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One of the important parameters that specify the 55C lattice is the
hetatron phase advance per cell g To minimize the nonlinear effects due
to systematic sextupoies such as the chromaticity sextupoles, two
particular values for U have been considered, namely 607 and 90°. This
note is to summarize a few study results made to compare these two
phase advance values as far as the linear a*;se.rture; is concerned.

The advantage of 90° lattice is that the B-function and the dispersion
function are smaller for a given cell length. {The maximum 5's in cell for
60° and 90° lattices are not too different but the average B's are.} The
smaller B-function makes the particle motion less sensitive to the magnet
field errorg, thus providing more linear aperture. The smaller dispersion
function makes of f~-momentum behavior more linear in the presence of
magnet field errors even though the chromaticity sextupoles are stronger.
In addition, 90° lattice may require a smaller needed aperture due to its
smaller B-function

On the other hand, the 90° lattice requires stronger chromaticity
sextupoles as already mentioned. More importantly, it needs stronger
guadrupoles and is therefore more expensive than a 60° latlice for a given
cell length. To reduce the cost of a 90° latlice, one way is to reduce the
total number of quadrupoles by lengthening the celis. However, longer cells
mean higher B-function and dispersion function, thus substantially
removing the advantage of 90° cells.

In this note, we give the study results on three lattices:

half max [ max dispersion
tattice i cell length incell in cell
& 60° 100 m 345 m 39m
B 30° 100 331 2.1
C a0° 120 403 28



fatti 13 bending field and with distributed
interaciion re g lons. ThP ?ram‘ onal part of the tunes ars v,=0.28 and
Li 30. Two families of interleaved chromaticity sextupoies are ysed in

ch fattice. The rms values of the random magnet multipole field errors
are obtained from Ref 2.

For each lattice, particles with various initial amplitudes, designated by
Ax*=Ay* at the interaction point with B¥=1m, are tracked using mainly
RACETRACK and sometimes also MARYLIE. The :s'mears} in linear
invariants, designated by a‘:»,x_}}f-_i] and s_‘s‘.iz,fi_!z, are camputed to indicate the

linearity of the fattices. Small smears indicate nearly linear motion.

1. Bare Lattices

In the absence aof magnet field errors mp main source of nonlinearity
cames from the chromaticity ﬁextupsies 3 Since the 90° cell lattices have
stronger chromaticity sextupoles, particle motion is more nonlinear in
them, as shown below for on-momentum particles:

Lattice Ax*zay* (mm)  AJ1/J] AJZ/J2
A 01 0.0022 0.0022
' 0.15 0.0050 0.0050
0.2 0.0087 0.0088
0.3 0.020 0.020
0.4 0.034 0.035
B 0.25 0.049 0.052
03 0.068 0.074
0.35 0.091 0103
04 012 0.14
0.45 .15 0.1
C 0.1 0.0058 0.0059
015 0013 0.013
0.2 0.024 0.023
0.3 0.054 0.052

0.4 0.096 0.090



The smear in fattice & is very small even up to the highest smplituds
studied. T% g smears in lattices B and C are larger because of the stronger
sextupoles; but as we will see, they are still substantially smaller than
the contribution from the magnet field errors.

2. Random Field Errors Without Sorting

As field errors are increased, starting with the bare lattices, the smears
mcrwa:&e The increases in smear are expected to be the largest for lattice

3-function is largest) and smallest in lattice B (&-function is
sma!lests Indeed, when the rnrxdﬁm magnet field errors reach the level of
the presently conceived waiue*:,‘- the 90° |attices have overcome their
dicadvantage as bare lattices and actually become more linear than the
60° lattice. The following table gives the average value of smear over 4
sets (3 sets for C) of random field errors:

Lattice Ax¥=Au* (mmy AJLAN AJ2/J2

& 0.1 010 0.14
0.19 0.14 0.24

0.2 0.25 0.24

# 03 027 0.40

d 0.4 0.46 0.66

B 0.1 0.07 0.08
0.15 011 .13

0.2 a7 0.20

0.3 0.30 0.35

0.4 .49 0.50

C 0.1 0.086 0.07
0.15 013 a1z

0.2 0.18 0.17

0.3 031 0.30

0.4 .50 .44

Asteriks in the table mean the dynamic aperture is excesded; the number
of asteriks is the number of seeds when that happens.
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difference in B-function {which favors fatiice Bl iz balanced out by their
difference in the bare lattice (which favors lattice C

[t should be emphasized here that no magnet :’sartmgt has been applied to
the field errors in abtaining the above table. As we will see iater, as
sarting is applied, the effective field errors are reduced; the 60°® and 90°
lattices then become guite comparable in linearity.

For of f-momentum particies, the 90° [attices tend to be more linear
because of the smaller dispersion functions. The following table gives the
results for aff-momentum cases with AE/E=107°:

Lattice AXE=AU* (MM A1/ AJZIIZ
A e O,_—:; - -
B 0.1 Q.08 Q.09
015 0.12 0.14
02 017 0.21
03 030 025
0.4 0.47 0.54

The following table gives the results for AE/E=-107";

ﬁ'—i 2 x’f‘...!

