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INTRABEAM SCATTERING STUDIESFOR THE ILC DAMPING RINGS
USING A NEW MATLAB CODE*

l. Reichel, LBNL, Berkeley, CA 94720, USA
A. Wolski, University of Liverpool and the Cockcroft Ingtie, UK

Abstract of values of the growth rate at all elements. As those points

A new code to calculate the effects of intrabeam scaf not equidistant im, the functions need to be interpo-

. : ated for the integration. This is done using theTLAB
tering (IBS) has been developedwaTLAB [1] based on commandpchip which calculates a piecewise cubic her-
the approximation suggested by K. Bane [2]. It interfaceS chip P

with the Accelerator Toolbox [3] but can also read in Iat-mlte interpolating polynomial [5]. The numerical integra-

. . ion is done using th&ATLAB commandyuad which uses
tice functions from other codes. The code has been bench- . .

; gan adaptive Simpson quadrature method [5].
marked against results from other codes for the ATF [4] tha Th lculati v d ideal lattice. i
use this approximation or do the calculation in a different etf:a fg.a lons anrrj uiug _)I/_h.or)e ontan III eg a I%T’ €.
way. The new code has been used to calculate the emittat %vefr Icath |spe(53|oﬁ, 4 _th ' IS'E’ITLO tre;l ]Y esira met,
growth due to intrabeam scattering for the lattices culyent elre ;)reH € (I:O et(r)] ersh Ie possibility to define a constan
proposed for the ILC Damping Rings, as IBS is a concerrf&1U€ 1or7t, along the whole ring.
especially for the electron ring. A description of the code
and its user interface, as well as results for the Dampirldser Interface

Rings, will be presented. There are two versions of the code. The first defines all

the required parameters in the code, the second has a user-
INTRODUCTION friendly interactive routine asking the user to input the pa
rameters one by one. The Twiss parameters can be read

Scattering 1) is a concern but, as the damping times arld from a file which <_:onta|ns the relevant plarameters in
Eplumns in the following ordes; G., ax, Ne, Ny By, Qs

small, believed to be manageable. However, for the ele o . !
g ' . If the lattice is available for usage with the Acceler-

tron ring, it may be advantageous to relax damping time#: "y . :
by reducing the number of wigglers. In that cass be- ator Toolbox, one can load the lattice and the code will cal-

comes more significant and potentially a limiting effect orfUI"‘lte the Twiss parameters using Hreroutines a_nd data
the performance. structures. To make sure the lattice was read in correctly

The study presented here was done based on a propogﬁrge.plms are_gener_ated, one showmg.&#fanctlons,. one
six kilometer lattice for the Damping Ring, tlzeeslattice. showing the dlspersmn and one showmg_‘thiéunctlons
The regularocs lattice is for the positron ring, therefore (the ones that will belused by thees c.alculatlon).

has a short damping time. It was modified (see below) to The code also writes the folIovymg parameters on the
have a longer damping time by using fewer wigglems = SCT€eN at the start of the calculatiok;, at the very first

calculations were done for lattices with different number.@_lemen_t n the_latnce, the coupling constarand the ini-
of wiggler cells. tial vertical emittance .

The I8s calculations were done using a new code writ- After each step the following quantiti_es are written to
ten inMATLAB and based on the approximation suggestelf® screen: Step number, growth rates in all three planes,
by K. Bane [2]. He suggests a simplified modelig§, S« €y the bunchlength and the energy spread. 5
valid for high energy storage rings. In [2] results using thi Up to forty iterations are performed to find the equilib-

approximation for theatr are compared to the Bjorken- rium emittance withBs. Fewer iterations are done if the
Mtingwa and the Modified Piwinski solution and are inlast ones calculated and the new ones differ by less than

For the Positron Damping Rings of thec Intra Beam

good agreement. 0.1% in all planes. For the cases shown here typically be-
tween twenty and thirty iterations were necessary.
After finding the equilibrium emittances three plots are
IMPLEMENTATION generated to show the convergence. The x-axis for all these
Algorithm plots is the iteration number. Plots are generated:for

. g, and one showing both the bunch length and the energy
To calculate accurate growth rates, one needs to mtegr%%read

the growth rates (which depend on the lattice functions)
I the ring. This i lished b ti t . .
along the ring is is accomplished by creating a vec o&ompanson with Other Codes

*This work was supported by the U.S. Department of Energy unde .
Contract No. DE-AC02-05CH11231. To benchmark the new code, IBS calculations for the

Tireichel@Ibl.gov ATF storage ring were made to compare them to the results




in [4]. The s growth rates calculated using the differen

methods are given in Table 1 tI'able 2: Damping times and emittances for different num-

bers of wiggler cells.
wiggler cells no wiggler cells 7, [ms] &, [pmrad]

Table 1:18s growth rates for theTF [4]. 0 10 303.11 2370
method Yr, Y1, 11, 1 9 133.63 1280
complete theory 390 267 9.10 2 8 85.705 969
Bane 435 291 . 3 7 63.083 823
CIMP 449 298 7.47 4 6 49.909 738
Mathematica code used in [4] 442 293 18 5 5 41.287 682
this method 440 288 18 6 4 35.205 643
7 3 30.685 614
. . 8 2 27.193 591
The growth rates as a function efvere calculated with 9 1 94415 573
the same input parameters using the new code and the code 10 0 22'157 552
used in [4]. Figure 1 shows a comparison of the longitu '
dinal growth rates. Results for the transverse growth rates
look similar. We also compared equilibrium emittances for |
this case and reached similar values.
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Figure 1: Comparison of the longitudinal growth rates for € L1 =

4HHMrM‘LwMMMr;
] I

0.4

the ATF between the code used here and the one used in [4].

