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INTRODUCTION

Plans for upgrading the muon physics program at Fermilab have
been under discussion for several years and typically focus on an improved
muon beam. The Fermilab Summer Study Reports for 1968, 1969, 1970,
1973, 1976 all have papers and discussion on this topic. The last named
study stimulated a detailed design project by the authors on which we re-
port in this document. The general guideline we adopted in this work was
to create a new muon beam design appropriate to the Tevatron era at
Fermilab (1000 GeV protons). The design was further constrained to yield
good performance at present lower proton beam energies (400 GeV). Within
this context, we applied the following design criteria:

i) high efficiency (y/p ~10'5)
ii) low "halo' (halo/beam ~ 5%)
iii) broad tuning range (275 £ p £ 750 GeV)
iv) good optical quality (Rbeam < ?Scnnz6
v) low hadron contamination (n/y<10 ")

vi) freedom from interference with other beams
and equipment

vii) momentum tagging capability (Ap/p < 2%)

viii) acceptable radiation hazard on-site and at site
boundaries.

This preliminary study of several beams along with their associated

1
halos has been done using the Monte Carlo programs DECAY TUR’I‘LE( )

(2)

and HALO. The CERN-SPS muon beam design expects to realize a halo/

(3)

beam ratio of ~2% over 4x4 meters ; our definition of halo corresponds

to a 10 foot x 10 foot area.
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PROTON BEAM

The overall plan for achieving a proton beam and production target
for muon experiments separate from the existing NO beamline is shown in

(4)

Figures 1 and la. The essential features are taken from TM729" (alterna-

tive 2) with minor modifications. The path of the beam is 30 milliradians

to the east and 10 feet below the NO beamline. The main points of the pro-
posal are:

D The existing G line is split horizontally with 50 ft. of electrostatic
septa at the Gl manhole.

2) A new tunnel section labeled Gl. 5 will contain 60 feet of Lambertson
magnets which bend vertically.

3) G2 will be extended and contain four 22 foot superconducting dipoles
run at ~ 40 kilogauss. The dipoles will be rotated so that they com-
plete the 10 milliradian vertical bend started by the Lambertsons,
and give a horizontal bend of 30 milliradians.

4) The beam drifts to the Muhall target areas in the vicinity of Enclosure
100 where it is focussed onto the target.

5) The majority of the new beamline can be installed by means of a trench-
ing and pipe burying operation. Since the beam is 10 feet underground,
little earth moving will be required for berm construction. There is
no interference with Nuhall, the Target Service Building, or modifi-
cations to the decay pipe. No penetration of the Neutrino ""bathtub"
for containing radioactive ground water is necessary nor is any
digging of radioactive soil,

THE MUON BEAM

The muon beam basically consists of two target stations, a front
end triplet which efficiently collects the parent particles, a decay section,
a hadron absorber, and a part which selects and tags muon momenta and

(5)

reduces halo. We have mainly employed the WANG' ' parameterization of

particle yields with the standard assumption of K/w ~#0.1l. An alternative
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parameterization which makes a definite prediction for the K/m ratio at high
energies is that.due to Adail('é). The pion yields matching to the acceptance
of the proposed beams are compared for these two parameterizations in
Table I. The WANG pion yields are about twice those of Adair. Adair
predicts a larger K/m ratio than the 10% usually assumed.

In order to check these formulae, we have attempted to reproduce
the muon yields in the existing muon beam at Fermilab (N1 line). We have
used the WANG parameterization, but can scale to the Adair prediction
using the pion yields of Table I. The yields are computed using HALO for
150 and 225 GeV/c operation. The targeting angle of the primary proton beam
onto the target (with respect to the N1 beamline direction) was 0.3 mr and
0.7 mr, respectively, ) which required a small modification to be made to the
HALO subroutine PIGEN where zero degree targeting and production are
assumed. The differences from the zero degree values were <10%. As is
seen from Table II, the predictions are in reasonable agreement with the
measured yields, The geometry of the N1 beamline assumed in HALO is
given in Appendix I.

Four different beam configurations have been considered, although
only the two having the best halo to beam characteristics were modeled in
detail. For completeness, we give all four beam layouts and note that three
of these (called 1-3) have a common front end, Figure 2a, while the fourth
is different, Figure 2b. The primary features of each section are described
below. The design uses the specifications of an existing quadrupole, the
4Q1208, and 20 foot long, 15 kilogauss bending magnets with 4''x6''" aperture.

A. Target Stations

The proton beam will be directed at either of two targets in
Muhall., The two targets will be separated in Z by 24 feet.
The upstream target will be used whenever the pion beam is
tuned for a momentum greater than 600 GeV/c. Using this
scheme the triplet will capture roughly the same P at high

and low energies. These two targets could be placed in two
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separate manholes similar to the target manhole that now exists
in the decay pipe. It is also possible that a target tube similar
to that in Nuhall could be used. One train car containing the
target, a collimator and the necessary instrumentation should
suffice. The cost of the target tube with its associated tracks
and access tunnel is comparable to the cost of the manholes.
The manholes offer the advantage of having :vacuum all along

the beam, however servicing and repairing take longer.

Hadron Capture- Section

The purpose of this front-end quadrupole triplet section is to
collect as many pions and kaons from the target in as large a mo-
mentum band as possible. A fifteen foot water-cooled collimator
will be placed immediately downstream of the target to absorb
low energy/wide angle parent particles. This will be followed
by a triplet consisting of ten quadrupoles aligned at zero degrees
with respect to the incident proton beam. The configuration is
the same at 750 and 550 GeV/c; two quadrupoles and a drift space
are interchanged for the 275 GeV/c operation. Beams 1-3
contain bending magnets in a notch arrangement serving to get
rid of the low energy/wrong sign parent particles. All particles
greater than 0. 6p are transported, dispersion-free, to the end

of the decay channel where there is a water-cooled beryllium

absorber. When the channel is tuned for parent momenta
>600 GeV/c, the 1000 GeV diffracted proton beam is carried

along the channel and is dumped at the beryllium absorber.

At lower energies the 1000 GeV beam will encounter a conven-
tional dump in the notch. The FODO channel, when tuned for
275 GeV/c muons, cannot transport the diffracted proton beam
without significant losses. Beam 4 dumps the protons at the
front end and the dipole bending selects + 10% AP/P. This

eliminates early in the beam some of the particles contributing



T™M-754
2960.00

to the halo at the end of the beamline. The dispersion at the
momentum slit of Beam 4 is shown in Figure 3. Note that there

is no horizontal focus at the momentum slit, unlike the CERN
beam, but the triplet delivers a parallel beam to the decay FODO.
This selection slightly reduces the muon yield as compared to
Beams 1-3. These are summarized in Table III

Decay Channel (r/K Decays)

The criteria for obtaining the highest possible muon flux per proton

(9)

have been variously described. As illustrated by the CERN de-
sign, the FODO array provides the most efficient transport system
allowing pions from a wide momentum band to contribute muons to
the desired momentum interval,

The decay channel is a FODO array composed of 4Q120 quadrupoles
having an average half-aperture of 2, 25 inches. The efficiency of
the channel as a function of particle momentum is shown in Figure 4.
This curve was made with the FODO tuned to maximize the muon
flux from parent particles of central momentum P. The transmission
of the beamline was studied using the program DECAY TURTLE,
modified to input a parent production spectrum. The results of

keeping the decay length constant and removing magnets in the

Parent FODO are shown in the following table.

PARENT FODO MUON FODO RELATIVE pu/p
TRANSMISSION
L(feet) No. of Magnets L(feet) 800 305 (GeV/c)
200 15 200 1. 00 1. 00
326 10 200 0.47 0. 41
550 6 200 0.41 0. 30
3370 0 200 0.08 0.06
(parallel beam)
326 10 326 0.9 0.8
143 21 143 1. 03 1.12
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After removing the magnets the channel was tuned for maximum
muon flux while being constrained to match into the Muon FODO.
The quadrupole strength and hence the phase advance per period
is arranged so as to contain with minimum losses the parent
beam of central momentum P and a wide momentum band of
muons resulting from their decay. One can obtain a better
transmission at the expense of a) adding additional matching
sections to take the beam from the Parent FODO, make a small
beam spot on the beryllium plug, and then match into the Muon
FODO, or b) making the distance between quadrupoles, L, the
same for both FODO's. The first option is not very attractive
because the number of magnets required for the matching sec-
tions is comparable to the number removed from the Parent
FODO. The second alternative has the drawback of increasing
the total length and thus increasing the distance that the utilities
have to be extended. In going from L=200 feet to L=326 feet,

the length of the Muon KFODO increases from 1470 feet to

2350 feet. This distance could be reduced somewhat by increas-
ing the phase advance per period in the Muon FODO, but would
save only one magnet and correspondingly only 326 feet. Taking
out more magnets would mean that the angular dispersion,
dé/dp, would be non-zero. The maximum field strength of the
40120 gives a minimum value for L of 140 feet, and has been
included in the table for completeness. We have chosen to study
in detail beams with L=200 feet for both FODOs. Use of a phase
advance of ~ 60 degrees per FODO period for all momenta
yields both good transmission and a reasonably small spot size
at the beryllium absorber so multiple scattering can be minimized.
In this way the absorber can be located within the FODO without

additional matching sections. Typically, only a small part of the
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halo at the end of the beam originates in the decay channel, as
shown by Figure 5,