Lattice Ax®E=Au* (mm) J1/J1 2
& * 0.4 1.439 061
B 0.1 008 0.08
0.15 .12 013
02 0.18 018
03 031 030
0.4 .45 .44



wWe have included only the B results in the above of f-momentum tables. For
lattice A, only the results for ax®=4ay*=C.dmm are given all 4 seeds are
unstable when AE/E=107> while one seed is unstable for AE/E=-1072.
Lattice A is clearly less linear than lattice B off momentum and without
sorting.

3. %With Sorting

The most relevant resulls are obtained when sorting is applied. In this
study, we have used the preliminary sorting s:::ﬁeme} which is applied 1o
only the sextupole (bo) component of the magnet errors.

The same four seeds of random numbers as the previous section are used in
this section. The Tollowing table is for on-momentum:

Lattice Ax¥=Ay* (mm)  AJ1/J] A2/ 2
A 0.1 0.027 0.031
Q.15 0.05 0.05
0.2 0.075 0.078
0.3 0.15 0.15
0.4 0.25 0.26
B 0.1 0.03 0.023
015 0.055 0.044
0.2 0.09 0.074
0.3 0.17 .15
0.4 0.27 0.26
C 0.1 0.034 0.032
0.15 0.063 0.055
0.2 .10 0.09
0.3 0.20 0.18
0.4 0.35 0.30

The lattices are much more linear than the cases without sorting. Lattices
A and B give very similar on-momentum linear apertures while C is
glightly less linear. All three cases are quite acceptable.



Results with sorting were also obtained for of f-momentum particles. Th
following table is for aE/E=107

Lattice Ax¥=zay* (mmy  AJLAN AJ2/J2
& 0.1 0.053 011
.15 .09 0.20
0.2 013 0.36
03 0.21 1.0
0.4 031 0.8
B 0.1 0.033 0.026
0.15 0.06 0.05
0.2 0.089 0.08
0.3 0.18 Q.16
0.4 0.20 0.28
C 0.1 0.040 0.044
0.15 0.07 0.07
0.2 0.10 011
0.3 017 0.22
04 029 - 0.43

The following table is for AE/E=- 10>

Lattice Ax*=Au* (mmy AJ1AJ AdZ/IZ
& 0.1 0.08 g.08
0.15 0.16 0.07
02 029 Q.15
03 1.2 0.26
0.4 1.3 0.39
B 0.1 0.04 0.03
0.15 0.07 0.05
0.2 0.10 0.08
0.3 017 0.15
0.4 Q.26 0.25
C 0.1 0.04 0.044
015 0.07 0073
0.2 011 2.1
03 0.24 0.21

0.4 0.43 0.34



5 of random numbers behave rather similarly 1o

irth et gives g more nonlinear particie motion
&m’ra that %Ewa-v- 10 %s the conceived range of oparation. The actual beam
energy spread is much smaller than 1077,

One observes from the above of f-momentum tables ?hat {1} lattice B has
the best fmwa!“}‘u and (i1 lattice A has the lesst off-momentum Hinearity
although the linear sperture reached by lattice & is at%f:t at 0.2min at the

mteramgr pmr L, which 18 considered scceptable.

4. gumrmary

Three cell lattices, &, B and C, are campared quantitatively for their
Hinearities. We Tound ‘ft}a’f the three lattices each has its advantages snd
di:za:jvamage The differences among them (when random magnet Tield
Brrors ara ncluded and sorting 15 applied) are small aftthough noticeable.
The best performance befongs to the 30° short cell [attice B, which 15 also
the most expensive. For on-momentum particles, lattice A is as Hr:eur as
lattice B. For of f-mamentum particies, to the extent that £1077 energy
window 19 heeded, lattice B is more linear than lattice Cwhich in turn is
mare linear than lattice A

A qualitative comparison of these lsttices can perhaps be summarized
helow:

lattice & good on-momentum behavior

tattice B: good on-momentum and of f-momentum behavior, but
expensive

lattice T good of f-momentum behavior

The study shows that all three |attices provide acceptable linear
apertures. The differences represent trade-offs between advantages and
disadvantages that do not seem overwhelming. In case a more detailed
study is called for in the future, we suggest that a detailed cost-aperture
optimization like that done on the 60° Jattice in Ref.1 be performed on the
90° {attice
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1. 33C-8R-1013, 35C Aperture Estimate for Cost Comparizons {1985).
. Magnet Errors Group, Aperture Task Force, edited by HEFisk and J.
Peterson, 35C-7 (1985}
3. A Dragt communicated the information that the fringe fields of the IR
quadrupoles may contribute similar amount of nonlinearities as the

chromaticity sextupoles in a bare lattice. This does not change our point
here.
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