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Abstract

This is a status report of the lattice and the site adopted as of December 1988. In particular,
the logic leading to the present lattice design, the possibie lattice variations, and the tools developed
for data handling and for site studies are discussed. How these results are to lead to the final
construction lattice and footprint, however, is not discussed.

1. Lattice Design Decisions

A spectrum of different SSC lattices, and sections of lattices, has been designed and tested
since—and before—the Central Design Group was founded four years ago. The lattice described
in the Conceptual Design Report [1] incorporated most of the fundamental design decisions that
have been adopted in subsequent lattice studies. The most important change made since then was
to increase the betatron phase advance per cell from 60 to 90 degrees. This change, together with
improvements in the IR optics, is included in the September 1987 lattice [2].

Some of the basic design decisions are mentioned briefly in the remainder of this section,
and a more detailed discussion of the logic behind them is given in Appendix A. One of the
lattices studied, the ISP lattice [3], will be described in section 2. This lattice, derived from the
September 1987 lattice, has the significance that it fits the reference lattice footprint.

The magnets in the two SSC rings are magnetically and cryogenically independent, except
around the Interaction Points (IPs) where the two proton beams pass through the same quadrupole
magnets. The two beam lines are vertically separated by 0.7 meters, so that magnets for the two
rings are located exactly one on top of the other. The polarity of vertically separated quadrupoles is
different —a focussing (F) quadrupole in one ring lies on top of a defocussing (D) quadrupole in
the other ring. [4.5]

"Spool pieces” in the regular cells are placed on the clockwise side of every quadrupole,
forcing the dipoles to be asymmetrically placed relative to the quadrupoles. This breaks the overall
mirror symmetry of the SSC slightly, but preserves the 180-degree rotational symmetry about the
center of the ring.



The eight interaction and utility regions are not distributed uniformly around the ring.
Instead, they are grouped in two "clusters" of four each, relatively close together. [6] This
accounts for the approximately oval shape of the SSC footprint. Horizontal dispersion
suppressors are included in every IR, in order to make the dispersion zero at the IPs. The spurious
vertical dispersion introduced by the vertical beam separation is eliminated outside the separation
region.

Interaction region (IR) quadrupoles have polarities which are antisymmetric relative to the
IP. For example, if the IR quadrupole triplet on one side of the IP is FDF, the triplet on the other
side is DFD. It is desirable to constrain the betatron phase advance between two low-B IPs, which

can best be achieved by locating a pair of experimental IRs next to one another.

The distance between any two neighboring IPs (or centers of utility straight sections) in a
cluster is the same, and is an integer times the regular arc cell length. In addition, all the IRs have
the same horizontal bending geometry, which makes them fully modular—i.e., any two can be
interchanged without modifying the beam line footprint. For example, "future" IRs in the cluster
on the far side from the main SSC cainpus could easily be reconfigured from utility IRs to
experimental IRs.

2. The ISP Lattice

When the Invitation for Site Proposals [7] (ISP) was written in April 1987, it was
necessary to specify a reference lattice defining an exact footprint, which the states could
investigate for compatibility with particular sites. That lattice, referred to here as the ISP lattice, is
described briefly in this section and in more detail in Appendix B.

The major part of the 85.70-kilometer SSC circumference is contained in two arcs, as
shown in Figure 1. Their main purpose is to provide most of the bending (313.2 degrees)
necessary to close the ring, so they each consist simply of a large number of repeated cells. In
between these two arcs are two clusters, under the main campus and on the far side of the SSC,
each containing four IRs. A particular IR is used for injection or extraction, or contains an
experiment. Clusters are joined to arcs by means of four "transition pieces,” which consist of four
cells identical to those in the main arcs, except that they have only a partial complement of dipoles.
Their fundamental purpose is to allow for the possibility of bypasses, but they are also significant
in decoupling optical and footprint perturbations.

A description of the optics and geometry of one of the 31.97-kilometer arcs reduces to the
description of one of the 139.5 cells from which it is constructed. [8] A cell is composed of two
half cells, which are geometrically identical, but which have quadrupoles of opposite polarities. A
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114.57-meter half cell starts with a spool piece of total length 5.57 meters, which contains a
variable combination of optical trim elements, cryogenic connections, and power supply feeds. It
is followed by six dipoles, each of total length 17.34 meters, and finishes with a quadrupole
package of length 4.96 meters, which includes a beam position monitor. The dipole field required
at the maximum storage energy is directly proportional to the dipole bending angle

9 = 2 _ 2r
2%6*2*Neells + 2*Nepuster + 4*Nyp 3998

= 1.633 miiliradians

Here Neejis is the number of cells in an arc, and Njyster and Nip are the numbers of dipoles in the
clusters and transition pieces, 194 and 28, respectively. The number of arc cells is adjusted to give
a reasonable maximum dipole field, 6.586 tesla at 20 TeV.

