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ABSTRACT

The lattice design of the 90° (September 1987) SSC lattice is described. Plots
show the structure and orbit functions of the lattice components, output from the
SYNCH program give parameter values and orbit functions for injection and col-
lision optics, tables and plots are given for the tuning between the two optical
configurations, and output from the MAD program provides geometrical survey
data.
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Introduction

The purpose of this report is to present the parameters and optical properties of the
September 1987, 90° lattice. This lattice resembles the CDR lattice qualitatively, but
differs significantly in the cell phase advance and design of the dispersion suppressors and
straight sections. The present lattice is superior to the CDR lattice in terms of sensitivity
to magnet errors, beam optics of the dispersion suppressors and straight sections, and ease

of tuning between the injection and collision configurations.

As with the CDR lattice, the beamlines are separated vertically by 70 cm, with inde-
pendent 6.6 Tesla magnets; there are eight straight sections located in two clusters. The
cell phase advance has been raised from 60° to 90° and its length increased from 196 m to
228.5 m.

Global Structure

The lattice has a racetrack shape with eight straight sections placed in two clusters of
four each, see Figure 1. The clusters on the left and right sides of the figure are called
the near and far clusters respectively. Their lattice structure and orbit functions (with

collision optics) are shown in Figures 2 and 3.

Two of the straight sections in each cluster are experimental interaction regions (IRs)
where the beams cross vertically. The IRs in the near cluster are low-3 areas with £20 m
free space about the interaction point (IP) and a design luminosity of £ = 10%%cm™2%71;
those in the far cluster are medium-8 IRs with +120 m free space and a luminosity of

L£=5x%10%%cm %},

The other two straight sections in each cluster are configured as utility regions. The
injection, beam abort, rf and other systems are located in the near cluster utility straight
sections, while the utility straight sections in the far cluster, though optically identical to

those in the near cluster, are reserved for future development as IRs.

The near and far clusters are connected by the top and bottom arcs, each of which
contains 143 identical FODO cells.

Each straight section is part of a module consisting of a half-cell, a dispersion suppres-

sor, the long straight section, another dispersion suppressor, and a full cell; the module is



matched at both ends to the beta functions and dispersion of the regular cells, and each

cluster consists of four such modules.

‘The module structure is antisymmetric about the center of the straight section: it is
mirror symmetric about that point, but the signs of the corresponding quadrupole gradients
are opposite. The f—functions consequently have the property that 8, on one side of the

IP reflects into Sy on the other and vice-versa.

The modules are identical in length and horizontal bending angle, and have betatron
phase advances equal to odd multiples of 90° (which do not change between collision and
injection optics). These phases are chosen to produce partial cancellation of chromatic

perturbations between pairs of identical modules. [2-5]

On either side of the the IP, the two beams pass through common quadrupole triplets
which have opposite horizontal and vertical focussing actions on the two beams. By choos-
ing the polarity of the quadrupoles directly above and below each other on the two beam-

lines to be opposite, this focussing relation between the two beamlines becomes universal.

Another global feature concerns the disposition of the correction spools; these are
situated symmetrically with respect to the straight section centers, so they alternate from
the upstream to the downstream ends of the half-cells in successive bending regions. The
magnets and spools of the two beamlines are always above and below each other. The

reason for this arrangement is to make the lattices of the two rings essentially identical.
Arc Cells C

A diagram of a half-cell is shown schematically in Figure 4. Each 114.25 meter long
half-cell contains six 6.61 Tesla (at 20 TeV) dipoles, a 230 T/m quadrupole, and a correc-
tion ‘spool piece’ containing an orbit correcting dipole, a trim quadrupole, a chromaticity
sextupole, and higher-order correction coils. The spool pieces occur in all of the cells,
including those in the cluster modules. The cell phase advance is 90°, rather than 60°, the

value of the CDR cells. The orbit functions of a cell are shown in Figure 5.
Dispersion Suppressors

A dispersion suppressor consists of two cells, each having 3/4 the length, 2/3 the

bending, and the same phase advance (90°) as a normal cell. Consequently the proper



dispersion of these cells is half that of the normal cells, while the actual dispersion makes
a cosine wave oscillation through the suppressor from the cell proper value at one end to
zero at the other end. The shortness of these suppressors decreases the distance between
interaction points. Moreover, since they have an M = —1 transfer matrix, they map the
cell B-functions to the ends of the straight sections, providing favorable initial conditions

for the IR optics.

