
8.420955 
8.462657 
8.490459 
8.518261 
8.546062 
8.573864 

"HAD" Version: 8.17 
range: #S/#E 

z 
[m] 

31129.859815 
31113 .4614SO 
31107.063146 
:non .380167 
:no.::9. 432876 
310:30 .22.S18S 
31070.773217 
31057.7 63925 
31044.291350 
31033.910172 
31023.317067 
31012.520225 
31001.527989 
30986.744855 
30971.961722 
30957.1785S8 
30942.395455 
30942.395455 

I 
I 
I 

theta 
[rad] 

8.573864 
E.573864 
8.573864 
2.601666 
.s. 62 94 67 
8.657269 
8.685071 
8.726773 
8.76S476 
3. 79627·9 
s. c'24079 
8.851S81 
8.879683 
8.879683 
8.879683 
8. 879683 
8.879683 
8.879683 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

Run: 09/09/94 16.01.53 

A N G L E S 
phi 
[rad] 

0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

page 5 

psi 
[rad] 

0.000000 
0.000000 
0. 00 00 1)0 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 

----------------------------------------------------------------------------------------------------------------------------------
total length 3319.390644 arc length 3319.418686 
error(x) -0.583462E-05 error(y) O.OOOOOOE+OO error{z) 0. 872414E-05 
error(theta) -0.223796E-07 error(phi) O.OOOOOOE+OO error(psi) O.OOOOOOE+OO 
----------------------------------------------------------------------------------------------------------------------------------



·--- "MAD" Version: ·8;17 · Run: 13/05/94 15.09.04 
LINEAR LATTICE FUNCTIONS OF THE PROTON 8 GEV BEAM LINE Range: #S/#E 

----------------------------------------------------------------------------------------------------------------------------------
ELEMENT SEQUENCE I H 0 R I Z 0 N T A L I V E R T I C A L 

element quad dist I betax at fax mux x(co) px(co) Ox Dpx I betay at fay muy y (co) py (co) Dy Dpy 
name type (m] I [m] [1] (2pi] [mm] [.001] [m] [1] I [m] [1] [2p i] [mm] (.001] [m] [1] 
----------------------------------------------------------------------------------------------------------------------------------
BOOSTER 0.000 6 •. 270 0.174 0.000 0.000 f1l.000 -1.841 0.087 20.060 0.050 0.000 0.000 0.000 0.000 0.000 
EPB us 7.077 12.036 -0.989 0.152 0.000 0.000 -1.228 0.087 21.855 -0.304 0.055 0.000 0.000 0.000 0.f1l00 

ds 10.125 19.578 -1.489 0.183 0.000 0.000 -1.100-0.003 23.989 -0.394 0.076 0.000 0.000 0.000 0.000 
EPB us 10.582 20.974 -1.564 0.187 0.000 0.000 -1.101-0.003 24.359 -0.416 0.079 0.000 0.000 0.000 0.000 

ds 13.630 32.019 -2.064 0.206 0.000 0.000 -1.245-0.092 27.137 -0.492 0.098 0.000 0.000 0.000 0.000 
Q800 SQA 15.212 38.597 -0.579 0.213 0.000 0.000 -1.383-0.030 29.082 -1.871 0.107 0.000 0.000 0.000 0.000 
Q801 SQA 20.129 29.468 -1.66f1l 0.236 0.000 0.000 -1.240-0.070 68.181 0.612 0.125 0.000 0.000 0.000 0.000 
Q802 SQA 24.006 67.648 -1.555 0.250 0.000 0.000 -1.888-0.044 29.806 1.977 0.138 0.000 0.000 0.000 0.000 
Q803 SQA 34.816 19.318 0.955 0.298 0.000 0.000 -0.967 0.063 34.765 0.413 0.193 0.000 0.000 0.000 0.000 
EPB us 37.160 17.313 0.331 0.319 0.000 0.000 -0.873 0.039 29.404 1.094 0.205 0.000 0.000 0.000 0.000 

ds 40.208 15.890 0.136 0.348 0.000 0.000 -0.859-0.030 23.304 0.902 0.223 0.000 0.000 0.000 0.000 
EPB us 40.666 15.779 0.107 0.353 0.000 0.000 -0.872-0.030 22.496 0.867 0.226 0.000 0.000 0.000 0.000 

ds 43.714 15.724 -0.089 0.384 0.000 0.000 -1.068-0.099 17.841 0.657 0.251 0.000 0.000 0.000 0.000 
B3 us 44.171 15.818 -0.118 0.388 0.000 0.000 -1.113-0.099 17.258 0.620 0.255 0.000 0.000 0.000 0.000 

ds 50.241 19.560 -0.498 0.444 0.000 0.000 -1.711-0.098 12.687 0.133 0.322 0.000 0.000 0.167 0.055 
Q804 SQA 55.786 26.462 1.885 0.483 0.000 0.000 -2.230 0.132 13.972 -1.736 0.391 0.000 0.000 0.479 0.103 
Q805 SQA 60.627 1.712 0.433 0.611 0.000 0.000 -0.526 0.297 61.650 -0.254 0.418 0.000 0.000 1.204 0.023 
Q806 SQA 70.497 67.144 0. 710 0.873 0.000 0.000 1.852 0.028 1.617 -0.496 0.691 0.000 0.000 0.149-0.090 
Q807 SQA 77.928 1.161 0.160 1.056 0.000 0.000 0.486-0.128 61.492 -0.236 0.825 0.000 0.000 -0.396-0.027 
Q808 SQA 85.360 48.571 -1.801 1.286 0.000 0.000 -0.055-0.067 2.563 0.782 0.925 0.000 0.000 -0.256-0.005 
Q809 SQA 96.068 9.064 0.182 1.371 0.000 0.000 -0.719-0.114 49.003 -1.261 1.222 0.000 0.000 -0.670 0.013 
83 us 103.449 23.790 -1.521 1.455 0.000 0.000 -1.963-0.169 21.487 1.405 1.258 0.000 0.000 -0.167 0.055 

ds 109.520 47.296 -2.345 1.484 0.000 0.000 -2.988-0.168 9.530 0.565 1.328 0.000 0.000 0.000 0.000 
Q810 3Q52 110.561 50.703 0.000 1.488 0.000 0.000 -3.114-0.018 8.784 0.000 1.346 0.000 0.000 0.000 0.000 
B2 us 118.537 21.383 1.392 1.526 0.000 0.000 -2.105 0.133 24.027 -1.525 1.440 0.000 0.000 0.000 0.000 

ds 124.608 9.547 0.558 1.596 0.000 0.000 -1.417 0.094 47.601 -2.355 1.469 0.000 0.000 0.000 0.000 
Q811 3Q52 125.573 8.882 0.000 1.613 0.000 0.000 -1.347 0.028 50.653 -0.002 1.472 0.000 0.000 0.000 0.000 
B2 us 133.548 24.133 -1.522 1.706 0.000 0.000 -1.623-0.037 21.389 1.390 1.510 0.000 0.000 0.000 0.000 

ds 139.619 47.669 -2.356 1.734 0.000 0.000 -1.966-0.076 9.547 0.559 1.580 0.000 0.000 0.000 0.000 
Q812 3Q52 140.584 50.720 0.000 1.738 0.000 0.000 -2.007 0.022 8.880 0.001 1.597 0.000 0.000 0.000 0.000 
B2 us 148.560 21.390 1.393 1.776 0.000 0.000 -1.096 0.118 24.104 -1.520 1.690 0.000 0.000 0.000 0.000 

ds 154.630 9:548 0.559 1.846 0.000 0.000 -0.496 0.080 47.569 -2.343 1.719 0.000 0.000 0.000 0.000 
Q813 3Q52 155.596 8.882 0.000 1.863 0.000 0.000 -0.426 0.058 50.597 0.008 1.722 0.000 0.000 0.000 0.000 
B2 us 163.571 24.126 -1.521 1.956 0.000 0.000 -0.115 0.038 21.261 1.391 1. 761 0.000 0.000 0.000 0.000 

ds 169.642 47.653 -2.355 1.984 0.000 0.000 0.000 0.000 9.444 0.555 1.831 0.000 0.000 0.000 0.000 
Q814 3Q52 170.607 50.703 0.000 1.988 0.000 0.000 0.000 0.000 8.784 0.000 1.848 0.000 0.000 0.000 0.000 
B2 us 175.354 31.806 1.836 2.006 0.000 0.000 -0.001 0.000 15.622 -1.079 1.916 0.000 0.000 0.000 0.000 

ds 181.424 14.584 1.002 2.052 0.000 0.000 0.114 0.038 33.787 -1.912 1.958 0.000 0.000 0.000 0.000 
Q815 3Q52 185.618 8.882 0.000 2.113 0.000 0.000 0.278 0.051 50.623 -0.005 1.974 0.000 0.000 0.000 0.000 
B2 us 190.365 15.737 -1.078 2.179 0.000 0.000 0.584 0.065 31.797 1.829 1.993 0.000 0.000 0.000 0.000 

ds 196.436 33.887 -1.912 2.222 0.000 0.000 1.097 0.104 14.593 1.003 2.038 0.000 0.000 0.000 0.000 
Q816 3Q52 200.630 50.720 0.000 2.238 0.000 0.000 1.508 0.031 8.885 0.000 2.099 0.000 0.000 0.000 0.000 
B2 us 205.376 31.816 1.836 2.256 0.000 0.000 1.334-0.042 15.736 -1.078 2.166 0.000 0.000 0.000 0.000 

ds 211.447 14.588 1.002 2.302 0.000 0.000 1.196-0.004 33.847 -1.904 2.208 0.000 0.000 0.000 0.000 
Q817 3Q52 215.641 8.882 0.000 2.363 0.000 0.000 1.200 0.054 50.598 0.006 2.224 0.000 0.000 0.000 0.000 
B2 us 220.388 15.733 -1.078 2.429 0.000 0.000 1.719 0.114 31.698 1.835 . 2.243 0.000 0.000 0.000 0.000 

ds 226.458 33.876 -1.912 2.472 0.000 0.000 2.526 0.152 14.468 1.001 2.289 0.000 0.000 0.000 0.000 
----------------------------------------------------------------------------------------------------------------------------------



"MAD" Version: 8.17 Run: 13/05/94 15.09.04 
LINEAR LATTICE FUNCTIONS OF THE PROTON 8 GEV BEAM LINE Range: #S/#E 

----------------------------------------------------------------------------------------------------------------------------------ELEMENT SEqUENCE I H 0 R I Z 0 N T A L I V E R T I C A L -. 

element. quad dist. I bet.ax alfax mux x(co) px (co) Dx Dpx I bet.ay alfay muy y (co) py (co) Dy Dpy 
name t.ype [m] I [m] [1] [2pi] [mm] [.001] [m] [1] I [m] [1] [2p i] [mm] [.001] [m] [1] ----------------------------------------------------------------------------------------------------------------------------------
q818 3q52 230.653 50.703 0.000 2.488 0.001(! eJ.00eJ 3.114 0.002 8.784 eJ.000 2.350 "·""" 0.01(!1(! 0.000 0.000 
B2 us 232.170 45.093 2.279 2.493 0.eJeJe! eJ.eJ00 2.938-eJ.149 1eJ.1eJ1 -0.632 2.376 eJ.eJeJ121 121.eJeJ121 eJ.eJ121eJ "·""" ds 238.241 22.487 1.445 2.523 eJ.eJeJ121 "·""" 2.151-121.111(! 22.852 -1.467 2.442 "·""" eJ.121eJ121 eJ.eJ121121 eJ.eJeJ121 
B2 us 238.628 21.388 1.392 2.526 "·""" eJ.eJe!121 2.109-eJ.11121 24.01(!9 -1.521 2.444 121.eJeJeJ eJ.eJ121eJ 0.eJeJeJ eJ.eJeJ121 

ds 244.699 9.549 1(!.558 2.596 121.eJeJ121 0.1211(!1(! 1. 556-eJ. 1(!72 47.509 -2.347 2.473 "·""" eJ.121eJeJ "·""" "·""" q819 3q52 245.664 8.883 eJ.eJeJ0 2.613 eJ.eJ121eJ 0.eJeJeJ 1. 511 " • 1(!1(!2 51(!.549 0.1(!01(! 2.476 "·""" "·""" "·""" "·""" B2 us 247.182 10.21(!8 -0.634 2.638 0.1(!1211(! 0.eJeJeJ 1.61(!1 e!.eJ76 44.955 2.273 2.481 "·""" eJ.eJ121eJ eJ.eJeJ121 eJ.eJ121121 
ds 253.252 22.969 -1.468 2.71(!3 0.eJeJe! "·""" 2.176 eJ.114 22.371(! 1.445 2.512 "·""" "·""" "·""" 0.eJeJeJ 82 us 253.640 24.127 -1.521 2.71(!6 "·""" "·""" 2.221(! eJ.114 21.272 1.391 2.515 eJ.eJeJ121 "·""" eJ.eJeJ121 eJ.eJeJ0 
ds 259.711(! 47.656 -2.355 2.734 eJ.eJ0eJ 0.01210 3.029 eJ.152 9.445 eJ.555 2.585 eJ.eJ0eJ eJ.eJ00 eJ.eJ00 eJ.000 

q920 3Q52 26eJ.675 50.706 0.1(!01(! 2.738 eJ.eJ00 0.001(! 3.126 eJ.0eJ1 8.784 0.001(! 2.61(!2 0.000 0.01211(! "·""" 0.1(!01(! B2 us 262.193 45.095 2.279 2.743 0.eJeJ0 0.01210 2.949-0.150 10.1(!98 -eJ.631 2.628 0.01(!0 0.12100 0.01(!0 0.000 
ds 268.264 22.488 1.446 2.773 0.1(!00 0.01210 2.158-0.111 22.837 -1.466 2.694 0.1(!1210 0.1210121 0.001(! 0.1(!1210 

82 us 268.651 21.389 1.392 2.776 eJ.eJeJ0 1(!.0121121 2 .115-eJ .111 23.993 -1.520 2.696 eJ.e!121eJ eJ.eJ0eJ eJ.eJeJ0 "·""" ds 274.722 9.549 eJ.559 2.846 eJ.eJ0eJ 0.eJ121eJ 1. 557-0. 073 47.475 -2.346 2.725 0.eJeJe! eJ.00eJ eJ.eJ0eJ eJ.eJ0eJ 
Q821 3Q52 276.687 8.883 eJ.eJ0eJ 2.863 "·""" eJ.00eJ 1. 511 ". 1(!1(!1 50.513 0.eJeJeJ 2.728 eJ.000 eJ.000 0.eJeJ0 "·""" B2 us 277.21(!4 1eJ.2eJ8 -0.634 2.888 0.eJeJeJ "·""" 1.61(!0 0.eJ75 44.923 2.271 2.733 0.001(! "·""" 0.eJeJ0 0.000 

ds 283.275 22.968 -1.468 2.953 0.1(!00 0.eJ0eJ 2.170 eJ.113 22.356 1.444 2.764 eJ.eJ00 1(!.001(! 0.eJeJeJ eJ.eJeJ0 
82 us 283.662 24.126 -1.521 2.956 0.1(!01(! eJ.eJeJ0 2.214 0.113 21.258 1.391(! 2.767 eJ.000 eJ.eJ0eJ eJ.eJeJ0 0.eJeJeJ 

ds 289.733 47.653 -2.355 2.984 "·""" 0.0121121 3.eJ18 1(!.152 9.444 0.554 2.837 0.000 0.eJ00 0.0eJ0 0.01210 
Q822 3Q52 290.698 60.71(!3 0.1(!0121 2.988 0.01(!0 0.01210 3.115 0.eJeJ1 8.784 0.1(!1210 2.854 0.01210 eJ.121121eJ 121.eJeJ121 eJ.eJeJ121 
B2 us 295.445 31.81(!6 1.836 3.1(!1216 0.eJ1210 1(!.000 2.456-0.149 15.623 -1.1(!79 2.922 0.eJ0eJ eJ.0eJ0 0.1(!00 0.01210 

ds 301.515 14.584 1.eJeJ2 3.1(!52 0.12100 0.000 1. 666-0. 111 33.792 -1.912 2.964 0.1(!00 0.eJ00 1(!.1211210 0.12100 
Q.823 3Q52 305.711(! 8.882 0.1211(!0 3.113 eJ.eJ1210 0.000 1.222-eJ.050 60.630 -0.01(!5 2.980 0.01210 0.000 0.000 0.00121 
B2 us 310.466 15.737 -l.eJ78 3.179 0.000 0.000 1.242 0.1(!08 31.801 1.830 2.999 0.00121 eJ.000 eJ.eJ00 0.000 

ds 316.627 33.887 -1.912 3.222 0.000 0.000 1.411(! 0.047 14.594 1.003 3.1(!44 0.01210 eJ.00eJ 1(!.000 0.000 
Q.824 3Q62 32eJ.721 6eJ.720 0.001(! 3.238 eJ.eJeJ0 eJ.eJ00 1. 581-eJ. 1(!30 8.885 eJ.00eJ 3.11(!5 eJ.000 eJ.00eJ 0.000 0.eJ0121 
B2 us 325.468 31.816 1.836 3.256 0.1(!01(! 0.0eJ0 1.104-0.11(!6 16.734 -1.1(!77 3.172 0.001(! 0.eJeJ0 0.eJeJeJ eJ.eJ0eJ 

ds 331.538 14.588 1.002 3.3eJ2 eJ.0eJ0 eJ.eJ00 eJ.578-eJ.067 33.842 -1.903 3.214 0.1(!1210 0.001(! eJ.eJ00 0.001(! 
Q826 3Q52 335.732 8.882 "·""" 3.363 eJ.000 eJ.000 0.300-0.052 51(!.591 eJ.eJeJ6 3.231(! 0.eJ1210 eJ.eJ1210 eJ.eJ00 0.1(!00 
B2 us 340.479 16.733 -l.eJ78 3.429 0.1(!00 0.000 0.114-0.038 31.694 1.834 3.249 eJ.eJ00 0.001(! eJ.00eJ eJ.0eJeJ 

ds 346.561(! 33.876 -1.912 3.472 0.000 0.eJ0eJ -0.eJeJ1 0.eJeJ0 14.467 1.eJ01 3.295 0.1(!00 eJ.000 eJ.0eJ0 eJ.000 
Q826 3Q62 35eJ.744 50.71(!3 eJ.000 3.488 "·""" eJ.000 -0.1(!01 0.01(!0 8.784 0.1(!01(! 3.356 eJ.00eJ eJ.eJeJ0 eJ.000 "·""" B2 us 355.490 31.806 1.836 3.51(!6 0.1(!1211(! eJ.eJ0eJ 0.eJeJ1 "·""" 15.625 -1.1(!79 3.424 "·""" "·""" "·""" eJ.0eJeJ ds 361.561 14.584 l.eJeJ2 3.552 "·""" "·""" eJ.119 eJ.eJ39 33.796 -1.912 3.466 "·""" "·""" "·""" eJ.eJeJ0 Q827 3Q52 365.755 8.882 0.eJeJeJ 3.613 "·""" eJ.eJeJ0 eJ.285 eJ.eJ52 60.637 -eJ.eJeJ5 3.482 eJ.eJ0eJ eJ.0eJeJ 0.eJeJeJ eJ.eJeJ0 
B2 us 37eJ.5eJ2 15.737 -l.eJ78 3.679 eJ.eJ00 eJ.eJeJ0 eJ.596 0.eJ67 31.806 1.831(! 3.51(!1 eJ.eJ0eJ 0.eJ00 "·""" "·""" ds 376.672 33.887 -1.912 3.722 "·""" eJ.0eJeJ 1.117 eJ.1eJ5 14.595 1.eJeJ3 3.546 "·""" "·""" eJ.eJeJ0 0.eJeJeJ 
Q828 3Q52 381(!.767 50.721(! "·""" 3.738 "·""" "·""" 1.533 0.eJ31 8.885 0.eJeJ1 3.61(!7 eJ.00eJ eJ.eJ00 0.000 0.eJeJ0 
B2 us 386.513 31.816 1.836 3.756 eJ.eJ00 eJ.000 1.353-eJ.eJ43 16.732 -1.077 3.674 eJ.eJ00 eJ.0eJeJ eJ.eJ0eJ eJ.eJeJ0 

ds 391.584 14.588 1.eJeJ2 3.802 eJ.eJeJ0 0.eJeJ0 1.2eJ8-eJ.eJ05 33.837 -1.903 3.716 0.1(!00 0.001(! "·""" "·""" Q829 3Q52 395.778 8.882 "·""" 3.863 0.eJeJ0 0.eJeJeJ 1. 207 " • eJ53 6eJ.584 0.eJeJ6 3.732 eJ.eJeJ0 0.001(! "·""" 0.01(!1(! 
B2 us 400.626 15.733 -1.078 3.929 0.000 0.000 1. 725 0.113 31.690 1.834 3.761 0.000 0.001(! 0.1(!00 0.000 

ds 406.595 33.876 -1.912 3.972 0.01(!0 0.000 2.528 0.152 14.466 1.001 3.797 0.000 0.000 0.000 0.1(!01(! 
Q830 3Q52 410.789 50.703 0.0eJ0 3.988 0.000 0.eJ00 3.116 "·""1 8.785 -eJ.eJ1211 3.858 0.000 121.000 0.000 0.000 
82 us 412.307 45.093 2.279 3.993 0.000 0.000 2.938-0.149 10.102 -0.632 3.884 0.000 0.000 0.000 0.000 

ds 418.378 22.487 1.445 4.023 0.000 0.000 2.148-0.111 22.858 -1.468 3.950 0.000 0.000 0.000 0.000 
----------------------------------------------------------------------------------------------------------------------------------



"MAD" Version: 8.17 Run: 13/flJ5/94 15.flJ9;flJ4 
LINEAR LATTICE FUNCTIONS OF THE PROTON 8 GEV BEAM LINE Range: f.S/f.E 

----------------------------------------------------------------------------------------------------------------------------------
ELEMENT I H 0 R I Z 0 N T A L I VERTICAL 

element quad dist I betax alfax mux x(co) px(co) Ox Dpx I betay alfay muy y(co) py(co) Dy Dpy 
name type [m] I [m] [1] [2pi] (mm] [.012J1] [m] [1] I [m] [1] [2pi] [mm] [.0flJ1] [m] [1] ----------------------------------------------------------------------------------------------------------------------------------
82 us 418.765 21.388 1.392 4.flJ26 flJ.flJ00 0.000 2.105-0.111 24.el16 -1.521 3.952 0.000 0.000 0.000 0.000 

ds 424.836 9.549 0.558 4.flJ96 0.000 flJ.000 1.549-0.072 47.522 -2.348 3.981 0.000 0.000 0.000 0.000 
3Q52 425.801 8.883 flJ.000 4.113 0.0012J 0.000 1.504 0.001 50.563 0.001 3.984 0.000 0.000 0.000 0.000 

82 us 427.318 H'.l. 208 -flJ.634 4.138 0.000 0.000 1.592 0.074 44.967 2.273 3.989 0.000 0.000 0.000 0.000 
ds 433.389 22.969 -1.468 4.203 0.000 0.000 2.160 0.113 22.375 1.445 4.020 0.000 0.000 0.000 0.000 

82 us 433.776 24.127 -1.521 4.206 0.000 0.000 2.204 0.113 21.276 1.392 4.023 0.000 0.000 0.000 0.000 
ds 439.847 47.656 -2.355 4.234 0.000 0.000 3.005 0.151 9.445 0.555 4.093 0.000 0.000 0.000 0.000 

Q.832 3Q52 440.812 50.706 0.000 4.238 0.000 0.000 3.102 0.001 8.784 0.001 4.110 0.000 0.000 0.000 0.000 
82 us 442.330 45.095 2.279 4.243 0.000 0.000 2.926-0.148 10.097 -0.630 4.136 0.000 0.000 0.000 0.000 

ds 448.400 22.488 1.446 4.273 0.000 0.000 2.142-0.110 22.830 -1.466 4.202 0.000 0.000 0.000 0.000 
82 us 448.788 21.389 1.392 4.276 0.000 0.000 2.099-0.110 23.987 -1.519 4.204 0.000 0.000 0.000 0.000 

ds 454.858 9.549 0.559 4.346 0.000 0.000 1. 548-0.072 47.462 -2.345 4.233 0.000 0.000 0.000 0.000 
3Q52 455.824 8.883 0.000 4.363 0.000 0.000 1.503 0.002 50.499 0.000 4.236 0.000 0.000 0.000 0.000 

82 us 457.341 10.208 -0.634 4.388 0.000 0.000 1.593 0.075 44.911 2.270 4.241 0.000 0.000 0.000 0.000 
ds 463.412 22.968 -1.468 4.453 0.000 0.000 2.166 0.114 22.351 1.443 4.272 0.000 0.000 0.000 0.000 

82 us 463.799 24.126 -1.521 4.456 0.000 0.000 2.210 0.114 21.254 1.390 4.275 0.000 0.000 0.000 0.000 
ds 469.870 47.653 -2.355 4.484 0.012J0 0.0012J 3.017 12J.152 9.444 0.554 4.345 0.000 0.000 0.000 0.000 

Q834 3Q52 470.835 50.703 0.000 4.488 0.000 0.000 3.114 12J.I2J02 8.785 -0.12J01 4.362 0.000 0.12JI2J0 12J.I2J012J 12J.012JI2J 
82 us 472.353 45.093 2.279 4.493 0.000 12J.012JI2J 2.938-0.149 10.112J2 -0.632 4.388 0.012JI2J 12J.I2JI2J0 12J.012J0 0.000 

ds 478.423 22.487 1.445 4.523 flJ.000 0.000 2.152-0.110 22.858 -1.468 4.454 0.000 0.000 0.000 0.000 
82 us 478.811 21.388 1.392 4.526 0.000 0.000 2.109-0.110 24.flJ16 -1.521 4.456 0.000 0.000 0.000 0.000 

ds 484.881 9.549 0.558 4.596 0.000 0.000 1.556-0.072 47.522 -2.348 4.485 0.000 0.000 0.000 0.000 
Q835 3Q52 485.846 8.883 0.000 4.613 0.000 0.000 1.511 0.002 50.563 0.001 4.488 0.000 0.000 0.000 0.000 
82 us 487.364 10.208 -0.634 4.638 0.000 0.000 1.601 0.076 44.967 2.273 4.493 0.000 0.000 0.000 0.000 

ds 493.435 22.969 -1.468 4.703 0.000 0.000 2.176 0.114 22.375 1.445 4.524 0.000 0.000 0.000 0.000 
82 us 493.822 24.127 -1.521 4.706 0.000 0.000 2.221 0.114 21.276 1.392 4.527 0.000 0.000 0.000 0.000 

ds 499.893 47.656 -2.355 4.734 0.000 0.000 3.029 0.152 9.445 0.555 4.597 0.000 0.000 0.000 0.000 
3Q52 500.858 50.706 0.000 4.738 0.000 0.000 3.127 0.001 8.783 .0.001 4.614 0.000 0.000 0.000 0.000 

82 us 505.604 31.807 1.836 4.756 0.000 0.000 2.466-0.150 15.611 -1.077 4.682 0.000 0.000 0.000 0.000 
ds 511.675 14.585 1.002 4.802 0.000 0.000 1. 675-0.111 33.758 -1.910 4.724 0.000 0.000 0.000 0.000 

3Q52 515.869 8.882 flJ.000 4.863 0.000 0.000 1.229-0.050 50.581 -0.006 4.740 0.000 flJ.flJflJ0 0.000 0.000 
82 us 520.616 15.737 -1.078 4.929 0.000 0.000 1.251 0.009 31.772 1.828 4.759 0.000 0.000 0.000 0.000 

ds 526.686 33.885 -1.912 4.972 0.000 0.000 1.421 0.047 14.585 1.001 4.804 0.000 0.000 0.000 0.000 
3Q62 530.881 50.717 0.000 4.988 0.000 0.000 1.594-0.030 8.886 -0.001 4.865 flJ.000 0.000 0.000 0.000 

82 us 535.627 31.814 1.836 5.006 0.000 0.000 1.112-0.107 15.746 -1.079 4.932 0.000 0.000 0.000 0.000 
ds 541.698 14.587 1.002 5.052 0.000 0.000 0.581-0.068 33.876 -1.905 4.974 0.000 0.000 0.000 0.000 

Q.839 3Q62 545.892 8.882 0.000 5.113 0.000 0.000 0.300-0.053 50.641 0.006 4.990 0.000 0.000 0.000 0.000 
82 us 550.639 15.734 -1.078 5.179 0.000 0.000 0.110-0.039 31.723 1.836 6.009 0.000 0.000 0.000 0.000 

ds 556.709 33.878 -1.912 5.222 0.000 0.000 -0.010-0.001 14.475 1.003 5.054 0.000 0.000 0.000 0.000 
Q84flJ 3Q52 660.903 5flJ.7flJ6 0.000 6.238 0.000 0.000 -0.013 0.000 8.783 0.001 5.116 0.000 0.000 0.000 0.000 
82 us 565.650 31.807 1.836 5.256 0.000 0.000 -0.010 111.001 15.612 -1.078 5.183 0.000 0.000 0.000 0.000 

ds 571.721 14.585 1.002 5.302 0.000 0.000 0.110 0.039 33.763 -1.910 5.226 0.000 0.000 0.000 0.000 
Q.841 3Q52 575.916 8.882 flJ.000 5.363 0.000 0.000 0.278 0.052 50.688 -flJ.006 6.242 0.00flJ 0.000 flJ.00flJ flJ.000 
82 us 580.661 15.737 -1.078 6.429 flJ.000 flJ.0flJflJ 0.687 0.flJ66 31.776 1.828 5.261 0.flJ00 0.flJ00 0.flJflJflJ flJ.00flJ 

ds 586.732 33.886 -1.912 5.472 flJ.flJ00 flJ.000 1.1flJ6 0.105 14.587 1.002 5.306 0.000 0.000 0.000 0.000 
Q842 3QS2 59111.926 5flJ. 717 111.0111111 5.488 flJ.1110111 111.000 1.521 111.11132 8.886 0.00111 5.367 111.111111111 111.111111111 111.000 111.111111111 
----------------------------------------------------------------------------------------------------------------------------------