There are three different kinds of IRs in the 9.05 kilometer clusters of the ISP lattice—two
"low-B," two "medium-B," and four "utility" IRs. In order that such different IRs are compatible
as 2 whole, they observe constraints on path length, phase advance, and bending angle. The IRs
in a cluster are constructed so that the path length between any two neighboring IPs is exactly
10 times the cell length. Similarly, the distance between the end IPs of the two clusters, via one of
the arcs, is exactly 157 cell lengths. Further, there are nominally exactly 48 bunches per cell, fora
bunch spacing of 4.77 meters. These path-length modularities ensure that the bunch spacing can
be multiplied by any cofactor of 48, while guaranteeing collisions at all [Ps.

The two low-P experimental IRs are arranged as neighbors, with a betatron phase advance
of an odd integer times ®/2 between IPs. This leads to a desirable cancellation in the chromatic
aberration which would otherwise exist around the whole of the SSC, due to the large B-functions
at the strong quadrupole triplets. [6] The same arrangement is made with the medium-f IRs and
the utility IRs, although the corresponding effects are much weaker.

The simplest way to guarantee closure is to insist that diametrically opposed IRs have
identical dipole layouts. For example, the low- IRs are opposite the medium-B IRs, and although
the arrangement of quadrupoles is different in the two cases, the dipole arrangement is the same.
Although it is not necessary that utility IRs have the same dipole arrangement as the experimental
IRs, since identical utility IRs are diametrically opposed, this is the case in the ISP lattice.

Each 0.92-kilometer transition piece consists of two identical sequences of four half cells.
This arrangement ensures that there is no exterior effect on the dispersion function due to the
missing dipoles—instead of six dipoles in each half cell, there are six in the first two, two in the
third, and none in the fourth. In regular SSC operation the beam passes through 28 dipoles in a
transition piece, but in a bypass mode the transition piece is fitted with a full complement of 48
dipoles.



3. Adapting a Lattice to the Site

Having established the approximate location of the site, it is necessary to understand and
control the inevitable rounds of minor layout adjustments to come. These adjustments will be
driven not only by the need to avoid or approach prominent features on the chosen SSC site, but
also by changes in the optical layout of the accelerator. There are several things which may be
done in the lattice design to modify its shape and fit to a given footprint. These are listed below:

» Translate the plane of the lattice in all three dimensions in order to orient it to the
footprint and to avoid obstacles.

+ Rotate the plane of the lattice about its midpoint and tilt the plane to fit the terrain
and geology.

+ Change the average bending radius of the arcs. This can be done in two ways:

— Change the normal cell length. This will involve rematching the optics, but
is not a serious consideration in the lattice design.

— Change the bend angle per normal cell and the number of normal cells. This
can be done either by changing the number of dipoles per cell, or by
changing the dipole field or length.

» Add empty cells or cells with missing dipoles in order to change the local
bending radius of the lattice; however, certain constraints must be observed to
avoid dispersion mismatches.

* Change the distribution of access points—i.e., have some cryogenic sectors
with a different number of cells, in order to match the small land areas.

» Move dipoles around within the ransition regions or change the distribution of
dipoles between transition regions and the clusters, again observing certain
constraints.

» Change the design of the cluster. This could take the form of:
~ changing the length of the straight sections
— changing the number of straight sections per cluster
- changing the amount of bending between the straight sections
- adding additional transition regions, for example in the center of the cluster

These modifications could necessitate extensive optical redesigns, especially if
used to decrease the overall cluster length.

~ Putin a fold or hinge if it were needed in order to suit the terrain or geology



With this list of possible lattice modification tools, it should be possible to adapt the SSC
lattice to any reasonable modifications of the ISP footprint.

4. Lattice Variations

At the present stage of lattice design, it is important to keep the flexibility for a range of
possible lattice variations—deciding on a multipole correction scheme in the arcs, further
optimization of IR optics, etc. The SSC lattices have been designed with this in mind. For
example, the introduction of transition pieces more or less decouples the optics in the IRs and
bypasses from that in the arcs. Thus it is hoped that early land-acquisition deadlines will not
necessitate an early freeze of the optical design. |

In this section, a list of examples of possible lattice variations studied in the past is given.
They are grouped into two categories: bypasses and IR variants. Cell variations are not discussed.
Variation of the cell structure is allowed provided of course the average bending curvature is
maintained in the arcs.