Muon Transport Section

At the end of the decay section and the beginning of the final
FODO section is a hadron absorber which reduces the 'n'/y, con-
tamination at the end of the beam to <10_6. The absorber, ~ 35
feet of beryllium, is located immediately downstream of the last
quadrupole of the decay channel and inside the first dipole of the
Muon FODO. This will also serve as the primary proton dump
when the beam is tuned for high energy positive muons. Follow-
ing the absorber the first bending magnet selects the desired
muon momentum band. Optically this is followed by a continuation
of the Parent FODO. The four beams differ in the number of
FODO periods used to transport the beam from the absorber to
the detector and in the direction of bending, as shown in

Figures 8a, 8b, and 8c. In the case of Beam 4, we have simply
used the same muon FODO as for Beam 2. Most halo at the ex-~
periment originates after the absorber, and Beam 2 is found to
have the best halo to beam characteristics. It is envisaged, when
desired, that momentum tagging of individual muons entering the
detector can be accomplished by following the trajectories through
the last dipole, using MWPC's and scintilation counters. The
muon yields at the detector for beams 2 and 4 are given in

Table III. Three complete periods are used to rotate the phase
space by 180 degrees. The final bending magnet, in the same
direction as the first, is placed to cancel d6/dp. Halo removal

is accomplished by a series of magnitized iron pipes and toroids.
Halo

The halo considerations can be separated into two parts. There
is the direct question of how many muons accompany the beam

into the detector, and also how many muons irradiate the outside
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world. We have been particularly concerned with reducing the
former, although we have also estimated the latter. As noted in

the 1976 Summer Study(lo)

, the halo muons are best removed by
interposing magnetized iron to deflect them away from the beam.
The elements introduced are iron toroids (at magnetisations of

15 kg) and sections of magnetized iron beam pipe (this mupipe is
described in Appendix III). The mupipe introduces a hard magnetic
edge close to the extreme excursion of the beam; we use a

pipe with internal and external radii 2 and 3 inches, respectively.
The radial dimensions were varied in the study and the criticality
of the alignment was estimated. These are followed at strategic
places with large magnetic toroids placed so as to intercept the
halo deflected out by the mupipe and thus clear out the larger area.
There are two toroid sections, one 4 feet and the other 3 feet in
radius. Both are 40 feet long with a 3 inch radius hole.

The initial deflection of the unwanted muons is started by the
mupipe, and then increased further by the large toroids. This halo
distribution at the detector, before any attempt is made to deflect
halo from the beam direction, is shown in Figure 6 for Beam 2.

We assume the detector would present a cross section not larger
than 120" x 120''. However, in order to have a clear working space,
we also define an area of 300" x 200'' about the beam. This con-
sideration was used to fix the lengths of the magnetized Toroids.

Program HALO will indicate where in the beam line the of-
fending muons left the aperture and became halo (see Figure 5 for
the beam without magnetic scrapers). This helps in placing the
iron. The scrapers we have considered are labelled in Figures 8
(a,b, c). We started off by assuming a 1" wall, 4' ID mupipe with
5 ft. radius, 40 ft. long toroids. The halo/beam ratios resulting

for various combinations of these elements are given in Table IV.
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From this we have selected beams 2 and 4 for further study with all
of the magnetic scrapers shown in Figure 8 included in both cases.
Note, we have accepted the program decision that once a muon has
hit an aperture it is labelled halo. There remains the possibility
of accepting the beam-like halo, i.e. halo close to the real beam,
as beam provided it is tagged satisfactorily.

We find that use of a 2" thick beam pipe wall for the first
section of mupipe requires a larger toroid, and have settled on 1"
thick wall with 4 ft. and 3 ft. radii, respectively, for the upstream
and downstream toroids. For Beam 2, we show in Table V the
halo/beam ratio with the final scrapers and the triplet and FODO
tuned to various muon momenta. The halo is rather constant as
the beam momentum decreases.

In order to check the credibility of the HALO results, we
have attempted to model the Nl beam/halo situation. With the
geometry assumed in Appendix I, Table II compares the halo/beam
predictions at both 150 and 225 GeV/c with the observed values.
Note that the magnet maps were rough approximations in the case
of most of the N1 beam quads; the situation was better for the bend-
ing magnets, The 150 GeV/c results are for 300 GeV protons on
target. There is reasonable agreement between prediction and
measurement,

Further Considerations

The low halo-to-beam ratio obtained using the mupipe idea is
clearly dependent on introducing the field as close as possible
to the beam envelope. We have studied the sensitivity of the result
to misalignment by randomly displacing the four sections of mupipe
with results shown in Table VI. Clearly the halo and even the muon

flux are hurt if misalignments exceeding 1/4'" are introduced.
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The effect of quadrupole misalignments was studied, and in general
the further upstream the misalignment and the lower the momenta,
the worse the transmission. Since most of the upstream section of
the triplet is running with the quads at full strength, alignment be-
comes \}éry' critical at 275 GeV/c. Misalignments of 0.1'"" and 0. 25"
on the two quads running at -5.5 kg/in. reduce the flux at the muon
lab by factors of 0.83 and 0. 09 respectively at 275 GeV/c. A 0.25"
misalignment at 800 GeV/c in these same quads yields a 0.93 reduc-
tion factor,

As shown in Figure 9 for Beam 2, there is no strong correla-
tion between the parent decay angle and the muon momenta. However,
there is significant polarization information preserved in Beam 4
(see Figure 10) at the expense of intensity.

At the vicinity of the Muon Lab, the angles of the beam, 6
and @, are small. This means that either a long hydrogen target
or a stacked solid target could effectively be used. The muon fluxes
at ground level at the location of the site boundary were estimated
using HALO, and indicate a maximum radiation level of about
40 mrem/yr., assuming 10 13 protons on target, and 365 days of
operation at a Doubler cycle of 60 seconds. More realistic expec~
tations for annualized total operating times and targetted proton

intensities will reduce this level to the order of 10 mr/yr.
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Table I
Yield Per 1012 Interacting Protons in Hydrogen
Wang Adair
400 GeV Protons 12 11
a7 {0 - 400 GeV/c .07 x 10 3.35x 10
0 - 20 mrad
400 GeV Protons 10 10
1T+ {175-400 GeV/c .36 x 10 1.53x 10
0 - 20 mrad
¥ 400 GeV Protons 10 9
o {200 - 400 GeV/c .87 x 10 5.81 x 10
0 - 5 mrad
x 300 GeV Protons 10 9
+ 120 - 300 GeV/c .79 x 10 l. 35 x 10
m {O - 5 mrad
1000 GeV Protons 10 10
Tr+ 350 - 1000 GeV/c .82 x10 3.12x 10
0 - 10 mrad
1000 GeV Protons 9+ 9
xt {350 - 1000 GeV/c .82 x 10 7.86 x 10
0 - 10 mrad
™ 1000 GeV/c Protons 6 5
1 380 - 1000 GeV/c .18 x 10 9.34x 10
0 -1.5mrad
’ 1000 GeV/c Protons 5+ 5
.18 x 10 2.02x 10

+Assume K/nw ~ 0.1,

XCorresponds approximately to acceptance N1 beam,

“Corresponds to acceptance of Beams 1-4 at 800 GeV/c.
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The Predicted (Wang) and Measured Beam and Halo Rates
for the N1 Beam Normalized to 1012 Incident Protons on
One Interaction Length Target [ obtained by multiplying thin
target yields in hydrogen by 0, 37] ,

Predicted Muon

Beam . Measured | Predicted | Measured

Tune | Type Yield p/p Muon Halo* Halo

GeV/e .t gt Yield Beam Beam
Beam| (2.96 + 0 52)10’7 -7

150 : : 1.7x10 4,7+1.9 1.5
Halo | (1.4 +0.5 )10-6
B 5.2 + 0.4 )10°7 |(0.86 +0,23)10"° -7

225 eam/| (5. 4 ) : : 2.5x%10 1,3+0,.5 1.9
Halo | (7.3 +£2.3 )10-7 |(0.37 £0,37)10-7

afe
Defined as coincidence between scintillator planes as in the experiment,
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Table III

Muon Yields at End of Beam for Given Tune per Interacting
Proton in Hydrogen Expressed as u/p

Beam and Tune AP* Wang Muon from xt Ap Adair Muon from K+
670 715
75%0&;2\,-/(: + (1.06 + 0,08) 1073 + (0.13 + 0.04) 107>
70 39
510 546
ssl\tr)oi}ézv/c + (0.88 £ 0,03) 10™* t (0.06 +0.01) 1074
63 62
264 266
27?2@%/‘/0 + (2.96 +0.10) 10™* 1 (0,06 +0,01) 1074
37 5%
No, 4 -6
750 GeV/c — (4.6 £1.3 )10 —_— —_—
550
No., 4 -5 —
550 GeV/c + (3.0 +0.,1 )10 —
60
263
No, 4 -4 -—
275 GeV/c + (1.5 +£0.06) 10 —_—
31

* Standard Deviation.
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Table IV
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Halo/Beam Ratio for Various Scraper/Toroid Configurations,

All for 800 GeV/c Tune per Interacting Proton in Hydrogen

Beam
Magnetic Muons Halo
Beam Configuration w/p Beam
| None (1.0 £0.2) 10:2 11
2 (8.37 £1.0) 10 _¢ 10
3 (6.8 +1.4)10 9.5
(S1, 83; T1, T2) P
2 (8.37 £1.0) 10 _, ~ 0.5
3 (6.8 +1.4)10 ~ 0.5
1 (S1, 82,83, S4; T1, T2) (7.6 +1.4) 10:2 ~ 1.0
2 (8.37+1,0) 10_6 ~ 0.1
3 (6.3 +1.3)10_, ~ 0.5
4 (4.6 +£1,3) 10 ~ 0.1
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Table V
Halo/Beam Ratio for Beam 2 per Interacting Proton in Hydrogen