"MAD" Version: 8.17 Run: --13/05/94 •15.09.04 
LINEAR LATTICE FUNCTIONS OF THE PROTON 8 GEV BEAM LINE Range: #S/ftE 

----------------------------------------------------------------------------------------------------------------------------------ELEMENT SEQUENCE I H 0 R I Z 0 N T A L I V E R T I C A L 
element quad dist I be tax alfax mux x(co) px (co) Dx Dpx I betay alfay muy y(co) py(co) Dy Opy 
name type [m] I [m] [1] (2pi] (mm] [.001] [m] [1] I [m] [1] [2p i] [mm] [.001] [m] [1] ----------------------------------------------------------------------------------------------------------------------------------82 us 595.673 31.814 1.836 5.506 0.000 0.000 1.344-0.042 15.745 -1.079 5.434 0.000 0.000 0.000 0.000 

ds 601.743 14.587 1.002 5.552 0.000 0.000 1.204-0.004 33.871 -1.905 5.476 0.000 0.000 0.000 0.000 
Q843 3Q52 605.938 8.882 0.000 5.613 0.000 0.000 1.207 0.054 50.634 0.006 5.492 0.000 0.000 0.000 0.000 
82 us 610.684 15.734 -1.078 5.679 0.000 0.000 1.729 0.114 31.719 1.836 5.511 0.000 0.000 0.000 0.000 

ds 616.755 33.878 -1.912 5.722 0.000 0.000 2.537 0.152 14.474 1.002 5.556 0.000 0.000 0.000 0.000 
Q844 3Q52 620.949 50.706 0.000 5.738 0.000 0.000 3.127 0.001 8.783 0.000 5.618 0.000 0.000 0.000 0.000 
82 us 622.467 45.095 2.279 5.743 0.000 0.000 2.949-0.150 10.097 -0.631 5.644 0.000 0.000 0.000 0.000 

ds 628.537 22.488 1.446 5.773 0.000 0.000 2.158-0.111 22.836 -1.466 5.709 0.000 0.000 0.000 0.000 
B2 us 628.925 21.389 1.392 5.776 0.000 0.000 2.115-0.111 23.992 -1.520 5.712 0.000 0.000 0.000 0.000 

ds 634.995 9.549 0.559 5.846 0.000 0.000 1.557-0.073 47.476 -2.346 5.741 0.000 0.000 0.000 0.000 
Q845 3Q52 635.960 8.883 0.000 5.863 0.000 13.000 1.511 0.001 50.514 0.000 5.744 0.000 0.000 0.000 0.000 
B2 us 637.478 10.208 -0.634 5.888 0.000 0.000 1.600 0.075 44.924 2.271 5.749 0.000 0.000 0.000 0.000 

ds 643.549 22.968 -1.468 5.953 0.000 0.000 2.170 0.113 22.358 1.444 5.780 0.000 0.000 0.000 0.000 
B2 us 643.936 24.126 -1.521 5.956 0.000 0.000 2.214 0.113 21.260 1.390 5.783 0.000 0.000 0.000 0.000 

ds 650.007 47.653 -2.355 5.984 0.000 0.000 3.017 0.152 9.445 0.554 5.853 0.000 0.000 0.000 0.000 
Q846 3Q52 650.972 50.703 0.000 5.988 0.000 0.000 3.114 0.001 8.785 0.000 5.870 0.000 0.000 0.000 0.000 
B2 us 652.489 45.093 2.279 5.993 0.000 0.000 2.937-0.149 10.102 -0.632 5.896 0.000 0.000 0.000 0.000 

ds 658.560 22.487 1.445 6.023 0.000 0.000 2.148-0.111 22.853 -1.467 5.962 0.000 0.000 0.000 0.000 
82 us 658.947 21.388 1.392 6.026 0.000 0.000 2.105-0.111 24.010 -1.521 5.964 0.000 0.000 0.000 0.000 

ds 665.018 9.549 0.558 6.096 0.000 0.000 1. 549-0.072 47.509 -2.347 5.993 0.000 0.000 0.000 0.000 
Q847 SQA 665.983 8.685 0.017 6.113 0.000 0.000 1. 487-0. 002 51.653 -0.029 5.996 0.000 0.000 0.000 0.000 
82 us 667.501 10.099 -0.596 6.139 0.000 0.000 1.583 0.068 45.122 2.221 6.001 0.000 0.000 0.000 0.000 

ds 673.571 22.280 -1.411 6.205 0.000 0.000 2.115 0.107 22.953 1.428 6.031 0.000 0.000 0.000 0.000 
B2 us 673.959 23.393 -1.463 6.208 0.000 0.000 2.156 0.107 21.866 1.377 6.034 0.000 0.000 0.000 0.000 

ds 680.029 46.093 -2.277 6.237 0.000 0.000 2.921 0.145 10.012 0.575 6.101 0.000 0.000 0.000 0.000 
Q848 SQA 680.563 48.092 -0.114 6.239 0.000 0.000 2.984 0.007 9.529 0.064 6.110 0.000 0.000 0.000 0.000 
82 us 685.741 29.625 1.535 6.261 0.000 0.000 2.321-0.131 16.576 -1.003 6.178 0.000 0.000 0.000 0.000 

ds 691.812 15.166 0.847 6.307 0.000 0.000 1.644-0.092 33.172 -1.729 6.220 0.000 0.000 0.000 0.000 
Q849 SQA 698.829 8.931 -0.327 6.411 0.000 0.000 1. 000-0.049 62.799 0.111 6.244 0.000 0.000 0.000 0.000 
82 us 700.753 12.195 -1.032 6.440 0.000 0.000 0.982-0.007 53.121 2.528 6.249 0.000 0.000 0.000 0.000 

ds 706.823 30.962 -2.06111 6.491 0.000 0.000 1.056 0.11131 27.501 1.689 6.275 0.000 0.000 0.000 0.000 
Q850 SQA 712.087 56.826 -0.484 6.511 0.000 0.000 1. 216-0.021 13.724 0.359 6.319 0.000 0.000 0.000 0.000 
82 us 715.764 43.922 1.667 6.522 0.000 0.000 0.951-0.074 16.36111 -0.518 6.358 0.000 0.000 0.000 0.000 

ds 721.835 26.855 1.145 6.551 0.000 0.000 0.620-0.035 25.476 -0.983 6.406 0.000 0.000 0.000 0.000 
Q851 SQA 726.744 17.835 0.019 6.587 0.000 0.000 0.448-0.017 36.679 0.094 6.432 0.000 0.000 0.000 0.000 
Q852 SQA 740.632 52.284 0.250 6.662 0.000 0.000 0.448-0.018 11.789 -111.195 6.548 0.000 0.000 0.000 0.000 
A0 us 752.019 15.387 0.941 6.727 0.000 0.000 0.047-0.035 42.778 -2.067 6.633 0.000 0.000 0.000 0.000 

ds 754.305 11.724 121.661 6.755 0.000 0.000 0.006 0.000 52.812 -2.320 6.641 0.000 0.000 121.000 0.000 
P8_GEV 756.328 1121.000 0.000 6.785 0.000 0.000 0.005 0.000 59.997 0.000 6.647 0.000 0.000 0.000 0.000 
----------------------------------------------------------------------------------------------------------------------------------total length = 756.327823 mux = 6.785014 muy = 6.646503 
delta (s) = 121.00000121 mm dmux = -8.441496 dmuy = -1eJ.415721 

betax(max) = 67.648191 betay (max) = 68.18121677 
Dx(max) = 3.126693 Dy(max) = 1.203951 
Dx(r.m.s.) = 1.737252 Dy(r.m.s.) = 0.176398 

----------------------------------------------------------------------------------------------------------------------------------



Ps.=_-GEV ------- ---· ·-· ·--- --· range: #S/#E 1 page ----------------------------------------------------------------------------------------------------------------------------------E L E M E N T SEQUENCE I P 0 S I T I 0 N S I A N G L E S 
element sum(L) arc I X y z I theta phi psi 
name [ft] [ft] I [ft] [ft] [ft] I [rad) [rad] [rad] ----------------------------------------------------------------------------------------------------------------------------------P8 GEV 121.00000 0.00000 99511.38281 99309.84375 726.58203 -1.13370 121.00000 121.00000 

EPB 23.21700 23.21700 99521.21094 99288.80469 726.58203 -1.1337121 121.00000 0.00000 
33.21698 33.22030 99525.84375 99279.94531 726.58203 -1.04446 0.0000121 0.00000 

EP8 34.71698 34.72030 99526.60156 99278.64844 726.58203 -1.04446 121.00000 0.00000 
44.71696 44.72360 99532.00000 99270.24219 726.58203 -0.95523 0.00000 0.00000 

M80121 ( SQA ) 49.90789 49.91453 99535.1210000 99265.99219 726.58203 -0.95523 0.00000 0.00000 
M801 ( SQA 66.03976 66.1214639 99544.32031 99252.82031 726.58203 -0.95623 121.00000 0.00000 
M802 ( SQA 78.75495 78.76159 99551.65625 99242.44531 726.58203 -0.95523 121.00000 121.00000 
M803 ( SQA ) 114.22593 114.23257 99572.14844 99213.47666 726.68203 -121.96623 121.1210000 121.00000 
EP8 121.91686 121.92349 99576.68594 99207.19531 726.58203 -121.95523 0.00000 121.00000 

131.91685 131.92546 99582.63281 99199.24219 726.58203 -0.88634 0.00000 0.00000 
EP8 133.41684 133.42545 99583.68694 99198.08594 726.58203 -0.88634 0.00000 0.00000 

143.41682 143.42741 99590.16406 99190.66469 726.58203 -0.81744 121.00000 0.00000 
83 144.91681 144.92741 99591.18750 99189.46094 726.58203 -0.81744 121.00000 0.00000 

164.83345 164.84657 99604.81250 99174.93750 726.03253 -121.81744 -121.05518 0.00000 
M804 ( SQA ) 183.02435 183.03746 99617.24219 99161.68750 725.02930 -0.81744 -121.06618 0.00000 
M805 ( SQA ) 198.90620 198.91933 99628.09375 99150.12500 724.15338 -0.81744 -121.05518 0.00000 
M806 ( SQA ) 231.28802 231.30115 99650.19531 99126.53906 722.36743 -0.81744 -121.05618 0.00000 
M807 ( SQA ) 265.66988 255.68300 99666.85156 99108.78125 721.1212271 -0.81744 -0.05518 0.00000 
M808 ( SQA ) 280.05170 280.06485 99683.50781 99091.02344 719.67798 -0.81744 -121.05518 0.00000 
M809 ( SQA ) 315.18353 315.19666 99707.50781 99065.43760 717.74030 -0.81744 -121.05518 0.00000 
83 339.40021 339.41336 99724.05469 99047.80469 716.40479 -0.81744 -0.05518 0.00000 

359.31686 359.33249 99737.66406 99033.28125 715.85529 -121.81744 0.0001210 0.00000 
M81121 ( 3Q52 ) 362.73352 362.74915 99740.00781 99030.78906 715.85529 -0.81744 121.00000 121.00000 
82 388.90012. 388.91577 99757.90625 9912111.69531 715.85529 -121.81744 0.00000 0.00000 

408.81674 408.83362 99771.81250 98997.43750 715.85529 -0.77902 0.00000 0.00000 
M811 ( 3Q52 ) 411.98340 412.00027 99774.06250 98995.21875 715.85529 -0.77902 0.00000 0.00000 
82 438.15002 438.16690 99792.67969 98976.83594 715.85529 -0.77902 0.00000 0.00000 

458.06665 458.08475 99807.12500 98963.11719 715.85529 -0.74061 0.00000 0.00000 
M812 ( 3Q52 ) 461.23331 461.25137 99809.46094 98960.97656 715.85529 -0.74061 0.00000 0.00000 
82 487.39993 487.41800 99828.77344 98943.32031 715.85529 -0.74061 0.00000 0.00000 

507.31656 507.33591 99843.72656 98930.16406 715.85529 -0.70219 0.00000 0.00000 
M813 ( 3Q52 ) 510.48318 510.50253 99846.14844 98928.12500 715.85529 -0.70219 0.00000 0.00000 
82 536.64984 536.66913 99866.12500 98911.21875 715.85529 -0.70219 0.00000 0.00000 

556.56647 556.58698 99881.57031 98898.65625 715.85529 -0.66377 0.00000 0.00000 
M814 ( 3Q52 ) 559.73309 659.75366 99884.06250 98896.69531 715.85529 -121.66377 0.00000 0.00000 
82 575.30597 575.32654 99896.33594 98887.10156 715.85529 -0.66377 0.00000 0.00000 

595.22260 595.24438 99911.78125 98874.53125 715.85529 -0.70219 0.00000 0.00000 
M815 ( 3Q52 ) 608.98297 609.00476 99922.28906 98865.64844 715.85529 -0.70219 0.00000 0.00000 
82 624.55591 624.57770 99934.17969 98855.69375 715.85529 -0.70219 0.00000 0.00000 

644.47253 644.49548 99949.12500 98842.43750 715.85529 -0.74061 0.00000 0.00000 
M816 ( 3Q52 ) 658.23285 658.25592 99959.28906 98833.15625 715.85529 -0.74061 0.00000 0.00000 
82 673.80579 673.82880 99970.77344 98822.64844 715.85529 -0.74061 0.00000 0.00000 

693.72241 693.74664 99985.21875 98808.92969 715.85529 -0.77902 0.00000 0.00000 
M817 ( 3Q52 ) 707.48285 71217.50702 99995.00781 98799.25781 715.85529 -0.77902 0.00000 121.00000 
82 723.1115566 723.0799121 100006.1219375 98788.31250 715.85529 -121.77902 0.00000 0.00000 

742.97235 742.99774 100020.00000 98774.1215469 715.85529 -0.81744 0.0000121 121.00000 
M818 ( 3Q52 ) 756.73273 756.75812 100029.4121625 98764.1212344 715.85529 -121.81744 121.121012100 121.00000 -----------------------------------------------------------------------------------------------------------------------------------



Survey of beam I ine: P8_GEV range: #S/fi.E page 2 
----------------------------------------------------------------------------------------------------------------------------------E L E M E N T S E Q U E N C E I P 0 S I T I 0 N S I A N G L E S 

element sum(L) arc I X y z I theta phi psi 
name [ft.] [ft.] I [ft.] [ft.] [ft.) I [rad] [rad] [rad] 

----------------------------------------------------------------------------------------------------------------------------------
B2 761.71185 761.73730 100032.81250 98760.38281 715.85529 -0.81744 0.00000 0.00000 

781.62848 781.65521 100046.15625 98745.60156 715.85529 -0.85586 0.00000 0.00000 
B2 782.89935 782.92596 100046.99219 98744.64844 715.85529 -0.85586 0.00000 0.00000 

802.81592 802.84381 100059.75781 98729.35156 715.85529 -0.89427 0.00000 0.00000 
M819 ( 3Q52 ) 805.98260 806.01050 100061.74219 98726.88281 715.85529 -0.89427 0.00000 0.00000 
82 810.96173 810.98969 100064.85156 98723.00000 715.85529 -0.89427 0.00000 0.00000 

830.87842 830.90753 100077.02344 98707.22656 715.85529 -0.93269 0.00000 0.00000 
B2 832.14923 832.17828 100077.78125 98706.21094 715.85529 -0.93269 0.00000 0.00000 

852.06586 852.09619 100089.33594 98690.00000 715.85529 -0.97111 0.00000 0.00000 
M820 ( 3Q52 ) 855.23248 855.26294 100091.12500 98687.38281 715.85529 -0.97111 0.00000 0.00000 
B2 860.21167 860.24200 100093.92969 98683.27344 715.85529 -0.97111 0.00000 0.00000 

880.12823 880.15991 100104.85156 98666.61719 715.85529 -1.00952 0.00000 0.00000 
B2 881.39917 881.43066 100105.53125 98665.53125 715.85529 -1.00952 0.00000 0.00000 

901.31573 901.34857 100115.80469 98648.47656 715.85529 -1.04794 0.00000 0.00000 
M821 ( 3Q52 ) 904.48242 904.51520 100117.38281 98645.72656 715.85529 -1.04794 0.00000 0.00000 
B2 909.46149 909.49438 100119.87500 98641.41406 715.85529 -1.04794 0.00000 0.00000 

929.37823 929.41229 100129.49219 98623.97656 715.85529 -1.08636 0.00000 0.00000 
B2 930.64899 930.68304 100130.07031 98622.85156 715.85529 -1.08636 0.00000 0.00000 

950.56567 950.60089 100139.00781 98605.05469 715.85529 -1.12477 0.00000 0.00000 
M822 ( 3Q52 ) 953.73236 953.76758 100140.37500 98602.19531 715.85529 -1.12477 0.00000 0.00000 
B2 969.30518 969.34039 100147.09375 98588.14844 715.85529 -1.12477 0.00000 0.00000 

989.22174 989.25830 100155.34375 98570.00781 715.85529 -1.16319 0.00000 0.00000 
M823 ( 3Q52 ) 1002.98218 1003.01862 100160.78906 98557.38281 715.85529 -1.16319 0.00000 0.00000 
B2 Hn8.55518 1018.59166 100166.96875 98643.08694 715.85629 -1.16319 0.00000 0.00000 

1038.47180 1038.50940 100174.50781 98524.65625 715.85529 -1.20161 0.00000 0.00000 
M824 ( 3Q52 ) 1052.23218 1052.26978 100179.47656 98511.81250 715.85529 -1.20161 0.00000 0.00000 
B2 1067.80505 1067.84277 100185.10156 98497.30469 715.85529 -1.20161 0.00000 0.00000 

1087.72156 1087.76060 100191.92969 98478.58594 715.85629 -1.24002 0.00000 0.00000 
M826 ( 3Q52 ) 1101.48206 1101.52087 100196.39844 98465.57031 715.85529 -1.24002 0.00000 121.00000 
82 1117.05493 1117.09375 100201.46094 98450.84375 715.85529 -1.24002 0.00000 121.00000 

1136.97156 1137.01160 10021217.56250 98431.88281 715.85529 -1.27844 0.00000 0.00000 
M826 ( 3Q52 ) 1160.73193 1150.77209 10121211.53125 98418.71094 715.85529 -1.27844 0.00000 0.00000 
B2 1166.30481 1166.34485 100216.00781 98403.78906 715.85529 -1.27844 0.00000 0.00000 

1186.22144 1186.26282 100221.38281 98384.61719 715.85529 -1.31686 0.00000 0.00000 
M827 ( 3Q52 ) 1199.98181 121210.02307 1121121224.84375 98371.30469 715.85529 -1.31686 0.00000 0.00000 
B2 1215.55469 1215.59607 10121228.75781 98356.22656 715.85529 -1.31686. 0.00000 121.00000 

1235.47131 1235.51404 100233.38281 98336.85156 715.85529 -1.35527 0.00000 0.00000 
M828 ( 3Q52 ) 1249.23169 1249.27429 100236.33594 98323.41406 715.85529 -1.35527 0.00000 0.00000 
B2 1264.80457 1264.84729 100239.65625 98308.19531 715.85529 -1.35527 0.00000 121.00000 

1284.72131 1284.76501 100243.53906 98288.66406 715.85529 -1.39369 0.00000 121.00000 
M829 ( 3Q52 ) 1298.48157 1298.52539 100245.96875 98275.12500 715.85529 -1.39369 0.00000 0.00000 
B2 1314.05457 1314.09827 10121248.71094 98259.78906 715.85529 -1.39369 0.00000 0.00000 

1333.97107 1334.1211611 100251.84375 9824121.12500 715.85529 -1.43211 0.00000 0.00000 
M830 ( 3Q52 ) 1347.73157 1347.77649 100253.75000 98226.49219 715.85529 -1.43211 0.00000 0.00000 
B2 1352.71057 1352.75574 11210254.43750 98221.56250 715.85529 -1.43211 0.00000 0.00000 

1372.62732 1372.67346 100256.81250 9821211.78125 715.85529 -1.47052 0.00000 0.00000 
B2 1373.89807 1373.94446 100256.9375121 98200.52344 715.85529 -1.47052 121.00000 0.00000 

1393.81482 1393.86230 11210258.55469 98180.66406 715.85529 -1.50894 0.00000 0.00000 
-----------------------------------------------------------------------------------------------------------------------------------



Survey of beam I ine: P8_GEV range: ft.S/ftE page 3 ----------------------------------------------------------------------------------------------------------------------------------ELEMENT SEQUENCE I P 0 S I T I 0 N S I A N G L E S 
element sum(L) arc I X y z I theta phi psi 
name (ft] [ft] I [ft] [ft] [ft] I (rad] [rad] [rad] ----------------------------------------------------------------------------------------------------------------------------------
M831 ( 3Q52 ) 1396.98145 1397.02893 100258.75000 98177.50781 715.85529 -1.50894 0.00000 0.00000 
82 1401.96057 1402.00793 100259.05469 98172.53906 715.85529 -1.50894 0.00000 0.00000 

1421.87708 ' 1421.92590 100259.89844 98152.64844 715.85529 -1.54736 0.00000 0.00000 
82 1423.14796 1423.19678 100259.92969 98151.37500 715.85529 -1.54736 0.00000 0.00000 

1443.06468 1443.11462 100260.00781 98131.46094 715.85529 -1.58577 0.00000 0.00000 
M832 ( 3Q62 ) 1446.23132 1446.28125 100259.96875 98128.28906 715.85529 -1.58577 0.00000 0.00000 
82 1451.21045 1451.26038 100259.89844 98123.31250 715.85529 -1.58577 0.00000 0.00000 

1471.12708 1471.17822 100259.21875 98103.40626 715.85529 -1.62419 0.00000 0.00000 
82 1472.39795 1472.44910 100259.14844 98102.13281 715.85529 -1.62419 0.00000 0.00000 

1492.31468 1492.36682 100257.69531 98082.27344 715.85529 -1.66261 0.00000 0.00000 
M833 ( 3Q52 ) 1495.48132 1495.53369 100257.41406 98079.11719 715.85529 -1.66261 0.00000 0.00000 
82 1500.46045 1500.51270 100256.94531 98074.15626 715.85529 -1.66261 0.00000 0.00000 

1520.37695 1520.43066 100254.75000 98054.36719 715.85529 -1.70102 0.00000 0.00000 
82 1521.64783 1621.70154 100254.58594 98053.11719 716.85529 -1.70102 0.00000 0.00000 

1541.66445 1541.61926 100251.61719 98033.41406 716.85529 -1.73944 0.00000 0.00000 
M834 ( 3Q52 ) 1544.73108 1644.78601 100251.09375 98030.28906 715.85629 -1.73944 0.00000 0.00000 
82 1549.71033 1549.76514 100250.25000 98026.38281 715.85629 -1.73944 0.00000 0.00000 

1569.62695 1569.68298 100246.63125 98005.82031 715.85629 -1.77786 0.00000 0.00000 
82 1570.89783 1570.95374 100246.27344 98004.57031 715.85529 -1.77786 0.00000 0.00000 

1590.81433 1590.87158 100241.80469 97985.16406 715.85529 -1.81627 0.00000 0.00000 
M835 ( 3Q52 ) 1593.98096 1594.03821 100241.03125 97982.09375 715.85529 -1.81627 0.00000 0.00000 
82 1598.96008 1599.01746 100239.82031 97977.25781 715.85629 -1.81627 0.00000 0.00000 

1618.87683 1618.93542 100234.61719 97958.03906 715.85529 -1.85469 0.00000 0.00000 
82 1620.14758 1620.20618 100234.25000 97956.82031 715.85529 -1.85469 0.00000 0.00000 

1640.06433 1640.12402 100228.31250 97937.81250 715.85529 -1.89311 0.00000 0.00000 
M836 ( 3Q52 ) 1643.23096 1643.29065 100227.31250 97934.81250 715.85529 -1.89311 0.012!000 0.00000 
82 1658.80383 1658.86340 100222.37500 97920.03906 715.85529 -1.89311 0.00000 0.00000 

1678.72034 1678.78137 100215.71094 97901.27344 715.86529 -1.93152 0.00000 0.00000 
M837 3Q52 ) 1692.48083 1692.64163 100210.84375 97888.39844 715.85529 -1.93152 0.00012!0 0.00000 
82 1708.05371 1708.11462 100205.35156 97873.82031 715.85529 -1.93152 0.0012!00 0.00000 

1727.97021 1728.03259 100197.96875 97855.33594 715.85529 -1.96994 0.00000 0.012!000 
M838 ( 3Q62 ) 1741.73083 1741.79285 100192.61719 97842.64844 715.85529 -1.96994 0.00000 0.00000 
82 1757.30359 1757.36572 100186.56250 97828.30469 715.85529 -1.96994 0.00000 0.00000 

1777.22021 1777.28369 100178.47656 97810.10156 715.85529 -2.00836 0.00000 0.00000 
M839 ( 3Q52 ) 1790.98047 1791.04395 1012!172.64844 97797.63281 715.85529 -2.00836 0.00000 0.012!012!0 
82 1806.55334 1812!6.61682 1012!166.12!3906 97783.53125 715.85529 -2.00836 0.00012!0 0.012!0012! 

