Lawrence Berkeley National Laboratory
Recent Work

Title
A 6.5 TESLA SSC LATTICE EXAMPLE

Permalink
https://escholarship.org/uc/item/42578471

Author
Garren, A.A.

Publication Date
1984

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4257847r
https://escholarship.org
http://www.cdlib.org/

~—

JC-28

LBL-17283

c-

RLL

Research Division

Ann Arbor, MI, December 12-16,
published in the Proceedings

LAWRENCE

Lawrence Berkeley Laboratory

UNIVERSITY OF CALIFORNIA
Accelerator & Fusion

BERKELEYLABORATQRV

MAY 1 1984

LIBRARY AND

DOCUMENTS SECTION

Presented at the Ann Arbor Workshop on Accelerator
Physics Issues for a Superconducting Super Collider,

1983; and to be

A 6.5 TESLA SSC LATTICE EXAMPLE

A.A. Garren
January 1984 For Reference
Not to be taken from this room
\w J
~

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



N

LBL-17283
SSC Note-24

A 6.5 TESLA SSC LATTICE EXAMPLE*

Alper A. Garren
Lawrence Berkeley Laboratory

University of California
Berkeley, California 94720

January 1984

* This work was supported by the Director, Office of Energy Research, Office
of High Energy and Nuclear Physics, High Energy Physics Division, U.S.
Dept. of Energy, under Contract No. DE-AC03-76SF00098.



\
)Y
4

R

£

A 6.5 TESLA SSC LATTICE EXAMPLE*

Alper A. Garren
Lawrence Berkeley Laboratory

University of California

Berkeley, California 94720

* Summary

This note- presents an example SSC collider lat-

tice for 20 TeV proton beams using 6.5 Tesla double
bore magnets, six collision. points, and anti-
symmetric insertions.

Introduction

The Tattice described is based "on an earlier
design using 8 Tesla dipolesl). The main dif-
ferences are a reduction of the beam separation,
higher quadrupole gradients in the interaction
region quadrupoles to reduce their s-values, longer
drift lengths in the insertions to facilitate injec-
tion and extraction, and an increase of the open
space about the collision points.. Another paper in
these  proceedings by B. Leemann?) discusses injec-
tion and beam-abort extraction from this lattice.

Fig. 1 Topology of SSC Lattace

General Description

The collider consists of two concentric counter-
rotating proton beams, horizontally separated by
12.7 cm, passing through 2-in-1 superconducting mag-
nets with separate vacuum chambers and coils embed-
ded in a single iron yoke. The beams collide at six
equally spaced points at very small angles (see

Fig. 1). The gradients are made equal on both beams

in each quadrupole, which makes the focussing oppo-
site. This is necessarily the case in the inter-
action regions, where both beams share single-bore
quadrupoles (Fig. 2). Although several alternatives
exist, we have chosen to give the focussing pattern
on each beam mirror symmetry about the arc centers,
and antisymmetry about the crossing points (see
Fig. 3). This choice makes all insertions identical
and minimizes the number of different quadrupole
strengths. Since the inner and outer branches of an
insertion have equal and opposite focussing, it suf-
fices to match only one of them between the arc and
the crossing point.

Arcs

The arcs of each sextant have mirror symmetry

-about their centers both in the magnet placement and

in quadrupole and sextupole strength (see Fig. 3).
Every half-arc consists of 43 cells, each 160 m
long, with four dipoles per half-cell (see Fig. 4).