(Statistics for 15, 000 -rr+, and 5, 000 K+)

Parent Particle
and Muon
Momentum Yield Halo Halo
(GeV/c) w/p w/p " Beam
800 w* (1.06 +0.08) 107> (0.52 +0.21) 10°°
9%
+ -5 -6
800 K (0.13 + 0,04) 10 (0.4 +0.2 )10
600 nt (0,88 + 0,03) 1074 (2.5 +1.1) 107
4%,
600 x* (0.06 +0,02) 1074 (1.0 +1.1)107°
305wt (2.96 +0.10) 1074 (2.0 +0.4)107°
7%
305 KT (0,06 +0,02) 10”4 .-
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Table VI
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The Effects of Mu-Pipe Misalignments for Beam 2,
(Yields are per interacting proton in hydrogen.)
Beam Tuned for 550 GeV/c,

Magnitude of Random Pipe Muon Yield Halo Beam
Translation (Inches) w/p (%)
0.0 38+ 0,03) 1074 2.8 +1.2
0.25 0.0 0,6 )10'5 4,4 +1.7
0.50 (4.5 +0,05) 107> 7.7+ 3.0
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FIGURE CAPTIONS

Layout of the new muon beam,

Layout of the new muon beam.

The front end and decay channel for Beams 1-4.

The momentum dispersion at the momentum slit of Beam 4
at 275 GeV/c.

FODO transmission as a function of tune momentum.

p = the central momentum of the parent particles.

The longitudinal points of origin for halo muons inside a
120" radius area at the end of Beam 2.

The halo, defined as muons which have left the beam
aperture, with no magnetic scrapers.

The halo with all scrapers on.

The back end (Muon FODOQ) for Beams 1-4,

The momentum of the muon beam at the detector versus the
decay angle of the parent pions for Beam 2.

The momentum of the muon beam at the detector versus the
decay angle of the parent pions for Beam 4.

The x distribution of the muon beam at the detector.

The y distribution of the muon beam at the detector.

The p distribution of the muon beam at the detector.
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SYS DESCRIPTION,

APPENDIX I

The Parameters Used In HALO For The N1 Beam

DATE 9720477 .. e e .

TIME-268T T4 AR _

Pg.33
T™™-~754
2900.000

e A - W Ty ACh RS o = e * g ————. -z<_n-_4‘-..—-.

PCSITICN TYPE CODES PARAMETERS
e NOo.. . LENGTH . .. ._K._.. 2. ..3... R O I R IR B, 5
1 0.0 FY . i s
e o v e+t s e e TUM e CIRC._DIRY . .36.000_IN : DeQ  IN _ _G.Q. IN_____ 0,0 _DEG___
TUND  ELL $40.000 IN 360,000 IN 0,0 . IN a.0. IN- «0 DES
i 00 FY )
e o e e ORE. e o 8..... 17.500.FT. .
2 17,500 FY . : » :
APE CIRC  QuUaD 1.53) IN 9.8 IN 0.0 IN 0.0 0EG
s e e i+ amomo + JQUAD e Q310 . . e 1010 Q00 FT_ 3.271.KG 1.500._IN
) 3 27.500 FT . .
. DRE 3 1.000 FT NN
e o 286500 FT oo s e e e o - e o o e e : .
- APE CIRC  QuaD 1.539 IN 0.2 IN 0.0 1IN 0.0 DEG
. Quad 0310 10 10.000 FT . 3,271 XG 1.500 1M
e B IGO0 BT o e e+ = e oo o e =+ < eime e —
: ORF - 2 40,000 FT
[y 42,500 FT : ) .
[ e APE e EL . QUAD e 1203 N 2. 90Q._IN 0,318 029 N 03 DEG
ouaD 9310 ki 7.000 FT 0.0 KG 1.€00 N : :
7 49.500 FT
e e v e s e .. DRE e e R G % 10 I 3 —
8 30.500 FT : v
. APSE ELL QUAs 1,033 I8 2,903 IN 0.6 1IN 9.0 . IN 3.0 DG
s e o 2t vemr o QUAD cee €310 e oo — 70000 L ET —00_ K6 1.000._1% . :
9 . 57,500 FY
. : C3F I8 4,933 FT
S U SOV S O 1.1, 0% -5 A - -
© ape ELL QUAD . 1. 000 IN 2.500 IN 0.0 IN 0.3 IN 3,0 DEG
QJAD Q312 7 7.000 FY 0.0 KG 1,000 TN :
. .11.. 68,500 FY ... s re——— . B - — e
BRE |3 1030 FT
12 69.5C0 FT . s
S, APE ELL QUAD . e e 10000 IR 22500 I 0.0 L IN L 0.0 N 0.0 NEG -
. : QUAD €313 TOF 0 7.000 £T 0.0 K6 1,000 IN .
13 78,500 FT . :
v———— e e DRE. et e e e e #2892 BT
e €1.360 FT
40F ELL GUAD 1.000 N 2.500 IN 0.0 IN 0,6 in 3.3 0B
e e am e cmeee QUAD - Q313 ceh - e T e T300 FY e 2 2. 190..XG- $.000. IN
1% 88,390 FY . ‘ ’
. CRF % 1a 113 FT
—— e 18 o 890 8C0 F e e e e s e e e o J - : _—
APE ELt. Quap 1.000 IN 2.500 N 0.0 N 0.0 IN 0.5 0€G :
cuad @31l 7 7,000 FT ~2.190 X6 1.000 N .
SEUNUS b PN 1.J. 1T T O U U O — N
. - CRF i 3.033 FY
. 18 $9.500 FT .
e e e e m APE L ELL QUMD e o o e 30303 EN e 20530 INee . 300 L IN I B 4] Go® . DEG e
. QuAD @310 . 7.000 FT 0.0 KG 1,000 1IN .
19 106,500 F7 . . ' .
o ———- . el vmmme DRF L cme e cine vevme - 80 e 330000 ET
0 3119.5C0 FY o :
APE ELL LITTY. B 1. 000 IN 2,500 TN 6.0 1IN 6,3 IN J.3 DEG
CUAD . . Yoo 26397 K6 e 1,000 IN

1 tesosoe Y

[ 1 & SRR U £ 1]




Pg. 34
TM-754
2900.000

+- SYS DESCRIATIONG — e . DATE-9420L2%, TINE=260174,20 DAGE 3
POSITICH TYPE ) CODES PARAMET RS
—e MO = LENGTH e e B e 2 e B s e 1 2 3 & o [
21 146,500 FY
o -- . DRF.. R L 13.080-FT..
22 159,580 £¥ : -
APE RECT  9END 2,030 IN 2,000 IN G.9 N 0.0 iIN 3.0 DEG
— R T —— {1 R 41 s T———T 6500 -FT. =1+760.KG 150.000-GV/C _ :
23 167,030 FT
CRF 1 2,533 FT
mie 24 1ESLSED Flum oo o coe mee m en e n e o o e <o s S
TUN CIRC  OIRT 18,20) IN - . 0.0 IN 0,3 IN 2.3 DEG
’ TUNG  ELL © 360,000 IN 264,000 IN 0.0 W . 0,0 IN 0,0 . DEG
oo s 28 o cEBTBA0 FT ottt o e e e o o o £ < e 1 o 1 = _
DPF S0 1146.809 FV
2% 1316.398 FY .
e me e m e m e TN~ - RECT - BIRT e e . 194330 TN e 200 000 I 1 2,500, T8 .08 IN G.0_ 0EG
JUNO  ELL 600,000 [N 372.000 IN - 0.0 IN 0.0 1IN 0.0 DEG
2% 1316,.388 FY
. - et eraann APE e RECT o DRF e e o 20300 EN— -2.000.-1N 0..0. 1IN 0.G. —IN._. QeQ. . DEG e
COLL RECT  VAC AL 19,000 IN 20,000 IN =12+500 IN 0.0 IN 0.0 DNEG
) ORF 3 16,750 FT '
——-36-- 1327.138 FY - - - . -
APE RECT  DAF 2,000 IN 2.000 IN g.0 IN 0.0 iN 9.0 086
coLL RECT  vacg FE 19.339 IN 20,000 1IN =12,500 IN 0.0 I 0.0 DEG
e < e cmen  ERF e e e+ comme emem B ee. $04 750 FT e —_ .
27 1337,888 FT .
APE CiIRC GRF 6,000 IN . 0.0 IN : 0.0 IN 0.0 0EG
1 o B e 21,800 F T :
W 1359, 2E8 FT - i ‘
TUN RECT  DIRT 60,000 IN 60,000 1IN 8.0 L) 0.0 1IN 0.0 DEG
e . ©o e s TUNG - BLL v o o ~— 632,002 N 372.000-.1IN . D TN § 11 0ol IH G.0 ....0EC
28 1255, 388 FY " '
APE RECT  BEND 2,000 IN 2,000 IN 0.0 _IN 0.3 N 2.2 DEG
.- .- . m e e e BEND - RBG s e e rmmrmn L Jvees - 200000 - BT e e Fa B4 S KO e e 1502 00 G5 LG -
29 1379,387 FT M :
APE CIRC  ODRF 6,332 IN 3.0 1IN 0.0 1IN 9.0 DEG
- . de e e DRF e s e e . 1 8,600 FT . -
30 1397,387 FT
&PE RECY  8END 2,000 IM 2,000 1IN 0.0 IN 0.0 IW 6.0 DEG
. B S oo BEND - MBlooee - i cee§0 e 206 000 F T 2T 865 KG--. 150,000.6V/¢€
31 14617.3E7 FY
APE CIRC  DRF 6,000 IN G.0 N 0.0 N 0.0 OEG
e e R — L 1 I S T 0 R T L i
C 3T W44, 3ET FT ‘
APE RECT . SENG 2.000 1IN 2,000 IN 0.0 N .0 N 0,0 DEG
et e eamress mme s emews soe BFND ol MBR e v e moes §0cor 200030 BV 2T 848 .KG 150,293 .6V/C.
33 1467.386 FY . : ,
APE CIRC  DRF 6.000 N 3.0 14 0.7 N 0.9 DEG
o e e ae et eeaenem e DRF e - i crmom v @oom - 5a OO0 FT v oo s o cvcer e mecnma e o e - -
34 1521.386 FT .
APE CI'C  Quas . 2,250 IN - .0 1IN G.0 IW 0.0 OEG
e s e o e e - QUAD - Q61D = srs e ona] B e 10,000 FT .=20565.-40 —=20500...18 .
35 1531.386 FV .
: APE CIRC  DRF - 6,000 IN 0.0 M 0.0 1IN 0,6 DER
- - - . ¢RE - e e e s e §aea 30,000 FT — .