1826.4712!21 1826.53479 1012!157.25781 97765.65625 715.85529 -2.04677 0.00000 0.00000 
M840 ( 3Q52 ) 1840.23047 1840.29504 100150.94531 97753.42969 715.85529 -2.04677 0.00000 0.00000 
82 1855.80334 1855.86816 100143.82031 97739.58594 715.85529 -2.04677 0.012!012!0 0.00000 

1875.72009 1875.78601 100134.35156 97722.062512! 715.85529 -2.08519 0.00012!0 0.00000 
M841 ( 3Q52 ) 1889.48047 1889.54626 100127.58594 97710.08594 715.85529 -2.08519 12!.00000 0.000012! 
82 1905.05334 1905.11926 100119.91412!6 97696.62344 715.85529 -2.08519 0.00012!0 0.00000 

1924.96985 1925.03699 100109.78906 97679.37500 715.85529 -2.12361 0.12!12!000 0.0012!00 
M842 ( 3Q52 ) 1938.7312!35 1938.79736 1012!102.56250 97667.66406 715.85529 -2.12361 0.00000 0.00000 
82 1954.30322 1954.37048 100094.38281 97654.41406 715.85529 -2.12361 0.00000 0.00000 

1974.21973 1974.28809 100083.60166 97637.66406 715.85529 -2.16202 0.00000 0.00000 
M843 ( 3Q52 ) 1987.98035 1988.04846 100075.93750 97626.24219 715.85529 -2.16202 0.00000 0.00000 
82 2003.55310 2003.62122 100067.25781 97613.31250 715.85529 -2.16202 0.00000 0.00000 

-----------------------------------------------------------------------------------------------------------------------------------



Survey of beam I ine: P8_GEV range: fS/#E page -4 ----------------------------------------------------------------------------------------------------------------------------------E L E t.4 E N T S E Q U E N C E I P 0 S I T I 0 N S I ANGLES 
element sum(L) arc I X y z I theta phi psi 
name [ft] [ft] I [ft] [ft] [ft] I [rad] [rad] [rad] ----------------------------------------------------------------------------------------------------------------------------------21Zl23.46973 21Zl23.63918 100055.84376 97596.99219 715.86529 -2.212112144 1Zl.0001210 0.00000 
M844 ( 3Q52 ) 2037.22998 2037.29980 100047.74219 97585.86719 715.86529 -2.2012144 0.00000 0.00000 
B2 212142.20935 2042.27881 100044.80469 97581.84375 715.85529 -2.20044 0.00000 0.00000 

2062.12573 2062.19678 100032.77344 97665.97656 715.85529 -2.23886 0.00000 0.00000 
B2 2063.39673 2063.46753 100031.97656 97564.97656 715.85529 -2.23886 0.00000 0.00000 

2083.31323 2083.38550 100019.34375 97549.58594 715.85529 -2.27727 0.00000 0.00000 
M845 ( 3Q52 ) 2086.47998 2086.5521210 100017.28906 97547.17969. 715.85529 -2.27727 0.0012100 0.0121121121121 
B2 2091.45923 2091.53125 100014.06250 97543.38281 715.85529 -2.27727 121.01211211210 f2J.IZl1211211210 

2111.37573 2111.44897 100000.84375 97528 .49219 715.85529 -2.31569 0.00000 0.00000 
B2 2112.64648 2112.71997 99999.97656 97527.55469 715.85529 -2.31569 0.00000 0.0121000 

2132.66323 2132.63770 99986.19531 97513.17969 715.85529 -2.35411 0.00000 0.00000 
t.4846 ( 3Q62 ) 2135. 72998 . 2136.80444 99983.96876 9751121.93750 716.85529 -2.35411 0.00000 0.00000 
B2 214121.70898 2140.78345 99980.44631 97507.40625 715.85529 -2.35411 0.00000 0.121121000 

216121.62573 216121.70142 99966.13281 97493.66250 715.85529 -2.39252 0.00000 0.00000 
B2 2161.89648 2161.97217 99965.19531 97492.69531 715.85529 -2.39252 0.00000 0.00000 

2181.81323 2181.89014 99950.36719 97479.41406 715.85529 -2.43094 121.00000 0.1210000 
M847 ( SQA ) 2184.97974 2185.05688 99947.96094 97477.35156 715.85529 -2.43094 0.00000 0.1210000 
B2 2189.95898 2190.03689 99944.18750 97474.10156 715.85529 -2.43094 0.00000 0.00000 

2209.87673 2209.95386 99928.84375 97461.40625 715.85529 -2.46936 0.00000 0.121121000 
B2 2211.14648 2211.22461 99927.85156 97460.61719 715.85529 -2.46936 0.00000 0.00000 

2231.06323 2231.14233 99912.03125 97448.50781 715.85529 -2.50777 0.00000 0.00000 
M848 ( SQA ) 2232.81323 2232.89233 99910.61719 97447.47656 715.85529 -2.50777 0.00000 121.121000121 
B2 2249.80249 2249.88184 99896.92969 97437.41406 715.85529 -2.50777 0.00000 0.0121000 

2269.71924 2269.7998121 9988121.66625 97425.92969 715.85529 -2.54619 0.00000 0.1210000 
M849 ( SQA ) 2292.73999 2292.82056 99861.59375 97413.02344 715.85529 -2.54619 0.00000 121.00000 
B2 2299.05249 2299.13306 99856.36719 97409.47656 715.85529 -2.54619 0.00000 0.00000 

2318.96924 2319.06103 99839.66406 97398.62500 715.85529 -2.58461 0.00000 0.00000 
M850 ( SQA ) 2336.23999 2336.32178 99825.00781 97389.50000 715.86529 -2.58461 121.00000 0.00000 
B2 2348.3121249 2348.38403 99814.77344 97383.12500 715.85629 -2.58461 0.1210000 0.00000 

2368.21899 2368.30200 99797.66406 97372.91406 715.85529 -2.62302 0.00000 0.1210000 
M851 ( SQA ) 2384.32666 2384.40991 99783.67969 97364.93750 715.85529 -2.62302 0.00000 0.00000 
M852 ( SQA ) 2429.88916 2429.97241 99744.10156 97342.35156 715.85529 -2.62302 0.00000 0.00000 
A0 2467.24829 2467.33130 99711.65626 97323.83694 715.85529 -2.62302 0.00000 0.00000 

2474.74829 2474.83179 99705.08594 97320.24219 715.85529 -2.65802 0.00000 0.00000 
P8_GEV 2481.38660 2481.46899 99699.21094 97317.14844 716.85529 -2.65802 0.00000 0.000013 ==========================--======================================================================================================== 



THE 150 GEV LINE AND 120 GEV LINE LATTICE FILE 

DESCRIPTIONS ARE PRESENTLY BEING UPDATED TO 

PROVIDE MORE INFORMATION AND CELL NOMENCLATURE. 

THE DATA SHEETS WILL BE DISTRIBUTED AT A LATER DATE. 
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SITE DRAINAGE 
DESIGN BASIS: 

DRAINAGE: 

EROSION 
CONTROL: 

WILDLIFE: 

MAINTAIN EXISTING WATERSHED 
CHARACTERISTICS WITHIN PROJECT AREA 
INCLUDING WETlAND AND 100 YEAR 
FLOODPLAIN LIMITS. ADDITIONAL 
SURFACE RUNOFF CREATED FROM PROJECT 
SHALL BE CONTROLLED THROUGH 
COLLECTION AND DETENTION MEASURES 
DESIGNED TO UTILIZE THE EXISTING 
INDIAN CREEK ORAitlAGE BASIN. 
RELEASE RAT£ OF COLLECTED RUNOFF 
INTO INDIAN CREEK SHALL BE 
PASSIVELY CONTROLLED SO AS 
TO CREATE NO ADVERSE IMPACT ON 
DOWNSTREAM RESIDENTIAL AREAS • 

MAINTAIN MINIMUM 2% SURFACE 
GRADIENTS IN DITCHES AND AROUND 
SERVICE BUILDINGS AND EQUIPMENT 
AREAS. INSTALL DRAINAGE STRUCTURES 
THROUGH/UNDER SHIELDING BERMS, 
ROADS, PONDS AND DITCHES TO CARRY 
NORMAL INDIAN CREEK FLOWS AND OTHER 
DIRECT/INDIRECT DRAINAGE. INSTALL 
CONTROL DAMS AND WEIRS FOR SEASONAL 
ADJUSTMENTS. 

DISTURBED AREAS WILL BE KEPT TO A 
MINIMUM AND WILL BE STABILIZED USING 

APPROVED CONTROL METHODS. AN 
INSPECTION PLAN WILL BE INSTITUTED 
TO INSURE PROPER CONTROLS ARE 
FUNCTIONING AND THAT SEDIMENT WILL 
BE RETAINED WITHIN THE PROJECT AREA. 

MAINTAIN NORMAL WATER FLOW THROUGH 
BLUE HERON NESTING AREA TO RETAIN 
NATURAL HABITAT CONOlTIONS • 

FERMI NATIONAL ACCELERATOR LABORATORY 

FERMILAB MAIN INJECTOR 
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DIIAENSIONS: 

FEATURES: 

COOLING PONDS 
PRII.lARY HEAT REJECTION TO AIR. 
COLLECTION AND DETENTION OF STORM 
WATER RUNOFF. CHANNEL FLOODWATER 
AROUND MAIN INJECTOR RING. 

18.5MW OF HEAT INTO MAIN INJECTOR 
PONDS, 4.9MW OF HEAT INTO ADJACENT 

AND OTHER EQUIPMENT VIA LCW 
COOLING SYSTEM THROUGH HEAT 
EXHANGERS TO COOLING PONDS. 

60'-0- TO 90'-o• WIDE, 7'-o• t.4AXIMUM 
DEPTH, 4'-6" AVERAGE DEPTH, 11 ,900' 
LONG, 18,8 ACRES. 

TRANSVERSE CONCRETE DAMS FOR POND 
ELEVATION/FLOW CONTROL AND 
INTAKE/DISCHARGE SEPARATION. POND 
WATER PUMPS IN BELOW GRADE CONCRETE 
MANHOLES. RIP-RAP ON BANKS FOR SOIL 
EROSION CONTROL. 

( 

0 

FUNCTION: 

DIMENSIONS: 

LOCATION: 

CONSTRUCTION: 

SHIELDING: 

DIMENSIONS: 

ELEVATIONS: 

COUSTRUCTIOH: 

FUNCTION: 

CONTENTS: 

DIMENSIONS: 

ELEVATIONS: 

LOCATION: 

CONSTRUCTION: 

SHIELDING: 

/ 
? 

PERSONNEL/EQUIPMENT ACCESS TO BEAM 
ENCLOSURE BELOW. ENCLOSURE FOR 
SERVICE AND UTIUTY EQUIPMENT. 

MAGNET POWER SUPPLIES, CONTROL 
RACKS, LCW PUMPS, HEAT EXCHANGERS, 
AND ACCESS CONTROL DOORS. 

50'-o" WIDE, x 50'-0" DEEP 
(COL/COL), 1 o•-o• MINIMUM INTERIOR 
HEIGHT TO BOITOM Of STEEL. 2500 SF. 

FLOOR VARIES @ ELEV.742'-0• TO 

CENTERED ABOVE EVERY 50 EQUIVALENT 
NORMAL DIPOLE MAGNETS IN BEAM 
ENCLOSURE BELOW. TOTAL OF SIX 
LOCATIONS INCLUDING Ml-60. 

NON-COI.4BUSTIBLE, INSULATED METAL 
SIDING ON STEEL FRAME, BUILT-UP 
ROOF, CONCRETE FLOOR. FIRE/BlAST 
WALL ADJACENT TO TRANSFORMERS. 

EARTH EQUIVALENT TO ADJACENT 
ENCLOSURE BELOW. 

Ml-62 KICKER SERVICE BUILDINGS 

EQUIPMENT ENCLOSURE. 

CONTROL RACKS AND POWER SUPPLIES FOR 
MAIN INJECTOR BEAM EXTRACTION 
KICKERS. 

25'-0" x (COL./COL.) WITH 
1 MINIMUM ClEAR INTERIOR HEIGHT 
TO BOTTOM OF STEEL 1100 SF. 

ADJACENT TO BEAM ENCLOSURE, 
850' TO EITHER SIDE OF Ml-60. 

SAME AS TYPICAL SERVICE BUILDINGS 

EARTH EQUIVALENT TO ADJACENT 
BEAM ENCLOSURE BELOW. 

ROAD 
PROVIDE PERMANENT ROAD ACCESS FOR 
ALL MAIN INJECTOR SERVICE BUILDINGS, 
PONDS AND EQUIPMENT. PROVIDE 
CONSTRUCTION ACCESS DURING ALL 
PHASES OF CONSTRUCTION. 

22'-o" WIDE WITH 4'-o" SHOULDER EACH 
SIDE. 8,500' LONG, 

VARIES 739.0' TO 748.0' 

2% MAXII.IUM ON ROADS AND SERVICE 
DRIVES. 

1 '-6" GRANULAR SUB-BASE &: BASE FOR 
CONSTRUCTION PHASE. REGRADING AND 3• 
BITUMINOUS CONCRETE PAVEMENT AFTER 
COMPLETION OF CONSTRUCTION. 

j 

REY DELA CRUZ JULY, 1992 
CHECKED A.VASONIS JULY, 1992 

C-4 

EQUIP. ACCESS: 

DIMENSIONS: 

ELEVATION: 

CONSTRUCTION: 

BRIDGE CRANE: 

SHIELDING BERMS 
CONSTRUCTION: COMPACTED COHESIVE SOILS @ 135 PCF, 

CAPPED WITH 6" TOPSOIL. 

3 HORIZONTAL TO 2 VERTICAL 

PERSONNEL/EQUIPMENT ACCESS TO !.lAIN 
INJECTOR ENCLOSURE BELOW. HIGH BAY 
ASSEMBLY ll STAGING AREA. SPACE FOR 
SERVICE AND UTILITY EQUIPMENT. 

MAIN INJECTOR CONTROL RACKS, t-Al RF 
C..&,VITY AND MAGNET POWER SUPPLIES, 
LCW PUMPS, HEAT EXCHANGERS 
D[JONIZERS. BEAM LINE MAGNET CONTROL 
R.oi,CKS. RIGGING AND ASSEMBLY 
EQUIPMENT STORAGE. ACCESS CONTROL 
DOORS. 

12'-0" WIDE x HIGH SERVICE 
DOOR INTO HIGH BAY. 8'-0" WIDE x 
30'-()" LONG HATCH AND 8'-6" WIDE x 
10'-0" DEEP ELEVATOR WITH CURVED 
VEHICLE LABYRINTH TO MAIN INJECTOR 
ENCLOSURE BELOW. 

IRREGULAR SHAPE, 1 00'-0" LONG x 50'-
WIDE HIGH BAY WITH 18'-0" MINIMUM 

CLEAR INTERIOR HEIGHT TO BOTTOM OF 
S1EEL AND 450'-0" LONG x 50'-0" WIDE 
LOW BAY WITH 12'-0.. MINIMUM CLEAR 
INTERIOR HEIGHT TO BOTTOM OF STEEL. 
TOTAL 271500 SF. 

FLOOR 0 ELEV. 

NQN-COMBUSTIBLE, INSULATED METAL 
SIDING ON STEEL FRAME, BUILT -UP 
ROOF, CONCRETE FLOOR. FIRE WALL 
ADJACENT TO TRANSFORMERS. 

JO TON CRANE WITH 18'-0" CLEAR HOOK 

l_, 

FUNCTION: 

CONTENTS: 

DIMENSIONS: 

LOCATION: 

CONSTRUCTION: 

EQUIPMENT ENCLOSURE. 

CONTROL RACKS AND PULSED POWER SUPPLIES 
FOR MAIN RING BEAM TRANSFER KICKERS. 

20'-0H x 35'-o" (COL/COL.) WITH 1 D'-0" 
MINIMUM CLEAR INTERIOR HEIGHT TO BOTTOM 
OF STEEL 700 SF. 

ADJACENT TO TEVATRON BEAM ENCLOSURE, 
BElWEEN EXISTING SERVICE BUILDINGS F1 &: F2. 

NON-COMBUSTIBLE INSUlATED METAL SIDING 
ON STEEL FRAME, BUILT-UP ROOF, 
CONCRETE FLOOR. 

26'-0" EARTH EQUIVALENT TO MAIN 
RING ENCLOSURE BELOW. 

RF /F -0 SERVICE BUILDING 
FUNCTION: 

CONTENTS: 

PERSONNEL/EQUIPMENT ACCESS TO 
TEVATRON RING ENCLOSURE BELOW. 
SPACE FOR SERVICE AND UTILITY 
EQUIPMENT. LIGHT ASSEMBLY, TESTING 
AND STAGING AREAS. 

TEVATRON RF CAVITY CONTROL RACKS AND 
BEAI.ILINE I.IAGNET POWER SUPPLJES AND 
CONTROL RACKS, LCW PUMPS, HEAT 
EXCHANGERS, HELIUM COMPRESSORS. 
ACCESS CONTROL DOORS. 

EQUIP. ACCESS: 

DIMENSIONS: 

ELEVATOR WITH CURVED LABYRINTH TO 
TEVATRON ENCLOSURE BELOW. 

IRREGULAR SHAPE 300'-0" LONG x 50'-0" 
WIDE. EXISTING BUILDING 7,922 S.F. 
2508 SF FILLED FOR SHIELDING 5414 SF 
NET. WIDE ADDITION TO RF ., 

BOTH WITH MINIMUM CLEAR 
INTERIOR HEIGHT TO BOTTOM OF STEEL. 
5,425 SF. 10,840 SF. TOTAL NET. 

CONSTRUCTION: NON-COMBUSTIBLE, INSUlATED METAL 
SIDING ON STEEL FRAI.lE, BUILT-UP 
ROOF, CONCRETE FLOOR. 

SHIELDING: EARTH EQUIVALENT 
!.lAIN INJECTOR ENCLOSURE. 

DESIGNED C, FEDEROWICZ 

1-""'-'"--+--C_. _fE_D_ER_D_W_Ic_z ___ +----J tn 

Cl-IECKED 

"-I<"PR<MD 

SCALE: 

NORTH HATCH BUILDING 

FUNCTION: 

CONTENTS: 

EQUIP. ACCESS: 

DIMENSIONS: 

ELEVATION: 

CONSTRUCTION: 

BRIDGE CRANE: 

SHIELDING: 

PERSONNEL/EQUIPMENT ACCEiS TO 8 GeV 
BEAMLINE ENCLOSURE. HIGH BAY 
ASSEMBLY &: STAGING AREA. SPACE FOR 
SERVICE AND UTILITY EQUIPIAENT. 

l.lAGNET POWER SUPPLIES, CONTROL 
SYSTEM RACKS, LCW PUMPS, HEAT 
EXCHANGERS, OEIONIZERS, RIGGING AND 
ASSEMBLY EQUIPMENT STORAGE, TOILETS, 
ACCESS CONTROL DOORS. 

30'-2" 
LONG SHIELDED HATCH WITH VEHICLE 
ACCESS TO BELOW. 

40'-0" WIDE x 75'-0" LONG (COL/COL.) 
HIGH BAY WITH MINIMUM CLEAR 
INTERIOR HEIGHT TO BOTIOI-4 OF STEEL 
50'-0' x 50'-0" (COL./COL) EQUIPMENT 
BAYS WITH MINIMUI-4 CLEAR 
INTERIOR HEIGHT TO BOTTOM OF STEEL 
5,500 Sf. 

FLOOR 0 ELEV. 746'-0". 

NON-C01.4BUSTIBL£; INSULATED METAL 
SIDING ON STEEL FRAME. BUILT -UP 
ROOF, CONCRETE FLOOR. FIRE WALL 
ADJACENT TO TRANSFORMERS. 

30 TON CRANE WITH 1 8'-o"' CLEAR HOOK 
COVERAGE OVER ACCESS HATCH. 

26'-0" EARTH EQUIVALENT TO 8 GeV 
ENCLOSURE. 1 '-6" OVER HATCH. 

FERMI NATIONAL ACCELERATOR LABORATORY 

A FERMILAB MAIN INJECTOR 
III!I!IUilllll! SITE CRITERIA PLAN 
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W.L ELEV. 

"" 
1/ g 

0 
oo 

1' 

POWER DUCT 

COMMUNICATION DUCT 

DOMESTIC 
WATER SUPPLY 

INDUSTRIAL 
COLD WATER 

CHILLED WATER 
SUPPLY 

CHILLED WATER 
RETURN 

POND WATER PIPING 

EXISTING PROPOSED 



30' 
22' 

SECTION THROUGH SERVICE BUILDING Ml-20 
SCALE: = 

POND T W.L. •o• 1 

W.L. EL 741'-C(-
(IN BACKGROUND) 

W.L. EL. 737'-0"1 

-- '}g -·- T -·r -1 

! '-=Ill "" _,, lJ:=cl"" J 
L------\-------------------------------------------

\_ DAM IN BACKGROUND 

10 i 
o< ' _JI: 

'-< 010 ' 
T SLAB 

I EL 7-42'-0 
' ' 

T t 
1

z•• 
1

CW EXISTING GRAOE 

AND COMMUNICATION 
DUCT BANK 

SECTION THROUGH SERVICE BUILDING Ml-30 

SCALE: = 10'-o• 

- i 

\

EW SERVICE DRIVE TO INDIAN ROAD I 

[, 

T/ SLAB 

I l I ill 
r 

'\:_ EXISTING GRADE 

+ 

i 

SECTION THROUGH SERVICE BUILDING Ml-50 
SCALE: = 

1 1/2 

1 I TYP. T/ BERM EL. 746'-0"" ---
SATURATED SAND 1 __ ,, ·oo·- ,_/ 

SILT ALLUVIAL SOILS 1 1/2 '-, ,/ . 
_ _,'" _______ "'-, 

DRAINED SILTS 1 L ' / ABOVE ENCLOSURE 

STIFF ___ - ________ /r_L':_ ______________ _ 

--,----------_:1_4_ __ 2' MIN. GRANULAR BACKFILL {TYP.) 

GRADE 

TYPICAL OPEN CUT EXCAVATION DETAIL 
SCALE: - I 0' o· 

PROJECT NO. 21842300 
WJJE DATE 

REV. 

CIIECI<ED D. ABRAHAM JULY, 92 
DRAWN R. JEOZINIAK JULY, 92 
CH[CI(ED LA. VASONIS JULY, 92 

"'"'"''"' C-6 

""" 
C. FEOEROWICZ 

C. FEDEROWICZ 

i 
T/SLAB 

-.i'--------------"'12.,.-Sc._'-_..O_" _-_ LIMITS Of CO •. .. TR"."U.._CT ... IO--cN._ _____ ----------,/' 

SCALE: 1• = 1 

SCALE: 

BEAMLJNE LIMITS OF v WETLAND fiLL 

FERMI NATIONAL ACCELERATOR LABORATORY 

101 FERMILAB MAIN INJECTOR 
EXCAVATION SECTIONS 
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I 
I 

+ + 

X:101,000 + 

' I 
' I 

' I 
' I 

' I 

lj 
I A I +'=''/";:; 

+ 
\----!c.,._'._ W4 WETlAND 

LIMITS 

II 
+ 

+ 

-"v· \ 
\ 

+ 

PROPOSED 100 YEAR 
FLOODPLAIN LIMIT 

+ + 

+ 
fORESTED __/ 
REGION 

+ 

\ PLAN AT SOUTHWEST IMPACT AREA PLAN AT MITIGATION AREA 
SCALE: 1M = 1 oo·-o· 

75' 

SOUTHWEST 
IMPACT AREA C{L BEAM C(L 

RELOCATE MARKED TREES TO 
TEIAPORARY HOLDING AREA FOR 
TRANSPLANTING AT NEW WETLAND 
MITIGATION AREA 

SCALE: 1" = 100' r:i' 

il II II 
EXIST. WETLAND RANDOM TREE AND TREE 

UNDERSTORY PLANTINGS 

EXIST. AND 
riNISH 0 GRADE 

CROSS SECTION X:101.120 
SCALE: 1" 1 0' d' (LOOKING WEST) 

REMOVE 2'-o" MIN. TOPSOIL 
FOR SEEOBANK LAYER AT 
NEW MITIGATION AREA 

ENVIRONMENTAL APPROVAL ACTIONS 
PERMITS 

ACTION REQUESTED 
DEPARl\IEHT Of THE ARMY CLEAN WATER ACT 
CHICAGO DISTRICT, U.S. CORPS Of ENGINEERS SECTION 404, HATlOHWJOE 26 
CHICAGO, IlliNOIS PERMIT APPUCATIOH NO. 3499102 

ISSUED 
JUNE 26, 1991 

DIVISION Of WATER POLlUTION CONTROL 
IWNOIS EHVIROtUAEtUAL PROTECTlOH AGENCY 
SPRINGfiELD, IWHOIS 

CLEAN WATER ACT JUNE 4, 1991 

IWNOIS DAM SAFETY SECTION 
IWNOIS DEPT, Of TRANSPORTATION 
DIVISION Of WATER RESOURCES 
SPRINGfiELD, IWHOIS 

SECTION 401, WATER QUALITY CERTIFICATION 

SEDGE MEADOW 

EXIST. 

SEDIMENT TRAP 

U.S, EHVIRONUENTAl PROTECTION AGENCY APPUCATION fOR PERMIT TO CONSTRUCT I.IAY 9, 1991 
40 CfR PART 61.07 CONSULTATIONS 

CROSS-SECTION - Y:95.800 
SCALE:HOR. 

1 
.. =

50
,_

0
{LOOKING NORTH) 

VERT. 

DIVISION Of AIR POUUTIOH CONTROL 
IWHOIS EHVIROHUEHTAL PROTECTJOH AGENCY 
SPRIHGfiELO, IWNOIS 

U.s. DEPT. Of AGRICULTURE 
SOIL CONSERVATION SERVICE 
CH.WPAlGN, IWNOIS 

U.S. DEPT. Of ENERGY 

RADIONUCUDES NATIONAL Et.AISSION STANDARDS 
fOR HAZARDOUS AIR POllUTIONS 

APPUCATION FOR PERMIT TO CONSTRUCT APRIL I, 1991 
JL ADM. CODE 201.142 
NESHAP 
IDI 0438 07.W 

fARMLAND CONVERSION IMPACT RATING SEPT. 18, 1991 

FINDING Of NO SIGNifiCANT IMPACT (fONSI) JULY 6, 1992 

REV. 

U.S. fiSH .t WllOUfE SERVICE 
ROCK ISLAND, IWNOIS 

1WNOIS DEPT. Of CONSERVATION 
SPRINGFIELD, IWHOIS 

STATE HISTORICAL PRESERVATION OffiCER 
IWNOJS HISTORIC PRESERVATION AGENCY 
SPRINGfiELD, IWNOIS 

PROJECT NO. - 216-+2300 

""'' R. JEOZINIAK 

REY DELA CRUZ 
A. VASONIS 

"'" JULY, 1992 
JULY, 1992 
JULY,\992 

C-7 

CONSULTATION REQUESTED 
CONSULTATION IN ACCORDANCE wtTH fiSH ll 
WU.DUfE COORDINATION ACT 
48 STAT. 401 
16 u.s.c. 661 . 
£HDAUGERED SPECIES ACT 

CONSULiATlOH IN ACCORDANCE WITH fiSH AND 
WllOUfE COORDINATION ACT 

106 DETERI.IINATIOH Of NO EffECT 
36 erR Mo 

APRIL 30, 1991 

JUNE 20, 199 I 

JULY 22, 19VI 

flUOR DANIEL, L EVEN 03: 
FlUOR DANIEL, L. EVEN tJ:r 

(I) 
ct!ECI<:m 00 

w 

"'Z 0.. 

WETLANDS MITIGATION 

1----4 EXIST. 100 YEAR 

' 

FLOODPLAIN WAIT 
+ 

I 00 YEAR I FLOODPLAIN LIMIT 

' I 
+ Ki..!Q9,500 

10,3 ACRES COMPENSATORY WETlANDS 
40.9 ACRE-FEET OF COMPENSATORY 
FLOODPlAIN STORAGE 

II 
• .fLOODPLAIN MITlGATION 

735' 

730' 

740' 

735' 

730' 
FIN. GRADE 

FERMI NATIONAL ACCELERATOR LABORATORY 

FERMILAB MAIN INJECTOR 
MITIGATION AREA PLAN AND PROFILES 

6-6-2 TITLE-1 C-7 REV. 



TYP. NORMAL CELL (W/0 DIPOLES) PRECAST PLACING SCHED. 

OICLOSURE WORK POINT I DISTAHCE ntOU POIPOIOICULAR 
SEGI.IEHT STATION PO!Ifl TO orrscr rROu 

WORK POIHT OH REftRENC£ UH£ 
RErtREHCE UNE TO WORK POIHT 

Oi 0'-<f ,_ s 
N 5'-10 1/4' ,. s 
I 220 + 2 ll'-4 1/4' 2'-J" g 20'-10 1/4 ,. s 

211'-4 1/4' 2'-3" 

'" 35'-10 1/< 2'-3" 
0 43'-41/4' ,. s 
N 
N 50' 10 1/4 ,. s 
0 :16'-8 J/4' 2'-J" ::l 
0 

TYP. DISPERSION CEll PRECAST PLACING SCHED. 

ENCLOSURE WORK f>OJHT I OIST.'JICE fROU PERPENDICULAR 
SEGUENT STATIOH POIHl TO orrsn rRou 

WORK POiKT ON REfEREIIC£ WIE 
R£J"ERENCE UIIE TO WORK POIIiT 

0 0'-o" 2'-J" 
N 

218 + J 21'-3 1/.(' 2':8 f/(' "'"' ---
-:r 
"'" 

ofl'-61/"r 2'-lo" 
2.HI + l o=> 63'-i 3/4 2'-fllj.(' .,o 

M'-1• rs ::o"' oiO 

IYPICAI. PBECASI !.!I::! II 
1/16" -1' (f' 

TYP. NORMAL CELL (W/DIPOLES) PRECAST PLACING SCHED. 

ENCLOSURE 
SECUEtn 

WORK POifll I O!STIJ.IC[fROU 
STATJONPOIHTTO 

WORK POINT ON 
REfERENCE UHE 

PERPENOICUUR 
OffStTfROU 

RErtROICE UNE 
TO WORK POIHl 

PROJECT NO. - 21842300 

L.AYOUI 

HEADED STUD 
ANCHORS (TYP.) 

:£ 
'Z 

I £l 
N :::-

j l 4x3x1/2 
"' (2) 1/'f• 

HEADED STUD ANCHORS (TYP.) 

TYPICAL PRECAST 
NO SCALE 

PRECAST !.!I::! II IYPE , 1" 
3/8"-1' rt 

PRECASI !.!I::! II IYPE "5" 
3/8"-1' rt 

PRECASI UN II IYPE "6" 
:S/8"-1' r:r 

VARIES 
'L MINIMUM 

ANCHOR DETAIL 

(OPPOSITE 

TYPICAL 

HAND) 

u 

w 
0 

BACKER ROD § 

PRECAST 
JOINT DETAIL 

SCALE: 

MIKE GRIMSON t)I 

PRECASI !.!I::! II IYPE u l" 
J/8"-1' o" 

PBECASI Ut::!II IYPE II 3." (OPPOSITE HAND) 
3/8"=1'-0' 

PBECASI UN II TYPE "2'' 
3/f!'-1'(/' 

SEALANT W/BACKER ROD 

TYPICAL PRECAST 
BASE DETAIL 

NO SCALE 

FERMI NATIONAL ACCELERATOR LABORATORY 
TOMSKI,MIKE GRIMSON 

R. JEDZINIAK t-,-,-"-"-,-+--------+-----1"' FERMIL.AB MAIN INJECTOR 
< A.SKUZA JULY,I992 APPROVED g:z PRECAST ENCLOSURE DETAILS 

____________________________ ______________ j_ ______ l_ ____ w ________ j_ ____________________________ - 6-6-2 TITLE-1 AS-8 "" 
AS-8 



X:99,000 

I 
X:100,000 

8 GeV TO 150 GeV f 
PBARStl 

I I 
X:IOI,OOO 

J; 

I X:102,000 

I 
I 
\ 
\ 
\ 

I 

NORMAL HALF CELL WITHOUT 
CHORD LENGTH = 56.72126 fT. 
ARC LENGTH = 56.72126 FT. 

