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Summar

High luminosity storage rings require good chro-
matic behavior for beams with large momentum spreads.
This requires that the effects of half-integer struc-—
ture resonances for off-momentum particles be mini-
mized. We show that a lattice with antisymmetric
insertions can be so designed that the driving term
for the half-integer structure resonance 1s sup-—
pressed by cancellation of successive pairs of high-
beta multiplets. Hence, even though the periodicity
is half that of a lattice with symmetric insertions,
the chromatic properties are similar.

Introduction

In large future proton-proton intersecting
storage rings it may be economical to utilize the
'2-in-1' design, wherein the two superconducting
vacuum tubes and coils are embedded in a single irom
yoke. Indeed this option was recently contemplated
for the CBA.

In a 2-in-1 dipole the magnetic field of a coil
that produces a vertical field on one beam reinforces
the oppositely directed field on the other, provided
that the beam lines are deployed horizontally. Simi-
larily in 2-in-1 quadrupoles the gradient coils rein-
force each other provided that a horizontally focus-
sing quadrupole on one beam is defocussing on the
other. Also, this arrangement has the advantage that
that it helps to decouple the closed orbit responses
of the two beams to quadrupole misalignments.

However, the opposite polarity of the quadru-
poles complicates the lattice design. The most impor-
tant consequence is that it requires that the inser-
tions be antisymmetric about the crossing points. As
a consequence the lattice either has a strong periodi-
city of half the number of crossings, or strong asym-
metry about the arc centers. We discuss in this .
paper the former possibility, though we have investi-
gated the latter also. Another complication is that
the beams must be made to cross with special dipoles
close to the crossing points which makes it difficult
to totally suppress the dispersion throughout the
insertion.

This contrasts with the l-in-l symmetric lattice
in which adjacent quadrupoles in the two rings have
the same polarity, the insertions are symmetric, the
periodicity is nearly equal to the number of cross-
ings, and the dispersion can be totally suppressed
in the insertion.

The lowered periodicity doubles the number of
half-integer structure resonances for off-momentum
particles. These resonances, which are strongly
driven by the quadrupoles near the crossing points,
adversely affect the momentum dependences of the
tunes and orbit functions and the dynamic aperture.

*Work performed under the auspices of the U.S. Dept.
of Energy.

As a result of our studies of the lattice impli-
cations of a 2-in-1 version of the CBA, we have found
that the adverse consequences of antisymmetric lat-
tices can be largely overcome if ome induces a pair-
wise cancellation in the contribution of the high—3
quadrupoles to the linear resonances.
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Fig. 1. Topology of antisymmetric 2-in-l proton-

proton storage rings.

Antisymmetric Ring Structure

An illustration of the topology of an anti-
symmetric 2-in-l lattice system devised for the CBA
is shown in Fig. 1. There are six concentric arcs
each containing nine FODO cells connected by inser-
tions that include the crossings. Each insertion
has eight quadrupoles on each side of the crossing
and some dipoles. Only a few quadrupoles are shown,
enough to indicate the' topology imposed by the oppos-
ite polarity of the quadrupoles. A more detailed
schematic is shown in Fig. 2. Adjacent to the cross-
ing magnets B+, B-are quadrupole triplets Q0, Ql, Q2,
which are represented by the large lens symbols in
Fig. 1. The central Ql of the triplets have the
greatest strength and highest 3 -function values in
the ring, so they make the greatest contribution to
the of f-momentum resonances.

From Fig. 1, it is clear that the quadrupole po-
larity imposes a strong Ng-fold periodicity, where
the number of superperiods Ng is half the number of
sectors {or crossings) N. The half-integer reso-
nances thus occur at multiples of Ng/2 = N/4 (or 1%
in the CBA case). To cancel the contribution of the
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Ql quadrupoles one must make the phase difference be-
tween two adjacent Ql's of the same polarity be an
odd multiple of W/2, and to make them identical in
strength and 8-function value by imposing reflection

symnetry of the lattice about the arc centers.
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Fig. 2. Schematic design of a 2-in-1 lattice
designed for the CBA.
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Structure Resonance Strength

The stopband half width for the half-integer
structure resomnances of off-momentum particles is
given byl

L oApyrare s 2iy
= o= FBK - K'X
av lmple\ p)e

ds|
where K = B'/Bp, K = B"/Bp, 8, and X, are the beta
and dispersion functions, and ¥ = [ds/B is the beta-
tron phase. The integral is to be evaluated at a res-
onant tune value, v, = (p + %)N/2. The B-function
beat factor at the actual tune v is
= = -+ — -

G=1+4AB/B=1 Avsb/(\) vp)

Consider the contribution of the central Ql
quadrupoles near the crossing point to the resonance
width., If two adjacent Ql's are exactly 7w/2 apart in
phase and identical in strength, they contribute noth-
ing to Avgp. Suppose their phase difference (mod 2m)
is /2 + ¥, and that they differ in strength by

(BKL)-LBKR) |
3K% ot BKQ,l

Then the stopband half-width due to the N/2 pairs of
Ql's of the same polarity may be shown to be

Ay _NBK‘Q'{ZJ.\
av = X
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= 0 due to the sym-
, = 0,092 radians

z s radians,
247 m, K = .0526 m'z, ¢ = 3.918 m, whence for 1%
.0075, The resonant tune is

, so at the design value v = 25.4, G = 1.075.

arion

For the example lattice

about the arc ¢
ation abe <

Z5.
If there is any asymmetry between the pairs of
Ql's, it should be less than lpayx = ¥/2 = 0.046 in

order to not increase Avgp appreciably.

Chromatic Behavior of the CBA Lattice Example

Figures 3-6 show the momentum dependenc
B-functions, dispersion X,, and chromaticity § for
the 2-in-1 CBA lattice example compared with a sym-
metric l-in-l lattice. In both cases, two sextupole
families are used to produce a small positive chrom-
aticity. The chromatic behavior is very similar in
the two lattices, in spite of the fact that the
l-in-1 lattice has symmetric insertions and approxi-

mate 6=fnld periodicitvy The only gionificant diff-
maLe DTLoiC periodicity. ing oniy signiriican LeR

erence is that in the synmetrlc lattice Bx = 43 m,

By =7.5m at t&e crossings. In the antisymmetric
lattice, By = By, so that the chromatic behavior

of B¢ and B become similar. The straightness of the
chromat1c1ty curves also follows from suppressing
Avgh, since this factor contributes to the dependence

of the tune on (Ap/p)2.

P T
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1

The good behavior of XP vs. Ap/p in the 2-in-1
lattice follows from so designing the insertion that
This ig diffi-

inls 1S G1rl1

) amall Jo £ha hich—ao multinlats
X, is small in the high g muitiplets.

cult but not impossible to achieve, as our example
shows.

Conclusion

It is possible to design 2-in-1 lattices for
p-p storage rings with antisymmetric insertions that
a1vp onnd chromatic nrnnertles bv svmmetrlz1ng about
the arc centers, and imposing a n/2 phase difference
between pairs of quadrupoles with the highest g-

valiues.
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