36 1%61.326 FY



... SYS DESCRIPTION,... ...

Pg. 35
‘TM~754
2900.000

DATE 9720/%0 i e XAME=268T16098 . OAGE____ & ___

POSITICN TYPE toDes PARAVETERS
e WO L LENGTR e e e B LY e 2 P, & L}
36 1561.3%¢ FY .
S i APE.. . CIRC.__ QUAD. .. oo 24250 EN 0.0 _._IN 0.0 1IN 0.0_...DEG .
QWAD  Qéld 10 . 10,000 FY 2,595 %G 2,530 N
37 15T1.3€5 FY :
——— e e JUN L _CIRC .. DIRT__ ... 4000 IN___ e 0.0___1N Qod___IN 3.9__DES
TUNO  ELL " 360.000 IN 252,000 IN 156,000 TN 0.0 1IN 0.0 DEG
37 1571385 FT . }
e e e ma ARE _CIRC. BRF . ... 6,330 IN 2.0 IN o3 __IN 3¢ _DEG_
DRF 10 281.100 FT g o
38 1954468 FT
e e ... TUN . RECT OIRT . ___ 60.000 IN. 604000 IN. —0a0 __IN_: 0»0.._1N________Q-O_._FEG
TUNO  ELL 360,000 N 252,000 IN =180.000 IN 0.0 IN. 0.0 0EG
39 1854485 FY
e e e m et e e APE o ELL . QUAD . e e —m 20500 IN. 1,000 IN. Q.0 _.IN 0.0___IN 0.0.__DFf.___.
oUAD  QOPB 7 7.000 FT 3.975 KG 1.500 IN '
39 1861,485 FT
—— ee er oo APE__ CIRC.. DRF___ e 62000 1IN . 0.0 .14 0,0 ___IN 0.0 _ DEG____
_ ~ DRF 1 1.93) FT
40 18€3.3€5 FY
e e e e APE __ELL .. QUAD e e 20500 IN e 16000 IN 0.0 .. LN, 3.3 N De)__DEG ____
gnap  cora ¥ 7.300 FY =3.975 K6 1, 500 1N ' )
41 1570.385 FY . .
- o m mmes o eiemee wemmmmenAPE. . CIRC. o DRE. e e 62003 N 0:3._IN 0.0 1§ 0,0___DEG ____
ORF A 3 6,000 FT
42 1876.386 FT : , . .
e oo oo aer o oe - vvannen APE _ _RECT.._ 8END e e e o 2,000 IN ______ 1.000.IN_ 000 N DelU___IN 0.0 _.DEG____
AEND  MB2 ‘10 20.000 FY 7865 KG 150,000 GV/C
43 1896.384 FT v
. e APE o CIRC e ORF o e e 6,000 [N. . 0,0 IN.. —0e® o IN e 0.0_. DEG____
CRF - 1 1,433 FY
44 197,784 BY. : .
o e APE L RECT . BEND iomee . 2,000 IN 3,000 1IN _ 0.0 _IN_.__ 0.0 . IN______ 0.0__ DES_.__
BEND  MR2 10 22.000 FT . 7.84% KG 150, 3199 GV/C
45 1917, 784 FY »
. S e APE. _CIRCe.. DRE i 62330 IN 3.0...IN Bad.IN Bed_ DEG ____
. ORF t 1,400 FT
46 1919.18¢ FY ]
e e et s AP o RECT.o BEND .o ooem oo 2,000.IN 30000 IN . i G O TN 0l LN 0e0._..DEG ..
BEMD = B2 i6  20.000 FY T+845 KG 150,000 GV/C
47 1939.183 FT .
—_—— e —ee YUN . L CIRC.. DEAT .. e . @ o000 . IN.. e 6ol BN e Bl IN 06 0. DEG ..
TUND - ELL : 360,000 IN 232,000 iN «180,000 IN 0.0 1IN 0.0 DOEG
7 1539.183 FY : '
e o e e v e ew o APE e BIRE o DAF e e s 80000 M. e e e s e D00 3N e 000 IN. 0.0 DER ____
CRF . T8 371.566 FY :
«8  2212.850 FT
——— e e iee oo TUN s RECT . DIRTo oo, 602000 IN ....o....604000 IN ... .. 0a0 ... 8N. . 6.3 ___IN._____"0__NEG ___
TUNG  ELL 360.000 IN 252,000 18 =180,000 M 0.0 1IN 0.0 DEG
48 2310.950 FT _ , . .
ro e s e ieve ve APE L . CIRGmen MRF. oo - 32300 IN Je0__IN 040...IN 0.0 DEC ..
© aBs  CIRG - POLY  AIR 3,000 IN 0.0 - IN 0.0 1IN 8.0 NEG
CRE . . 5 20.000 FT '
—.. .49 2330.849 FT... e e i —— z




Pg.36
TM-754
2900.000

I3 4 N0 T3 1A B24 ] RIS —————————— T (3 T ¢ §: Tk 2 1 SLEE=288T7T74,28 PAGE L1
PNSLYICN _TYPE CCDES ' PARAMETERS
o NOeem. oo LENGTH woce oo b o 2 = e Bt o b 2 3 & g
49 2330.%49 FY . ’
.. e e e APE o RECT.. .BEND oocoem 20000- [N e 10000 -G 0O .- IN 0u_—IN.... 0.0_..-DEG
ABS RECT POLY FE , 2,900 IN 1,003 IN 3.0 N 0.0 IN 0.0 0EG
. REND  M82 10 20,000 FY ~T« 751 KG 148,200 GV/C
BO. 235QoBET FT o ot o cimmimin e meminn cmn e memme e o e e s s o ot - o = e 2 i
APE CIRC  NRF 6.000 IN 0.0 IN 0,0 1IN 0,0 NEG
OR F 1 - 1.400 FY : :
8l 23%2.249 FYeie . o e o e e e b+ e —— .
APE QECT  HEND 2.000 IN’ 1.000 1IN 0.0 - 1IN 0.0, IN 0.0 ©OEG
ARS RECT. POLY FE 2,000 N 1.000 N 0.0 IN. 2.3  IN 3.3 DEG
e m oo meim. BEAB- - MB2 oot oo o 10— 20,000 -FT 2T 0688 Kb e 167 COC- BV /C
52 - 2372.249 FT
APE €IRC  DRF 6,023 IN 0.3 Iy 0.0 iIN 0.0 DEG
. . e o DRF s e e e e ot e s B L0408 F T e e —rn - oot <ot 4 e e —
©$3  2373.649 FY )
APE RECT  REND 2.000 IN 1,000 IN 0.0 1IN 0.0 IN 0.0 DEG
. e o . ARS o RECT... POLY. . e FE . 24000 IN. e 1,000 IN e 000 AN DY L IN L 0e) L DEG ..
AEND  HB2 10 2).000 FT =7.625 KG 145. 800 GV/C
54 2393.648 FT
voe avrm e e TN ceeee CIRG . o BIRT e e o= . $0 030 1N 300 1IN 2.933..IN 3ed e DEG e
TUNG  ELL 480,000 IN 252.000 IN =240.C00 IN 0.0 1IN 0.0 DEG
56 2393.648 FY : . .
i mmmeeit reiis mim e APE s e CIRE - ORE e . o2- 800006 -IN e 0o Q1IN 0.0 .IN 0ol .. DEG..oeme
DRF 10 369.400 FT
%% 2563.048 FV
cae v emam mme e o e emn TUNe - REG Voee DIR T s marm - cmees. 60,000 IN- - £3.000 -IN 0.0 I 0.0 (1 0a0--.RNEG —_
™ND | ELL *' 480,000 IN 252.000 IN ~240.000 IN 3.3 IN 2.2 ~DEG
55 25£3.C48 FY .
s ce e . imvewe s BPE maee CIRCome QUAD e w v a-b4 000 IN - 0.0----IN 000N 0.0_-DEG
CUAD - Q610 4 4e903 FT 8.494 XG $.073 IN
56 iS5&T.C4t FY
v e APE. - CIRC - ORP. e oo 6000 IR — — 0.0 .- IN 3.3 N 20 ——DEG
DRF i 2,000 FT -
ST 2569.048 FY
e e © e meee - APE - cCIRE - QUAD - comn s e ooee 55,033 - TN- J— — 3e0...- IN 8 08mmIN 3.0 DEG
QuAD  06l0 4 4.000 FY B8.494 %G 6,000 IN
$8 29573,049 FYV
e i cmeeme BPE e L RAG - DRF e = 8,000 IN - Oelrm IN e B0 B I N eieermaee o (- e BEG
CRF . : B 2,200 FT .
59 2575.248 7
. . = ~BPE - .CIRC QUAD. = oo .- 6,000 [N- 0eG.-- N s I T 0-0.—DEG..
’ Q0 Q610 & 4o030 FY 8,494 XG 62000 TN
6) 579,248 BY .
] . e e APE . CIRG - -DRE « e cneee e 50000 (N -« m .- SOV, Y, YUY { ' VONIURNUSNY , DY, SO | SUSPNNUUI 1Y, W - . S—
ORF 1} 16.739 FT
61 25G%5.548 FT
.. RSN Lo cnm. APE . L CIRC - QUAD .. . . - 60000 IN vt o s e B 00 e (R 8.8 fUR o0, . DEG e
qQuan  061) L) 4.000 FT . =»B,496 KG 6000 IN
62 2599.947 FY : : .
. e e ems BPE . -CIRC - PRF .o omeeor e wn o 6,039 N 80 3eee  IN 000 —iM OoB. DER
NRF i 1.900 FT