STATION LOCATIONS 
MARK X COORDINATE Y COORDINATE BEAM LINE EL. 

Ml-60 101516.84239 97134.40451 715.72410 

Ml-52 102113,18371 96662.33586 715,72410 

•.u-5o 102518.19529 95663,85171 715.72410 

1.41-40 101674.00997 94420.19906 715,72410 

Mt-32 100500.44237 94266,03192 715.72410 

Ml-30 99806.15358 94576.57153 715.72410 

Ml-22 99209.81227 95048.64018 715.72410 

1.41-20 98804.80068 96047.12433 715.72410 

1.41-10 99648.98600 97290.77699 715.72410 

1.41-62 100822.55360 974-4-4.94413 715.72410 

STATION LOCATIONS TAKEN FROM BEAMUNE 
OUTPUT DATED MAY 21, 1992 

lt9 NORI.IAL crus I 

lt9 NORLIAL CELLS I 

ldAGNH NOTE• 

FOR CLARITY, THE WIDTH Of THE QUADRUPOLE 
MAGNETS HAS BEEN EXAGERATED. (TYPICAL) 

PLAN 
1"-200' 

1[ 

AS-1 

NORMAL HALF CELL WITH DIPOLES 
CHORD LENGTH = 56.71-496 FT. 
ARC LENGTH = 56.72126 fT. 

rt_ MAIN INJECTOR BEAMLINE I AT EL. 715.72410 

8 GeV ANTIPROTONS 
BEAMLINE EL. 728' 

"' "8 GeV PROTONS 

------

STATION f-21 
X: 100800,86426 
Y: 97758.67909 

/150 GeV ANTIPROTONS 
lBEAMLINE EL. 715.72396 

7; 150 GoV PROTONS 
GeV ANTIPROTONS 

TO 723.37585 

7' 120 GeV PROTONS 
BEAMLINE EL. 715.72396 TO 726.10386 

STATION E-42 
X: 102278.90690 
Y: 96801.72123 

------ TEVATRON ENCLOSURE 
BEAM LINE EL. 723'-4 I /2" 

STATION E-32 
X: I 03042.34970 
Y: 96649.52950 

STATION E-21 
X: 103914.72306 
Y: 96718.79880 

OESlCNED T. LACKOWSKI 

S, DIXON 

CENTER OF ANTIPROTON RING 
X: 99727.04000 
Y: 98494.44800 

LINAC COCK CROFT -WALTON 
f-:-:c-- PRE-ACCELERATOR 

400 MeV PROTONS 
(AS OF MM/DD/YY) 

X:99,000 

---+--- CENTER OF BOOSTER ACCELERATOR 

STATION F-32 
X: I 00304,68869 
Y: 98479.54133 

g 
0 
.,; 
"' ;:. 

STATION F-42 
X: 100054.76831 
Y: 99216.79874 

SCALE: 

X: 99727.04000 
Y: 99430,64400 

\STATION A-0 J X: 100000.00000 
Y: 100000,00000 

INDICATES MAIN RING 
STATIONING (TYPICAL) 

/ 
CENTER OF TeV RINGS 
X: I 03,258.6778 
¥:99,935.3154 

0 
0 
o. 
;; 

X: I 01,000 

X:102,000 

X:103,000 

FERMI NATIONAL ACCELERATOR LABORATORY 

MAIN INJECTOR 
BEAMLINE GEOMETRICS 

6-6-2 TITLE-I AS-1 '"· 



0 
0 
0 g 
;: 

X:99,000 

X:100,000 

MAIN INJECTOR RING ENCLOSURE 
FUNCTION: 

CONTENTS: 

ELEVATIONS: 

ACCELERATE 8 GeV PROTONS TO 120 OR 
150 GeV; ACCELERATE 8 GeV 
ANTIPROTONS TO 150 GeV. 

MAIN INJECTOR MAGNETS, SERVICES AND 
UTILITIES. 

BEAM CENTER @ ELEV. 715'-9". FLOOR 
SlAB AT ELEV. 713'-6", 

DIMENSIONS: 10'-0" WIDE, 8'-0" HIGH, 10,900 FEET 
LONG. 109,000 S,F, 9'-0" HIGH AT 
UTILITY ALCOVES. 

EXIT DISTANCE: 297' MAXIMUM TRAVEL TO STAIRS. 

EQUIP. ACCESS: 10'-0" WIDE, 30'-0" LONG HATCH AND 
CURVED VEHICLE ACCESS lABYRINTH 
UNDER CRANE COVERAGE IN Ml-60 BEAM 
ENCLOSURE. UTILITY ALCOVES AT AND 
MIDWAY BETWEEN SERVICE BUILDINGS. 
STAIRS AT ALL SERVICE BUILDINGS. 

CONSTRUCTION: PRECAST CONCRETE WALLS/ROOF ON CAST 
BASE SlAB, CAST -IN-PLACE CONCRETE 
UNDER SERVICE BUILDINGS AND AT 
ENCLOSURE BRANCHES AND HATCHES. 
UNDERORAINS AND MOISTURE PROTECTION. 

SHIELDING: 24'-6" EARTH EQUIVALENT TO TOP OF 
BERM SURFACE ABOVE. EARTH 
EQUIVALENT TO BUILDINGS. 

MARK 

Ml-60 

Ml-52 

t.ll-50 

1.41-40 
!----

Ml-32 

I.U-30 
---

Ml-22 

Ml-20 

Ml-10 

Ml-62 

STATION LOCATIONS 
X COORDINATE Y COORDINATE BEAM LINE EL 

101516.84239 97134..40451 715.724 

102113.18371 96662.33586 715.724 

102518.19529 95663.85171 715.724 

101674.00997 94420.19906 715.724 

100500.44237 94266.03192 715.724 

99806.15358 94576.57153 715.724 

99209.81227 95048.64018 715.724 

98804.80068 96047.12433 715.724 

99648.96600 97290.77699 715.724 

100822.55360 97444.94413 715.724 

PROJECT NO. - 21842300 

![ 

STATION E-42 
X: I 02,278.5423 
Y: 96,801.9319 

STATION E-32 
X:l03,042,308 
Y:96,649.449 

0 
0 
0 ,..: 
0> ;.: 

STATION E-21 
X:\03,914.669 
Y:96,718.622 

lf 

STATION F-32 
X:100,304.849 
Y: 98,479.763 

STATION F-21 
X:100,982.945 
Y: 97,758.846 

F-0/MI-60 ANO 150 GeV INJECTION 
BEAM ENCLOSURES 

FUNCTION: 

CONTENTS: 

f.LEVATIONS: 

INJECT ISO GeV PROTONS AND 
ANTIPROTONS FROM MAIN INJECTOR TO 
TEVATRON. INJECT 8 GeV ANTIPROTONS 
INTO MAIN INJECTOR; EXTRACT 120 GeV 
PROTONS FROM MAitl INJECTOR FOR TEST 
BEAM TO fiXED TARGET AREAS AND AP-1 
BEAMUNE AT F17 FOR P-BAR 
PRODUCTION. 

TEVATRON, MAIN INJECTOR AND BEAM 
TRANSFER MAGNETS. RF CAVITIES FOR 
BOTH RINGS, PRIMARY EXTRACTION 
SEPTUM FOR FIXED TARGET PROGRAM, 
INJECTION AND EXTRACTION KICKERS. 

BEAM CENTERS: MAIN INJECTOR @ ELEV. 
715'-9", TEVATRON 0 ELEV. 723'-4S, 
TEST BEAM @ ELEV. 725'-6". FLOOR @ 
ELEV. 713'-6", 718'-6" AND 722'-6". 

DIMENSIONS: WIDTH VARIES, 9'-0" HIGH 
AT M.l, RF, 8'-0" TO 17'-0" HIGH AT 
TANGENTS TO TEVATRON, 

EXIT DISTANCE: 297' MAXIMUM TRAVEL TO STAIRS, 

EQUIP. ACCESS: EXISTING lABYRINTH 6'-0" WIDE, 7'-D" 
HIGH. EXISTING ELEVATOR 6' WIDE, 9' 

lf 

DEEP IN RF /F -0 SERVICE BUILDING. 
NEW 8'-0" WIDE, LONG HATCH 
UNDER CRANE COVERAGE AND 8'-6" WIDE, 
10'-o" DEEP El£VATOR WITH CURVED 
VEHICLE lABYRINTH IN RF /MI-60 SERV. 
BLDG. 2-10 TON HOIST BRlOGE CRANE 
OVER F-0 ENCLOSURE. 2-10 TON MONORAIL 
HOISTS ON A SINGLE MONORAIL BEAM AT 
EACH INTERSECTION OF P-150 AND A-150 
ENCLOSURES WITH F -0 ENCLOSURE. 

CONSTRUCTION: CAST -IN-PlACE CONCRETE. UNDERDRAINS 
AND MOISTURE PROTECTION. 
PENETRATIONS TO F-0/MI-60 SERVICE 
BUILDING ABOVE. 

SHIELDING: 

EARTH EQUIVALENT TO TOP OF BERM. 

T. lACKOWSKI ?; 

8F: 
T. lAREN JULY, 92 (jg; 

T. lACKOWSKI {;) 1-

i -

II if 
X:99,000 

LINAC 
COCKCROFT -WALTON 
PRE -ACCELERATOR 

120 GeV TEST BEAM 
FUNCTION: TRANSPORT 120 GeV PROTONS FROM THE 

MAIN INJECTOR ACCELERATOR THRU THE 
SWITCHYARD TO THE FIXED TARGET AREA. 

EXPERIMENTS 

CONTENTS: BEAM TRANSPORT MAGNETS, SERVICES AND 
UTILITIES. 

ELEVATIONS: BEAM CENTER AT ELEV, 725'-6" 
DIRECTLY ABOVE TEVATRON AT ELEV. 
723'-4.5-. FLOOR 0 ELEV. 722'-6M. 

EXIT DISTANCE: SAME AS EXISTING MAIN RING. 

EQUIP.ACCESS: EXISTING A-0 AND 0-0 IAAIN RING HATCH 
BUILDINGS. 

CONSTRUCTION: SAME AS EXISTING. 

SHIELDING: ADDITIONAL EARTH SHIELDING REQUIRED. 
25'-o" EARTH EQUIVALENT TO TOP OF 
BERM. 

8 GeV BEAM ENCLOSURE 
FUNCTION: 

CONTENTS: 

ELEVATIONS: 

TRANSPORT 8 GeV PROTONS FROM THE 
BOOSTER ACCELERATOR TO THE MAIN 
INJECTOR ACCELERATOR NEAR Ml-10. 

BEAM TRANSPORT MAGNETS, SERVICES, 
AND UTILITIES. 

BEAM CENTER FROM ELEV. 715'-9" TO 
FlOOR@ ElEV. 713'-6", 

720'-6", AND 722'-6". 

DIMENSIONS: 1 0'-0" WIDE, 8'-0" HIGH SOUTH OF 
SHIELDED HATCH; 11'-0" WIDE, 8'-0"HIGH 
NORTH OF SHIELDED HATCH. 2,119' LONG. 

EXIT DISTANCE: 285' MAXIMUM TRAVEL TO STAIRS, 

EQUIP. ACCESS: 7'-0M WIDE, LONG SHIELDED 
HATCH UNDER CRANE COVERAGE IN NORTH 
SERVICE BUILDING. 

CONSTRUCTION: PRECAST CONCRETE WALLS/ROOF ON A 
CAST BASE SLAB. UNDERDRAINS AND 
MOISTURE PROTECTION. 

SHIELDING: 24'-6" EARTH EQUIVALENT TO TOP Or 
BERM. 26'-0" EARTH EQUIVALENT TO 
NORTH HATCH BUILDING. 

+·----------- CENTER OF T eV RING 
X: 103,258.6778 
Y:99,935.3154 

X:1 02,000 

X:1 03,000 

SCALE: FERMI NATIONAL ACCELERATOR LABORATORY 
1" = 

FERMILAB MAIN INJECTOR 
ENCLOSURE CRITERIA PLAN 

!!'Z 1 A. VASONIS JULY, 92 

__________________________ ____________ _l ____ _j ____ __________________________ __ 
AS-2 



T/ BASE SLAB 
EL: 713'-6'' 

PROTON P-120 GeV 
BEAMLINE ABOVE (MAGNETS 
NOT SHOWN FOR CLARITY) 

OESCRI?TlONS 
"""ONS 

OUTLINE OF Ml-60 
SERVICE BUILDING ABOVE 

INTERLOCK GATE 
& SMOKE BARRIER 

E-47 

E-46 

TEVATRON BEAMLINE 
ELEV. 723'-4 1/2" 
(MAGNETS NOT SHOWN 
FOR CLARITY) 

PRAWN 

CHECKED 

APPROVED 

AS-3 

PROJECT NO. - 21842300 

""" R.JEDZINIAK 
R.JEDZINIAK 
A.VASONIS 

// 

/// X 101573.320 
./ y 97145.560 

I OUTLINE OF F -0 
BUILDING ABOVE 

71"-6" / 

// /<::'''')<., 
/ t:l 

E-4·g I 
I I / I 20' F-0 SERVICE BUILDING I EXPANSION 

I 
SHIELDING STEEL 
ABOVE ENCLOSURE 
AT PASSAGEWAY 

EXISTING STAIR UP TO F-0 BUILDING 

EXISTING EQUIPMENT LIFT 

1 SOLDIER PILES AT LABYRINTH 
// 

··-.. ./ 

DATE 
JULY,1992 
JlJLY,1992 
JULY,1992 

OUTLINE OF Ml-60 
SERVICE BUILDING ABOVE 

APPROVE) 

T. LACKOWSKI / T. BURKE 

F-12 

T/ BASE SLAB 
EL: 713'-6'' 

F-14 

ANTIPROTON A-150 GeV BEAMLINE 

F-13 

(2)-1 0 TON HOISTS ON MONORAIL ABOVE 

SHEET PILING EARTH RETENTION SYSTEM 

FERMI NATIONAL ACCELERATOR LABORATORY 

DRAWtNG NO. 

FERMILAB MAIN INJECTOR 
F -0 / Ml-60 ENCLOSURE PLAN 
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Ml-40 ALCOVE 

PLAN 
1/16" = 1'-o" 

ORAWN 

CHECKED 

APPROVED 

AS-'-4 
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PENETRATION SCHEDULE 
MARK FUNCTION SIZE MATERIAL QUANTITY LOCATION 

TYPE A TS 6X2 STEEL 18 AT DOWNSTREAM END OF EACH CAVITY 

tr $ PVC " 2 PER CAVITY + 4 PER QUAD IN t.ll-60 STR. "' TYPE 8 zw 
TS fOX6 STEEL 1 AT SOUTH END + 2 AT NORTH END 

tr PVC 16 8 EA. AT NORTH AND SOUTH END 
TYPE C 

=>o TYPE D "'-' 
tr PVC AT CONTROL ROOM 

tr $ PVC AT COALESCING RACKS 

tr $ STAINLESS SEE DRAWING t.l-2 

tr $ STAINLESS SEE DRAWING M-2 

u TYPE E Wz !2w 
TYPE f VJ_!_ TYPE G 

o::> TYPE H 

TYPE J loll LCW tr STAINLESS SEE DRAWING M-2 

"' 
C>W TYPE M WAVE GUIDE 14" $ STEEL 1 PER CAVITY 
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:!o 

TYPE P BEAMUNE tr PVC 16 :::>-' NEAR BEAMUNE POWER SUPPLY 
a>U z TYPE R RF CONTROL tr PVC AT CONTROL ROOM ww u TYPE S Rf LCW tr PVC SEE DRAWING t.t-2 

TYPE T He LOW PRESSURE ,. STAINLESS E-49 AND F-11 

........ TYPE U N LOW PRESSURE ,. STAINLESS E-49 AND f-11 
"'o TYPE V KICKER POWER tr $ PVC KICKER SUPPLY ROOM .... 

"' TYPE X CONTROL CABLES tr $ PVC NORTH END OF Ml-60 TO A-150 ENCLOSURE CVJ 
-'w TYPE Y CONTROL CABLES tr $ PVC SOUTH END OF Ml-60 TO P-150 ENCLOSURE <Dz 
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__ D] __ _________ rQ ____ pr_r_r_rr_r_r1r--- _ A 
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PLAN 
T/COHCRETE EL 742' ff 

PROJECT NO. - 21842300 

OES>GNEll T. LAREN JULY,1992 

R. DELA CRUZ JULY, 1992 
A. VASONIS JULY,1992 

AS-23 

1/8"=1' rf 

rLUOR DANIEL 
SCALE: 

rLUOR ,DANIEL 

FERMI NATIONAL ACCELERATOR LABORATORY 

FERMILAB MAIN INJECTOR 
Ml-60 FLOOR PLAN 
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1'-3;? 
452'-6" 

75'-0" 100' 0" 

G.L. ! 
! 

'b I I T/COP1HG ,-\. 
! 

EL. 771'-1 I I T/STL. 
'b I ;.. 

T/COP1HG .l. 
El. 756'-"T jr¢ 
T/STL. ,j. '\' 
o H.P. ,T-/' l EL. 757'-6" ..... 
T/STL. ,-\. 
0 L.P. :r EL. 756 -ff' 

NORTHEAST WALL ELEVATION 
1/8"=1'-fi' 

ANODE SHELTERS NOT 
SHOWN FOR CLARITY 

_r 
25'-0" 

El. 770'-6" 

NORTHWEST WALL ELEVATION 
1/8"-1' (j' 

275' 0" ---r 
! 'b 

I I 
,I 

T/COP1NG 
IEL. 772'-S" 

I \ T/STL. 

j EL. ' 
I 'b I 
' 

i: 
T[GRADE 

EL. 748'-6" 

ED 

103'_,. I f 
25'-0" rF- 25'-0" ' 25'-0" 

ED 

f!.!JOR IIMNI_!! 
PROJECT NO. - 21842300 

T.LAREN/ J.REDEKER JULY,I992 
J.REDEKER JULY,I992 
T.LAREN JULY,I992 

AS-24 

18 17 15 

25'-o" 25'-o" 25'-0" 

m 
SOUTHWEST WALL ELEVATION ED 1/8"-1' (j' 

SOUTHWEST WALL ELEVATION ED 

'b 
I 

FIN. FLR. 
EL. 742'-6" 

J D 

1'-J'! I 25'-o" 25'-0" ----Jr!:l'-6" 25'-0" 
G.l. ! 

I! ' b I I T/COP1NG ,-\. 
I I ;.. 

0 H.P. 
0--------

I I ' El. 772'-6" 

A. II ' 
.. 1 I I , I 

' I 
b 

I I I 
I!! llllill ' ' 

II I I I I I I I I I I 
,\. iii FIN. FLR. 

El. 742'-6"T -
SOUTHEAST WALL ELEVATION ED 1/B"=I' o· 

FLUOR DANIEL INC. SCALE: 

FLUOR DANIEL INC. 

FLUOR DANIEL INC. 

25'-0" 

' 
I. 
' 

I 
i 
' 
I 
' 
I 

12 

25'-o" 

fiN. FLR. 
EL. 742'-6" 

25'-o" t'-0" 

T/STL. 

I EL. 
'b • I 
;:, 

b-I 
T/STL. ;.. 

I o 
. \ EL. 757'-

,111111 

b T/STL 

EL. 
T/GRAOE 

I EL. 746'-6" 

FIN flR. 
j EL. 742'-6" 

FERMI NATIONAL ACCELERATOR LABORATORY 

FERMILAB MAIN INJECTOR 
Ml-60 BUILDING ELEVATIONS 
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NEW 
CONSTRUCTION I 

Cf 20'-0' 

SECTION 

NEW 
CONSTRUCTION 

H 
I 
' 
I 

SECTION 

EXISTING 

EXISTING 

MAIN INJECTOR ENCLOSURE 

SCALE l/8" 1'-0" 

TRANSfER UNES 

SCALE 1/r!' I' (/' 

A.SKUZA JULY,1992 
A.VASONIS JULY,1992 

AS-25 

NEW CONSTRUCTION 

A 
2 BAYS = 50'-0" 

---------{=---------------- --------

T BASE SLAB 
EL. 713'-
---------- ------------

I. 

NEW CONSTRUCTION 

cr 
' 
I 

INJECTOR I RF GALLERY 

cr , I 
I, 

Ml-60 SERVICE BUILDING 

T.LACKOWSKI 

SUBJJmtO 

a·-o·w x 30'-o"L 
HATCH OPENHIG 

' 
I 

SCALE: 

' 
I 

GRAOE 

F"ERMI NATIONAL ACCELERATOR LABORATORY 

FERMILAB MAIN INJECTOR 
Ml-60 BUILDING SECTIONS 
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----------1 PHASE 2 CONSTRUCTION 

1 
r HELIUM TRANSFER LINES 

EXISTING RF BUILDING 

EXISTING MAIN EXISTING TEVATRON 
RING RF SERVICE RF SERVICE l 

EL. 744'-b 1 CROSS LOT BRACING 
T AT 1 B' 0/C. 
EL. 742 -·· r=r "<-

T /EXIST, GRADE 
EL 74o' rr 

BUILDING T/ SLAB BUILDING f nHEET PILING W/ 

um 
" . I ""'"" I I !Til " \ 

EXIST, TEVATRON (F-0) == 15'-0"\ Cill' 
ENCLOSURE AND CONCRETE l \ 1 
ENCASED PENETRATIONS It 'b T/BASE SLAB I 21 '-0" I 

+ 
1h+ 11 

EXISTING TEVATRON 
ENCLOSURE 

STAGE 1 

THRU F-0 I Ml-60 CONSTRUCTION 

STAGE 2 

THRU F-0 I Ml-60 CONSTRUCTION 

PROJECT NO. 

DESIGNED R.JEDZINIAK 

OOAWN I A.SKUZA 
CHECKED A.VASONIS 

.aPf>RO'JED I 
AS-26 

TIBASE SLAB 

T EL. 713'-o 

MAIN INJECTOR BEAMUNE 
q_ El. 715.724' 

21842300 

JULY,1992 

I JULY, 1992 
JULY, 1992 

I 

Ml-60 SERVICE 
BUILDING 

t t t 

20'-0" 

9 20'-0" 

TEVATRON 
I GALLERY 

SVBIJfTTD} 

9 
' 

RF 

TOM SKI 

TOM SKI 

It 

· PHASE 3 CONSTRUCTION 

STAGE 4 

THRU F-0 I Ml-60 CONSTRUCTION 

! 
PHASE 3 

CONSTRUCTION 

A 

MAIN INJECTOR BEAMUNE 
t El. 715.724' 

MAIN INJECTOR BEAMUNE 
Cl El. 715.724' 

PHASE 2 
CONSTRUCTION 

8 

"-, o 
1 

--
T11-'TTJ"' 

, 'I l-- f,gt/HASE 2 If=:: "- C" )' 1 " \o 
' ,.., in LINE OF I 1 I 

I -- ---- l N EXCAYAnoy I :.. / 
PHASE 2 I I N 

14'-0" U;A ' II I l 10'-o" 

T /BASE SLAB J, 1\ ' 'I I] / 
EL. m· .. 'I' 0 • , 1 r 46.

1 11 
f:' _d}.

1 
PHASE 2/--' 

II 
0 

/ 7ll 
SHEET PILING PHASE 3 ------------------+1.:.. - )1l c--- ,--MAIN INJECTOR 
CONSTRUCTION II T/BASE SlAB '-...._ENCLOSURE 

1 I 1 1 EL 713 '-6" 
II PHASE3 II 

SECTION 11,._1·-··@ 

SCALE: FERMI NATIONAL ACCELERATOR LABORATORY 

' " UNfTf:P STATO::S DI!:P ... A:T!-AI<NT 01'" ENEAC>Y 

"" 10 FERMI LAB MAIN INJECT9R 
Ml-60 CONSTRUCTION SECTIONS 
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a"CONCRETE MASONRY FIRE / BLAST WALL 

PROJECT NO. 21842300 

GRADE 

SECTION 
1/.- = •·-o· 

30 - 6" DIA. 
PVC DUCTS 

MAGNET 

SECTION 
1/ .. = 1'-0" 

AT 25'-0" = 

TOMSKI 

2 BAYS@ S2. - 50'-0" 

OUTUNE OF STAIR 
LABYRINTH BEYOND 

T/ SLAB 
EL: 713'-6" 

GRADE 

SCALE: FERMI NATIONAL ACCELERATOR LABORATORY 

.... ........... 

__________________________ 
'· "ASIS JULY, 1992 NORTH HATCH BUILDING SECTIONS . 

OCSCRJPTIONS CHECKED A. VASOtliS JULY,I992 
"""'OI<S """""" 6-6-2 TITLE-1 AS-28 '"· 
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LEGEND 
) SA¢ SUPPLY AIR 

EA. EXHAUST AIR 

0 SUPPLY FAN 

"' EXHAUST FAN 
., 

SUPPLY F AN/CFM 0 

0 EXHAUST FAN/CFM 

CFM CUBIC FEET/MINUTE 

MAIN INJECTOR ENCLOSURE 
,,, 

,/ -SEBVICE BUILDING 
i Ml-30 

HV SYSTEMS 
TEMPERATURE: 65' TEMPERING OF VENTILATION AIR 

SERVICE BUILDINGS Ml-1 0. Ml-20. 
Ml-30. Ml-40, AND Ml-50 
HVAC SYSTEMS 
CONTROL ROOM & KICKER ROOM 
TEMPERATURE: 6B'F HEATING 

78'F COOLING 
VENTILATION: 2 AC/HR MINIMUM 

POWER SUPPLY ROOM & PUMP ROOM 
TEMPERATURE: 68'F HEATING 

NO COOLING CONTROL 
VENTILATION: 2 AC/HR MINIMUM 

FIRE PROTECTION 
SUPPRESSION: AUTOMATIC WET TYPE SPRINKLER SYSTEM 

DESIGNED FOR ORDINARY HAZARD GROUP-1 
WITH SIAMESE CONNECTION. 

DETECTION: MANUAL FIRE ALARM PULL STATIONS 
AT EXITS PLUS IONIZATION TYPE 
SMOKE DETECTORS. 

NO COOLING 
VENTILATION: 2 AC/HR MINIMUM 

FIRE PROTECTION 
SUPPRESSION: AUTOMATIC WET TYPE QUICK RESPONSE SPRINKLER 

DETECTION: 

SYSTEM DESIGNED FOR ORDINARY HAZARD GROUP-1 MAIN 
IN ALL MAIN INJECTOR ENCLOSURE SERVICE COOLING 
BUILDING STAIR ALCOVES. 

MANUAL FIRE ALARM PULL STATIONS AT EACH 
STAIRWELL AND AT MAXIMUM 300 FT. INTERVALS. 
COMBINATION FIXED TEMPERATURE AND RATE 
OF RISE HEAT DETECTORS, ZONED TO PROVIDE 
ALARMS IN EACH HALF ENCLOSURE SEGMENT 

..__ ____ _:A:.;;D_;_JA_;_C:.:Ec_;NT TO SERVICE BUILDINGS. 

\ 
\ SERVICE BUILDING 

Ml-50 

iii --------------.-/'---------.!/1, KICKER BUILDINGS Ml-52. Ml-62 AND F17 

\\ \li 
HVAC SYSTEMS 
KICKER ROOM 
TEMPERATURE: 6B'F HEATING 

7B'F COOLING 
VENTILATION: 2 AC/HR MINIMUM 
POWER SUPPLY ROOM 
TEMPERATURE: 6B'F HEATING 

NO COOLING CONTROL 
VENTILATION: 2 AC/HR MINIMUM 

\l I '\ 
) ( 

FIRE PROTECTION 
SUPPRESSION: 

DETECTION: 

AUTOMATIC WET TYPE SPRINKLER SYSTEM 
DESIGNED FOR ORDINARY HAZARD GROUP-1 
WITH SIAMESE CONNECTION. 
MANUAL FIRE ALARM PULL STATIONS 
AT EXITS PLUS IONIZATION TYPE 
SMOKE DETECTORS. 

I 

BUILDING 
HVAC SYSTEMS 
CONTROL ROOM 
TEMPERATURE: 6B'F HEATING 

7B'F COOLING 
VENTILATION: 2 AC/HR MINIMUM 

PUMP ROOM & MAGNET STAGING & STORAGE AREAS 
TEMPERATURE: 6B'F HEATING 

NO COOLING CONTROL 
VENTILATION: 2 AC/HR MINIMUM 

FIRE PROTECTION 
SUPPRESSION: AUTOMATIC WET TYPE SPRINKLER SYSTEM 

DESIGNED FOR ORDINARY HAZARD GROUP-1 
IN NORTH HATCH BUILDING, AND BGEV BEAM 
ALCOVE WITH 2 1/2" HOSE CONNECTIONS 
AND SIAMESE CONNECTIONS FOR EACH 
AREA. 

DETECTION: MANUAL FIRE ALARM PULL STATIONS 
AT EXITS PLUS IONIZATION TYPE 
SMOKE DETECTORS. 

F -O/MI-60 SERVICE BUILDING 
HVAC SYSTEMS 
TEMPERATURE: 6B'F HEATING 

78'F COOLING 
VENTILATION: 2 AC/HR MINIMUM 

FIRE PROTECTION 
AUTOMATIC WET TYPE SPRINKLER SYSTEM 
DESIGNED FOR ORDINARY HAZARD GROUP-2 
IN COMPRESSOR AREAS AND GROUP-1 IN 
ALL OTHER AREAS WITH SIAMESE 
CONNECTION. 