Bypass Studies [9]

Many different bypass designs have been studied for the SSC lattice. The first was a
bypass of the entire far cluster containing the two present and two future experimental areas [10].
Since that time, alternative bypass scenarios have been considered for bypassing one, two, or three
straight sections [11]). The mechanics of all of these bypasses are essentially the same—they
require the introduction of transition pieces, which aliow the beams to be directed into either the
main or the bypass leg, thus somewhat increasing the overall circumference of the machine.
Within the bypass leg, every attempt has been made to duplicate the lattice structure found in the
main leg—that is, the bypass leg consists of "insertion modules” composed of a horizontal
dispersion suppressor, an experimental straight section, and another dispersion suppressor. There
are several constraints which the bypass designs must satisfy:

+  Both branches of the bypasses must have the same total horizontal bending

« There must be sufficient separation between the branches to allow independent
operation

+ The design must fit within the ISP footprint

+ The linear optics of both branches must match the machine at the end of the
bypasses



+ The beam path length for both bypass legs must be carefully adjusted in order to
assure collisions at all of the appropriate locations in both modes of
operation. {12] While simultaneous collisions can be assured, the number of
possible different bunch spacings could be substantially less in the bypass leg
than in the machine without a bypass.

» The transition pieces must be duplicated on both sides of the machine in order to
assure geometrical closure.

In addition to the above requirements, it is highly desirable that the straight part of the IR be
at least 11 normal half cells in length overall, so that the same IR design could be used in either leg.
Then any of the previously studied insertions desired could be used in the bypass with little or no
modification.

The far cluster bypass satisfies all of the above. It fits within the ISP footprint, as the
footprint was designed around it. Three options were considered for the bypass optics—(1) a
simple beam bypass with no experimental areas, (2) a bypass with four possible experimental
areas each the length of the standard design, and (3) a bypass with two experimental areas each
twice the length of the standard design for special purpose experiments.

Two other "simple” bypass designs were studied, both of which fit into the ISP footprint:
a bypass of two IRs and a bypass of a single IR. The double bypass has free regions of 11 and 15
half cells in the two legs and so causes no problems for the IRs. The single bypass has free spaces
of 11 and 19 half cells, and thus would not require a new IR design. However, the path-length
difference is very small in the single bypass and can not be made to produce collisions at all of the
IRs without a reduction of about 10 percent in total luminosity.

Another type of bypass considered was the triple bypass, which could be used to have ail
of the experimental and utility straight sections on one side of the machine in a single campus. In
order to maintain the same total number of straights, the cluster was increased from having two
utilities and two IRs to having two utilities and two branches, each having three IRs. Here there
were the additional options of having both utilities at one end of the bypass or having one utility at
each end of the cluster. In either case, in order to fit into the footprint, the straight-section free
space had to be reduced from 11 half cells to a mixture of 9, 10, and 11 half-cell lengths. These
bypasses do require a redesign of both the utility and experimental straight sections. The 9 half-
cell straights are rather small, and their linear optics, although adequate, are being compromised.

In the one-campus triple-bypass case, the three IRs in each leg could be any mixture of
high or medium luminosity areas, with some cost to the expected machine performance. As
mentioned before, a cancellation of certain chromatic effects can be obtained by having the two
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low-B IRs run with the same value of B* and with a betatron phase advance difference of an odd
multiple of #/2. This cannot be done for all three of the triple-bypass IRs. Studies have been

made on the consequences of not pairing the IRs, which show some detrimental effects, although
these are not too serious [13).

I ion Region Studi

The present two IR clusters have a modular design. Each cluster is composed of four
modules, each of which is the length of 10 normal cells. Each module consists of a dispersion
suppressor, some type of straight section which is free of horizontally bending dipoles, another
dispersion suppressor, and three half cells. The purpose of this modularity is to allow a large
degree of flexibility in the type of experimental or utility insertion which could be built into the
cluster. Any type of module which is 10 cells long and has the same horizontal dipole distribution
could be put into either cluster and still maintain the current lattice footprint. Several different
experimental insertion designs have been investigated. While most of these obey the 10-cell rule,
two do not. These two would require either the coalescing of two present IRs into one or the
creation of a long bypass of one of the clusters. The various experimental insertions studied are
listed in the following table:

8* (m) L*(m) Length  Reference Comment

Low-B 05-60  £20 10 cells (m

0.5-8.0 +20 10 cells (2]

late separation variants [14)
Low-B, high luminosity 0.25-5.0 3 10 cells [15) @
Medium-B 10-64 101 10 cells 8}

10-60 + 120 10 cells [2]

late separation variants [14]
High-B, low pr 4004000 12 10 cells [16] ®
High rapidity 206 +182 10 cells (171

1500-2000 +750 14 cells (18] ©
Very forward scattering
experiment 250-1000 £ 1000 15 cells [19] ©

a) This requires special high-gradient quadrupoles.
b) Opyin =0.8 prad.

¢) This would require that either two IRs be coalesced into one or would need to
be put into a bypass.



5. Analog Footprint

Following the development of the Conceptual Design for the SSC in 1986, it became
necessary to express the land requirements to be provided by a state in proposing a site for the new
facility. This effort took the form of a Siting Parameters Document, prepared by the CDG. [20]
Portions of this document were used by DOE in preparing the Invitation for Site Proposals
(ISP). [7] Certainly, one of the most important features was the graphical representation of the
land requirements as expressed in the "Footprint™ layout for the SSC.

The footprint was prepared based upon a conservative lattice, derived in late 1986. It
incorporated a variety of assumptions, most of which have been described previously. Several
representations of the calculated lattice geometry were considered. It was decided that a "four-
parameter” characterization consisting of two radii and their corresponding turning points was
adequate. By this device, it was possible to represent the geometry by an oval wherein the
maximum deviation of the simplified representation from the true lattice was less than 30 feet.

The width and extent of the footprint were derived from operational considerations.
Calculations were done concerning possible sources of radiation during routine and upset
conditions of the facility. In order to provide a very adequate margin of safety, even under extreme
conditions, the tunnel and all devices containing proton beams were surrounded with an amount of
soil to attenuate any unwanted radiation from the accelerators. These determinations indicated the
need for a band of land with a width of 1000 feet in the arc regions and somewhat more in the
cluster areas. This ribbon of land was defined in a diagram, as shown in Figure 2, and by a table
within the ISP. Provision of this ribbon by the states was requested by DOE in early 1987.

In addition to the diagram within the ISP, the states were provided with a mylar
transparency, prepared by the RTK engineering firm, at a scale of 1:24000 that could be overlaid
on a mosaic of USGS topographic maps in order to get an approximate representation of the SSC

facility at the proposed site. This provided the basis for the states to use in their submittal of
proposed sites in September 1987.

6. Digital Footprint

The previously described footprint became known as the "analog footprint,” since it was
based upon the radii and the turning points. It proved to be easy to use, and a suitable
representation of the land requirements for the project at that time. The superimposition of the
mylar layout on USGS maps gave an adequate illustration of a state's intentions in their proposal.
The existing land features were readily identified and the overall site configuration could be
ascertained.



As a next step in clarifying the land requirements, it is necessary to define the land
requirements in terms of the precise location of the land boundaries for the SSC facilities. To
achieve this objective, it is necessary to replace pictorial representations of the facility layout to one
that is directly derivable from calculations - point by point. This leads to the "digital footprint,"
where the shape of the footprint is calculated based upon the locations of the more than 800
quadrupole magnets within the lattice.

The magnet locations are found by determining the x, v, and z positions of the center of
each magnet within a rectilinear coordinate system whose origin is at & point to the lower left of the
layout. The center of the footprint is at location (100000 ft., 100000 ft.) in plan view so that
coordinate values of all components are positive. Using the lattice, a reference beam line,
approximately oval, is then generated showing the tunnel and cluster locations as well as the land
boundaries. For example, in the arc regions, the inner boundary is 150 feet inside the ring of
magnets, while the outer boundary is 850 feet outside, for a total width of 1000 feet. Similar
calculations determine the coordinates of all the major boundary markers of the injector, cluster,
and service areas around the footprint.

An important step in the process is to express the land needs and boundary coordinates in
terms that can be readily understood by state personnel who will be helping with land survey and
land acquisition. It was decided with the assistance of RTK and their subcontractors to express the
digital footprint in state plane coordinates for any of the Best Qualified List (BQL) sites. This
coordinate system, adopted in 1927 and subsequently revised, allows for the projection of the land
areas onto a plane with small, but known, distortions. It is intended that the use of the state plane
coordinate system will be suitable for the purposes of land acquisition. However, it is not intended
that this representation be used for determining the accurate alignment of the tunnel, let alone the
precise location of accelerator components.