63 2601.A47 FY



Pg.37
TM-754
2900.000

SYS OESCPEIPTIONG.. . .o o .. . - - e e DATE.9£20/77 R, - TIME=268TT4.008 . . .PAGE__ &  __ .
PCSITICN . TYPE CODES . PARAMETERS
JNOs o LENGTH i e e 2 o3 a b 2 —_—Y e S L I -
63  2601.847 FV : .
e e W APE. o CIRC o OUAD e 6,000 m 0.0 .18 .0 IN 0.0 066G _______
QUAD  Otlo- Y 4,000 F ~8.494 KG 6.000 IN
&% 28605 .%47 FY . ]
- .. oo o APE .. CIRC . ORE e e 62000 IN Q.0.. _IN el IN 0.0 __DEG —_—
DRF 1 2,200 FY
5 26C0,C4T FY
. e eme. MRE ___CIRC . _QUAD o602 000 IN . 0,0 _IN_____ 0. ___IN._m___j 0. DEG . _ .
qQuan [+].3 B L3 4.000 FT ‘wB,494 KG 6. 000 IN
66 2612.047 FY ¢
. e TUN . CIRE. o cBIRT e e 60333 IN 0.9 _..1H 20979 .IN De0__DEG
TUNG ELL $40,000 IN 252,000 IN 300,000 IM 0.0 IN 0.0 NEG
86 2012,047 FY :
e e e e i e aeAPE . o CIRC e ORE. s e e B0 G IN O__IN_. 000....IN 0.0___D%6 -
0RF 10 233.600 FY .
6T 2845.8666 FT :
e e o FUN L RECT._LOIRY 60,000 IN___. . 60.000_IN 0.0.....IN 0e0._.IN 0.0__OEG
TUND ELL 610.000 IN 252,000 IN ~480.000 IN 042 ™ 3.0 DEG
6T 204%5.646 FY
— s muae APE___RECY __BEND ... . ___........2.000 IN.. 1500 TN . _.. Q0. __IN . 0.0___IN 0.,0___NERG —_
8END ME) [§4] 2,900 FY To5%4 KG 145,239 Gv/C
68  28¢5,648 FY . :
e N i, APE __CIRC __ORF . . .. ... 62000 IMN____~ - 0.0 __IN eI IN 0.3___0DEG
DRF - (] 1.500 FT
69 286T.146 FY : : .
et e e e = e e APE L RECT. e BEND o e 26000 IN o o B 530 PN 800 __IN_ 2.3 . IN 9. 0€G___
BEND  MP3 10 20.000 FT 7.594 KG 145,200 GV/C
70 2897.146 FT
L. N ““,_“._Aped__ CIRC. .. DRFvm creremme e 8003 IN 3.0 ...I% 0e3.—IN »0....DEG
DRF 1 1.200 FT ] :
1 238&.366 FT R ’
. . vewe APE . RECT-..BEND . cvm v omeem - ReO00 BN e 30500 N 0.0 L IN. 0.0 I G0 0. DEG
BEND  HMB3 10 20,000 FY Te594 X 145.200 GV/C '
T2 25€8,348 &7
. e TUN o GIRC.  DIRY.. o 60000 . IN — : Q.0 . __.IN_ 200014 Qo0 0EG
TUND  ELL 810,000 IN 252.200 IN =480,007 1IN Ded IN 3.6 DEG
12 ¢¢os.zss FT
e e e APE .. CIRC . . DRF.ee eaen v om 5000 IN._. —— 0o 1N . Gol BN 0.0 .DEG
gRE L 850,942 FT
T3 2963.849 FT : : . .
. e e  TUM .. RECT. . AIR e nee e 360000 Moo 1200000, [N e —120.000. {8. 66,006 _IN_ 0.0, DEG e
JUNO  RECT 361,000 IN 121.000 IN 120,000 IN 60,000 N 0.0 DEG
73 2993.845 FT .
. - - mrem APE o L CIRC. L ORF et ie s 52000 IN s vt e o s e e G0 e I e 0.0 IN. 00 __  DEG. e
HRF 2 20,000 FT
T4  3013.845 FT . )
- .. - --APE... RECT ORF .. . .. ... . %.000 IN .ccomee 44000 IN . e Daluee I e 0o @ L IN . Ga0O . DES .
CILL  RECT  alm DIRT 100.000 IN %0.000 N 0.0 1IN 0,0 IN 0.0 NEG
DRF : L 3,333 FT
.-75 .3016.845 FT. - - . N o e oot s 1 ore < eiee et mn vt et o . -
&PE RECT oORF "%.000 IN 4.000 IN 0.0 ' IN 0.3 1IN 3.3 DEG
L} FT- )

76

DRF

’ : 3.000
319,845 FT ... .. .

o —




Pg.38
T™M-754
2900.000

SYS DESCAIPTICH . - mcco v e conmenn core coem o amcmer emreee noe o DATE - 9223473 —nTIVE=206ATT74. 98 PAGE b4

PCSITICY TYre CONES _ A PARAMET ERS
NBo -u LENGTH .  enovee Remos DU DU TR R N — -2 2. 4 5

76 3019.845 FT ' . .
.- e e enese - APE o L REQT - BEMO - o oo oon . T20003 TN e 184000 N e Qe QL EN o OO IN 0.0 DEG.
REND = MB3I&" 2. 13.300 FY 14.520 K6 t45.200 6Gv/C .
7T 3033.145 FY . :
. iee ee e APE .RECT L ORF e e - %4000 W e %0000 N . Ca 0. _EN : 0ol —IN 0o _DEG.
DRF 2 26.600 FT ) :

78 3059.745 FT

~ o
Pmme e moew e t e e o B s o1 G ome o — P ] (RS
Mo e mma e tmme CmE M SeREe ¢ B e aem B s one e
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oy Seme emem . e e - G o
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APPENDIX II