DETECTION: MANUAL FIRE ALARM PULL STATIONS AT 
EXITS PLUS IONIZATION TYPE SMOKE 
DETECTORS IN ALL AREAS. 

8 GEV BEAM ENCLOSURE 

TEMPERATURE: 65' TEMPERING OF VENTILATION AIR 
NO COOLING 

VENTILATION: 2 AC/HR MINIMUM 

FIRE PROTECTION 

DETECTION: MANUAL FIRE ALARM PULL STATIONS AT EACH 
STAIRWELL AND AT MAXIMUM 300 FT. INTERVALS. 
COMBINATION FIXED TEMPERATURE AND RATE 
OF RISE HEAT DETECTORS, ZONED TO PROVIDE 
ALARMS IN EACH HALF ENCLOSURE SEGMENT 
ADJACENT TO SERVICE BUILDINGS. 

!!!!lOR DANI,!! '::JI 5
· KRSTULOVICH/M. OLSON f)" 1, = , 00 •• J''!I,',Illl .. ""'"" sTATEs DEPARTMENT"" EN<RDY 

PROJECT NO. - 21842300 E. HU£DEM t; I "'-'-

FERMILAB MAIN INJECTOR 
::::" e.A.H. JULY,1992 r._::_:::__::._-/------------iL----1 HVAC & FIRE PROTECTION CRITERIA 

REV. "'"" G.O./R.K. JULY,I992 w "· 6-6-2 TITLE-1 M-1 REV. 
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INJECTOR 
, __ ,ENCLOSURE 0-1r 

SA 
2500 CF"M I[ 

L' SUPPLY AIR FAH (AT GRADE) 
W/ fiLTERS, El£CTRIC ll--- __£- DUCT HEATER & LOUVERED lt·HAKE 

§O__Q_Q__,_ -....._, /24" DIA. PIPE 
Crt.l \...,_ -......__ / OFFSET 
OA ::;A. - DlA. (.1)\-J - -L SA-PIPE 

DOWN 

I 
I 
II 
/

1 MAIN INJECTOR 
: ENCLOSURE 

2500 CFM 1) 
SA i I 

0 " 
lJ ll 

SERVICE BUILDINGS Ml-1 0, Ml-30, Ml-40 AND Ml-50 PLAN 
1/!1'=1'-o" NOTE: SERVICE BUILDINGS Ml-10, Ml-20, Ml-30 AND Ml-50 PLANS AS SHOWN. 

Ml-40 SIMILAR NOT SHOWN. 
-.........._--.......,_ // = -= '"-,,, 

// ,/' / F 

;I I 
/ I 
rr II 
II II 
II II 

F -0 I Ml-60 PLAN 

El£C. UNIT HTR. (TYP.} 

AIR HANOUNG 
UNIT W/ FILTERS 

21842JOO 

B.A.H. JULY,1992 

G.O./R.K. JULY,1992 

M-2 

(o)T-- t 
VENTILATION 
UNIT W/ riLTER 

MAGNET STAGING l EA 

-::::::-

EXHAUST LOUVER (TYPICAL) 
'Vi/ OAUPER INTERLOCK 
TO VENTILATION UNIT 

\\ 
\\ 
\I 
,, 
II 
;I 

NORTH HATCH BUILDING 

;I 
;I 

;I 
;I 1/!1'=1'-0" 

I===== 

= = = = _g------_-_-_ _Jill-=--=--=--===-= 
===-=:== 

S, KRSTULOVICB/M. OLSOU 

E. HUEDEIA 

II 
// 

// 

n--v"-- INJECTOR II _:I ! ENCLOSURE 
2500 CFM 

+ 

FAN 

- 'lfl \ 
1': - OOWN 

• I I; x-;-
EA EXHAUST AIR U U GRILLE II 2500 Cf).ll I 5000 CFM-EA 

I I - INJECTOR 1.__1___,f-- I 1_:NCLOSURE 

SERVICE BUILDINGS Ml-52, Ml-62 AND F -17 PLAN 
1/B"=I'-0" 

SCALE: 

,. "' 

FERMI NATIONAL ACCELERATOR LABORATORY 

FERMILAB MAIN INJECTOR 
HVAC PLANS 
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.··. 'f 

i ;: 
MAIN INJEytbR 
COOLING 

,/ 

. MAIN INJECTOR 
ENCLOSURE 

SERVICE BUILDINGS Ml-1 0. 
Ml-30, Ml-40 & Ml-50 
PROCESS SYSTEMS: 
POND WATER: 1600 GPM 

90'F MAX. TEMPERATURE 
M.D-LOW CONDUCTIVITY WATER: 1500 GPM 

\ . NOMINAL 95'F TEMPERATURE 

\ COOLING WATER . / . 

. -MAIN INJECTOR ENCLOSURE 
PROCESS SYSTEMS: 
LOW CONDUCTIVITY WATER: 

NOMINAL 95'F TEMPERATURE 

wATER UN tRDRAIN. svsTEM 

SERVI.CE BUILDING Ml-60 
PROCESS SYSTEMS: 

POND W,)'TER: s:;• TEMPERATURE 
M.I.-LO(V CONDUCTIVITY WATER: 1500 GPM ) I NOMINAL 95'F TEMPERATURE 
RF-LO,W CONDUCTIVITY WATER: 2150 GPM 

GPM 
1,' NOMINAL 55'F TEMPERATURE 

, UTILITIES 
\ 1NpUsTRIAL COOLING WATER 

llffiiBEAM BEAM 
•

1 
6.. "' / MAIN INJEcroR I r 

1 : § / ENCLOSURE · MAIN INJECTOR 
1.\1 :I tg_ • I DEHUMIDIFIER iII !/ 

IN i ENCLOSURE i'r·l 'jl - s I I : I I PUMP ". 6" r PUMP 
DCCWs& LCWRU50PS. "'I - -- 6 .. ·:. , ;<; _,;;• ENCLOSURE 

UNDERDRAIN (TYP.) 1 tky •, ! DISCH ' • DISCH. 

I ' ; f LCWS & LCWR LOOPS!-'·, I : I SUMP IN ENCLOSURE : 6" • !i SUMP . . :1 ".;.J • PUMP • I J "' -s I. PUMP· 
I !' !'"""' : ..... ..... "r'"'! 

: O.Q_-... 6'"' ;; & LCWR • I ,_-4" 6'' ·: 
• / •u .. aua .. 6" ,<!-'

1 
·1 UTILITY ALCOVE :: i 6'/! j UTILITY ALCOVE •• , 6.. :; i i;.-6" ®--+ - - - ---r-- --- - j If i I -, I l= 

i ..... !11 I .,•""••u ........ .. 1i···;: 'Sf': i('''''"''" 

'i 
, I 
\; 
\,I 

• 1 I • STAIRS . . ' LWCS & LWCR LOOPS 
I :I : : i : : IN ENCLOSURE : I I I : 

I i l ' UNDERDRAIN ; k j: I] .. """'""""" (TYP.) I • "'I I • I ' ,, ' LWCS & LWCR LOOPS·,jj • : I- ! ' , ::,:,, G" 
IN fNCLOSURE :,, .1: - t ': - MAIU_INJECTOR ' MAIN INJECTOR 0! - -- ±it ENCLOSURE . . i: l ENCLOSURE 

ALCOVE PLAN AT SERVICE BUILDINGS ALCOVE PLAN BEfWEENSERVICE 
(TYPICAL fOR Ml-10, Ml-20, Ml-30, Ml-40 & Ml-50) 

DESCR•PllO!lS 

REVISlm<S 

1/8"=1'-0" 

M-3 

(TYPICAL fOR 6) 

PROJECT NO 21842300 

B.A.H. 
G.O./R.IC 

SI.IBVmtD 

ENCLOSURE' 

MAIN INJECTOR 

COOLING PONDS 

_r- DISCHARGE 
NOZZLES 

"-INTAKE 
BOX 

ALL SERVICE BUILDINGS TO 
HAVE S-LCW PUMPS ANO 
2-HEAT EXCHANGERS. 

NORTH HATCH BUILDING 
PROCESS SYSTEMS: 
POND WATER: 5DO GPM 

90'F MAX. TEMPERATURE 

MAIN RING 
COOLING PONOS 

8 GEV LOW CONDUCTIVITY WATER: 900 GPM 
NOMINAL 95'F TEMPERATURE 

UTILITIES 
INOUSTRIAL COOLING WATER 

KICKER 

I 
9 

I 

I 

i 

I 

i 

I 
i i 

_J:. L_i 

TYPICAL SERVICE BUILDING 
FLOOR PLAN 

SCALE: 1 /8":::: I '-0" 

TYPICAL PROCESS WATER COOLING SYSTEM 

POND WATER SUPPLY 

PONO WATER RETURN 

LOW CONDUCTIVITY WATER SUPPLY 

LOW CONDUCTIVITY WATER RETURN 

UNDERDRAIN 

PSO PUMP STATION 

EXISTING 

MAIN INJECTOR 
ENCLOSUR/ 

/

MAIN INJECTOR 
ENCLOSURE 

S. KRSTULOVICH/M. OLSOtl 
SCALE: FERMI NATIONAL ACCELERATOR LABORATORY 

E. 1" "' 

1/8"=1'-0" FERMILAB MAIN INJECTOR 
PROCESS SYSTEM-CRITERIA 

6-6-2 TITLE-·1 M-3 eEV. 



MAIN INJECTOR 
EQUIPMENT 

LCWS & LCWR LOOPS IN 
MAIN INJECTOR ENCLOSURE 

MAIN INJECTOR 
EQUIPMENT 

M-4 

MAIN INJECTOR RING 

B.A.H. JULY,l992 
G.O./R.K. JULY, 1992 

MAIN INJECTOR ""'2? 
EXISTING \ 
TARGET 
HALL 

S. KRSTULOVICH/M. OLSON 

E. HUEDEM 

KICKER 
BUILDING 
F-17 

EXISTING 
TEVATRON MAIN RING 

LEGEND 

-PWS-- POND WATER SUPPLY 

-PWR-- POND WATER RETURN 

-Lcws- LOW CONDUCTIVITY WATER SUPPLY 

-LCWR-· LOW CONDUCTIVITY WATER RETURN 

---uD---- UNDERDRAIN 

Ps ua PUMP STATION 

EXISTING 

EWT ENTERING WATER TEMPERATURE 

LWT LEAVING WATER TEMPERATURE 

GPM GALLONS PER MINUTE 

HX HEAT EXCHANGER 

MH MANHOLE 

KW KILOWATT 

-MAIN RING 
COOLING PONDS 

QUALIFICATION OF INDICATED POND TEMPERATURES 
DESIGN TEMPERATURES BASED ON 95'F MAXIMUM OUTDOOR AIR TEMPERATURE, 
50 % RELATIVE HUMIDilY, 6.8 MPH WIND AND WITH NO OVERCAST. 

SCALE: NONE FERMI NATIONAL ACCELERATOR LABORATORY 

FERMILAB MAIN INJECTOR 
PROCESS SYSTEMS FLOW DIAGRAM 

6-6-2 TITLE-1 M-4 



-
86 

---- -1 --- --
N.c.(--® 1600AMP 

[) 

RELOCATED 
TRANSFORMER 828 

TRANSFORMER 
ALARMS 

60/79.5/99.9MVA \_' l_J 

¥: 1Y Ti 
L, @@:J 

3¢1, 60HZ. 
{CONVENTIONAL @ ) 
POWER) l [ 

= 1§;- 1 

SOOMVA 3000AMP SOOMVA 3000AMP. """ "'"" j """ ""''"'" \il 

DESCRIPT!ONS 
Rt:ViS!ONS 

_ _ 13.8KV BUS r 
4000A. 

SOOMVA 1200AMPi SOOMVA ""'" ,.,.1 "'"'"'""'"I 
TO AIR SWITCH 

AT SERVICE BUILDitlG 
Ml-50 

C.E. CO. 345KV 
TRANSMISSION LINE 

11120 
I 
(600AMP. 

C.E. CO. 345KV 
TRANSMISSION LINE 

11119 

I 
1600AMP. 

L__ _____ - ---

r- -· 
I 

! Nl(M} 1600AMP 

I cj' 
I l li-

N 0 1--{),i'• 25000MVA 2000AMP. . ·r '-' I:?1J SF6 MAIN BREAKER 
1600AMP1 

I 
1 lj 
I C.;_, 
I 

i N.C. _.MJ 1600AMP. 
I 
L. 

FUTURE 

I 
(600AMP. 

l 
N.O. 

! 

I® ---------

WAlTHOUR DEMAND M£TER 

LEGEND 

SWITCHGEAR CIRCUIT BREAKER 

1

:: 

I@ OIL TEMPERATURE DEVICE I -
"@ WINDING TEMPERATURE RELAY 

@J INSTANTANEOUS OVERCURRENT RELAY 

® TIME OVERCURRENT RELAY 

@ PRESSURE RATE OF RISE RELAY 

(0 TRANSFORMER OIL LEVEL 

@ LOCKING OUT RELAY 

@) TRANSFORMER DIFFERENTIAL RELAY 

0 FEEDER NUMBER 

ttc. tWRMALLY CLOSED 

N.O. NORMALLY OPEN 

- DISCONNECT SWITCH 

CIRCUIT BREAKER 

BUS TIE BREAKER 

MOTOR OPERATED LOAD BREAK SWITCH 

lJ..UJ 
I f(l(l 

LIGHTNING ARRESTER 

THERMAL ELEMENT 

TRANSFORMER 

CURRENT TRANSFORMER-STATION TYPE-
WYE CONNECTED 

AMMETER 

AMMETER SWITCH 

VOLTMETER 

VOLTMETER SWITCH 

POTENTIAL TRANSFORMER 

CURRENT TRANSFORMER-BUSHING TYPE 

-j --------------.. ---

SOOMVA 
3000AMP 

TIE BREAKER 

i SOOMVA 1200AMP. SOOMVA 1200AMP. ''"" .. ,."I ..... ,."I· 

PROJECT NO. 21-B42300 

TRANSFORMER 
AlARMS 

"'@@) 

r-w 

ruruRr 
25000MVA 2000AMP. 

SF6 T!E BREAKER 

86 

SOOMVA 
3000AMP 

4000A N 0 

A A 

N.C.!'-@ 1600AMP. 

®---+ 
NEW TRANSfORMER 
40/53/66.6MVA Ll_r J...) ¥: OA/,./FOA ('[ 
345/13.8KV, I I 

60HZ. 
(PULSED (E) ) 
POWER) l [ 

= 

500MVA 3000AMP. 
Mo\IN BREAKER 'ITJ 

13.8KV BUS 
4000A. 

TRANSFORMER 
ALARMS 

L, (26)@ 

.. :Tl'®'R 
SOOMVA 1200AMP SOOMVA 1200AMP SOOMVA 1200AMP SOOMVA SOOMVA "'"' "''"", r T "'''" t "'"'' """'', t mom "'""", r T ""'" '""" I 

TO !SKY SWITCHGEAR TO 15KV SWITCHGEAR TO ISKV SWITCHGEAR TO !SKY SWITCHGEAR 
AT SERVICE BUILDING AT SERVICE BUILDING AT SERVICE BUILIJING AT SERVICE BUILDING 

Ml-50 Ml-50 1-tl-50 Ml-50 

KAUTZ ROAD SUBSTATION 
345-13.8KV SINGLE LINE DIAGRAM 

J.RYK/E.VALDES 

A.R.FLOWERS 
NAU£ MTE 

D£SIGNEO R.S.M. 07/01/92 
DAAWN l R.S.M. 07/01/92 
CH£CK£0 Z.S. 07/03/92 
APPROVED I 
E-1 

500MVA 
3000AMP 

TIE BREAKER 

N c WM 1600AMP 

TRANSFORMER 
ALARMS 

L@@ 

@) 

1 ,-----1 --l 

FUTURE 
40MVA TRANSFORMER 

L __ _ +--J 
SOOMVA 500MVA 1200AMP SOOMVA 1200AMP m SOOMVA 1200AMP m "''" """" r '""' '""" r "'"" '"'"") "'"'" ...... r 

TO SERVICE BUILDING TO NORTH HATCH RF ANODE 
F-0 BUILDING & POWER SUPPLY 

SERVICE BUILDING 
Ml-60 

SCALE: NONE FERMI NATIONAL ACCELERATOR LABORATORY 

0 F'ERMILAB MAIN INJECTOR 
13.8KV SINGLE LINE DIAGRAM 

6 6 2 TITLE-1 

-



OESCR•Pl'lONS 
REVISIONS 

SERVICE 
BUILDING Ml-40 

SOOKVA BOOA. 480/277V. 
13.BKV-

480/277V:J 

L 
TR. )' / BOOA. 

) 
R 

'!-()() ..... 

/" ....._ 

r 
n I' I '1;.· I I' lf t .tJ 

/3 I ,2 I I 't SEE CotJVERTER POWER SUPPLY '-.I/ TYPICAL WIRitiG DIAGRAM AT FAR RIGHT 

- t ' 
) 

7 7'1' 

- SOA. 

-. ', 
\1 \_ .. _1. 

T;. , .- r . 
1
) BOOA. 

(J 
SERVICE 

BUILDING Ml-20 
800A. 480/277¥. 

'-.. -,, 

PANELBOARD 

MAIN INJECTOR 
SINGLE LINE 

SERVICE 
BUILDING Ml-50 

BOOA. 480/277V. 
PANELBOARD 

SOOKVA 
13,8KV-

480/277V. 
TR. 

? 
) 800A. 

I 
' '' 

SERVICE 
BUILDING Ml-1 0 

BOOA. 480/277¥. 
PANELBOARD 

SOOKVA 13.8KV-480/277V. TR. 

BOOA. )(_ 
SERVICE BUILDING Ml-52 , \r 

f!.!JOR MNI,!! 
PROJECT NO. - 21842.300 

R.S.M. 07/01/92 
07/01/92 

z.s. 07/03/92 

E-2 

lTD 
SOA. 

\ __ ..A_"-_\_"1 
'i •("'\ 

LEGEND 
TRANSFORMER 

SWITCH 

CIRCUIT BREAKER 

,-;-IJ FUSE 

CJ FEEDER NUMBER 

N.C. NORMALLY CLOSED 

N.O. NORMALLY OPEN 

00 VACUUM BREAKER 

2-3600KVA 
13.8KV-41 OV. 

TR. 

2-1400KVA 
13.8KV-350V. 

TR. 

CONVERTER POWER SUPPLY CONVERTER POWER SUPPLY 

200A -3P SOA NORTH HATCH BUILDING 
,........_ --o BOOA SWITCHBOARD 

)( BOOA CONVENT!ONAL POWER 
o--'--

200A -3P [> ,>f 
750KVA 13.8KV-480/277V. TR. , NORTH HATCH BUILDING o---,........_ ---Q 2000A SWITCHBOARD 

OfT BOA 2500A. FRAME PULSED POWER 
W j 1800A TRIP 

I> ,>f 
SOOKVA 13 8KV-480/277V TR 

(TYPICAL WIRING DIAGRAM) 
POWER SUPPLY # 1 & #3 

ISOOKVA 13,BKV-480/277V, TR. 

(TYPICAL WIRING DIAGRAM) 
POWER SUPPLY #2 

------ -- -......_ SERVICE BUILDING Ml-60 
-l · '- < J 2000A, SWITCHBOARD 

( SW 3t PULSED POWER 

J.RYK/E.VALDES 

A.R.FlOWERS 

l_"-...,.,'·-.._,·, 

1 

SERVICE BUILDING Ml-60 
___,--------,_,_,_,---- -- -< •- • -•' ZOOOA. SWITCHBOARD 

ON-OFF BOA. 2500A. FRAME PULSED POWER 
SW. IBOOA. TRIP 

ISOOKVA 13.8KV-480/277V. TR. 

C.E. CO. 345KV 
TRANSMISSION LINE 

11120 
L__ 

C.E. CO. 345KV 
TRANSMISSION LINE 

11119 

FUTURE nl.lllnll 
I 

15KV FEEDERS 

13.8KV BUS fROM 
TRANSfORMERS AT 

KAUTZ ROAD 
SUBSTATION 

KAUTZ ROAD SUBSTATION 

SCALE: NONE FERMI NATIONAL ACCELERATOR LABORATORY 

FERMILAB MAIN INJECTOR 
SINGLE LINE POWER DISTRIBUTION 

6-6-2 TITLE-1 E-2 RLV. 



X:99,000 

__ X:lO_I,_oo_o_ I 

MANHOLE 
Ml-35. 

CONCRETE ENCASED DUCT BANK WITH 
6-SH COMMUNICATION DUCTS & 

POWER DUCTS. 
(UtlLESS OTHERWISE NOTED) 

0 
0 
0 

,_. 

BUILDING 

POWER & COMMUNICATION DUCT PLAN 
SCALE: 200' OH. 

;( 
SERVICE BUILDING \ 

Ml-40 '\ 

\ \ ""-\ \ 

TUBULAR STEEL 
TRANSMISSION 

LINE POLE. 

11 ,, . ....---........ ___ ______________. .. 

TRANSMISSION POLE DETAIL 
SCALE: 1" - 20' 0". 

R.S.M. 

R.S,I.l. 

A.Z. 

E-3 

""' 07/07/92 
07/07/92 
07/09/92 

/ 
/ 

\ 
\_ 
I 

/ 
'( 
) 

FUT 

L r 

b 

l; 

A.R.FLOWERS tJ ::r: 
1-----t--t------1"' 

E.VALDES {);< 
w 

00 go:z 

"' "' ,_. 

.. ! i' 
FUT BUS 

1 I TIE 

FUTI I I 

't 
, 345KV 

g 
g 
,_. 

RING ROAD 

DUCT PLAN SYMBOLS 
- -POWER & COMMUNICATION DUCTS 

----- - -- COMMUNICATIOtl DUCT 

POWER (13.8KV) 

lrJ - FUSIBLE DISCONNECT (15KV, 400A FRAME, 
-FUSE SIZE VARIES) 

[IJ - TEMPORARY POWER TRAilSFORMER (13.6KV-480V, 3-<1, 
SIZE VARIES) 

SUBSTATION SITE PLAN 
SCALE: 1" 50' 0". 

SCALE: FERMI NATIONAL ACCELERATOR LABORATORY 

FERMILAB MAIN INJECTOR 
POWER & COMMUNICATION DUCT PLAN 

6-6-2 TITLE-1 



BUILDING 

WELDING OUTLET 
480V.-60A. OUTLETS 

MlD 450'1 OU CENIER 

UTILITY OUTLET 

1---l!-----------\--',,-4:'\ 
·ft QUADRUPOLE$ 

GENERAL LIGHTING 
EIGHT FEET LONG, TWO BULB 
FLUORESCENT FIXTURE 75WATTS 
EACH <J) EACH QUADRUPOLE 
(60 FEET APART} 

EXIT LIGHTING 
TO BE PROVIDED PER CODE. 

ELECTRICAL CRITERIA PLAN 

J \ 
Ml-40 

SERVICE BUILDING \\ 

\ 
1,, 

E-4 

PROJECT NO. - 21842300 

R.S.t.4. 
R.S.M. 
z.s. 

"'n: 
07/07/92 
07/07/92 
07/10/92 

CHECKED 

SUBUITTUl 

E. VALDES 

A.R.FLOWERS 

)0------- ------

WELDING OUTLET 
480V.-60A. WELDING OUTLETS 
@ALCOVE AND 450'± ON CENTER 

UTILITY OUTLET 
120V.-20A. QUADRUPLEX RECEPTACLE 
AND TWO 208V.-20A. RECEPTACLES 
@ QUADRUPOLES 

GENERAL LIGHTING 
EIGHT FEET LONG, TWO BULB 
FlUORESCENT FIXTURE 75WATTS 
EACH @ EACH QUADRUPOLE 
(60 FEET APART) 

EXIT LIGHTING 
TO BE PROVIDED PER CODE. 

ELECTRICAL CRITERIA PLAN 

LIGHTING LEVELS 
GENERAL LIGHTING NORMAL CONDITIONS 

OFFICES 

TECH. AREAS 

EQUIPMENT AREAS 

STAIRS & HALLWAYS 

TOILET ROOMS 

cmHROL ROOM 

PARKING AREAS 

EMERGENCY LIGHTING 
ALL lfHERIOR SPACES 
LISTED ABOVE 

75 FOOTCANOLES 

75 FOOTCANDLES 

75 fOOTCANDLES 

20 FOOTCANOLES 

30 FOOTCANDLES 

I 00 FOOTCMlDLES 

PROVIDED BY 
EXTERIOR FIXTURES 
MOUNTED ON SLOGS, 

5 FOOTCANDLES 

LIGHTING LEVELS GIVEN AT THREE FEET ABOVE THE FLOOR. 

SCALE: FERMI NATIONAL ACCELERATOR LABORATORY , 

FERMILAB MAIN INJECTOR 
ELECTRICAL CRITERIA 

6-6-2 TITLE-1 E-4 
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0 
1 
£ 

f 
i 

L 

X , .... 
X 

740.8 

SCALE: 
HORIZOtffAL 

,. "' 

VERTICAL 
, •• 1)'-<J" 



745 

735 

730 

725 

720 

715 

710 

302 303 30< 305 306 307 308 309 310 311 312 313 31< 315 316 317 318 319 320 321 322 

T. U.CKOWSKI c,'\ SCALE: 
HORIZONTAL 

"""""" C. FrOEROwtCZ , • • $1J'-(f' 
.. 

S<ALE 
E. CRUUPL£Y VERTICAL 

"""""' TOW PAWLAK to 
WAYNE HESTAHDER I" • 5'-tf' 

(){XOH BOGERT "' 

fERIA! NATIONAL ACCELERATOR LABORATORY 

A INJECTOR ENCLOSURE .. MAIN 
v PLAN & PROFILE 

-ItO. 6-6-7 C-6 PSY. 2 :1 

L =_j 



/ 

' ... 
... fi ... X 

... ... 

PROJECT 

·¢· VERTICAL 

SCALE: 
HORIZONTAL 

I• .. 