In generating the digital footprint for the site near Dallas, Texas, the digital lattice, as
represented by the quadrupole magnet locations, was transferred electronically to the RTK
computers. From there the lattice coordinates were transformed into state plane coordinates taking
into account the location and orientation of the proposed collider ring (See Figure 3). The
computer is the one used by RTK's Intergraphics CAD/E system and is well suited to creating the
digital map of the footprint. The CAD/E system has the capability of creating various overlays of
graphical information for subsequent studies.

One of the initial studies that will be undertaken concerns the mitigation of adverse impacts
of the SSC upon the land and environment in the vicinity of the project facilities. This subject has
been described in detail in the Final Environmental hnpact Statement (FEIS) [21] prepared for the



siting decision and will be the primary topic of the site-specific EIS in 1989. Another important
subject concerns the verification of the location of specific land parcels required for the project.
This can now be done by the state surveyors guided by the accurate representation of the SSC
project as expressed in the state plane coordinates.

7. Data Handling and Site Studies Tools

In order to assure a flexible, rapid response to lattice adjustments, both geometric and
optical footprint information, in both local and state coordinates, must not only be available, but
also be readily regenerated. Various software, hardware, and organizational tools have been
developed with this end in mind.

Four sets of lattice database structures have been built, under a commercial relational
database management system, as primary arrangements of data in the development of SSC lattices
and footprints. While databases can be downloaded into ASCII files, in practice the available
database management utilities make the information much more useful.

The first database structure is for "hierarchical” lattice optics, in a form organized for
convenient lattice design. The second structure is a set of "flat" lattice optics tables, intended for
general use when the lattice is viewed as a sequential list of elements. The third structure consists
of lattice survey tables, which describe the local beam-line coordinates. Finally, the state planar
structure represents the footprint, including both beam line and land acquisition information, in
coordinates that surveyors find useful. More database structures will need to be added as time
goes by—for example, describing the precise location of SSC objects in a yet-to-be-developed,
site-wide coordinate system.

The databases are connected to the everyday computing environment, on the Sun
workstations or on the LBL VAXs, via the Self DeScribing Dataset (SDS) libraries. Programs can
read, write, or update databases in much the same way that files are accessed.

One program, DBSF, reads a set of hierarchicai databases, and produces lattice information
for use by particle tracking, lattice design, or other codes. The user can request output either as
standard format or flat format ASCII files, as SDS datasets, or as flat database tables. Another
program, FLAT, reads flat ASCII files, and outputs SDS datasets, or flat database tables.
Connection from the flat database tables to the lattice survey tables is made by the program
SURVEY, which can also read flat ASCII files, and can output ASCII survey files.

Lattice coordinate survey information is transformed into state planar information on RTK
computers, necessitating the transmission of quite large ASCII files between the general CDG
computing environment and RTK. These transfers are performed using a 9600-baud connection
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between a Sun workstation and a CDG Intergraphics workstation, which in turn is connected via a
56-kbaud dedicated phone line to RTK.

With the information stored in the CAD/E system, it is possible to superimpose various
layers of site-specific information. One layer may concern electrical power distribution while
another may contain information on environmental concerns. As a result of studying such layouts,
a movement of the entire footprint on the proposed region may be indicated. By understanding
accurately the location of any problem to be avoided, an appropriate adjustment of the ring may be
feasible.

Other studies may include a determination of the impact of different, perhaps more current
lattice concepts within the site boundaries as defined by the ISP footprint. With the ability of the
CAD{E system t0 "zoom in" on any specific region around the ring, it is possible to understand the
impact of potential changes. If necessary, a totally new footprint can be created and its relationship
to the one in the ISP studied. But, most importantly, the land and environmental consequences of
any changes can be accurately examined.
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Appendix A

Logic of Lattice Design Decisions

The ISP lattice design [3] evolved out of the design in the Conceptual Design Report [1]
and has incorporated a number of fundamental design decisions. The major choices and the
miotivations leading to these choices are described in this appendix.