Pg.39
TM-754
2900.000

The Parameters Used in HALO For The Four Doubler Muon Beams
m—-mmm—m

RICN CF AEUTRTING BFAY,

NUCN MCMENTUN - T 1000.000 GV/C
- IN. THE_HISTOCOANS .fLau..L_svra!_RE?S&SE%IS._.o.leax4a Q7. MUCNS,CR.. NEUTRENGS s oo oo
SYS DESCRIFTICN. DATE 9/22/17 TINE=268T80, % vage 2
_ POSITION 1Yp€ cnoES T CARAMETERS
NCo LENGTF t 2 3 i ] 3 & 3
1 0.6 FT . . ) ;
TUN RECT  DBIRT 60.000 IN 48,000 IN 0.0 ' IN 9.3 1IN 6.2 0EG
e b e TUND._..RECT. 900.000._IN. 920,000 IN . f.0___IN =790, 000_IN 8..DEG
1 n.0 FT
ooF 2 26.000 FT
ee 2. .... 24,000 EY — e - - e e -
ap%  GIRC  ouan 2,253 IN 3.0 1IN 0.0 N 0.0 0E6
A Q410 5 10,000 FT =5,400 K6 1,000 N
e 3 34,000 ET. : e —
DRF 1 1.500 FT
4 35,500 FY
202 _CIRG. . QUAD 2250 BMorome e 0@ L IN 048 o EN e 2.3 DEG
: cyib  C410 N | 10.000 FY =%,400 KG 1.000 IN
5 45,500 FT
: nae L .50 FT e i
& 47.C00 T
4PS  CIRC  QUAD 2,253 IN g.0 IN 8.0 1IN 0.0 DES
QUAL..._Q4LE 3. ___10.000_FT =%400. K6 1.000 1IN
T $7.000 FT
oRE 2 6472 FT
a £3.472 E1 : _ I —— -
“#%€  CIRC - qUAD 2.25) IN 3.3 1IN 0.0 N 0.0  DEFR
AL 04tQ 5 10.000 T 4.T74 %G 1.000 IN
9. 23,472 5T _ . .
DRF i 1.500 FT
10 74.572 FTY
- . ARE___CIRC. . OUAD_. . 20250 1N . 0 S ¢ Bo% . iN_. I T, -1 S
: ouAT | Q410 5 10.000 FY 4,774 KG 1.000 1N , :
1 94,972 €7 .
: e Leee— 1,500 FT -~ - . -
12 95,472 ET :
. APE  CIRC  QUAD 2,250 18 c.0 1IN 0.8 1IN 0.0 DEA
- AUAD —..0410 S 10,000 FI_. _4.774.KG_, 1,000 .18 :
13 96,472 =7 ' ’ o : :
DRF : X 1.500 FY
——16 ... .97.972 ET. - e . i e - .
T 4PE  CIRC  qQuAD 2.25) IN - _ 1.0 IN 6.0 1K 0.0  0ES
_ 9UAD 0410 5 10,000 FT . 4,774 KA 1,000 1N .o
UNSE ST | S 7 30 3 S : — e e mrmn e m e =t e« mon oot
. poF 1 1.500 FY :
16 . 109,472 FT . , .
e e e wminne o BPE e CIRE o OIAD s+ 2 en 20250 Pt s i e e 000 N S 000 AN . 0.0 DEG_ .
- o1ap 0410 5 10,000 FT  =3,297 ns 1.000 IN \
17 116,472 BY .
— e — e e DRE . .1 1500 FT. et S R SO
18 ° 120,772 FY '
. T ABE  EJRC  ‘CHAD 2,250 iN 0.6 N 8.0 1IN 0.0 DFG
! 0UA2 .. 0410 5 10,000 Flo o 230297 K& ot .. 10000 1N )
i9 ‘130,772 €7 .
: . A pas i £.500 FT
—20 132,412 FT . - e e e ——— — . e e -
: - 89E  CIRC  QUAD 2,253 IN 2.3 IM 0.8 [N 0.0 0EG
. : 01s0  gelg % 10,000 FT =3,297 K& 1,000 BN
—21__ 142,472 E1 : _— e .. - I ——- e e

-
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T™™-754
2900.000
$YS DESCRISY ION, " ' DATE 9/22/17 TINE~256RT7B0.%9% . . paGE 3
PCSITICN T CO0ES PARAMETERS ) .
NO. LENGTH N | 2 3 ot 2 o3 4 s
21 142,472 €7 : .
. nRF i 1.500 FT
22 143.522 £7 ——e - ——— ——
- APE CIRC  Quan 2.253 IN . 0,0 1IN 0.0 IN 0.0 DEG
Quan Q410 L 10.000 FT - ~le341 G 1.000 IN :
23 e 1530822 EY i —— - _—
DAF 3 L%.500 FT . . .,
26 163,472 FY . : . o :
APS RECT ___BEND 3.000. I8 2.000 M _ 0.0 . IN__.______0.G._ 1% Qa0 __DEG
BEY)  MB6 s 20.000 FT =11,250 XG 600,000 GV/C i
25  18R.4T2 FY . ’ o
pRE 8 45.000.FT SRR
26 233.472 FY o .
apE RECY  AEND - 3.930 IN 2,000 N 1,003 IN 0.0 N 6.0 06
azyy___ 4Bk 5 20.000_ET 11250 KG. e 800.000_6V/C : - —
27 253.472 FT ' . .
DRE i 1.330 FTY
29 254,472 X s e e+ %+ e—————— e 2o ..
4v€.  RECT  BEND 3.000 IN 2,033 IN ~1,300 14 0.2 IN 0.9 DESG
<= REN3 MBS %5 - 20,000 FT 114250 X6 600,000 GV/C :
22754918 EY U S S —
NRE 3 45,000 FY
30 319.471 ST o
A0E RELT R END 3.0 IN_.. 2eB00 IN . 0.3 LINL YOI IN L 0ed ___NEG. ——
ASND M6 .8 20.000 £T =11.250 K6 600,000 GV/C
31 339.471 FT : :
CRE 3 1453 ET . — et e
22 252,571 FY .
a0 g HIRC  GUAD 2,250 1IN, 0.0 N - 0.0 IN . .3 OEG
CUAD. .. C4L) _ 130000 Pl (2,682 K6 ... 1,000 IN :
33 363.570 FY :
CRF . 2 10.000 F7Y v
3% 373.¢9C.E1 . ; - = -
a2z - CIRC ORF 45000 §N 0.0 IN . 6.0 IN 3.0 DESG
COLL  RECT VAL DIRT . 90).300 1M 900.000. IN 0.0 IN =780,000 1IN . 0,0 OES
" . : Dog —10 _.190.000 FT o oo ' ; —
35 543,970 FY : : )
. aPE €I2C  cusp . 2,250 N . 0.6 1IN 0.0 . IN %0 0EG
—_— —- CUAD.. 0410 L1 10,000 FT .o w2692 KB e .. 0,000 WML . . —m
36 573,970 FY ] . .
Aog gIx¢ npE 4.000 IN . 0.0 1% 0.6 IN 8.8 DES
——— . CPE 2 10.000 EY - e e = e e o e 2 s e o
IT. 583569 FYT ) .
: - . 4PE CIRL  DPF %.000 1M 0.0 1% 0.0 W 0.0 DER
— . LOLL  REST o VAC e BIRT e §000300 IN e 993330 IN oo Bed SN =T82,333. IN . . 0e3 .. DEG o
. DRF 10 190.000 FY . o
38 173,569 7 . . ,
. APE - CIRC __(IAG__ ———2e25) IN . o ;. 060 IN e 060 IN . 0.0... 0BG
ouaD Q9410 [] 10,000 FT 2.5682 KG 1,000 1IN

39 TR3 969 FT

- — o —

APS._. CIRC.___ORE e 42090 TN . 0.0 _.IN 000 _ IN. .o Be0. . _DEG____.____

nAF 2 10.00Q FT

&0 701 .04AQ BT

B H AN SNRe
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TM-754
2900.000
SYS OESCRIPTION, ’ DATE 9722777 . ’ . TIME«-268780.94 - PAGE L)
PCSEITICN TYPE CODES PARAMETERS ]
NO, LENGTH 13 2 R Y 2 . 3 4 %
4) 761,569 BY : : :
\oE CIRC NAfF 4.000 IN : 0.0 N 0,0 IN C. 0 DEG
(2] 81 BECY. VAC niLy 900,000 IN .. ._900.000_ LN D IN L =T780.070IN 3.2 DEG
nar 13 192.000 FY
4F 983.S69 FY ’ :
APE . CIRC___QuaAaD . 2.253 IN B.0..-IN Ded. . IN JeO _DEG.
QuaAn C410 5 . 10,000 FT =2.682 KG - | 1.000 IN
42 993.568 FT . . . !
APE £13C LRE 403X 1IN 3.9 i 0.0 N N.0__ _DEG_.
DRF 2 10.000 FY
43 1003.9648 €T
. APE £ioc ARE 4. 000..IN i z Q.0 IN B0 IN Da 0. DEG
coLy RECT VAC DIRT 932,900 IN 930,000 IN 0.0 IN =780,333 IN 0.3 DEG
ORF 16 190,000 FT
— 1193 ,SH8_EY -
ADE _ CIRC Quap 2.253 IN 0.0 IN 0.0 IN 0.0 DER
Quap Q410 5 . 10,000 FT 2.682 KG 1.000 N
45, 1213 ,968 _FT.
APE CIRC DRE 4,300 IN . . C.0 N 0.0 14;) 0.0 NEG
DRF 2 10,000 FT
46 _3219,967. 5% : .
APE ciag DRF 4,000 IN 2.0 IN 0.0 N 8.0 DEG
[# [N RECY YAC DIRY 900, 00U IN 900,000 IN 8.0 in «¥83.233 N 3.9 ns6
neg 10 .. 190.000 . ET.
4T  1403.967 ¢T . ! . .
8PE CiRg Qa0 24250 IN 0.0 TN ‘D0 N 0@ DEG
QUAD .. 0410 [3 10. 000 F1L 22,682 X% 1000 _IN
4% 1411,.567 €T . : .
. ang CIRC  NRF 4 .000 IN . €,0 1IN 6.0 IN 0,6 DES
LRE 2 10.000.FT - .
49  1423,547 &V :
APE (A g1 nARE ' 4,060 TN 0.0 N 8.8 N 0. 8 NEG
(Aa 18] BRELT. YAC . . RIRY __.900.000.iM . ..200. 008 I8 B.0...1I% =F782.233_IN [ 99 DES
pag 10 190.000 FT .
S0 163,960 FY :
» ~APE riac SIIAD 2.250 _IN 0.C 1y Bl IN D.0Q.._.DEG
BIAD T 3410 3 16.000 FT¥ 2.6%2 KB 1.000 IN
S1  1e23,5%6 FY - . ,
. ARE LiRE D2F, - 4.,000. IN L0 IN_ G IN. 0.0 __ DES
. : CRF - 2 10. 000 F T
82 1633.,%566 FY ’ . '
APE LIRC _ DRE 4.000 .8 . - 00— 1N 060.. MM o 0e0. __0E% ...
coLL RECY VAGC DIRT . 900,023 IN "330.200 IN 2.0 mw «78%.0)) IN P PY | nEG
pRe e 190.000 FT ' ’
——— 33 1822,.966 ET .
APE CIRC o140 2.250 1IN ’ G0 mw 0.0 IN 0.0 DEG
MIAD Q410 . 3 10,000 FT =2.682 RO 1.000 ™ .
4. 18331, 845 €Y —ae -
APE CiRE ~ Nns 4.000 IN 0.0 iN 2.0 IN 0.0 DEG
pRF 2 10,000 FY :
——ee 3 326 308€3 BT e _— e -
. AP S CIRC  naE 4,000 IM 0.0 N 0.0 N " 0.0 NEG
cOLL RECY VAL gy 203,32 IN 933,037 IN 3. G | & «F730.000 IN 0.0 NEG
pef - - 101 _._190.000 FT. . e e - — S