The first 34 cells, starting from- the arc
center, are normal FODO cells, each containing one
SF and one SD sextupole, of strength sufficient to
correct the chromaticity of these cells alone.
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Fig. 4 Normal cell

Following the normal cells are six cells which
serve to compensate the chromatic effects of the in-
sertions. This scheme, invented by T. L. Collins4),
is an extension to second order of the linear match-
ing of 1long straight sections, which he invented
previously. An essential feature of this scheme is

that the special sextupole cells occupy an integral

number of betatron wave lengths, and that the sex-
tupole strengths have a sin(2¢) dependence on the
betatron phase ¢ which causes the geometric aber-
rations to be largely suppressed. This scheme gives
excellent chromatic properties. Over the range
{ap/p| < 0.004, the tunes vary by 0.035 with the
Collins - scheme as compared to 0.27 with two sex-
tupole families, and the beta function values at the
crossings and in the nearby quadrupoles vary by '10%
compared to 540%! The remaining tune variation can
be compensated with weak octupoles. Tracking
studies will be carried out in the near future to
confirm that the dynamic aperture is also good, as
expected.

The last three cells of the arc comprise the
dispersion suppressor. These cells contain no sex-
tupoles other than those that may be needed to com-
pensate sextupole fields in the dipoles.

plication in dispersion matching, since one requires
a dispersion suppression section at the ends of the
insertion that simultaneously brings the dispersion
to zero on the two oppositely focussed beams.
R. Helm discusses this problem in another paper of
these proceedings, and exhibits solutions for vari-
ous betatron °ceH phase advances u.3 We have
chosen u = 60" partly because the dispersion sup-
pressor then can be made simply by removing all
dipoles from the next to last cell of the arc. The
resulting open spaces with normal g-values may be
useful for RF cavities. An additional adjustment to
compensate for the effects of the beam splitting
dipoles in the interaction regions consists of
shifting the dipoles longitudinally in the first and
third cells from the end of the arc.

Straight Sections

The dispersion suppresor cells are followed by
the 'straight' part of the insertion that contains
the interaction point (I.P.). (The “straight" sec-
tions- include the beam-splitting dipoles, but there
is no net _bending), Fifteen meters of open space is
provided on each side of the I.P. for the detec-
tors. The straight section also includes 305 m and
186 m drift spaces to be used for the beam-abort and
injection systems. They might also serve for RF
cavities in place of the. 76 m straights in the
center dispersion suppressor cell.

Orbit Functions and Parameters

The lattice and orbit functions of the cells
and of the outer and inner half-insertions are shown
in Figs. 4, 5, and 6 respectively. For the beam
going from left to right, the outer half is the left
side, the inner half the right. A1l of the lattice

design _calculations -were done wusing the SYNCH

program,
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The principal parameters of the lattice are
shown in Table I. The design was made for g*-values
at the crossings of 2 m. Lower or higher values can
be obtained wusing relatively small gradient
changes. The limiting low s8-value will be con-
strained by the chromatic effects.

Table I
Peak energy E 20 TeV
Magnetic field Bg 6.498 T
Gradient in cells G 199.2 T/m
Gradient in I.R. GIR -+ 250.2 T/m
Magnetic radius o 10.27 km
Circumference 2mR 90.48 km
Average radius R 14,40 km
No. of superperiods Nsp 3
No. of collision points Nig 6
Number cells/arc Nca 86
Cell phase advance/2n u 0.1661
Lengths (no./half-cell)
Half-cell " Le . 80 m
Dipole (4) Lg 16 m
Quadrupole (1) L - 4,25 m
Corrector space (2) 00 - 4.125 m
Dipole Separation (3) 0 0.5 m
I.R. drift length Lint = 15 m
Beam separation W 0.1266 m
Tunes (H/V) v-97 .241/.231
Chromaticity . £ -170
Bunch separation Lsep 15 m
Crossing angle o« 50-120 urad
Orbit functions: ’ R
Quadrupoles Dipoles I.P.  Maxima
By - 276 255 1.999 1548 m
By ' 276 - 255 1.996 1550 m

Xp 2.50 2.40 0.000 2.508 m

Conclusions -

An example SSC lattice has. been designed which
shows promise of meeting the technical require-
ments. Further optimization and refinements will be
done for the final design, but it is hoped that this
lattice will serve as a useful vehicle for designing
sub-systems, for cost estimates, and as a step in
the evolution of the best machine possible for: the
purpose. :
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