Magnets—Two-in-One vs. One-in-One Design

The decision to design the SSC lattice using magnetically and cryogenically separate
magnets (one-in-one design) was based both on the expectation that separate magnets would be
easier to construct and on the desire to be able to operate one ring independently of the other ring.
While this cannot strictly be done in the present design, due to the common IR quadrupole riplets,
the two rings offer much more flexibility than would be obtained with a two-in-one magnet design.
[4] The cost of this decision is an increase in the magnet cost, and in the complexity of the beam
crossing design, as the standard beam-beam separation is 70 cm instead of 15 to 20 cm in the two-
in-one magnet designs. A preliminary study indicates that the 70-cm separation could perhaps be
increased to 80 cm if desired. {22]

Normal Cell Design

The normal cells in the present design have a betatron phase advance of 90 degrees per cell.
They are standard FODO cells, with six dipoles per half cell. The dipoles are clustered toward one
end of the half cell in order to make space next to one side of each quadrupole for a spool piece
containing power leads, cryogenic connections, and correction elements. This particular cell
design was the result of several studies and optimizations [23, 24). The decision to switch from
the 60-degree cells of the CDR to the present 90-degree cells was due to a slight improvement in
the usable aperture in the presence of dipole multipole errors.

Clustered vs. Distributed IRs

The lattice design in the RDS [25] had evenly distributed identical IRs, in order to obtain
the highest amount of symmetry, and thus the most forgiving machine. It was felt at the time of
the RDS design that the major aperture limitations to the SSC would be due to the large chromatic
effects coming from the IR triplet quadrupoles, and that the easiest way to to minimize these effects
would be to cancel them as quickly as possible. It was realized, however, that it would be very



desirable to arrange the IRs in clusters in order to more efficiently use the campus areas,
mechanical facilities, etc.

Following the RDS, a study was undertaken to examine the clustered vs distributed
options [6]. The major results of this study were that the random dipole multipole errors
dominated the usable aperture and diminished the advantage gained by any distributed symmetry,
and that most of the chromatic effects of the IRs could be better offset by properly phasing the IRs
with respect to each other than they could by individually correcting them with "local” sextupoles.
Hence it was decided to design the SSC lattice with two long, clustered regions of straight sections
both for the practical considerations of better facility utilization, and for the optical considerations
of being better able to handle the non-linear IR chromatic effects.

Crossing Geometry—Vertical vs. Horizontal

The two proton rings can be situated either side-by-side or above and below one another.
Correspondingly, the beams cross each other either horizontally or vertically at the IPs of the
experimental IRs. Both possibilities have been explored. The present design adopts the vertical
separation scheme.

Horizontal crossings were used for the RDS, a choice that was driven by the magnet choice
of two-in-one; the fields of two-in-one magnet coils reinforce each other when horizontally
separated and compete when vertically separated. Also, with the two beams so close, dispersion
suppression was simpler with horizontal crossings. A complication of the horizontal crossings is
the difficulty of assuring synchronization of the colliding bunches. A reasonable solution was
found for this problem in the RDS since it had a distributed arrangement of IRs, but it would be
much more awkward with a clustered lattice.

After it was decided to use separate magnets in separate cryostats for the two rings, the
question arose anew. The strongest reason for the choice of vertically separated rings is the
efficient use of mnnel space. Bunch synchronization is almost as compelling, especially with
clustered insertions; with horizontal crossings, the inner and outer arcs have different lengths and
one beam has both outer arcs, the other both inner arcs. A third argument has to do with simplicity
and modularity. With vertical ring separations the two rings become virtually identical, and many
parts of each ring are identical to each other. With horizontal ring separations there would be
important differences between the inner and outer arcs, inner and outer dispersion suppressors,
etc. One argument against vertical crossings is the need to include vertical dispersion suppressors.



Lattice Symmetry

The SSC lattice incorporates two important symmetries, which greatly simplify the design.

The first symmetry, which helps make the two rings identical, places identical strength
magnets of the two rings directly above and below each other, but a focussing quadrupole of one
ring is above or below a defocussing quadrupole of the other ring. This symmetry is almost
inevitable because both beams go through common quadrupole triplets near the crossings, where
they see opposite focussing due to their opposite velocities.

The second symmetry is that the optical focussing pattern in a straight section reflects
antisymmetrically about its center. Thus, each beam ercounters identical-strength opposite-
gradient quadrupoles at equal distances from the IP on the left and right sides. This symmetry,
together with the first one, assures the identity of the two rings. It also simplifies the B-function
matching; it suffices to match from the cells to the IP on one side and that of the other follows
autormnatically. Moreover, since the horizontal and vertical B-functions are interchanged on the two
sides, the phase advances through the entire insertion are the same. This makes it possible to
obtain the proper phase advance between adjacent IPs in both transverse planes, which is desirable
to reduce chromatic perturbations caused by the low-p triplets.