&

TAYY fak

2 4
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T™™-754
2900.000
SYS DESCRIPYICN, DATE 9722717 TINE=26RT7R0, 94 PARE L3
POSITICN CYYRE CNDES PARAVETERS
N LENG TH i 2 3. 1 2 3 . 4 $
S6 2033.365 FT R . :
. APE CIRC  OUAD 2.250 IN 8.6 IN 0.0. 1IN 0.0 DEG
QAD Q410 10.000 BT 2.602 X6 1.000. IN
7 2343.6565 FT
APE CIRC NRE . 4,000 IN 0.0 ¥ 0.6 1IN 0.0 DOFG
roF 2 10.03) £
€3 13%3.666 FTY ) . -
apE CIRC  DRF 4,000 IN 6.0 1IN A 0.0 "IN 0.0 DES
COLL RECT VAC NIAY 933033 IN o _9]0,300.1N 2.0 N =199.230.IN Q.0 nNES
ner 10 190.000 FT .
59  2243.964 FY : : .
APE LIRC __QuAD - 26250 1IN . Co0. 1IN 0.0 . IN_ 0e0... DEG. —
0UaD 0«10 H 10600 FT -2.5682 KG 1.000 IM ) :
€0 22%1.564 FY
APE CI8C__ _NAE 4.000.IMN Q.0 ._IN Qa0 1IN 0e0.._DEG__
CRF <2 10.000 FT . N
6l F263.5¢4 FT : .
L APE CIRG D]E %.000 IN 0.0 N 0.0 . IN 0.0 NEG
COLL . RECT - VAL DIRT 939,292 IN 930,900 IN 2.0 IN =780, 000 IN 0.0 DEG
DRF : 10 190.000 FY
62 _ 26481,363_FF [ - ——
APS CIRC Q4B 2.25) IN C.0 IN 0.0 IN. 0.0 9EG
. QA3 0410 5 10.000 FY 2,682 %G 1.000 1IN
—8d_24£3.943 EY. e . .
APE CIRL  DRF o 4,000 (N 0.0 IN 0.0 - IN 0.0 DER
DRE 2 10,000 FT . .
£4. __2473.€43 EX . . R —
APE CIRC DRS 4,000 IN 0.0 1N . 0.0 IM 0.4 DEG
COLL  RECT  vaC DIRT 933.033 IN 933.030 IN 8.0 IN =780,000 N 0.0 DNEG
DRF 10___190.000 FT.__: -
65 2663,96) FT .
: Ape CIRC Quan 20250 i% 8.0 N 6.0 N 0.0 DEG
QuUAd__ Q41a 5 10.000. FY. . =2.682 KG 1.000..1% . ——
66 673,562 BT .
. - aPE - CIRC  ODRF 4,000 IM 8.0 IN 0.0 IN 0.6 DE6
L I8E : 2 10.000 £T. : - —
67 F6E3.S42 FY ) : ’
. ape ¢iRe | oef 4,000 {% . : 0.0 1IN i« 0.0 N 6.0 DEG
R CaLL 2ECT. VAL G187 9304030 [N . 836300 N o 303 L EN e L ST80,000. IN_ . 0.0 .._0SG _____
. DRF - 10 190.000 FY . : o
68 2873.562 FY ‘ ) i ) )
: APE__ _CIRC ... GUAG...... e 20250 IN —. - 0o IN a0 0. AN e 00 0 DEG
.o 0UAD Q410 5 10.000 FT 2,682 X§ 1,000 IN .
69  2883,%462 FY . . . . i
: ADE CIRGC . _.DRF. e © o000 IN : o 0.0 IM e GO TN 060 0DSG.
CRF - 2 10,000 £T : . . i
70 093,563 FY : ' :
ASE CIRC__.DRE e %0000 IN 000 e N 060 TM. 0.0 .DEG_______
€L RECT - ¥acC othr 900.000 IN 400.000 IN C.¢ N =780.000 IN 0.0  NEG
. neF 10" 490.000 F¥ .
e T1. 3083 .58 EE : } e i - ‘—
’ seg. CIRC  QUAD 2.2%90 IN 0.6 IN 0.0 1IN 0.0 DNEG
MiAD Q419 ’ 5 10.000 FY -2,682 R 1.000 1IN :
e —me T2 3057.581.RX — B S S
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T™M-754
22900.000
SYS DESCAIPYICN, DATE 9722777 TIME=268T080,94 PAGE &
POSITICN YYPE CQDES . ' - PARAMFTERS
HO. LENGTH 1 2 A ) 2 . 4 H
72 39%3,.661 FY ’
. APE CIRC DRE 42000 IN | 0,0 N 0.0 N C.0 DES
e vz e LLY3 2 19,030 .FL :
73 :101.6¢1 FY . "
APE CIRC  OoF 40000 IN 0.0 N 0e3 N 0.9 - DEG
I, €OLL __ RECT ___VAC niar 300.000 IN_._.___900.000._1N 0.0 __IN =780.000 1IN ... 0.0 . DEG.__ -
ORF 10 - 190.000 FT . ) i
74 3293.960 FT
ABZ cLac £ian 2.250 1IN 0.0 4 GoQL__IN . _0,0__DEG
. o1aD 0410 5 10.000 FT 2,682 KG 1.000 N
T9 2303,$63 FT . .
R (V13 £1ar DRE 40000 IN oo e Qo0 1% _ OO IN 0.0 _ _OEG_ .
CRF 2 1. ) FT . :
7¢ 3313.65¢C FY
.3 £i8¢C fRE ; 44333 _IM - P« P TS &' SN, 1'% RN . BE——; Py N |-
enLL RECT YAC DIRY 900.000 IN 9030.000 IN 0.0 w =-79G, 000 IN 0.0 DEG
CRF 10 190.000 FT
1T 3503.563 ST — :
APE [+ 4.1 QUAD 2.250 IN 0.0 ™ 0.0 1IN 0.0 DER
48s CIRC L1 BE 2.250 IN 0.0 N 0..0 iN 3.2 NEG
_CUAT 7414 5 ——10.000 €Y =2:458_KG el s CON_IN
78 3513.959 F¥ .
APE CIREC DRAF . 3,330 IN 2.0 iN 9.3 N 3.2 DEG
ABS RECY RE. £E 60,000 IN #8000 IN e 0.Q.._IN 0.0 IN 0.0 . NEG
. CPF T ] 1. 500 FT
T8 515,699 FT ' .
V) APE ___RECY BEND 3.000 IN ... 2,000 IN_ OoQ o N e 00 IN 0.0 DEG —
ARS RECT BE 8€ 3,0J) IN 2,020 IN d.3. 1IN 0.0 iN 0.0 DEG
. AEND uB 6 % 20.000 FY 11.000 KG 550.000 GV/€
80._ 3515 459 FY . R —a e e e o 4 e 2 < e
- ang CIRE  NRE %0003 IN c.0 In 6.0 N 0.0 DEG
£oLL PELT  VAC DIRY 900.000 N 900,000 IN 0.0 N «=780,000 IN 6.0 DEG
— LRE i 3 28-500 FY —- - ot = e +
Bl I563.659 FT s :
THN CIRE oiRY 3.000 IN a.0 N 0.0 N . 0.0 BEG
. TUN. L RECT 233,030 IN o 930933 IN 06T __IN . =T80.090. . IN.. .. 0.0_. DEG —
8% 3563.559 FV
APE CIRG $OR 2:200 1IN p I i T3 N 3.9 NEG
o ———————— < = e+ o o - of .8 e wom A0 350,000 FT cnmre iS5 6000 KG. meeem o000 e IN e e 20000 IN. e 36000 UM, et
R2 3713,.%58 FT : : .
THN RECT QIRT 60000 1IN &R .000 IN Ga G ™ G.0 N 0.0 DEG
: TUNQ RECT o 500,000 N o 900.,000.1IN .. 000  IN. e ?TA0 000 IN .. o 0.0...D8G . ___
82 . 3713.5%9 FT7 -
ape " CIAC Qusp 2.250 I 6.0 ™ 6. @ EN G. 0 DEG
aLAD Q410 - 5 10.00Q FY et 20438 KG o1 2000 L IN P e cem e v v— c—
83 3723.4558 FT . .
T OAPE CIRC DeF 6,000 [N 0.0 N 0.0 1. 0,0 DEG
COE__ . ol 10.033 EX [, - o e <+« oo e
84 2733,¢38 FY
Y CIRC niay 3,000 IN - 0.0 N 3.0 IN s PP BEG
. TAG.__RECY. 200,000 IN . ..900,000..IN Bl I . =T780,000 IN G, 0.. DEG__ _. e
84 3733.558 FY
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T™™~754
2900.9000
SYE DESCRIPTICN, ) DATE 9722777 TIME=-2608780,9% ’ PAGE 7
POSITICK vypg CODES - - PAGAMETERS
NC, LENGTH 1 2 1 i 2 3 & ; 8
84 3733.5%€ FT B :
APE CIRC . SCR 2,200 IN 3.0 IN [ I ] IN h 1%+ DEG
SCR : 10 150.000 FX 15.000_XG___ 0.0 __IN. —e OQQ.J'L._._.._B_-.OOO_!N.__,.__
e5 3893.958 ©Y
TUN €IRC  NIRT 60.000 IN 0.0 1IN 0.0 1IN 0.0 DEG
. TUND . _REST 200. 000 1IN . 900.000_IN_ 0,0 IN_ . =TH0.000 N __ ___ 0.0 __ NEG
.5 3663,558 FY ; : ;
' (V.1 CIRC  §CR 3.000 IN 0.0 N . Q.8 N 0.0 DEG
(33 . i 40603 FX oo 1530085 o De0 . IN L3309 I 6330 _IN .
86 3971.SEEFY ) i
THN RECT BDIAYT . 60,000 IN 48.000 IN 6.0 IN 0.0 IN 0.0 DEG
TIND . RECY 9334033 1IN 930,332 3N . 2.0 IN __ _=T9050N0 IN 0.0 _ _DEG..__ __
86 353,556 FT . ] ;
: APE C1¢  quAD 2,250 IN . 0.0 TN 0.0 IN ©. 0.0 NEG
auan Cald 5 12.000_F1 =2.458._%G 1.000_IN
87  2933.957 FY i
(1] CIRC  ORE 4,33) IN 3.0 1IN 0.0 1IN 0.0 DNEG
apE 2 10..00a FY .
98 3943.9%7 FTY . . )
aPg CIRE  DREF 4 GO0 TN , 0.0 1IN 6.0 IN 0. DEG
coLL RECT. _ VAC . _DIaY 900.000 IN___ 900,000 IN._ . 0.0 _ _IN___  =7R0,000_IN_____ _ _0.0._NEG___
CeF 1) 43,003 FT . i