L 



L 



SCALE: 
HORIZONTAL 

,. -
VERTICAL 

L 





X:99,000 

I 
I 

0 
0 
0 ..; 
"' ;.: 

I 
I 

I 

I 
I 

I 
I 

I 

I 
I 
I 

I 

I 
I 

I 
I 
I 

I 

0 
0 
0 .; 
"' >-' 

0 
0 
0 .,; 
"' ;.: 

0 
0 
0 ,..: 
"' ;.: 

0 
0 
0 

;.: 

X:to1,ooo ------1/L_j __ ___ _______ 
r-21 

):100800.864 
Y: 97758.679 

I 
I 

I 

I 
I 
I 

I 
I 
I 

I 
I 

I 

I 
I 

if :)1 
-I 

I 

I 

I 
jEI 

/' 

MAIN INJECTOR ENCLOSURE 

STATION E-42 
X:l 2278.907 
Y: 6601.721 

EXISTING TeV RING ENCLOSURE 

0 
0 0 
0 0 

0 0 o. 0 0 '" 0 0 
"' ;.: ;.: ;.: 

STATION F"-42 
X:IOOOS-4.766 
Y: 99216.799 

STATION F"-32 
X: I 00304.689 
Y: 98479.5-41 

SlGHT NORTHING EASTING RISER (Y COORD.) {X COORD.) 
NAME 

X:101,000 
SP 1,4160-1 97011.8479 101707.8658 

SP 23 96028.2579 102472.5-4&8 

SP -4-4 9.4896.0982 102262.2292 

SP 66 9-4219.7308 101117.5329 

SP l-4130-1 94463,8482 100003.1397 

SP lo4130-2 94699.1282 99615.1303 

SP 109 95682.7249 98850.«73 

SP 130 96814.8616 99060.7557 

SP 151 97-4-82.0013 1001..j.9.5607 

SP ).1160-2 972-47.1277 101319.8563 

X:103,000 

0 
0 
0 

i. 
;.: 

0 
0 
0 .; 
"' >-' 

0 
0 
0 .,; 
"' ;.: 

STATION E-32 
X:103042.350 
Y:96649.530 

I 

l:._,, 
X:1039U.723 
Y:96716.799 

0 
0 
0 .; 
"' ;.: 

0 
0 
0 

'" "' ;.: 

0 
0 
0 
0 
0 

;.: 

CENTER OF TeV RING 
X: 1 03,258.6778 
Y:99,935.3154 

0 
0 

0 

1. SEE OWG. SC-2 FOR COORDINATE SCHEDULE. 

I 
FLUOR r. tAcKowsKt 3o SCALE: FERMI NATIONAL ACCELERATOR LABORATORY t f---t-----1-----------j """"PR<>.ECT :;::;, - MT£ T. U.CKOWSKI Q 1

• 

"""""' R. JEOZIHIAK 7/16/93 1-""-"""--+-E-. -r.-.-U-MP-LEY----1-----lC/) A MAIN INJECTOR ENCLOSURE 
R. OEU.CRUZ 7/16/93 I-----+--;T-;;,OM0-;;P-;;AW;;;U.-;-K;;----+---------l lilllll!lull1l! BEAMLINE GEOMETRICS 

.. A. VASONIS 7/16/93 NE:STANDER ______________________________ ______________________________ ____ 



CEI..LBOY X: Y: REMARKS CEU..BDY X: Y: REMARKS CEUbOY X: Y: REMARKS CEU..BDY X: Y: REMARKS 
641 99787.35365 97362.77346 102113.18371 96662.33586 t.ll-52 UARKER ,., 101535.64232 943.{8.20259 99209.81227 95048.64016 t.ll-22 t.IARKER 

640 99825.80663 97380.96407 521 102131.88172 96641.01202 34fl 101.497.18934 9-4330.01197 221 99191.11-425 95069.96402 

639 9966-4.75043 97398.0787 .. 520 102169.27776 96598.36434 t.ll-52 BUILDING 331 101456.24555 9-4312.89730 220 99153.71621 95112.61170 

636 9990-4.15492 97-414.10423 519 102196,87598 96565.99354 33:.1 101o416.84105 9-4296.87181 219 99126.11999 951·4.4.98250 

637 99957.40190 97-433.63205 516 102223.56370 96532.86807 33? 101365,59 .. 08 94277.34399 216 99099.-43228 95178.10797 

636 100011.-41670 97-450.92300 517 102249.32027 96-499.01353 336 101311.57927 9426Q,Q!j,304 217 99073.67571 95211.96251 

635 100066.10542 97465.9-4701 516 10227-4.12579 96-46-4.45609 331 101256.69056 9-42-45.0290-4 216 99048.87018 95246.51995 

634 100121.3729-4 97476.67796 515 102305.57712 96-417.26087 33'!· 10t201.62304 94232.29806 215 99017.-41885 95293.71516 

633 100177.12311 97-489.09372 514 102335.03352 96366.79544 331 1011-45.87281 94221.86233 214 98987.96245 95342.18060 

632 100233.25916 97-497.17616 513 102362.4-4376 96319.1-44t t 331 101089.7366t 94213.79989 213 98960.55221 95391.63193 
/ 

631 100289.68332 97502.91124 512 102387.76018 96266.39320 331 101033.31266 9-4208.06-481 212 96935.23579 95-4-42.58284 

630 I 003-46.29751 97506,28698 511 102410.93877 96216.63097 33•.} 100976.69846 9-4204.68706 211 98912.05721 95494.34508 

629 I 00-403.00330 97507.30352 510 102431.93920 96163.9-4740 329 100919.99267 9-4203.67253 210 98891.05677 955-47.02864 

626 100459.70209 97505,95308 509 102450.72497 96110.43412 321\ ,' 100863.29389 9-4205.02296 209 98872.27100 95600.5-4192 

627 100516.29528 97502.2-4002 506 102467.263-42 96056.18-419 321 100806.70070 9-4208.73602 206 98855.73255 9565-4.79186 

626 100572.68446 97-496.17079 507 102481.52579 96001.29192 32. 100750.31151 9-4214.80525 207 988-41.47019 95709.68413 

625 10061-4.79507 97-490.1518-4 506 102493,-48727 959-45.85277 32.\ 100708.20091 9-4220.82-421 206 98629.50871 95765.12327 

624 100656,72208 97482.96461 1.11-62 BUILDING 505 102503.12706 95889.9631 5 321 100666.27369 9-4228.01143 205 98619.66891 95821.01290 

623 100698.43310 97-474.61467 504 102510.42841 95833,72022 32.} 10062-4.56287 9-4236.36137 204 96812.56756 95877,25582 

622 100739.89589 97-465.10847 503 102515.37863 95777.22180 32.1 100563.10008 9-42-45.86757 203 98807.61735 95933.75-424 

621 100795.00103 97451.66557 502 102517.96908 95720.56613 321 100527.9949-4 9-4259.31047 202 98805.02689 95990.-40992 

100822.55360 97444.9-4413 lr.ll-62 lr.IARKER 501 102518.19529 95663.85171 1.41-50 BUILDING 100500.-44237 94266.03192 1.11-32 lr.IARKER 201 98804.80066 96047.12433 Ml 20 BUILDING 
AND MARKER AND MARKER 

620 100850.10617 97-438.22268 430 102516.0568-4 95607.17717 32') 100-472.68980 9-4272.75337 130 98806.93913 96103.79887 

619 100905.21131 97-42-4.77978 429 102511.557-48 95550.6-4107 100417.78-466 94266.19626 129 98811.-43650 96160.33498 

616 1009-46.39383 97-414.12-466 426 10250-4.70500 95-494.34169 313 100376,60215 94296.85138 126 96816.29098 96216.63435 

617 100987.26423 97-402.32887 427 102495.51134 95438.37695 31'{ 100335.7317 4 94306.6-4717 127 96627.-48-464 96272.59910 

616 101027.79094 97389.-40151 426 102-483.992-46 95382.84--4 IS 31> 100295.2050-4 94321.57-453 126 98839.00351 96326.13189 

615 101067.94263 97375.35258 425 102470.168-42 95327.83986 3lj 100255.05334 94335.623-46 125 98852.82755 96383.13619 

614 101120.79203 97354.77307 424 102-454.0632-4 95273.-45972 311 100202.2039-4 9-4356.20298 124 98868.93273 96437.51632 

613 101172.73752 97332,00812 423 102-435.70493 95219.79830 31 100150.25846 94376,96792 123 98887.29104 96491.17775 

- 612 101211.06207 97313.59003 422 102-415.12541 95166.94889 31:l. 100111.91390 94397.38601 
1--- 122 98907.67056 9654--4.02715 I--

611 1012-48.89981 9729-4.11315 421 102392.36047 95115.003-41 311 10007-4.09616 9-4-416.86289 121 98930.63551 96595.97264 

610 101286.16153 97273.5925-4 420 102367.4-4968 9506-4.05217 310 100036.834-45 94437.38350 120 98955.54629 96646.92387 

609 101322,83640 97252.04-405 419 1023-40.43638 95014.18377 309 100000.15757 94458.93199 
1--·· 

119 98982.55959 96696.79228 

II 
606 101371.33940 97222.63-411 416 102311.36752 94965.48-492 303 99951.65657 9-4488.3-4188 116 99011.62645 96745.-49112 

607 101419.8-40-40 97193.22-428 417 102280.29366 9.4918.0.4031 307 99903.15558 94517.75176 117 99042.70231 96792.9357-4 

606 101468.34139 97163.81440 416 102247.26883 94871.93243 30, 9985-4.65458 9-4547.16164 116 99075.72714 96839.04361 

605 101516.84239 97134.40-451 loll-60 BUilDING 415 I 02212.35045 94827.24147 305 99806.15358 94576.57153 t.ll-30 BUILDING 115 99110,64552 96683.73459 AND MARKER AND MARKER 
604 101565.34339 97104.99463 414 102 t 75.59924 94784.04511 304 99757.65258 9-4605.98141 114 991-47.39673 96926.93093 

603 101613.8-4439 97075.58475 413 102137.07911 94742.41849 3C;'; 99709.15159 94635.39130 113 99185.91687 96968.55756 

602 I 01662.3-4539 970-46.17466 412 I 02096.85703 94702.43398 30Z 99660.65059 9-4664.80118 112 99226.13894 97008.54206 

601 101710.8-4638 97016.76498 411 102055.00296 94664.16112 301 99612.14959 94694.21106 111 99267.99302 97046,81493 

532 101746.91008 96994.20527 410 102011.58965 9-4627.66644 232 99576.08589 9-4716.77076 110 99311.40632 97083.30960 

531 101782.33272 96970.65177 409 101966.69262 94593,01342 2Jt 99540.66325 94740.32-427 109 99356.30336 97117.96262 

530 101617.08693 96946.12269 406 101920.38991 94560.26230 230 99505.90904 9-4764.65335 106 99402.60606 97150.71374 

529 101851.14584 96920.63699 407 101884.62836 94536,91906 229 99471.65013 94790.33905 107 99438.16761 9717-4.05698 

526 101895,3-4712 96885.10077 406 101846.63166 94514.57338 223 99427.64886 94825.87528 106 99474.36431 97196.40266 

527 101938.028-4-4 96847.75266 405 101811.62778 94493.2-4254 2..'U 99384.96753 94863.22338 105 99511.16820 97217.73350 

526 101969.0-4862 96818.6-4-461 404 10177-4.44516 9«72.94302 Ml-40 BUilDING 21f 99353.94735 9-4892.331-4-4 104 995-48.55081 97238.03302 

525 101999.24767 96788.68550 403 101724.22756 94446.57104 99323.7-4830 9-4922.29055 103 99596.766-41 9726-4.-40500 

524 102028.6022-4 96757.698-49 402 10167-4.00997 9-4420.19906 21,1 99294.39373 9-4953.07755 102 996-48.98600 97290.77699 loll-10 BUilDING 
AND MARKER 

523 102057.08965 96726,30738 401 101623.79238 9-4393.82708 Ml-40 I.IARKER 213 99265.90632 94984.66867 101 99699.20360 97317.14896 

522 102094.-48569 96683.65970 400 101573.57478 94367.45510 99226.51029 95027.3163.4 100 99749.-42119 97343.52095 

1. SEE DWG. SC-1 rOR lOCATION or CELL BOUNDARIES (CELLBDY'S). 

2. THE COORDINATES Or THE CEllBOY'S INDICATED ABOVE ARE 
BASED ON THE SCRIPT riLES DATED 6-01-92. 

g 

I f!.UOR DAN I,!! "'"' "'" SCALE: NATIONAL ACCELERATOR LABORATORY cooctPT T. l.ACKOWSKI F'ERIAI 
.!IT ... TE.!I DE;PAAn.<I!:NT or I!:NK;"OV PROJECT NO. 21842300 ""'""" 1. L.ACKOWSKI 

01 """ 0<11: MAIN INJECTOR ENCLOSURE .., 
"""""" R. JEOZINIAK 7/16/93 ''""""' CRUioiPlEY 

"'"'" I A. SKUZA 7/16/93 N'Pf«MD 10M PAWlAK COORDINATE SCHEDULE -{-_ 
C>tt<£0 A. VASOHIS 7/16/93 NESTAHDER 

E ""· n.n: """""""' SC-21"" """""' H'f'f«MD R. BRUNTON 7/16/93 "'""'""' t)JXOH BOGERT ., ..... ..,.., 6-6-7 
[_ 



STATIOH £-3 
X:IOl,0·42.l 
'!:96,6.(9.5 

SURVEY RISER SP 23 
X:102472.54S8 
Y: 96028.2579 
SEE DWG. SC-43 
fOR DETAIL Of RISER 

EXIT STAIR 510 

MAIN INJECTOR 
ENCLOSURE 

FUTURE SERVICE 
BLDG. loll-52 
COlTER POINT 
X:102201.9735 
Y:96637.6739 

STAMM £-n 
X:I02,278.907 
Y: 96-801.721 

EXISTING TeV RING ENCLOSURE 

STATIOH f-0 
X:I01,573.307 
Y: 97,145.478 

R£\oi('N(I) E. CRUMPlEY 

0 

5\ 
0 

x 

fUTURE f-17 
BUILDING 

1. SEE OWG. SC-2 fOR COORDINATE SCHEDULE. 

SCALE: FERMI ., ., 
I' • 61:1'-0" 

"'' .ft. 

FUTURE SERVICE 
BLDG. Ml-62 
CENTER POIHT 
X:I00673.8108 
Y:97531.1540 

NATIONAL ACCELERATOR LABORATORY 
UNJT"EP :STATEs DE.P""""'Tlo.III:HT Ql'" ENE .. DY 

MAIN INJECTOR ENCLOSURE .., 

____________________________ ____________________________ O

r WA'HIE NESTANDER PROJECT 
Rf.\o\SlONS DIXO'f BOGERT NORTH 

v KEY PLAN - SHEET 1 

6-6-7 SC-3 



Ml-62 S.B. ALCOVE (620 TO 626) 
SEE OWG, SC-9 
(SEE OWG, SC-3 fOR CONTINUATION) 

(3) TYPICAL HORMAL CELLS 

SEE OWG. SC-10 

SURVEY RISER SP 151 
X:100149.5607 
Y: 97-482.0013 
SEE DWG. SC--43 
FOR DETAIL OF RISER 

0 
0 
0 g 

TYPICAl STRAIGHT 
CELL SEE DWG. SC-14 

TtPICAl NORMAl CEll 
SEE DWG. SC-10 

EXIT TAIR 114 

MAIN INJECTOR 
ENCLOSURE 

SURVEY RISER SP 130 
X:99060.7557 
Y:9661 .... 6616 
SEE DWG, SC-43 
FOR DETAIL Of RISER 

'gcft:. .t 2 
X:98779.169-4 
Y:96039.5555 

Y:96039.9770 

g 0 

I. SEE DWG. SC-2 fOR COORDINATE SCHEDUlE. 

i g 

__ 
NO.- A ; 

1-----!1---1------------l KEY PLAN - SHEET 2 · 

I -- I ""'""" 6-6-7 SC-4 ""· 



0 
0 

"' g 
x 

0 
0 
o. 

x 

"""""' - "'" R. JEOZIHIAK 7/13/93 
A. SKUZA 7/IJ/93 
A. VASONIS 7/13/93 
R. BRUNTON 7/23/93 

-----
-----

-----
----- ------- -----

EXIT STAIR 227 

MAIN INJECTOR ENCLOSURE 

Y:95,500 

I. SEE DWG. SC-2 FOR COORDINATE SCHEDULE. 

EXIT STAIR 208 



g 
:i 
x 

Y:9.4,500 

fUTURE SERVICE 
BLDG. loU-50 
CENTER POINT 
X: 1 02568.8230 
Y:95670.9990 

§ 
1i 

EXIT STAIR 

MAIN INJECTOR ENCLOSURE 

EXIT STAIR 414 

fOR coNTIN\.1-'T\01-t 
sEE. owo. sc-"3 

g 
1i 
x 

EXIT S AIR 

cw<O'T 

""""" 
""""" 
m'R<NfD 

"'""""" 

T. LACKOWSKI 

T. l.ACKOWSKI 

E.· CRllMPLEY 
TOM PAWLAK 
WAYNt HESTAHDER 

DIXOH BOGERT 

0 
0 
"l 
0 

0 
0 
"1 
0 

& 
0 

0 
0 
0 

0 
x 

INTERMEDIATE ALCOVE 
WITH EXIT STAIRS 
TYPE Ill 
SEE DWG. SC-21 

" :;: 

I. SEE OWG. SC-2 fOR COORDINATE SCHEDULE. 



r 

UHISTRUT EUB£00ED INSERTS IH PRECAST ROOt UHrT 
(SPA.Cro AT loiiD-POIHT or PRECAST ROOF UNITS) I IH LONO WAlLS Of' B£AW SPACING 

I.IECH. D'NG. U-a fOft TO UATCH IHS£RlS IH ROOf Ur-HTS. INSERTS 
EXACT I..OCATlOH AND IH WALLS TO EXTrHO f"RQW TOf> Of' COUHG 
OETAll TO 1'-0 AOOVt TOP Of COHCRETE nOOR SU.O. 

{F$ / 24'' It SU.W PIPE Y=94572.94 
9UOW FOR 

BEAU PIPE COOROIKATts 

ROOf H. 7U'-S 

.. 1/ 
/AJ>OffTB'...WPII't: 

rAOORT BASELm£ 
HOT(: FOR EHctOSURt 
SEE OWG. SC-21 

"'"' "" s I SE p CNG E c::: . 

j'•\ 1/ 
.l--- - 1 --t ·-.. I '"' '"' .. -· ,·· \ ROOf n. 724'-r--__j , .... 'l\ 

tO\ 

BASE UHE\ ® CD ® 
- L..,CEU.BDY <I ® . 

@ \@ \ (i) 131 ,\ 
EUBDY 410 

® 

...... or 
1/COHCRET£ 
ROOf EL 724'-5 

ROOF PLAN 
SCJ.l£: t/i'=t'-0 

FOUNDATION PLAN 
SCAL£t t/8' I'-D 

I \ 

g 

f 1! 

'J 
;; 

= 

-=-== 
CEUBD <107 

CELLBDY 406 

= 

<106 

HOT£: FOR EHCLOSUR£ 
SEE DWG, SC-21 

I. FOR LOC.UJOH, SEE KEY PUN OH DWO. SC-5. 

2. FOR UHDEROIWMS RU'ER TO OWG. P-7. 

3. FOR OCTAlt.S HOT SHOWH Rf:I..AT£0 TO THE PRECAST 
INCWOit+G BASE SU.B, rt.18EOOED ATTACHUEHT AHGL£S. 
AHO Pt..ACOIOCT IHFORI.IATIOH, SEE THE SUB AHO ROOf 
Pl.AN FOR A TYPICAL HORVAL ctU. OH DWG. SC-10. 

-4. EOG£ OF SUB, WAllS AHO Pft[CJ.ST 
illi.IEHTS SHALL BE Ot"FSO FROio! THE 8AS£UHt THE 
OISTAHCE SHOWN ON TH£. Pl.ANS , REFUEHCE UHES, 
WHER£ IHOICATEO, SHALL BE USED WITH THE C£lUIOY 
COOROIW.TES TO LOCATE 9ASE AND CEHTERUHES. 

TRAHsvtRSE COOSTRIJCOOH JOINTS IH CAST-IH-Pt.ACE 
CONCRETE SHAll BE SPACED AS SHOWM OH THE Pt.).HS 
AS A WIHIMUU. SPAC*HG Stw..l MOT EXCEED 60'-0 'HHERt 
JOIHTS ARE HOT SHOWN. 

a. All CAST-11-t-Pu.ct COt-rSTROCTIOH JOINTS Stw..l BE OOW£lED 
ACCORDANCE wml THE TYPICJJ... CONCfiETE SECTIONS 

SECTIONS AHO DETAILS OH OWG. SC-tl. 

7. UHOERDIWHS Stw..l OC AND SHAll. BE IHSTAll£0 
OH £ACH SIDE or Tilt ENClOSURE: AS SHOWN OH TllE 
UHD£RDIWH OCTAA.. OH DWG. SC-t1. UHOERORAIH PIPING SHAll 
BE ROUTED TO THE AlCOvt: SUUPS AS SHOWN OH OWG. P-7. 

8. SEE PI..AAS OWG'S. E-15 AHO E-29 FOR IHFORI.IATIOH OH 
THE lOCATIOKS Of [l£CTRK:Al EI.IBEot.tEHTS.. 

CELLBOY .(07 

12-PRECAST CCHCRot PANELS o 4'-5 = 53'-0 

52'-0 IHSIO£ COOCRf:TE WAllS 

T/COHCRill 
PANEL EL. 722'-0 

T/COHCRill WAll EL 721'-4 

t+OTE: fOR ROOf" PRECAST PANEL UHIT OO'All SIT OWG. SC 48 

2'-8 wm snow 
TYP. AU. AROUND 

ROOF PRECAST PANEL PLACING PLAN 
SCAlE: 1/8"=1'-0 

t-tOTE·- SEE TYPICAL ROOf 
PRECAST UHIT DETAil OH 
OWO. SC-48 fOR ADDITlOHAL 
IHFORWATIOH HOT SHOWN 
HERE 

SECTION 
SCAlE: 1/2"=1'-0 

f-----1--+-------_j A 
; lllll!llolll!illl ABORT ALCOVE & BEAM DUMP · .... ______ _l ________________________ ________ 

_j 



25'-6" SEE TYPICAL SERVICE 25'-6" 
BLDG. STAIR PLAN UPPER 

____________ FOR CONTINUATION 19'-3" t 6'-'S' 

SERVICE BUILDJHG "1-10, "1-30, "I-SO & "1-52 

SERVlCE BUILDING loll-10, l.ll-30, loll-SO a: WI-52 

I 
I 
I 
I 
I 
I 
I 
I 

{ALCOVE 

L 31'-0'" 1 SERVICE BUILDING loll--40 

20'-0 1 t •-(f' l SERVICE BUILDING Wl--40 

or-- PIER HO. 

fr 
1 

Jr 'FF+--------!Htfr I 1 121._.. 
A__ b,_l - 1:1 t\.. IIIDOWN 1.J:l- 1 UNK-SEAL PIPE SLEEVE A 

- I r =1 FLOOR 1 .... ____ 

.I j 1 
_ 1 ;: P-

1 1 I 5 SP. 0 1'-6" r- CARRIER PIPE PENETRATIONS, 
I 1 ! 1 1 = 1·-o v sc--42. 

bf 1 1.. :::.-_:-:Jll_ i J t ALCOY' I b 1/ 
-----1 b 1 

/ / DET 

<IIIII 
1 FOR TYP. DETAILS) 

----------------
30'-11. 

b 
J - b !%1 : i I -- j - I :rr -- . •. v , 

. I f.- I : I I T/SlAB ,,._, !It I I -

'" i ! L i1
1
-•"•Ho.

1
: 11

1 llJ' ?- LA"'\b 

I I - 1

+===i=j 
\__ f"VTURE SERVICE 

BLDG. COL ROW 2 

c-3 c-3 : I I:: I -j----'---<'1<-'".·-'ic(". 
FUTURE SERVICE I --- f-JIJ{ K !\ I' lfl<iiii---A ¥ b / I= -1===='114 
BLDG. COL ROW 2 - ,._(f' I ; v :I t...:::::t=' l¥J L T/SLAB EL 736'-1(/'---J :== 

1'-6" 6'-(f' 1'-ff' I I 1 b 1 ,, ••• H R r---
IlL-- 1------ "'·! <1111 (SE owo. r---

1'-(f' 

Ml-20 SERVICE BUILDING STAIR PLAN 
UPPER LEVEL 

Ml-62 SERVICE BUILDING STAIR PLAN 
UPPER l£VEL 

20'-3" 

T/ROOF SLAB: 
EL 757'-Cf 0 S.B. loll-10 
EL 761'-6" 0 S.B. Ml-20 &: 62 
EL 755'-Cf 0 SB, Ml-30, -40, &: 50 
EL 756'-0" 0 S.B. Ml-52 1'-f' 

b 
I 

1o 

EI.IBEDDEO CONCRETE 
INSERT W/ENO CAPS 
6'-Cf lG. IH CEIUHG. 
(UHISTRUT P3200 SERIES 
OR APPROVED EQUAl) 
lYP. 

25'-6" 

31'-0'" 

5'-o" 
(lYP. U.H.) 

(AS SHOWN a: AS NOTED) 

(OPP. HAND ABOUT It ALCOVE &: AS NOTED) 

.=-_,6c:' :e>-.j<- fOR TYP. DETAILS) C-3 
SERVICE BUIDING loll-52 9 T 0 8'-S' II o4'-HJ" ,_ 

I .... f--'-- :== SERVICE BUIOIHG loll-30, 40, a: so 10 T 0 11. C-3 I I' :r I 

c 

I 
r---

(f' tiE 
1'-ff' ··-· • fl' 1=!1= r---

"1 .. 62 i2'-'S' 11'-ff' ;__ f== 
TYPICj11L SERVICE BUILDING STAIR PLAN 

UPPER lEVEL 
(MI-10, loll-20, 1.!1-30, loll--40, Ul-50 &. 1.41-52 AS SHOWN &: NOTED) 

(I.U-62 OPPOSITE HAND ABOUT t AlCOVE &: AS NOTED) 

T/SLAB EL 725'-t"-

SERVICE BUILDING Ml-10 Ml-20, Ml-30, loll-50, Ml-52 &: loll-62 31'-o" 

1'-rf' \1 3'-6" l 1 3'-8" 

, •.. ..- I 
SERVICE BUILDING Ml-10, loll-20, )AI-30, MJ-50, Ml-52 & Ml-62 16'-3"' •·-cr 5'-'S' 7'-'1' 

SERVICE BUILDING Ml--40 15'-11 1/Z: 5'-0 1/ 

SERVICE BUILDING loll-40 COHC. EHCASEMEHT h/<]\Jd,l.67>;/<.,/<--' 
T/ROOF EL 758'-6" 0 S.B. Ul-10, 30, .40 
50, & 52. EL 761'-6" 0 S.B. Ml-20 &: 62. 

CHANGE IN CEILING HEIGHT 
(S. B. 1.11-20 .\ 62 ONLY) 

W.P. 

·-"'S' 11'-0'" 

DWG. SC-42. 

i_ FUTURE SERVICE 
BLDG. COL. ROW 2 

I. FOR LOCA110N OF SERVICE BUILDING ALCOVES, 
SEE DWG'S SC-3, SC-4, SC-5, AND SC-6. 

2. FOR LOCATION Of ELECTRICAL PENETRATIONS, SEE DWGS E-7 
THRU E-19. 

3. FOR DOOR SCHEDULE, SEE OWG. A-1. 

20'-0" 

20'-(f 

SERVICE BUILDING WI 10,MI-20,UI-30, loll-SO, 
Ml-52, AND loll 62. 
SERVICE BUILDING l.ll--40. 

20'-S' 

.6. 

TYPICAL SERVICE BUILDING STAIR ROOF PLAN 4. FOR REJNF. AT DOOR OPENINGS, SEE TYPICAL DETAIL OH 
DWG. SC-41. UPPER LEVEL 

(MI-10, Ml-20, 1.41-30, loll-.40, loll-50 &: Ul-52 AS SHOWH &: NOTED) 
(MI-62 OPPOSITE HAND ABOUT { ALCOVE &: /IS NOTED) 

5. AlL COHST. JOINTS SHALl BE DOWElED WITH A KEYWAY 
AND 6" WATERSTOP. SEE TYPICAL REINF. AT WAll 
INTERSECTION DETAIL ON SC-41 fOR ADOT'L INFO. 

TYPICAL SERVICE BUILDING STAIR PLAN 
LOWER LEVEL 

(loll-1 ), Ml-20, Ml-30, loll-40, WI-SO a: Ul-52 AS SHOWN &: NOTED) 
(1.11-62 OPPOSITE HAND ABOUT (_ ALCOVE &: AS HOT£0) 

1'-ff' 

I 

In 
I ;.. 

_A II 

-
0 

R. 
C-41 FOR TYP. 

DETAILS) 

1'-ri' 

b ... ! 

,., 
I 

" 
b 

,., 
I 

" 
b 
,I 

,., 
I 

b 
,I 

w 

R. 

1'-ff' 

SC--41 FOR TYP. 
DETAILS) 

i 
['; f!!JOR FERMI NATIONAL ACCELERATOR LABORATORY """"" T, L.ACKOWSKI SCALE: 

PR0.£CJ NO. _ 21642300 UNTT'I!:D STAT-.:!1 D,.. .. 1---+---l-------1 A MAIN INJECTOR ENCLOSURE 
- SERVICE BLDG. EXIT STAIR PLANS ,: .... ________________ __ _j ________ i_ ________________ ____ 

T. l.ACKOWSKI 
. 

"""""" SCAU 

"""""' E. CRUMPLr.Y - TOU PAWLA'( 
WAYNE HESTAHDER 

"'""""" DIXON BOGE.RT 



r 

HOT£: ROUGHEN SURfACE 
Of SlAB (TYP.) 

T/CAST-IH-Pt.AC£ 

.. 

SECTION 

T/CAST-IH-PU.CE n. 724'-9 

TYPICAL PRECAST ROOF 
UNIT DETAIL 

SCALE: J/8"=1'-0 

NOTE: SEE DWO. SC-13 FOR lOCATlOH OF ·uHISTRVT" 
COI-ICRETE: INSERTS 1H WAllS AND C£!UHO. 

HOT£: All V,\COOW 
PORTS TO POfHT 
UPWAJ«> 

SECTION 
SCA.L.£: J/IJ"=I'-o 

SECTION 8 
SC-23 

tL 704'-3 

HOT£: S££ TYP. ROOf" UNIT 
D£fA.IL fOR Et.AB£00£0 PlATt 

L 3XlXJ/8XO'-IO l.C 
wml 2-1/2 • X LO, 
HUD£0 STUDS (SPA. l lXl 
o 4'-:S o.c.) 

HOlt: stT PRECAST PANEL 
IH 8£0 Of l.£AN GROUT 

(TYP. 

I. FOR LOCAllOH, SEE KEY J'L,Ol 0H f1"'ltG. SC-4. 

2. fOR UHO£RORAINS REfER TO D'WO. P-3. 

l. fOR OCTA!tS MOT Rt:Ult:O TO THE PM.CAST 
liAS( Sl..U. OISEO()(O ATTACHU[Hl 

AND f'UCEI.IOfT IHfOftUATlOH, S([ THE SUB AND ROOf 
Pt..AH fOR A TrPtCAl OISPUSIOH cn.L OH DWC. SC-12. 

4. tOOt Of SL\8, CAST-IH-f'lACE W..I.U.S AHO f'1t£CAST 
EU\I£HTS SHAll BE OfTS£T rROW nn: BJ.Srut!E THE 
DISTANC£ OH Tll[ Pt.AHS , FIUUEHC£ UHES. 
MitRE IHOICATEO, SHALL 8£ US[() 'M1lt THE C£UBOY 
COOROIMATt'S TO LOCATE BASt AHO COHUtUHES. 

5.- TAAHSVDtSE CONSTIWCTIOtt JOIIfTS IH CAST-IH-PUCE 
C0HCRtT£ SHAll lit SPA¢[0 AS SHOWN OH TllE I'U.HS 
AS A WIHIWUW. SI'ACIHC SHAlL HOT O:CttO W-0 'Ml£Rt 
JOINTS ARE HOT S»QWH.. 