There is a possible alternative to the second symmetry. Rather than making the IR straight
sections antisymmetric about the IPs, they could be symmetric. The two members of each pair of
IRs would be given opposite polarities. Within each IR the two beams would have opposite
polarities, due to the first symmetry. The two IR modules of a pair would no longer be identical,
but would have opposite polarities. This scheme, which might be called the third symmerry,
amounts to a rearrangement of components of a lattice that uses the second symmetry. In fact,
there are no physical differences between the two, only a permutation of the signs of various
gradients. Both the second and third schemes preserve overall identity of the two rings and proper
phase relations between IPs. However, if one ever wished to have different B* values in the two
members of a pair, the beam-to-beam identity would disappear.

Tune Adjustment Ability

Two of the lattice designs in the RDS adjusted the overall une of the machine by changing
the tunes of the individual normal cells, while the other design made use of special "phase
rrombones"—a short section of special cells which could be tuned over a large range of phase
advances while not changing the linear optics outside of that section. This was considered
advantageous in that design as it totally decoupled the machine's operating point and the optics of
the IRs. In particular, it allowed the IRs' B* to be adjusted over a very large range (¢. g., | mto
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100 m) without having to compensate for the tune change in the rest of the ring. These phase
trombones were initially considered for the SSC [5].

In subsequent designs the phase trombones were dropped in order to increase the simplicity
and overall efficiency of the lattice. It was decided that the desired tuning range of an IR was
roughly a factor of ten rather than several hundred, and IR designs which could be tuned over this
range without changing their phase advance were found. Because of these designs, the necessary
tuning ability of the SSC is quite small, = 2-3 units, which can easily be handled with quadrupole
correction elements in the arc cells, with an almost unnoticeable effect on the machine optics.

Modularity of Straight-Section Insertions

The SSC lattice as presently conceived has four pairs of straight sections: utility, low-f
high-luminosity IRs, medium-p lower-luminosity IRs, and "future” IRs. The latter are identical to
utility straight sections, but could be rebuilt later as IRs. Crossings occur in the IRs but not in the
utility or future IRs.

Each straight section is grouped with a dispersion suppressor on each side and three normal
half cells into a cluster module. All of the cluster modules are identical except for the internal
structure within each straight section, and all are matched to the arc cells with respect to all orbit
functions. Each straight section has the length of 11 half cells; each dispersion suppressor is 3
half-cells long, giving a module the length of 10 cells, or 2285 m.

There are three main reasons for this modularity. First, it permits a high degree of
operational flexibility. Thus the "future” IRs, initially configured as utility straight sections, can
later be reconfigured as real IRs without lattice changes in the rest of the ring. Second, it makes it
casier to achieve the correct phase advance between the members of all pairs of identical straight
sections. Third, the lattice is simplified in that the number of different components is minimized.
The lattice will have many regularitics, making it easier to understand and operate.

Dispersion Suppressors

Dispersion suppressors are needed to change the dispersion—i.e., the off-energy
function—from its characteristic non-zero value in the arc cells to zero value in the experimental
and utility straight sections. This is done so that the dispersion is properly matched in the arcs—
which is the way to minimize its maximum values and to make it periodic, to minimize beam size at
the collision points which maximizes luminosity, and to simplify the optics of B-function matching
of the insertions, since that problem is thereby decoupled from that of dispersion matching. It is
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especially important that the dispersion be properly matched in the arc cells, to minimize aperture -
requirements and nonlinear perturbations of off-energy particles.

Three types of dispersion suppressors have been used in SSC design studies. The first,
used for the RDS [25), was a missing magnet type. Such a suppressor consists of a number of
normal cells with dipoles removed in a certain pattern. This type has the virtues of not perturbing
the B-functions and simplicity; the disadvantage is that the circumference of the ring is increased.

A second type, used for the CDR [1], consisted of three cells with normal bending but

altered quadrupole strengths. This type uses circumference more efficiently; however, it has
additional quadrupole circuits or lengths and it does slightly perturb the B-functions.

The third type, which is presently favored, was invented for use in the 90-degree
(September 1987) Lattice [2]. It consists of two 90-degree cells, each having three-quarters the
length and two-thirds the bending of a regular cell (4 dipoles per half cell vs. 6). This type is
simple, compact, and does not perturb the B-functions, leading to cleaner optics in the experimental
IRs.