Because of the asymmetry in the arc half-cells due to the spool pieces, the blocks of
four dipoles in each suppressor half-cell must be positioned separately. These positions are
reflected about the straight section centers, and are somewhat different for the suppressors
in which the spools are shifted toward the nearest straight section than for those in which
they are shifted away from the straight section. The suppressor half-cells are regular in
total length and quadrupole length and their magnets are on the main bus. The dispersion

suppressors in the bending region between two straight sections are shown in Figure 6.
Utility Straight Sections

A utility cluster module is shown in Figure 7. The utility straight sections are used for
injection, beam abort and rf systems, as well as beam halo scrapers. Injection and rf take
place in the outer drift spaces and beam abort in the inner ones. The outer quadrupoles
have the same aperture and gradient as the cell quadrupoles; the inner ones have large

aperture and low gradients due to the larger 8 values in them.
Experimental Crossing Straight Sections

‘The two proton beams collide at the IP at the center of each experimental straight
section or IR. The low-3 IRs (Figures 8, 9 and 10) have 20 meters of magnet-free space
on either side of the IP for detectors, and § values of 8 m and 0.5 m for the injection
and collision optics respectively. The medium-8 IRs (Figures 11, 12 and 13) have £120 m
about the IP, and g values of 60 m and 10 m.

The beams are focussed to waists at the IP by quadrupole triplets Q1, Q2, Q3 (re-
ally quadruplets—there are two Q2s) through which both beams pass. Just beyond the
triplets, proceeding away from the IP, the beams are separated by dipole splitter magnets

and led into separated, parallel beamlines. Both beams pass through a vertical separation



and dispersion matching region, which will be described below, and then through a region
containing three quadrupoles, Q4, Q5, Q6, which complete the f—function matching be-
tween the IP and the cells (since the dispersion suppressors have M = —1 transforms).
The quadrupole lengths are such that the gradients do not exceed those of the cells. Note
that Q5 and Q6 are well separated and have the same sign, which simplifies tuning of the
IR: the tuning between injection and collision optics consists mainly of weakening Q5 and

strengthening Q6, see Figures 14 and 16.

With this design, large B values exist only in the inner triplet in the collision optics.
For the injection optics, the largest 8 is in Q5, which is a large aperture, low gradient

quadrupole, similar to the inner quadrupoles of the utility straight section.
Vertical Beam Splitting and Dispersion Matching

Figures 8 and 11 show side views of the vertical beamlines of the two rings to the right
of the two types of IPs. Between the inner and outer triplets, each beamline makes two 17.5
cm vertical steps separated by a horizontal region with eight quadrupoles comprising two
90° cells which have an M = —1 transfer matrix (the 8 = —1 region). These quadrupoles
eliminate the vertical dispersion caused by the vertical bends, but are invisible for the

B-matching between the IP and the dispersion suppressor.
Comparison with the CDR lattice

In the IRs of the CDR lattice, Q4 was not in the outer region with Q5 and Q8, but
rather in the center of the M = —1 quadrupole string, where it perturbed the vertical
dispersion cancellation for the injection optics. This different arrangement of the outer
triplet, Q4, Q5, Q6, was responsible for the large secondary 8 peak in the M = —1
quadrupoles of the CDR design.

Optics

Two principal optical configurations are included, an injection optics where §* is large
at the IPs, and an experimental optics where 8* is much smaller. For each optics, both
low-8 IRs are tuned identically, as are the two medium-£ IRs.

The SYNCH ;|;>rogra,n:1{61 was used for designing this lattice. Survey data was obtained

7]

using the program MAD.”  Chromatic properties of the lattice are given in another



report.[S] Earlier, less optimized versions of the 90° lattice have been described in other
publications. [9,10]
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(B'/Bp) (m™%)

Table I - Low—3 tuning chart. Values are in Tesla/meter for 20 TeV.

ﬁ*(m) QL1 QL2 QL3 QL4 QLS QL6
0.5 2207786 —226.9213 216.8419 218.4298 ~77.7179 —215.5864
1.0 229,261 —227.6685 219.6034 221.7219 ~117.1551 —190.0402
2.0 2995261 —228.5559 222.83211 224.4503 —145.4607 --153.8465
3.0 220.5261 —220.0538 224.7974 225.7615 —158.06902 —126.1793
4.0 229.5261 -—220.3488 226.1631 226.5463 —165.5456 —103.0793
6.0 225.2230 —228.7669 228.0423 228.7268 —175.1840 —~G2.8827
8.0 226 2587 —2928.8995 229.0778 228.7268 —179.9383 —32.6188
0.004 ﬁ] T r T ] T ra ] 1 I T T T I T
L Qi -
L Q2 .
L Q4 .
3
0.003 — @ —
0.002 — —
" Q5 A
0.001 — ]
- N
RO S R S T N R R R
0 1 2 3 4 5 6 7 8 g
B* (m)

Figure 14. Low-8 Module; Quadrupole Tuning Curves

11



0

e
600 T 700 o

Figure 15. Low-8 Module; Horizontal Beta Function during Tuning
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Table II ~ Medium~—# tuning chart. Values are in Tesla/meter for 20 TeV.