&. All CAST-IH-rt..ACE COOSTROCOOM JOINTS SH.UL 8£ I>O'N[UO 
IH ACCQROAHCt WITH THE TYPICAl CO+lCREl£ S£CTlOHS 
S(t:O<m$ ANO OCTAILS OH DW'O. SC-41. 

7. UHDO:OAAIHS SW.U 9£ C()t{TJHUOOS AHO SHALL K IHSTAU.£0 
OH EACH SIC>t Of" mE tHCLOSlJit£ AS OH THE TYPICAl 
UH0£:RI)R.IJH DETAIL OH OWG. SC-•1. UHot:ROAAlH PIPIHO SH.W. 
8( ROOTED TO THE ALC0Vt SIJWPS AS SHOWN OH OWC. P-1. 

8. SEE l't.JJoiS 0t1 CWO"S. £-8 AMO E-20 f"Oit IHfOFIIJA.TlOt( OH 
THE LOCA.noHS or rucn:nc.u. rwetDI.ttHTS. 

.:ft. MAIN INJECTOR ENCLOSURE v BEAM DUMP SECTIONS-SHT 1 

"""""'"'· 6-6-7 SC-48 ""· :: 



r 

·.:· 
.!!.•· 

·.·""'·· 

<£_.-. """'""[ 
El.. 713'-IO! 

---

HOTE: PRECAST COHCitETE SH!ElOIHG BLOCKS, STEEL SH!ElDIH<l 
AND ALUI.IIHUW CORE WIU. BE PROVIDED BY rtRiolllA8 AAO 
IHSTAULO BY SUBCOHTRAClOR. 

32'-0 

REIHfORC£0 CO»CRO£ 
ENClOSURE WAllS 

PLAN SECTION THRU BEAM ABORT DUMP 
HOT£: REITII TO ORAWIHC SC-51 FOR DETAilS Of 0'HCR£TE SHfEtDIHC BLOCKS, 
SOUO COHCRETE SH!ElOIHC 9LOCKS AAD STHL SHIEIDlHC. R£f£R TO DWG'S. 
SC-23, SC-.fa AHD SC-.fll fOR ,\[)[)fT)OW.L IHrORVAnOH NOT SHO\Ir'N HER£. 

SCALE: 3/8"'=1'-0 

SECTION 

!!" AWt.IIHUW CORE 
(SEE OWG. SC-SI FOR 
i><TAA.) 

RW<fORC£0 CONCRETE 
PEDESTALS (SEE OWG. 

SC-.f-8 FOR OtTAILS) 
(lYP.) 

3'-6 14'-0 3'-& 

3'-6 7'-0 
SlOE W.W.. II SID£ WAll #2. 

3'-6 l'-6 

(£_3"• PIPE-f4-<tii(A>I 
.a-. UWlloiUW I 

SECTION 
SCALE; 3/tf'-1' 0 

i. fOR lOCAllOH. SU: KEY l't.AH OH OWG. SC-4. 

2. fOJt VHD£RO!UJHS RUER TO OWO. P-l. 

l. fO!t DETAILS SUOWH FtnAltD TO THE f"RE:ClST 
IWCt.UOII-IC WE SU.S, ATTACiilriOtT AHCUS, 
AHO PlACDIOO IHfORW.TlOH, SEE THE SU8 AHO ROOf 
PlAH fOR A TYPICAL DISP£!!S)Ott etU. OH OWO. SC-12. 

4. £00( Of stAB. CAST-fl-l't.AC£ WAlLS AHO PM"CAST 
ti..OKHTS SHALl Bt OfTSO ll!QW ntt 9ASUJM£ THE 
otST»>C£ SHOWN ON THE f't..,UtS , R£n:ROICt WIES, 
WH£1!£ IHOICAltO, SW.U. BE US£0 WITH lH( CEllBD't' 
COORDIHATES TO LOCATE 8ASt ,UiO COITtltt.IN£S. 

SECTION 
SCAt.£: 3/i=t'-0 

"' " " 

T/STEEL 
EL. 717'-l 

= 

"' 
" 

lT/COHCf!ETE 
EL. 7t0'-l 

5. TRAHSVEFIS£ CONSTRUCTlOH JOIHTS IH CAST-Itt-PlACE 
CotlCRffi SHAll 8E SPACED AS SHOWN ON lHC l'l..mS 
AS A lri!HIWUiol. SI'ACIHO SHAll MOT O:CC£0 WHCRt 
JOIHTS AA£ HOT SHOWM. 

&. AU. CAST-IH-I'UCt COHSTRt.ICTIOH JOINTS SHAU. 9( DOWI:UO 
IN ACCOitOANCl: 'lllTH mt TYJ>ICAl. CO+IC1!£Tt: S£CTIOHS 
SECTlOHS AAO DETAilS OWG. SC-·U. 

7. UHOEROAAIHS SHAll BE eotmMOOUS AHO SHAU. BE INSTAlJ.£0 
EACH SIOC Of Ttl£ AS SOOWH TH£ TYl'tCAl 

Ot«IIOAAIM OtTAIL ott DWQ, SC-.fl, ONOCJtOIWH PII'II+G SHAU. 
M ROtlltO TO m£ ALCOY£ SOWPS AS SHOWN OH 0'1¥0. P-1. 

S. SEt l'l..mS OH 0'1\'C'S, £-8 AHO £-20 INfom.lATlQM OH 
Tllt LOCATlOH$ or n£CTRICAL tW8EOI«KTS. 

I 
I -I 1---t----l-------------l '"""' l.ACKOWSKI/CRU"PLEY A MAIN INJECTOR ENCLOSURE 

____________________________ _L ____________________________ _jL_ ____________________________ OESOIJPT'IONS llllll'iflll """""' DIXON BOGERT ........ HO. 6-6-7 SC-50 ""'· I :: 
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"""""" j R. BRUHTOH I '"""mro 

835 834 833 832 831 830 829 828 
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T. LACKOWSKI SCALE: .. 0 
C. F£0£ROWICZ I"•W-d' 

HCit!ZOHTAl SCI.lt 

(. CRU"Pl£Y 
' 0 , •• 

"'""""" """' 
OIXOH DOC£RT 
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.MQIES 
1. WORK THIS DRAWING WITH FINISHED SITE PLAN 

ON DRAWING C-3. 
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FERMI NATIONAL ACCELERATOR LABORATORY 
\.JI-Irr£0 STATC:S Ol:'":":"'"'"'ltNT 01" 

01 8 GeV BEAM ENCLOSURE 
ENCLOSURE LONGITUDINAL SECTION 

I'"""""'· 6-6-9 C-2II«V. 

-
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X:99500 

MAIN INJECTOR 
ENCLOSURE 
(EXISTING) 

8 GeV BEAM 
ENCLOSURE 

CEL.lBOY 

626 

629 

630 

631 

632 

633 

634 

635 

636 

637 

636 

639 

640 

COOROIN.'ITE SCHEDULE 

X: Y: 
100236.33225 96323 • .41505 

1002.45.9716.4 98275.12323 

100253.74956 &8226 • .49682 

100258.74765 98177.51457 

100259.97123 98128.29318 

100257.41306 98079.12309 

100251.08826 98030.29442 

100241.03413 97982.09529 

100227.31001 97934.81008 

100210.84991 97888.39795 

100192.61936 97642.65225 

100172.64535 97797.64048 

100150.95727 97753.42908 

ANTIPROTON BEAM 
ENCLOSURE. 
(EXISTING) 

REMARKS (ai.BDY 

641 

642 

643 

644 

645 

646 

647 

646 

649 

650 

651 

652 

-- T. l.ACKOW3KI 

""'""" T. l.ACKOW'>KI 

""'""" E. CRUMPU.Y 

""""""' TOM PAWU,K 
DAYlD NEVIN 

"'''"""' DIXON 80G(RT 

TeV RING 
ENCLOSURE 
(EXISTING) 

COORDINATE SCHEDULE 

X: Y: 

100127.58716 97710.08327 

100102.56950 97667.66703 

100075.94-120 97626.24295 

100047.74157 97585.87214 

100017.29590 97547.17714 

99963,96991 97510.93324 

99947.96024 97477.35429 

99910.62086 97447.47742 

99861.59986 97 413.02004 

99825.01230 97389,49859 

99783.67756 97364.93656 

99744.10526 97342.35413 

"' Q"' w .... V1 -,oo 
00 «z n. 

w 

REUARKS 

SCALE: 
,. 

,·,.,'50'-rt' 

SEE ENLARGED PLAN 
OH OWG. SC-20 
fOR EXTENDED 
BASE SU.B 

BOOSTER RING 
I;:NCLOSURE 
tEXISTING) 

SIGHT RISER SCHEDULE 

MARK 
SP-1 

SP-2 

SP-3 

SP-4 

X: Y: REIAARKS 

99807.7751 98959.1350 

99957.6007 98831.3111 

100255.3909 98188.7149 fUTURE COHST. 

100252.2003 98054.0636 

1. THE COORDINATES Of THE CELL BOUNDARIES (CELLBDY'S) 
INDICATED ABOVE ARE BASED ON THE fERMILAB SCRIPT FILES 
DATED 5-6-94 

F'ERMI NATIONAL ACCELERATOR LABORATORY ,,. UNITED OII:P,o.RTMENT 0,.. ltNE,.OY 

A 8 GeV BEAM ENCLOSURE 
v KEY PLAN & COORDINATE SCHEDULE 

""'""""'· 6-6-9 SC-1 ""'· 
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EXIT, SEE DWG. SC-35 
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1'-4 1/Z' 
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1111111111111111 IIIII 
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SEE SUB-CONTRACT 
6-6-7, DWG. SC--t.7 r RETAINING WAU. 

1'-4 

X 
SUMP PIT W/\ 
GRATING \ 

rH m m m m rH 11: :JnJ:ll: 

KICKER ROOM 
DEPRESS SlAB 3" 

SEE 5 
ET. A-1 

OPP. 
HAND 

'i 
"' 

\o 

' i1 

WAll MOUNTED 
zc.: • HVAC UNIT 
on. " J< 

b 
I 

"' 
b 
I 

b 
' ;;; 

-© 

El£CTRICAl CON 51:0• r.;;-;-t '! 
1

• rft' CMU WALL t..!.Q!j ........ 

POWER SUPPLY ROOM 11 ,, R\ 
-- 6'-3" b 

_ -z 2·-3" w. , t , 8 r L 
b • 0'-8" H. CABLE ----

0 I o::;vr ABO_V_hj • I 

-'bil:?.":.-'ti --r -
:i 'fd CONTROL ROOM 71 

TRAY OPNG 8-5 - CMU WALL ;<, 

rrl ----' b 
- .. tABLE INSULATED 6'"--i 3 

8'-8" ABOVE I COMM. I ----- WALL MOUNTED 
I FLOOR oobooooO ) HVAC U IT 

1113.8 L sw I LU a·-r l EXHAUsT FAN 

-
15 KV 

VAC C 

II I ABOVE DOOR ' -
fl COMT I I I 6"CMUWALL n J 

_ II ! flOOR lr \d_/ 
' ,ux PUMP ROOM I ' X /ll_ , (I@ .... J. b 

I ;, 

b 
I 

i: 

It CJT : f I ® -' O!g 

I 
(TYP.) ! 0 lr' r' Q '"' 'o . ® IHSULATED II'\ /WPOANTEDR- ; o > fAN CONCRETE } 8 RETURN t • 1 

Q 
ABOVE DOOR APRON ,.., """' CMU WAU. SUPPLY :j 

LsuMP SPLASH BLOC:s: IT 11 
00 

I ·

1
, SPLASH BLO::J \_GUAROPOST (:P+.)----f}"'r 

1'-1 3'-Z' [3'-6" 10'-0"W. X 1'-4" 
J,';;i: ROLL-UP DOOR 0 0 

- I -• l 21'-0' Q 28'-0" 5'-9" 6'-S' 1.4'-0'" . i. 2S'4 : 1'-1" +--- ___ i:;------: -------t--------'2e5c::' 

1
_. ______ 

ux 1 ® 

FLOOR PLAN 
SERVICE BUILDINGS Ml-10. Ml-20. Ml-30. Ml-40. 8c Ml-50 

SERVICE BUILDING T/FLOOR ELEVATION 
Ml-10 7«'-0" 
Ml-20 748'-0 
l.jJ-30 742'-o" 
Ul-40 7.42'-0" 
1.11-50 742'-()" 

1. SEE DWG, A-.4 FOR ROOF PLAN. 
2. SEE DWG. A-S fOR EXTERIOR WAlL ElEVATIONS. 
J. SEE DWG. A-11 FOR MASONRY WALL ELEVATIONS. 
4. SEE DWG. A-14 FOR DOOR SCHEDULE. 
5. All ELEC. TRANSFORMERS, SWITCHES, CABINETS, ETC., 

SHOWN IN BACKGROUND ARE CONCEPTUAl AND 
PREUMINARY AND WILL BE FURNISHED BY 
OTHERS. SEE ELECTRICAL DRAWINGS FOR 
SUBCONTRACTOR INSTALLATION REOUIREUENTS. 

6. CONDUIT PENETRATIONS ARE CONCEPTUAL SEE 
ELECTRICAl DRAWINGS FOR EXACT NUMBER 
AND lOCATION. 

7. SUBCONTRACTOR SHALl PROVIDE OPENINGS IN 
MASONRY WALL fOR CABLE TRAYS AS SHOWN. 
SEE OWGS. E-13, E-20, E-27, E-34, AND 
E-41 FOR CABLE TRAYS. 

8. SUBCONTRACTOR SHAll. FIELD DRILl OPENINGS 
IN CMU WAll fOR SPRINKLER PIPING AND 
ELECTRICAL CONDUITS. SEE MECH. AND ELEC, 
DRAWINGS fOR lOCATION AND SIZE. 

9. SUBCONTRACTOR TO DEVELOP &: SUBMIT FOR 
APPROVAl AU D£TAILS fOR SEAUNG OF fiRE-RATED 
WAUS TO ADJACENT CONSTRUCTION AND SEAUNG 
OF All PENETRA liONS. 

CI.IU-2HR. RATED 

CI.-IU-NON RATED 

c:=== METAl SIDING 

c::::::=:::J CONCRETE WAU. 

OS = DOWN SPOUT 

ACT =- ACTIVE DOOR 

IMR) = ROOM NUMBER 

Qg> = DOOR NUMBER 

SCALE: FERMI NATIONAL ACCELERATOR LABORATORY 
/ f!.UOR DAHl,!! """"' T. 
..,. PROXCT NO. - 21842300 A. TUBJNAS 

.... 
"""""' u. BEll.AGAMBA 7/IS/93 E. CRUMPLEY lliiill'... SERVICE BUILDINGS 

____________________________ ____________________________ ____________ t_ ____________________________ ! OCiCRWTlOfoiS COCCI<.ED B. ZEUNSKI 9/2/93 
R. BRUNTON DIXON BOGERT ,....,.,. NO. 6-6-8 A -1 ""· 
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1'-1 7/6' 
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5'-7 1/'L 
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6'-6 1/'L 6'-rf 

! 1 
CURB 

I 
fOH. 

-

1 

32'-6" 

h'------''1 
/ 6'-rf 

ALCOVE__/-.t'-.H---"---"-->1'-

ALCOVE ACCESS -----.1 
CORRIDOR &: BUILDING 
EXIT, SEE DWG. SC-35 
SUBCONTRACT &-6-7 

8'-5 

I 
LOUVER 
TO BE 
FURNISH£ 
UNDER T IS 

REFEREHCE 
POINT 

6'-rf 

.., 1 SUBCONT T 
(- I 
\ r-t-----1 
' '-.sEE oa/5\ 

I! 'C3' 

! 
I 
i 10'-/ 

I 
RETAINING WAll 

/

SEE SUBCONTRACT 
6-6-7, OWG. SC-·47 

' 5'·'""' 

I 
F- ··-· 1/'L--j b 1 'j 

3'-0" X 3'-0" 

I I 11 lllilllllillllllll 1111111 , a: a: a: 1liTif :Jfa: a: -@ 
· 1· . TON GEARED TROLLEY HOIST 

r ON BOTTOM FLANGE •11 y OF W12 ROOF BEAM ID 
(FURNISHED AND INSTALLED 1-J 00 MOUNTED 

J /'8
0 

. , __ __,; -· 58: HVAC UNIT 

INSULATED EXTERIOR --......_ 
METAL FACE PANEL ""'-

li 

v' J-< 4 

CONDUIT PENETRATio·· KICKER ROOM' 

"'o
0
° B DEPRESS SLAB 3" J, r\ , b 

I 

I• 
I _____.INSUlATED 

.,.....-- 8" CMU WALL 
(2 HR. RATED) 

:.. 

1' p ___ -__: MOUNTED w HVAC UNIT 

\CONDUIT ' w 
\ 6ooooooo I .J 1H---------- .... I 

/" CMUWALLJ 

--.-@ 
I 

i 
! 

__ JKVVAA[ _l __ XFMRf[j 

9'-0 

! 

I 
11500 KVA 

XFMR TANK 

0 

... 
' "' \n 

I 

"' 

-- 1500 KVA XfMR TAHK----------

CURB CONTAINMENT WALL 

55' 

!!:.,UC)R 
PRO.t:CT NO. - 21842300 - "'"' OES<>£l) Jol, BELLAGAt.IBA 1 7/15/93 

"""" M, BELLAGAMBA 7/15/93 

""""" B. ZEUHSKI 10/14/93 

""""""' R. BRUNTON 

POWER SUPPLY 
ROOM I 

li I' 

1
: XHAUST FAN 

I ABOVE I 
APRON .., fj ...,. ___ _: 

>-< ,. •• '::::' 

I 

I ··-·· 
7'-'l ROLL-UP DOOR I MANDOOR 

I 25' fi' 

EXHAUST FAN 
ABOVE DOOR 

PUMP ROOM 
§] 

\!HSULATED _Ls" CI.IU WALL 

INSULATED EXTERIOR) 
METAL FACE PANEL 

OUTSIDE AIR 
lHTAKE LOUVER 

25'-cf 

' 1---

) INTAKE lOUVER 
0 

• ,.._ o 
ABOVE DOOR I 

I 

® :: 

b 
I 

1 yg 
------f h' . ---;4--- ---@ 

os--1 
SPLASH BLOCK_/ 

' 

\ GUAROPOST 

,. 1'" 

1. SEE OWG. A-4 fOR ROOF PLAN. 

CMU-2HR. RATED 

CI.IU-NON RATED 

METAL SIDING 

c=:J CONCRETE WALL 

OS = DOWN SPOUT 

ACT = ACTIVE DOOR 

= ROOI.I NUMBER 

= DOOR HUt.48ER 

J 2. SEE DWG. A-5 FOR EXTERIOR WALL ELEVATIONS. 
3. SEE DWG. A-ll FOR MASONRY WALL ELEVATIONS. 
4. SEE OWG. A-14 FOR DOOR SCHEDULE. 

FLOOR PLAN - Mt-52 SERVICE BUILDING 
5. All ELEC, TRANSFORMERS, SWITCHES, CABINETS, ETC., 

SHOWN IN BACKGROUND ARE CONCEPTUAL AND 
PREUr.41NARY AND Will. BE FURNISHED BY 
OTHERS, SEE ELECTRICAL DRAWINGS fOR 
SUBCONTRACTOR INSTALLATION REQUIREMENTS. T/FLOOR llEVATIOH = 743'-o" 

""" "'"' .!' 
"'""""' T. LACKOWSKI 

SCALE: 

"""""' A. TUBIHAS . 0 . 
s. DIXON su.u: 

"""""' E. CRUMPL£Y 
TOM PAWLAK """""" DAVID NEVIN -v,O.t. 

"'""""" DIXON BOGERT 

6, FLOOR SLAB CONDUIT PENETRATIONS SHOWN 
ARE CONCEPTUAL SEE ELECTRICAL DRAWINGS 
fOR EXACT NUMBER AND LOCATION • 

1. SUBCONTRACTOR SHALL r!ELD DRill OPENINGS 
IN CMU WALL fOR SPRINKLER PIPING AND 
ELECTRICAL CONDUITS. SEE UECH. AND ELEC. 
DRAWINGS FOR LOCATION AND SIZE. 

8. SUBCONTRACTOR TO DEVELOP • SUBMIT FOR 
APPROVAL AlL DETAILS FOR SEALING OF rlRE-RAT£0 
WALLS TO ADJACENT CONSTRUCTION AND SEAUHG 
OF All PENETRATIONS, 

FERMI NATIONAL ACCELERATOR LABORATORY 
• UNITED ST,..TIE:S Dlltf'"-'""1(NT 01' ICHI:AOY 

ml Cl SERVICE BUILDINGS 
Ml-52 FLOOR PLAN 

6 6 8 A 21""' 

-

; 
_. 

-=_] 
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1''-----'' 
8'-if 

r-ALCOVE 
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__ 
3'-r l/l •·-• 1/r 

...---..,. RETAINING WALL l 1J.. 
( 5 \SEE OET. SEE SUB-CONTRACT

7 
LOUVER 5-6-7, DWG. SC-47 ·r J 'C.'JI '\ TO BE FURNISHED '>- ' rrDH. PAD 
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_ --'!<--· ______ ·-@9-oo _ _ 

'? 1 TON GEARED TROlLEY HOIST ........-... 
jr--·--·--t U, ON BOTI01o4 FlANGE b -1 SEE DETf 5 \ ... -f-- -- ------ _ ll .. OF Wl2 ROOF BEA" I CONDUIT ';,\0J/ - rr- {FURNISHED AND INSTAU£0 0, PENETRATIO.NS OPP. A-1 

\ II--·-'!.-·- ___ $'LFW\IL.A8L _ _ _ _ HAND 
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-+====-·== bo 
) I g::1 

CONCRETE_,_; 
APRON (TYP} 

KICKER ROOM 
DEPRESS SLAB 3" 

o CMU 

® 
POWER SUPPLY 

ROOM 

I 

I 
INSULATED EXTERIOR 

/ lo4ETAL FACE PANEL 

(2 HR. RATED) i 

/CONDUIT 

_________ _______________ ----1-fl@lll------ ______ 

+ c:u wmj 

b 
I 

f--- INSULATED 
6" Ct.!U WALl. 

I 
' 

X -' I 
J':>; \ ,lt;. 

1

. 

EXHAUST FAN 
ABOVE DOOR 

mg ""-
V 
r-IHTAJ<E lOUVER 

o y ABOV< DOOR ,.... , 

EXHAUST fAN 
ABOVE DOOR 

.' I® CPWSb 6PWR I r iNSUU.TED 
'--"'----' Ft _c"u WALL _... 'I 

.' ft IDS I I LslcuwPPLY I \@OJ IL 1-- os 
L INSULAT<D <XTERIOR I rGUARDPTYosPr I '-1 L L . 

SPlASH BLOCK I.IHAl FACE PANEl I v {1 ) 1- SPLASH BLOCK 

I ' 11 

I '--------''-coNcRrrE 
APRON 

X ,. l' 
I 

I 
t 25'-0'" 

FLOOR PLAN Ml 62 SERVICE BUILDING 
T/flOOR El£VATIOH = 7.46'-6" 

6'-if s·-6 11r 

20'-2" 

Ct.IU-2HR. RATED 

l2Z?Z.Z2ZJ Ct.IU-NON RATED 

t.IETAL SIDING 

CONCRETE WAU 

OS = DOWN SPOUT 

ACT = ACTIVE DOOR 

= ROOM NUMB<R 

Qg) = DOOR HUMB<R 

I. SEE DWG. A-.4 FOR ROOF PlAN. 

iD 
! I 
l s·-1 1/r 

2. SEE OWG. A-5 FOR EXTERIOR WALL ElEVATIONS. 
3. SEE OWG. A-11 fOR t.AASONRY WALL ELEVATIONS. 
4. SEE OWG. A-14 fOR DOOR SCHEDULE. 
5. All ElEC, TRAHSFORI.4ERS, SWITCHES, CABINETS, ETC., 

SHOWN IN BACKGROUND ARE CONCEPTUAl AND 
PREUUINARY AND Will BE fURNISHED BY 
OTHERS. SEE ELECTRICAL DRAWINGS fOR 
SUBCONTRACTOR INSTAllATION REOUIREI.IEHTS. 

6. FLOOR SLAB PENETRATIONS SHOWN ARE 
CONCEPTUAL SEE ELECTRICAL DRAWINGS FOR EXACT 
HUMBER AND lOCATION. 

7. SUBCONTRACTOR SHAll FIELD DRILL OPENINGS 
IN CMU WAll FOR SPRINKlER PIPING AND 
ELECTRICAl CONDUITS. SEE MECH. AND ELEC. 
DRAWINGS FOR lOCATION AND SIZE. 

8. SUBCONTRACTOR TO DEVELOP &. FOR 
APPROVAL All DETAILS FOR SEAUNG Of FIRE-RATED 
WAllS TO ADJACENT CONSTRUCTION AND SEALING 
OF AU PENETRATIONS. 

b 
I 

"' 

ili 
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b .... I 
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"t---+----+------------------1 
.r 



c B 
1'-t• 

GIRT _______ 

1 

1-4'-o" 3'-o" 

3'-" x ,._ ... 
CLEAR OPENING 

SHEET METAL COPING 

t 1'-o X 1'-o 
CLEAR OPENING 

ELEVATION COL. LINE 
TYP. FOR SERVICE BUilDINGS 
loll-10,20,30,40,50,52 &: 62 

3'-o" X 1'-6" 
CLEAR OPENING 

GIRT _______ .id./<--"!Rl 

7'-'< 

ELEVATION COL. LINE 3 

2s•-o· 

7'-'< 

TYP. FOR SERVICE BUILDINGS 
Ml-10,20,30,40 &: 50 

B 

6'-0 .. 

INSULA TED EXTERIOR 
METAL PANEL AND 
INSULATED MASONRY WALL 

25'-o"' 

6'-o"' 

.... INSULATED EXTERIOR 

ELEVATION COL. LINE 3 
SERVICE BUILDING MJ-62 

METAL PANEL AND 
INSULATED lro4ASONRY WAU 

INSULATED ROLL-UP 
DOOR W /EXTERIOR 
lro40UNTED COIL 
AND THRU WAlL CHAIN OPERATOR 
SEE OET. 10, A-15 FOR HEAD AND 
OET. 13, A-IS FOR JAtr.4B DETAILS 

11---+----+----------l 
!!:_,UOR DANI!,I; 

PRO£CT NO. - 21842300 

"""' "'" U. BEll.AGAir.4BA 7/15/93 
1.1. BELL.AGAiro4BA 7/15/93 f ! JID'. 

C>£0<£1> B. ZEUHSKI 9/2/93 
R. BRUNTON 

b 
'j 

"' 

1'--4 

RETAINING WAlL 
SEE SUB-CONTRACT 
6-6-7, DWG. SC--47 

EXIST. BERM 

T. LACKOWSKI 

A. TUBINAS 
S. DIXON 

E. CRUMPLEY 

TOiol PAWLAK 
DAVID NEVIN 

DIXON BOGERT 

25'-o"' 

ROLL-UP DOOR 
SEE DET. 9, A-15 FOR HEAD AND 
DET.12, A-15 FOR JAir.4B DETAILS 

ELEVATION COL. LINE A 
TYP. FOR SERVICE BUilDINGS 
loll-10,20,30,40,50,52 a: 62 

2 

I 
SHEET loiETAL COPING 

ELEVATION COL. LINE C 
TYP. FOR SERVICE BUILDINGS 
Ul-10,20,30,40,50,52 &: 62 

INSULATED ROll-UP DOOR 
W /EXTERIOR loiOUNTED COIL 
AND THRU WAll CHAIN OPERATOR 
SEE DET. 10, A-15 FOR HEAD AND 
DET. 13, A-IS FOR JAMB DETAilS 

ELEVATION COL. LINE 3 
SERVICE BUILDING 1•41-52 

SCALE: 

25'-o"' 

PASSAGEWAY 
TO ENCLOSURE 
ALCOVE 

INSULATED EXTERIOR 
METAL PANEL AND 
INSULATED MASONRY WALL 

1'-• 1/Z" 

1. SEE OWG. A-11 FOR ELEVATIONS 
OF UASONRY WALL 

1.11-20 EL748'-6" 
lro41-30 EL.742'-o" 
MJ--40 EL742'-{f 
lroll-50 El.742'-{f 
Ul-52 EL7-43'-{f 
Ul-62 EL748'-6 

F'ERMI NATIONAL ACCELERATOR LABORATORY 

A v SERVICE BUILDINGS 
Ml-1 0 THRU Ml-62 ELEVATIONS 

"""'"" ""· 6-6-8 A-5 ""'· 
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{; -r- . 0 ( f$\ I =-· 
L-- POWER SUPPLY ! 
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' y FOR HVAC SEE NOTE 12 Nr-- L ,< 

I I"- 7 "' : 
...::- Co_..: J-coNC. CURB WAU : 
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1. SEE DWG'S A-8 &: A-9 fOR WAU ELEVATIONS. 