RG  IGEI 57 FY '

bR CI3C __1JI-r 3.000. 1N 0.0 __IN S Ry B Jed ___DEG. e
TUNGQ RECT -t 933000 IN 900.000 N ' 0.0 IN =780.000 IN 0.0 DEG
89 3983.557 FT . .
L ARE CIRC . SCR 2000 AN e e e 00 O L IN e Ded.__IN el __DEG
CR ’ 10 150.000 FY 1%.000 XG . 0,0 IN 2.000 1M 3,000 N
a0 6133.6%3 BT : 4 .
JUN.— RECTY BIRE . 606000, IM e 886000 IN e 00O N e 0.0 TN 0.0, __OEG.__ .
TUNT RECY 900, 000 IN 500,000 IN 0,0 [ &) <T780.033 IN 3.2 NEG
60 4133,653 FY _ .
ARE L1RC DUAD 2.250 M cn e VSR I B £ B 0.0 N 0.0 _DBG
Q14D Q4t0 + 8 10.00) FT T 20458 KG 1.007 IN .
91 (147,949 FT
L APE ClAC . pae - 4.000. 1K 0.0.....IN L+ I DO § S De0 . _DEG__
CRF 2 13.033 FY .
€2 &122,64% 7 . . .
- - —TUr o CIRC.__DIRT. 3,000 .1 S BB L IN 0.0 M 0.0 .PEG
TUNS ECT 900,000 IN 200,000 IN 0.0 [ «T80.,000 IN 0.0 ngEG
92 41%3,%549 FY ’ : .
Aps CIRC....SCR 26033 INu e e v de Y LCIN B0 L LINL 0.0 0EG _ .
scr 10 156,000 FT 1%.000 XG 0.0 ™ 2.000 IN 3. 000 IN
93 4303.941 FY ’ S
s— TUN—__CIRC.. DIRT o B806000 I e B0 G L LIN e 0.0 L IN 0.0 _DEG
wmno RECT 900,000 1% 800,000 1IN G.0 1] 780 .000 N Q0 NES
93 -4303.941 FY . . ’ . . .
: APE LI8C SCR . 32000 . IN o 0.0, _IN s G __IN 0,0 _0NER
S5CR 10 40.000 FY 15.000 ¥G L 0.0 wm 3.6380 TN 40,000 IN
9%  4343,738 FY . . . ‘
——rre - R TUN. RECT LIRT ; 635030 IN e 480300 IN e Qe O SN 009 LUIN . 3.0 . 0BG ...

Tunn RECTY 900,000 (N 960.000 1N G.C N 790,000 IN 0o 0 NRG
Ny 4363 .938 FT . ' .
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TM-754
2900.000
SYS DESCRIPYINN, DATE 9722/17 TINE-268T780,94 PAGE L}
PCSITICN YYPE cooss PARANE TERS
NG, LENGTH i 2 3 % L]
G4  4343,638 BT v . -
. Ape CIRC  QUAD 2.250 IN 6.0 IN 0.0 1IN 8.8 DEG
— MyaAn 3410 [} 10,000 ET 22,438 _XG 1.000_.IN .
9% 4353,634 FY '
APE CIRC  N8F 4,000 [N 0.0 N 0,0 "IN 6.0 OEG
) R E 2 10. 000 EY :
§6 4363,933 FY : ..
AP E [ 4 1.1+ DRF . %, 000 IN 6.0 N 0.0 IN 0.0 NEG
LdaJ NS RELTY VAL DIRY 906.000. M. _ . 200,000 IN G0 IN =T80.000 IN . e 0.0 DEG
- o f 10 190.000 FT :
ST 45%3,526 FT
ARE CIRE QUAD 2.250 . IN. —— Q.0__._IN ~ 0.0 N 0.0 __AEG
: . QA0 Q410 5 10.000 FY 2:458 K& 1.000 1IN
€8 4563.€22 FY :
ApS cler DRE 42000 18 0.0 . IN_ 0.0 ___IN 0.0 DEG . ___
- CRF 2 10,000 FY ’
69 457,510 FT
so€ CIRC ___NRE 4. 000_IN Q.0 N 0.0 IN 0e0.__NEG
€atL RECT VAC DIRY 92).00) IM 930,030 IN - Qe N =780.333 IN 0.0 NEG
DRF 10 190.000 FT
100, 4763.914 €T s ——— —
APE CIRC QUAD 20250 IN ‘ 0.0 IN G. 0 iN 0.0 41:3:4
o an Q410 - L) 10. 000 FT ~2,458 KG -1.000 N
141 6173.819 ¢1% e —— - .
APE ciag ORF L. 4,000 IN ’ 0.0 N 0.0 N 0.0 NEG
coLL RECT VAC GIRT 900,000 IN R00.000 TN 0.0 IN =780.323 1IN Je0 0EG
QRE F 33000 ET. - . — .
102 4B&E3L9C6 FT R
Apg RELT SFND 30322 IN 2.0%9 IN 2.2 N 0.3 N 9.0 DEG
qENG . wAR 3 20,000 E1L 131,000 K8 ... 550000 GV/L.
103  4R83,902 £7 .
. APE CIRE ORE £.003 1M [ P%:] N, 0.0 M G.0 DEG
~L£aLL RECT. VAL DIRT $00.000 . IN .. 900.006..IN GeQ..—IN. 2780 .000. TN 0: 0. DEG
. ORF 10 111.533 FT
{04 46¢67,240 BT
L APE claL ORE 0o 1M Bl N 2.2 IN 36 DEGe e
- cnLy RELTY VAC’ DIRY 8999 .996 IN 900,000 1IN 0.0 N ~730,000 N 0.0 DER
oRE 10 6599,996 FT

e 105 L 1965.,39% ET
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APPENDIX III

PROPERTIES OF THE MUPIPE

A) Magnetic Field

. = a5 .
Using $H.ds =1 we obtain

—
H(r) =0 A r<a
ﬁ(1‘)= 1 E r>b
2rr :
2 2

- I(r-a) A

0
H (1) _an(z 2) a<r <b

- —
B(r) = u(H) H
Of primary interest is the region a<r<b. Figures Al and A2 show the
relevant quantities for pure iron and for hot rolled low-carbon steel.

( See reference 11). The parameters were I=5000 amps, a=2 inches, and
b=3 inches. d=r-a. In both pure iron and hot rolled steel, the mag-
netic field attains very high values after only penetrating a small

distance into the mupipe wall.

B. Power (D.C,)

p=IR= 1" L
2 2
Tl'ib —a.)
. -5 _
Using p = 1.6 x 10 = cm, we obtain

ﬁ = 4 watts/cm = 122 watts/foot
L
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Deflection in pure iron

Pims - 0.15/ L = 0.113\L. GeV/c (J:nei:ers)-l/Z
0.0176 m
= 0.03BL
BB
T ='§‘LE— = ——— 8 ;)13331;- 0.265BVL kg-lmeters -1/2
ALMS

At what angle does a particle have to enter the wall of the mupipe so

that L is large enough for p - > p ? For a particle that enters
LB 4iMs
the wall at an angle 0, 1.(0) can be found from:
2 2 2 2 2.2 2
2p 0 + 2pd - pdb -Zpe\/pe +2pd -d - pdo

L
p the radius of curvature

d = depth into the wall

2

-For a particle that overcomes multiple scattering, the average B field

is 16. 7 kg and calculating L, gives L=9 meters for p = 800 GeV/c, and
L=3 meters for p=100 GeV/c. Figure A3 shows T vs L for several
angles and indicates that the field wins over the multiple scattering

at ~ 0,008 mr for p=800 GeV/c, and at ~0. 03 mr for p=100 GeV/c.
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