Interaction Region Design

There are four experimental IR straight sections in the SSC lattice, grouped into two pairs.
There are two adjacent low-B IRs in the near cluster and two adjacent medium-P IRs in the far
cluster. Both kinds have the sarne structure, but various magnet and drift lengths are different.
These straight sections have three main requirements: to produce the desired B* values for the
experiments, to be tunable to a gentler optics for injection, and to provide the mechanism for the
crossings. The latter is achieved by a separate set of non-tunable magnets, which have no direct
effect on the B-function tuning and matching,

The crossings are done in a stepwise fashion with a region centered at the IP in which the
two beams are colinear. On either side of the IP in this colinear region there is a drift space of
length L* followed by a quadrupole triplet. The detectors are located about the IP in the drift
spaces, which have a length L* = 20 m in the low-B IRs and L* = 120 m in the medium-p IRs.
These lengths differ because of the different types of events the detectors are designed to record,
and the necessity of having the triplets close to a low-f IP to get the B values under control

quickly.
Minimum 3+ Vajue

The minimum value for p* for the high-luminosity insertions has been chosen to be 0.5 m.
this is believed to be close to the tightest focussing allowed by the present quadrupole technology.
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While other proton accelerators have achieved such values of B*, because of their higher effective
quadrupole gradients due to their lower energies, they have run with substantially smaller values of
maximum beta (1.1 km at Fermilab vs. = 8 km for the SSC). Extensive tracking studies on the
SSC indicate that this very large beta value is acceptable provided that the IR quadrupoles are
individually measured and that the first five normal and skew multipoles are corrected to 90
percent. [26] One design yielding B* = 0.25 m with the same value for beta-max has been
investigated, but this design requires quadrupoles with still higher gradients and reduces the
available free space from+20mto 3 m.

The B-function matching between the IP and the beginning of the dispersion suppressor is
done with six quadrupoles, Q1-Q6. The central triplet, Q1, Q2, Q3, is common to both beams.
There is a long space between Q3 and Q4. Q4 and Q5 constitute a doublet, and Q6 is some
distance from Q5. QS5 and Q6 have the same polarity, and tuning between injection and
experimental optics is done by gradually strengthening Q6 and weakening QS5, with smalil changes
in the gradients of Q1-Q4. The tuning range of B* is from 8 m t0 0.5 m in the low-p IR and from
60 m to 10 m in the medium-§ IR.

rossin
The two proton beams are separated by 70 cm in the arcs, and cross from top to bottom and
vice versa in the IR straight sections. The crossings are done in four steps, two steps in each Q3-
Q4 space, causing the beams to be nearly colinear through the triplets and the central drift space

that contains the detectors. With this scheme, the beams are separated as close to the IP as
possible, which minimizes long range beam-beam effects.

Vertical Dispersion Matching

The vertical bending magnets that cross the beams give rise to vertical dispersion. By
placing two vertical steps in each Q3-Q4 space and separating these by a special quadrupole
structure, it is possible to have zero vertical dispersion both in the arcs and in the colinear tripiet—
detector region. The special structure consists of two very short 90-degree cells, giving it a -1
transfer matrix. This M = -1 matrix section exactly compensates the dispersion introduced by the
two steps. Since it is invisible to the B-function, the tuning by Q1-Q6 described above is
unaffected.

A-6



Alternative Crossing Dispersion-Matching Schemes

The M = -1 vertical dispersion matching section described above contains eight long,
strong quadrupoles, which makes it tempting to seek a better solution. One such alternative has
been proposed, [14] which consists of extending the colinear region through Q3, disposing of Q6,
and then placing the vertical steps in the horizontal dispersion suppressor such that both
dispersions are matched there. The advantage of this scheme is avoiding the M = —1 quadrupoles.
One potential disadvantage is an increase in the long range beam-beam interaction. It remains to be
demonstrated whether the injection—collision tuning could be done as simply with this approach as
with that explained above, and that it fits the ISP footprint.

Transition Regions

The lattice design for the ISP footprint includes, at each end of each cluster region,
transition regions, to allow for the future possibility of adding one of the various beam bypass
options. These transition regions each consist of four regular cells which are approximately half-
filled with dipoles. The partially empty cells are required in order to be able to switch from one
beam configuration to the other without moving magnets. At the beginning of the transition
region, the beam goes through a few dipoles which are not powered in normal operation. The
switching from the main channel to the bypass channel is done by powering these dipoles. The
cost of including the bypass potential, because these cells are partiatly dipole free, is to increase the
overall machine circumference by some eight cell iengths, or = 1825 m.
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Appendix B
Details of the ISP lattice [3] are given in this appendix.
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