2. SEE DWG. A-7 FOR ROOF PLAN. 

3. AU I.IASONRY DIMENSIONS ARE NOMINAL 

-4. ALL CUU WAllS SHAll HAVE HORIZONTAL JOINT 
REINfORCEMENT 0 H) O.C •• 

5. All WALLS ENCLOSING VESTJBUl£ 
ELEVATOR UACHINE ROOM (JQID AND THE ELEVATORl!!Q) 
SHAll BE 2 HR. FIRE RATED CONSTRUCTION. 

6. AU nRERATED CONSTRUCTION SHAll. BE IH ACCORDANCE 
WITH U.L AND F.M. USTED DETAILS &:. MATERIALS. 

7. All ELEC. TRANSFORMERS, SWITCHES, CABINETS, ETC., SHOWN IN BACKGROUND 
ARE CONCEPTUAL AND PREUMINARY AND Will BE FURNISHED BY OTHERS. 
SEE ELECTRICAL DRAWINGS FOR SUBCONTRACTOR INSTALLATION REQUIREJ.IENTS. 

B. CONDUIT PENETRATIONS ARE CONCEPTUAL SEE ELECTRICAL 
DRAWINGS FOR EXACT HUiroiBER AND LOCATION. 

9, SUBCONTRACTOR SHALL PROVIDE OPENINGS IN MASONRY WALL FOR CABLE 
TRAYS AS SHOWN. SEE DWG. E-6-4 FOR CABLE TRAY. 

10. SUBCONTRACTOR SHAll nELD DRill OPENINGS IN CJ.IU WAll FOR SPRINKLER 
PIPING AND ELECTRICAL CONDUITS. SEE t.IECH. AND ELEC. DRAWINGS 
FOR LOCATION AND SIZE. 

11. SUBCONTRACTOR TO DEVELOP &: SUBJ.IIT FOR APPROVAL All DETAilS FOR 
SEAUNG OF nR£-RATED WALLS TO ADJACENT CONSTRUCTION AND SEAUNG 
OF AU PENETRATIONS. 

12. SUBCONTRACTOR TO FINAUZ£ AND COORDINATE: SIZE AND LOCATION OF WALL 
OPENINGS IN J.IASOHRY WAll FOR HVAC. SEE DWG. 1.1-7 AND 1.1-9 FOR HVAC 
LAYOUT. FURNISH GROUTED UNTEL BEAJ.I OVER EACH OPENING WITH 1 #5 
REINfORCING BAR. 

1500 KVA XFMR TANK 
I 750 KVA XF"R t 1J.6 KV SWITCH 

r-1 1 

I 

- -{. 13.8 KV SWITCH &: 
750 KVA XFMR 

CJ.IU-2HR. RATED (SEE NOTE 11) 

CMU-NON RATED 

c::==== METAL SIDING 

c=:::J CONCRETE WAll 

··-·v..f..Y 
d 

0 

,_:M 
'---t-1, -!--' 

1500 KVA Xn.tR TANK 

--{. 13.8 KV SWITCH 

OS = DOWN SPOUT 

ACT = ACTIVE DOOR 

= ROOM NUMBER 

= DOOR NUMBER "' 

MI-8/NORTH HATCH BUILDING FLOOR PLAN 
T/rlOOR EL 7-4&' fi 

CURB CONTAINMENT_/ 
WALL 

,._. l 

f!,UOR DAHl!! §j COOC<PT T. LACKOWSKI 
.() SCALE: FER1.41 NATIONAL ACCELERATOR LABORATORY 

A.TUBINAS 1 0 1 . . . 10 12 u UNITED !ilTATli:S DII:,..Al"'TO.IItNT 0,.. I:NII:A;aY 
PROXCT NO. - 21642JOO S.D!XON l/11" .. 1'-<:r $CAlL 

""'' OoUE -:5.'> rm A SERVICE BUILDINGS """""" S. BARADI 7/19/9J E. CRUMPLEY 

ll--+---1;-----------j 

R, DELA CRUZ 7/19/9J """"""' TOM PAWLAK HATCH 
; 1Dt U' v 1-8/NORTH DAVID NEVIN 

C>U><£D D. TALUKDER 10/U/9• (<' 
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2 HR. RATED WAU 

tf NORI.IAL WEIGHT 
INSULA TEO WALl. 
WITH EXTERIOR 
METAL SIDING 

. ' ' 
I I I 

25'-o" 

I 
' 
I 

tf NORI.fAL WEIGHT INSULATED CMU 

I INTERIOR SHEET METAL ClADDING AND 
I EXTERIOR METAL WALL SIDING I 

' 

RF GALLERY 
[!ill 

SEE DWG. 1'A-11 FOR COVER PLAN 

PLAN 
T/COHCRLTE tl. 742'-6" 1/ff-=1'-(f 

"""""" PRQ.£CT NO. - 21642300 ...... 
T.LAREN/J.REDEKER """"""' 

I 
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' 
I I 

CH OP NING i I 

1 (30 TON CAPACITY iAHE) 
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OHCRETE 

BLOCK C SURES 
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' 
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I 

I 

I 
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LEGEND: 
-CONCRETE I.IASONRY WALL (C)r.jU) 
-t.IETAL SIDING WALL 
-WINDOWS 

OS -DOWNSPOUT 
ACT. -ACTJVE DOOR 

I 
I I 

-ROOI.t NUMBER 

@&> -DOOR HU"BER 

FOUND liON WALL .t: CABLE TRENCH 
CONSTRUCTED UNDER SUBCONTRACT 6-6-.4 

6 8 
25'-0" 25'-0" 25'-o" 25'-0" 

\\\ FOUNDATION WALL CABLE TRENCH 
CONSTRUCTED UNDER SUBCONTRACT 6-6 .. 

tf NORMAL WEIGHT INSULA TEO 
BLOCK WALL WITH EXTERIOR 
METAL WALL SIDING. 

T.LACKOWSKI 2/9/93 "' SCALE: 

A.TUBINAS 2/9/93 . 
S.DIXON 1/8",.1'-0" 5CAl.[ 

E.CRUMPlEY 2/9/93 

9 

NOTES: 
1. SEE DRAWING G-1 fOR LOCATION PLAN 

AND UST OF DRAWINGS 

2. SEE DRAWING G-2 FOR GENERAL NOTES 

3. All Ct.tU WAllS ARE: 6" U.N.O. 

... All CMU WALLS SHAll HAVE HORIZONTAL 
JOINT REINFORCE:MEHT 0 16" O.C 

5. AlL MASONRY Dlt.jENSIOHS ARE NOMINAL 

6. IHSULATE:D WAUS SHALL HAVE ALL CORES FILLED 
WITH LOOSE FILL INSULATION. 

7. AlL FIRERATED WALL CONSTRUCTION SHALL BE 
IN ACCORDANCE WITH U.L AND F.l.f. APPROVED 
DETAILS AHD MATERIALS. 

b 
' i:l 

----- B 

2 HR. RATED WALl 

b 
I 

FERMI NATIONAL ACCELERATOR LABORATORY .t:J,:, 
"""""" 
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25'-o" 

T/COPING 
El. 772'-fi' 

T COPING 
El. 758'-6" 

El. 742'-8" 

275'-0"' 

CONCRETE WAlt 
UNDER SUBCONTRACT 6-6-.4 

EAST WALL ELEVATION 

11 

25'-0"' 

' 
FRAMED WINDOWS W/ 

TIHTE,IHSULATED GLAZING 

PROVIDE TEMPORARY 
INSULATED SHEETMETAL 
ClOSURE 

25'-o" 

lflf'=l'-<1' 

UNINSUL.ATED EXTERIOR 
METAl PANEl AND 
INSULATED MASONRY WALL 

NORTH WALL ELEVATION 
1/8"-1'-0" 

T/COPIHG 
EL 758'-1>" 

+ T/GRADE 
EL 748'-6" 

WEST WALL ELEVATION 

T COPING 
EL 772'-6" 

BOTTOI.t SIDING 
El. 742'-8"" 

1/lf'-1'-o" 

El. 742'-8" 

25'-o" 25'-0"' 

INSULATED METAL PANELS 

150'-7 1/'r 
25'-0"' 

CONDUCTOR 
HEAD AND 
DOWNSPOUT 

25'-<f 25'-0"' 

' 
ALUMINUM fRAUED W/ 
TINTED INSULATED 

ALUI.IlNUI.I ENTRANCE 
DOOR WITH TINTED 
INSULATED GLAZING 

PROVIDE TEI.IPORARY 
INSULATED SHEETt.IETAl 
CLOSURE 

I 
' 

UNINSULATEO EXTERIOR 
METAl PANEL AND 
INSULATED MASONRY WALL 

+r T/COPING 
L 758'-6" 

L. 742'-!f' 

T/COPING 
EL. 772'-6" 

T/COPIHG 
EL. 758L6"' 

+ BOTTOI.I/SIDING 
EL 742'-8" 

SOUTH WALL ELEVATION NOTE: 
t. SEE DRAWING G-1 fOR lOCATION PLAN 

AND liST OF DRAWINGS 1/lf'=l'-()" 

2. SEE DRAWING G-2 FOR GENERAl NOTES 

FERMI NATIONAL ACCELERATOR LABORATORY DANI_!!§j T.LACKOWSKI 
SCALE: 

A.TUBINAS . PROXCT NO. - 21842JOO """""" S.OIXOH 

""" MTE ='-' 

"""""" T.LAREH/J.REDEKER 4/1/92 """""" E.CRUMPL£Y 
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WAYNE HESTAHDER 

'"'""" T.LAREH 4/1/92 
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TR-WIJ0-1 

DIPOLE 
3600KVA 

TR-
U1.1120-2 

DIPOLE OUADRAPOlE DIPOlE 
36DOKVA 20I«K!KVA 3600KVA 

TR- TR- TR-
LUI20-2 QI.II2G-I 

DIPOlE 
3600KVA 

TR-
IJ,(I20-1 

.. --
1 I DSTR--120-2 

INO "' I 

DIPOLE j 
DIPOLE 13,8KV, 600A 

3SOOKVA j :ADSTR-UIJ0-2 
TR-U-130-1 £"-. '-

QUADRAPOLE 

NO I 

'' "' 
750KVA 

13.8-0.48/0.277KV 
TRPHP-1.1120-1 

TR-l..MIJ0-2 .Jj; 
OIPOl£ 

3600KVA 
TR-UMJ30-w. 

52 ......._ 13.8KV, 600A 
52 I MC' Ml-20 SERVICE 

BUILDING 

13.8KV, 600A 
DSTR-IoUI0-1 / 

TRPHP-MI10-!,.-- \ t+e/ 

750KVA t«: \
52 

13.8-0.48/0.277KV / .....-"\ £ 
( 'If'\'\ ) \/ 

NC0 '- 750KVA '' ------,II' 13.8-0.4B/0.277KV 
'- TRPHP-·130-1 

' 
( "lt) 

' 

// 

1.11-10 SERVICE _.>( / / 
BUILDING V 750KVA 

13.8-0.48/0.277KV 
TRPHP-1.4162-1 

13,8KV, SOOA 
......._ ......._ 'f.. ).IJ-30 SERVICE 

......._; BUILDING 

750KVA 
13.8-0,48/0.277KV .....-"\ 

TRPHP-1.1140-1 / \ 
/ / "Jt900A,..- "1-40 SERVICE 

I 
1.11-62 SERVICE T--.. 

BUILDING I "' I 
L ____ _j lo--/ ;:]' 1500KVA L ___ J!£. 

13,8-0.48/0.277KV 

1-:ri -6- 13.8KV, SODA 

I 
).11-60 . r_-/! 

BUILDIHO HO I" 

I lrdl-60 SERVICE T--.. 
BUILDING 1500KVA 

L---- _jt3.8-0.48/0.277KV 

\ TRDHP-IoU60-3 

/ BUILDING 
13.8KV, SOOA ...._ ( , ) 
DSTR-1.1140-1/ \ \ _.Y l) / 

52 HCJX_...,../ v 
< »' :(J, \ 750KVA 

\ TRPHP-\.1152-1 \ 
\13.8-0.48/0.277KV 

\ NO/ " / 
MJ-50 SERVICE \\ -40A ). 

BUILDING ./ 

)900A V / \ \ 
I I YLI / . 13.BKV, SODA 

750KVA 'i. Q . \osTR-1.4152-1 
13.B-0.48/0.277KV I T-6 I \ '-;-- .X \ 

TRPHP--150-1 I 40A I \ )(, \ 
I I \NO Lt_J \ 

13.8KV, SOOAI?- I 
DSTR--150-11 \ I IHI 

I I 

I HC ,.,1 
13.8KV,SOOA I H I 
OSTR-).,US0-2 

rY"'Y""Y"l rY"'Y""Y"l ry-y-y""'\ rrm ry-y-y""'\ 

DIPOlE DIPOLE QU.J.DRAPOlE DIPOlE DIPOlE 
3600K'M 3600KVA 201-4-00KVA 3600KVA 3600KVA 

TR- TR- TR- TR- TR-
LUIS0-1 UI.IIS0-1 QUI50-1 U.US0-2 U1.1150-2 

PUlSED TO 331A 
AVERAGE TO 200A RMS 

LEGEND 

TRANSFORMER 

_...........___SWITCH 

_--.._CIRCUIT BREAKER. I.IOl.DEO CASE 

III) FUSE 

Q fEEDER HU.BER 

[!] VACUUM BREAKER, tSKV, 12004 

ROSS ENGINEERING 
VACUUt.l COHTACTOR 

,---l ,----, 
I ..__ I - I r<'-o---u_JL 
I. 
L ___ J L ____ _j 

S&:C SYSTEI.t II 
FUSED DISCONNECT SW. 

C-·4-371 At C-4349 
W/KIRK KEY INTERlOCK 

ROSS ENGINEERING 
VACUUM COHTACTOR 
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LEGEND 

DEVICE 

I 
CCVT COUPUNG CAPACITOR VOLTAGE 

rusE 

POTENTIAL TRAHSFORI.tER 

CURRENT TRANSFORMER 

CIRCUIT BREAKER 
ORAWOUT TYPE 

TRANSFORl.IER BUSHING 
UI.IITS 

DISCONHTECT SWITCH 
Jr.40TOR OPERATED 
POWER TRANSFORl.IER 

___. LIGHTNING ARRESTOR 

-- 345KV A: 13.BKV BUS 

13.8KV BUS 5-1 3000A 

fl 

CB Jr 
1200A 

CB 
1200A 

3000/SA 3000/SA 

CB 5</2• i 
1200A 

3000/5A 

CB 55/23 
1200A 

3000/5A 3000/5A 

345KV BUS 119 2000A 

C.E. CO. 345KV C.E. CO, 345KV 
BY OTHERS UHE UNE BY OTHERS 

t ALTErATE PREFERRED ! 

I / 1600A ), ISOOA ! I L_ ____ _. I 

FNAL 345KV, 
TRANSMISSION liNE 

3 

[

--;;;>''lj' UOD 119-1 
r.-v:!l 1600A 

2000/SA 
3 

2000/5A 
3 

1100119-2 ,A0 c\;, CB 119 
1600A NO E tJ 2000A 

2000/5A 

2000/SA 

HC,A0 
L__ _ __. 

CCVT 119 
199,000-IIS/66.-4V 

-115/66.·4V 

_____________________________________ 11 ____________________ 

HC 1· HC ,A0 3 * 
h 3rlh l'l 

L.A. 

600/SA 

1200/SA 
3 

3000/5A (LV# I) u Lu nrn (LV#Z) 3000/5A 

3000/5A 

1500/SA HOT SPOT 

I 

J 3000/SA 

CB 65-1 

3000A 

-4000/SA 

3000/5A 

1500/5A HOT SPOT 

3000/5A 

CB 85-2 
3000A ! 

<000/5A 

PT5-1 i 
B-400/IWi 3 HO 3 

YXIO/SA 3000/SA 
3000A 3 < 

CB 56/468 CB 57/48 
1200A 1200A 

3000/SA 3000/SA 

TRANSfORMER T-85 
60/79.5/99.9MVA 
OA/fOA/fOA 
3-45-1 J.BKV I 
.Zp-LVI =6.1% 

BASE) 
CONVENTIONAL) 
ELOCATEO T-628 

13.8KV BUS 5-2 3000A 

3000/5A 

YXIO/SA 

8156 
3000A 

3 

R 600/5A 

1200/SA 

3000/5A 

3000/SA HOT SPOT 

3 
•tf--o-

l.A. 

<000/5A 

CB 86-1 
JOOOA 

TRANSfORUER T -86 
40/53/66,6UVA 
OA/FA/FA 
3-45-IJ.BKV 

(PULSED) 

MOS 86 
HC 

CB 61 
1200A 

3000/SA 

CB 
1200A 

3000/5A 

CCVT 119-1 
199,000-115/66.4V 

-115/66.4V 

13.8KV BUS 6-1 3000A 

3i 
CB 
1200A 

CB 6-4 
1200A 

3000/SA 3000/SA 

51 52 53 24 23 23 6 6 48 .45 45 n 2 28 3 3 64 

TR-KRS-1 t.IAIN INJECTOR UAIH INJECTOR t.IAIN RING JJAIN RING SPACE SPACE t.AAIH RING MAIN RING t.IAIN RING 
13.8-0.48/0.277KV RING RING PBAR leV COJ.IPRESSORS RF C0tN£HTK)N.U. POWER t.IJ-30 !.41--40 loll-50 HARM rJLTER 

225 KVA CONY. POWER CONY. POWER BACKFEEO BACKFEED BACKFEED BACKFEED A: f17 KICKER SERV BlDG SERV BlOO SERV BlDG TRANSF. T-66 

SPACE SPACE SPACE 

CONTINUED ON A FEEDER B FEEDER BLDG BACKFEEO QUAD/DIPOLE QUAD/DIPOLE QUAD/DIPOLE BUS 6-1 
DWG. E--4 CONTINUED ON I 

CONTINUED ON 
DWG. (-3 

SPACE 

CONTINUED ON 
DWG. E-3 

SPACE 

•. •. 
0 ..,.._ ... _ ':::J/1 T. ucKow5K1 SCALE: HoHE FERMI NATIONAL ACCELERATOR lABORATORY 

OCS<><D :·:c:=·- 218<2300 = :: e I ; 
_ ""' ""'"'"""" ::.. :: 

8
117192 

""""""' "111'111" 345-13.8KV SINGLE LINE SHT. 1 
E ""'· """"""' """"""' J. SAHnc """"""' DIXOH BOGERT I-_---'=...,.---'-L=3,----::6,----:1-::7::--------=E;-c:2:-rl,.,-.--j:'! 
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BT67 
3000A 

3 3 

CONTINUED ON 
DWG. E-2 

SPACE 

345KV BUS 120 2000A 

HC1 "OD 67 HC1 

13.8KV BUS 7-1 3000A 

3 <( 3 ;;l 
;;-

r CB 71 CB 1200A 1200A 

PT7-I i 
B400/120V f 

3 

3 ;;l 
;;-::: 

CB 73 
1200A CB 71 i 

1200A 

3000/5A 3 3000/5A 3 3000/5A 3 3000/SA 3 

3 3 3 3 3 3 

I I 2 2 3 3 

SPACE 

1600A 

3 
1200/SA 

600/5A 

3000/5A 

B4000/SA 
3 

3000/5A HOT SPOT 

c 

.... 3rl1• 
L.A. 

3000/SA 
3 

CB 87-1 
3DOOA 

4000/SA 

3 

MOS 87 

TRAHSFORt.lER T-87 
40/53/66.6MVA 
OA/FA/FA 
3-45-t3.8KV 

(PULSEO) 

BT78 
3000A 

3 3 

HC 

600/5A 

1200/SA 

•I f-3-AOOO"'-/5-A 

62 

TRANSFORMER T-88 
<40/53/66.fi\CVA 
OA/FA/FA 
3.(5-13.6K11 

Z=B.«% 
(PULSEO) 
RELOCATED T-84A 

13.8KV BUS 8-1 3000A 

3000/SA 

3 

CB 85 
1200A fi 

3 3000/SA 

21 22 65 

-"'"""' T ', l.ACKOWSKI 

"''"""' E. MORlAN 

"""""' E. CRUMPLEY 

"""""" TCJM PAWLAK 
0.\VID NEVIN 

"'""""' DIXON BOGERT 

66 

SPACE 

6 6 

MAIN RING 
COMPRESSORS 

BACK FEED 

I.IOS 89 

HC 

SPACE 

LEGEND 
DEVICE DESCRIPTION 

24 CIRCUIT BREAKER - BUS TIE - ElECTRICALLY OPERATED 
52 CIRCUIT BREAKER - ELECTRICALLY OPERATED 

CCVT COUPUHG CAPACITOR VOlTAGE TRANSFORMER 

ld FUSE /'@ DISCOHNTECT SWITCH 
MOTOR OPERATED 

POTENTIAL TRANSFORMER LLUJ POWER TRANSfORI.IER rnn 
3 CURRENT TRANSfORMER - --Ji• UGHTNING ARRESTOR 

-- 345KV &: 13.8KV BUS 
CIRCUIT BREAKER 
DRAWOUT TYPE 

12:<] TRANSFORMER BUSHING 
UI.IITS 

13.8KV BUS 9-1 :SOOOA 

3 3 i 
CB 96i 
12ooA! CB 97i 

t2oo .. Ur! 

l
' i I!JJ;j,J 

3000/5A 3 3000/5A 3 3000/SA 3 3000/5A 3000/SA 

94 95 96 97 

SPACE SPACE ro fi,F2,f3,f.f 1.11-52 &: 1·41-52 &: 
SERVICE SERVICE 1.11-8 1.11-8 
BUILDING BUILDING BUILDING BUILDING 

PULSED POWER PULSED POWER 
A FEEDER B FEEDER 



0 
0 
0 

i. 
X:98,000 ;; 

POND "E" 

POND 

g 
:i ;; 

1.11-20 
SERVICE BLDG. 

(6-6-8) 

GRAVEL ACCESS ROAD 
(3-2-103) 

KEY PLAN 

0 
0 
0 

;; 

P.T. CURVE 

0 
0 
0 :;; 
;; 

"A" 

EXISTING 
E4R TEST 
FACILITY 

!.II-SUBSTATION HARDSTAND 
(3-2-103) 
(FUTURE SUB-STATION) 

0 0 0 0 

g 
X:98.000 

EXISTING 
GIESE 

1.11-10 
SERVICE BLDG, 

(6-6-8) 

RD. 

KAU Z ROAD 

POND 

A 
A • • c 

D " E 
D & E 
0 & E 

r 
G " H 
G " H 

X:101,000 

X:102,000 

X:103,000 

CURVE NO. 

1A 
2A ,. 
2B 
1C 
1DE 
2DE 
3DE 
1r 

1GH 
2GH 

POND 

A 

• 

c 

POND GEOMETRY TABLE 
PC STATION COORD. PI STATION COORD. PT STATION COORD. 

X 
1215.00 34'01'21' 371,7-4 721.51 102350.1.490 
617.46 .. 0'25'57" 227,38 435.73 102280.-4919 
1105.00 34'1'2 338.09 656.19 102242.3151 
507.46 -40'25'5 186.87 358.10 102178.9864 
2375.00 33'46'28" 721.00 1400.00 101703.4662 
1590,01 44'30'-44'" 650.69 1235.26 98598.2237 
2345.00 23'12'01" 481.36 949.54 98861.0543 
1505.00 24'35'49" 328.10 646.10 99741.5932 
3607.98 15'05'11" .4.77.76 950.00 991-42.8495 
900.00 36"00'00" 292.43 565.49 101047.272 
1565.00 4s1t'4r 651.39 1234.51 100532.0545 

POND STATION COORDINATES 
STATION NO. X-COORD. Y-COORD. REMARKS 

0+00 102350.15 95-4-44.32 P.C. lA 
2+50 102374.05 95692.75 
5+00 102346.68 95940.79 
7+21.51 102280.49 96151.86 P.T. lA a: P.C.C. 2A 
7+50 102268,91 96177.91 
10+00 102119.69 96376.49 
11+57.24 101990.27 95464.71 P.T. 2A 
12+50 101907.56 96506.73 
15+00 101664.68 96619.97 
17+50 101461.79 96733.20 
19+92.30 1012.4.5.77 96842.95 P.O.T • 
0+00 1022.4.2.32 95466.05 P.C. 18 
2+50 102263,66 9571.4..62 
5+00 102228.70 95961,61 
6+56.19 102178.99 96109.53 P.T. IB a: P.C.C. 29 
7+50 102134.99 96192.3.4. 
10+00 101953.09 96359.99 
10+1.4..29 101940.« 96366.64 P.T. 2B 
12+50 101730.29 96473.41 
15+00 101507 • .4.1 96566.64 
17+50 101264.53 96699.87 
19+00 101150,79 95767,62 P.O.T. 
0+00 101703.47 9-4107.45 P.C. 1C 
2+50 101913.17 94243.32 
S+OO 102107.46 9-4-400.48 
7+50 102284.15 94577.18 
10+00 0 1 3 1 47 
12+50 102577.16 94981.16 
1.4.+00 102647.63 95113.47 P.T, 1C 

y X y X y 
95444.3247 102423.5588 95808.7466 102280.4919 96151.8562 
96151.6562 102192.9834 96361.7228 101990.2650 96-46-4.7132 
95-466.0·470 102309.0788 95797.4759 102178.9884 96109,5321 
96109.5321 102107.0455 96282,0012 101940.4-413 96366.6438 
94107.4540 102328.3517 9-4467.1186 1026.(7.8313 95113.4724 
96290.5813 98489.1338 95649.108-4 98861.05-43 95115.1883 
95115.1883 

199136 193; 
94720.2085 99544.6830 94465.5586 

94342.8060 94169.2338 100345.436 94127.30.4.5 
97291.5309 96939.0.4.13 98600.6996 9651.4..7610 
97123.3594 9 97311.87.4.6 I 00532,0545 97332.9853 
97332.9853 99882.36.4.7 97380.0099 99391.1771 96952.17.4.9 

POND STATION vVV1Wir<l\ = 
POHD I STATION NO, I X-COORD.I Y-CDORD. RE"ARKS 

0 19+60 19! 

E 

H 

21+8 .79 I99S<1.68 1<6S.56 I P. 2DE 
22+SD 199600.02 .06 
2H16.83 199 

27+50 110< 1199. 
30+00 110< 136. 
30+62.92 

3S+ 
0+0 
2+S 
>j:(> 

110077! I 9<071.4S I P.O. 
198598 196290.S8 I p I DE 

10+>0 !74 33 9S: .4S 
12+ •.25 18861 OS 19 I P. 1DE &P. 2DE 
12±' 

17+ 
19+ 
0+0 

7+5 
9+5 
6+00 

10+00 
12+50 
15+00 
17+50 

1100< 
I99860.2S 
199634.84 

94 

96 
96 

97304. 
!33.89 

7126.39 

123.36 I P •. 
2+SO ; 100836.34 72S6.10 
5+00 •10059;.14 7325.88 
5+6S.49 1100532.0! 132.99 

& P. ;,c, 2GH 

g 0 g g 

________________ ll ________ __________________ lr ______ 
3o SCALE: fERMI NATIONAL ACCELERATOR LABORATORY I 1----+----f-------------1 PRO..E:CT 21842300 D<'TE 

< OESICMD R. JEDZIHIAK 11/18/93 
1--+--1-------------i A. SKUZA 11/18/93 ______________________________ ____________________________ ______ E [ R. BRUNTON 

T. L.ACKOWSKI 

<)"' 200 .., UNJT'EO STATES OI:,. ...... TMLNT 0,..- ENII:""OY 

"""""" C. fEO£ROWICZ "' 200'-0" 
SW£ "" WI- A M. I. COOLING PONDS """""" E. CRUt.jPlEY Ill ,"' 

00 o:z v PONDS GEOMETRY PLAN TOM PAWLAK 0.. 
DAVID HEVIH 

''"'"""" DIXON BOC£RT w 3-2-104 C-2 



£47 
X:101831.4959 
Y:96994.9953 

16'-8 3 ,f' 

[47 
X:I01831.o4959 
Y:96994.9953 

::·ro,ats.3612 
Y: 9 003.9223 

56'-7 3 .. -

97'-6" 

ROOF PLAN 

16'-7 7 l( 

X:101744.2-419 

y, 97035r;2· 
... 
X:1017-46.1U9 
Y: 97042.2343 

C.P./LABYRINTH 
X:101744.492 
Y:97083.9857 

54'-5 .. 

1aa·-z 3/15' ro ro 
(REF.) 

X:101697.0779 
Y: 97068.8623 

102'-9 1/t' 

X: 101697.0779 
Y: 97068.8623 

102'-9 1 z: 

7•'-6" 
76'-6 3 .c.· 

PASSAGEWAY 
t (ABOVE) 
I 

11'-ff 

X:l01676,9951 
Y: 97082.5459 

25'-0" 

47'-0 3 .-

X:101676.9951 
Y: 97082.5459 

SEE DWG. SC-3 
FOR COHTINUTATIOH 

SEE DWG. SC-3 
FOR COtHIHUTATION 





S[E DWG. SC-3 FOR COHTIHUTATIOH 

1\ H 

I \ X·IOU89 12040 
Y: 97196.58-400 

ROOF PLAN 
SEE DWG SC-3. FOR CONTIHUTATIOH -
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