B*(m) QM1 QM2 QM3 QM4 QM5 QM6

10 226.6579 ~—-223.1574 217.8398 211.0508 —-01.0033 —183.9805
15 221.9826 —223.5479 222.5220 216.1266 —114.5596 -166.4224
20 221.9826 —224.6783 225.2875 218.4111 —128.0629 —149.9404
30 221.9826 —226.2613 228.6613 221.9000 -—-144.7089 —120.3168
40 221.9826 —227.2674 230.2023 224.7109 -155.0271 —03.2111
o0 221.7807 —227.8300 230.6348 227.1582 —162.1928 —67.9825
60 222.6302 —228.3949 230.2613 229.1346 —167.3741 —44.5902

0.004

(B'/Bp) (m™?)

_I | T T F T LR ITI T [ T T 7T 1 T 71 I—[ I T
P! -
- Q3 _
0.003 |— U ]
o« ‘
- ]
0.002 H— _
- s 1
0.001 — .
0.000 _'l IJ | VO | | I '_J_[ l¢l | T | S B I i ]-T

10 20 30 40 50
g (m)

Figure 16. Medium-§ Module; Quadrupole Tuning Curves
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Figure 17. Medium-£ Module; Horizontal Beta Function during Tuning
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PARAMETER,
B0 PARA
BOVL PARA
BOVZ PARA
BL=* PARA
BM* PARA
BR PARA
BRHO PARA
GOO1L PARA
GOC2 PARA
G003 PARA
GOC4 PARA
HOOL PARA
HOOZ PARA
HOQ3 PARA
HOO4 PARA
K PARA
XoC PARA
XKFC PARA
KLl PARA
L2 PARA
KL3 PARA
14 PARA
KLS PARR
KL6 PARA
ey PARA
2 PARA
3 PARA
R4 PARA
RMS PARL
M6 PARR
XS PARA
KUl PARA -
KUz PARA
Ku3 PARA
KU4 PARA
RV PARA

ELEMENT LIST

0.66134494
0.50815658
0.66134494
0.30000000
0.210000000
0.10000000
0.66712800
0.76622000
0.85281000
0.81974000
0.82122500
0.77777000
0.69329000
0.72950000
0.72592500

0.34287781
0.40675544
0.11320056
0.34467281
—-.34018225
0.32501413

- 0.32715442

-.11626270
—.32320210
0.33974409
-.33450093
0.32653214
0.31634888

. ~.13639178

—.27877344
0.34287781
0.16449270
-.16449270
0.34287781
—-.34287781
0.34287781

K1

Page K1
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RHOT

SPCO
S¥XD
SXKF

0.16540000
0.68560000
0.50000000
0.16540000
0.11425000
0.83687500
0.13500000
0.17016460
0.87444630
0.12250000
0.13500000
0.16875000
0.24479500
0.18200000
0.10000000
0.71287000

- 0.56483000

0.66488000
0.50587000
0.58375000
0.21339750
0.37762000
0.43722000

.0.56483000

0.5356%000
0.64095000
0.24479500
0.24479500
0.24479500
0.58375000
0.64095000
0.18200000
0.31391500
0.60500000
0.60500000
0.60500000
0.63082295
0.66137000
0.235019%10
0.35734700

0.22500000
0.99133140
0.10087444
0.99133140
0.761706777
0.99133140
0.303500040
=.20017544
0.993920956

Page K2
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OCH4

opPM

L1.000000
7.000000
1.555350
20.000000
288.272750
2.795500
106.142150
136.164600
19.284850
25.483150
120.000000
4.000000
90.071300
£€2.898760
0.86139%0
4.627200
319.043150
6.613700
235.019100
35.73470Q0
202.647750
85.625000
214.385150
120.858760
128.760150
0.800000
4.569400
3.703500
4.034200
4.019350
4.453900
5.2%8700
4.936600
4.972350
3.535000
7.662200
8.528100
8.187400
8.212250
7.777700
6.932900
7.295000
7.2598250
110.610000
6.570000
4.375000
1.035000
0.400000
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QD

QnC
QF

QFC
QLla
QL1lb
QL2a
QL2b
QL3a
QL3b
QL4
QL4b
" QLSa
QLSh
QLéa
QL6Db
Mla

oM23
oM2b
oM3a
M3k
OM4a
M4b
oM5a

oM6ea
OMEDL
QUla
QU2a

SXTIP

LO14
LQLS

LQU4
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