RESULTS FOR THE DAMPING RINGS ] T
0.1 \v/‘ WAV I \ Il | U I
The Modified OCS Lattice ] \‘ o
10. N roo
Theocslattice is the present working model for the sl “ Ul
damping rings. Some parameters of the lattice are given be- DR R e

de/pec = 0.
Table name = TWISS

low in Table 3. The version used here is the one from No-
vember 2005. As the general parameters have not changed

significantly since then we do not assume that the newgigure 2: Wiggler cell in thexcs lattice with the wigglers

versions will yield significantly different results. Thetda (top) and rematched without the wigglers (bottom).
tice has ten wiggler sections each containing four wigglers

As the injected electron beam is significantly smaller

than the positron beam, the electron ring will need less One can now replace a number of regular wiggler cells
damping. This can be achieved by having fewer wigglewith no wiggler cells to adjust the damping time and equi-
magnets in the ring. To achieve this, the wiggler cell ofibrium emittance. For the studies here the order of cells
the lattice was modified to have the same Twiss parametensthe lattice does not make a difference. In a real machine
at the ends without the wiggler magnets while keeping thiéere will probably be additional constraints on which cell
phase advance over the cell constant. This was done by te-place where (e.g. symmetry arguments). Table 2 gives
matching the cell varying the strength of the quadrupoledamping times and emittances for several possible config-
in the center of the line. Both wiggler cells are shown irurations without takinggs into account.

Fig. 2. A damping time of about 50 ms is desirable for the elec-



Table 3: Results for thecs lattice for a bunch length of 6.0 mm and an average verticgbatision of 2.2 mm
(except the last column which is f¢n,) = 2.5 mm.

# of wigglers 10 8 6 4 4
Enat 552 pm 584 pm 634pm 733pm 733pm
@ €40 1.5pm 1.4pm 1.3pm 1.2pm 1.5pm
= H, 2.2580 x 1077 2.1496 x 1077 2.0387 x 1077 1.9496 x 10~7  2.5175 x 1077
2 rfvoltage 19.269 MV 18.267 MV 17.246 MV 15.993 MV 15.993 MV
‘g 050 1.2918 x 1073 1.2817x 1073 1.2655 x 1073 1.2352x 1073 1.2352 x 1073
050 6.0173mm 6.0178 mm 6.0166 mm 6.0199 mm 6.0199mm
” Ex 698 pm 768 pm 881pm 1057 pm 1007 pm
@ Ey 1.67pm 1.42pm 1.40pm 1.33pm 1.72pm
= os 1.31274 x 1073 1.30631 x 1073 1.19426 x 10~3  1.27169 x 103  1.26827 x 1073
= O 6.11484mm 6.13334pm 6.15335mm 6.19772mm 6.18108 mm

. ) using the full formalism, calculations were also done in-
Table 4: Results for thecslattice for different bunch pop- cludigng a fudge factor of 0.9 on the growth rates. With

ulations using the same parameters as in the other 10 Wiglis fudge factor included the equilibrium emittances for

gler Case]s\} 11010 2x100 4 x 100 the positron damping ring (first column of Table 3) are
- [pOIIl] >2337 X698 X814 g, = 721pm, g, = 1.69pm, o5 = 1.3145 x 1073 and
N s = 6.12302 mm.
e,[pm] 1.61 1.67 1.80 7 i
os[x1073] 1.30572 1.31274 1.32638
o mm|  6.08214 6.11484 6.17839 CONCLUSION

The new code has been used for studies ofttrestor-
age ring and the.c damping rings and for thatF gives
tron ring (based on the ratio of injected to extracted emitesylts comparable to other calculations. The calculation
tance and the storage time), however the horizontal emgy theic damping rings show thass in the positron ring
tance needs to stay below 800 pmrad, which is the cagfould be manageable. For the electron ring a damping
withoutiBs, but might not be the case withs. ring with six wiggler sections will have emittances that are
Increasing the beam energy to mitigate the effects®f sma|l enough to be viable. Five wiggler sections should
is not a possibility because of limits on the longitudinak|so work. Four wiggler sections, although yielding the de-
emittance determined by downstream systems. sired 50 ms damping time might have a slightly too large
horizontal emittance.
Results ofBscalculations

The Bs calculations are done for a number of different REFERENCES
conflguratlons. They are summarized in Table 3. Al Cal[1] MATLAB is a registered trademark of The MathWorks, Inc.
culations assume a constant valuefy based on an rms 1 KB i p g f EPAC2002. 1443
dispersion. The coupling constastis then chosen such [21 K- Bane, in Proceedings o » P-14%3.
that [3] A.Terebilo, Accelerator Toolbox for MATLAB, SLAC-PUB-
Keo + 2Hy02 = £y0 (1) 8732 and www-sstl.slac.stanford.edu/at/.

The value for the ten wiggler cell ring (the positron rin )[4] K. Kubo et al., Intrabeam Scattering Formulas for High- En
99 9 P 9 ergy Beams, Physical Review Special Topics AB.8.081001

is based on a dispersion of 2.2 mm which gives a vertical 2005).
emittance of 1.5 pm. The other cases were either calculated _ _
with the same rms dispersion or with a different one such) Mgtlab [1]’.The Language of Technical Computing, Progra
that the vertical emittance was 1.5 pm (As théunctions ming, Version 7.
in the no wiggler cell are slightly different from the ones in
the regular cell, thé{-functions are slightly different).
We also calculated the emittances for different currents
for the positron ring case (10 wiggler cells). The resulés ar
given in Table 4. The nominal cases 10'° particles. A
bunch population ot - 10!° particles is under discussion
for the “low-Q” option which would then use twice as many
bunches.
As for the ATF the growth rates using K. Bane’s ap-
proximation are about 10% larger than the ones calculated





