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RECENT ADVANCES OF BEAM-BEAM SIMULATION IN BEPCI1*

Y. Zhang, IHEP, Beijing, China

Abstract
The luminosity of BEPCII (the upgrade project of

Table 1: Parameters of BEPCII (Design and Achieved)

. . Design Achieved
Beijing electron-positron collider) have reach8d) x
1032 cm~2s~1@1.89GeV in May 2009. In this paperwe'll £ [GeV] 1.89 1.89
compare the beam-beam simulation results with the real C'[m] 237.53
machine. In the case the single bunch current is lower than Ny 93 70
8mA, the simulation coincides well with the real. Some 1o [MA] 9.8 8
phenomenon related to synchro-betatron resonances during £ [x10%2cm™2s™1] 10 3.0
machine tuning and simulation is shown . The tune is close &y 0.04 0.025
to half integer help us increase luminosity, however the de- ¢ [mrad] 2x 11
tector background increases at the same time. It is believed 2=/, [M] 1/0.015
that the beam-beam dynamic effect result in the drop of the €z/€y [NM] 144/2.2
dynamic aperture. We also study the possible luminosity = [€M] 15
contribution from the crab waist scheme in BEPCII. e 516 x 1071
Vg /Uy 6.53/7.58 6.51/5.58
Vs 0.034 0.032
INTRODUCTION 7o/, [turn] 31553/ 31553
BEPCII is an upgrade project from BEPC. It is a dou- _7s [turn] 15777

ble ring machine. Following the success of KEKB, the

crossing scheme was adopted in BEPCII, where two beams

collide with a horizontal crossing angiex 11mrad. The Would be excited in some tune region, and similar phe-
design luminosity of BEPCII isl.0 x 1033cm=2s~! at homenon appears in the tune scan of real machine. We’'ll
1.89GeV, about100 times higher than BEPC. The con-also show that the dynamic effect reduce the aperture in
struction started in January 2004 and completed in Jui@e near half-integer region. We also study the possible lu-
2008 when the detector is positioned. The luminosity wadinosity contribution of the crab-waist scheme in our ma-
only achieved!.0 x 1032cm~2s~1, since the two profile Cchine. Atlast a summary and discussion is presented.
monitors in the positron ring excite very strong longitudi-

nal instability [1]. When the two monitors were removed, BEAM-BEAM LIMIT

2.0 x 1032cm~2s~! was achieved. In May 2009, we de-

cided to move the horizontal tune more closer to half in- The beam-beam parameter is defined as

teger, which help us achie&0 x 1032cm~2s~!, and the

project was reviewed by the governementin July 2009. Ta- €, = Nre Ba 1)
ble 1 shows the main design and achieved parameters in 21y ou(0w + oy)
BEPCII.

where N is the particle number per bunch, the classi-

in-Cell code [2]: (1) the transport map in the arc is lineaf@l electron radiusy the relativistic factor and it should

. 0 . .
approximation which is same as Hirta’s BBC code wherg€ noted thag s unperturbed beta funptlon ands per-
the synchrotron radaiation and quantum excitation is ift/"Ped beam size. If we do not consider the luminosity

cluded, (2) the beam-beam force is calculated by solvin'&ss caused by finited bunch length and crossing angle, the

Poisson equation using FFT, (3) finite bunch length effUnch luminosity can be expressed as

fectis included by longitudinal slices, and the interpioliat N2f
scheme is used to improve the convergence of slice num- L=—79
ber [3], (4) the finite horizontal crossing angle is included Amogoy

by Lorentz Boost [4]. wherefj is the revolution frequency, and it should be noted

In the following, we’ll compare the simulated beam'thata is perturbed beam size. For flat beams < o,

beam limit with the achieved in the real machine. AC"che achieved beam-beam parameter can be expressed with

cording to the simulation, the synchro-betatron reson&ncg luminosity as

The beam-beam code used in our simulation is a Patrticl
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Figure 1: The achieved and simulated beam-beam parame- 3%
ter forv, =~ 0.53. 2008 and 2009 refers to that before and

after the removal of the profile monitors respectively. 558, \ / ‘ ‘ ]
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Figure 2: The achieved and simulated beam-beam parame- 0.51 0.52 0.53 0.54
ter forv, ~ 0.51. Vy
Figure 1 shows the beam-beam limit for ~ 0.53. Figure 4: Luminosity versus tune by simulation.

There exists clear difference between 2008 and 2009,
which is due to the data error. Only one bunch is used to The other is2 _ 1, which is more important
tune the machine in 2008, and we would like to injectmor%I Vo + Vs = 1 P

bunches (5 or 10) in 2009. The latter is more credible. Th uring the !atuce design nea ~ 0.51, since it may Im."t
maximum beam-beam parameter is close to 0.025 by simb-e dynam_lc aperture. In fact the beam_—beam effectis also
lation, and in the real machine 0.015-0.020 can be achievéd Y effective to the resoance. In the first stage when we

move the horizontal tune to 0.51, the luminosity is very
stably.

Figure 2 shows the beam-beam limit for ~ 0.51. The sensitive to the knobs: RF voltage, tune and orbit etc. It
maximum beam-beam parameter is about 0.035 by simull -_found that the sextupole cqnﬂguraﬂon IS not good, see
tion, and in the real machine 0.022-0.025 can be achieved@Y™® 5. After the problem is fixed, the tuning knob is
normal.
stably.
In both cases, the achieved beam-beam parameter can

be greater than simulation by optimization for lower bunch Growth Rate of Synchro-Betatron Resonance wih Diffrent Sextupole
current. However the real is less than the simulation when - comaetere g
I, > 8mA. One possible explanation is the crosstalk be- orona! - onire ommize
tween the beam-beam kick and the nonlinear map in the
arc, since there is no cells in the arc and only 4-groups sex-

tupoles are used to correct the chromaticity.

100

Growth Rate

SYNCHRO-BETATRON RESONANCES

There are tWO klnd Of SynChrO-betatron resonances In Our -0.01 -0.008 -0.006 -0.004 -0.002 0 0.002 0.004 0.006 0.008 0.01
machine: one is caused by beam-beam kick, which can be DPIPo
seen in Figure 3 during machine tuning and in Figure 4

by simulation, the corresponding resonance lirgs,. + Figure 5: Growth rate of synchro-betatron resonance for
2, = n. different sextupole configurations.
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Figure 6: The perturbed horizontal beam size along the ririgigure 7: The perturbed horizontal beam size along the ring
for v, = 0.53 andl;, = 8mA for v, = 0.51 andl, = 8mA

DYNAMIC EFFECT reet ‘ Y 7 —

1,212.2mA
1.1e+31 | R

The beam-beam interaction perturbs the twiss parameter
along the ring, which is the so-called dynamic beta effect.
With linear approximation, the beam-beam force is treated
as linear focusing force in both transverse directions, and

the perturbed beta function at IP is 7e+30 /\\
6e+30 b

B = o 4) 5e+30 . . .
\/1 + 47 cot g — 4m2£2 0 5 10 15 20

Crab Strength (y=kxpy)

le+31 | b

9e+30 1

luminosity

8e+30 -

whereg, is unperturbed and is the achieved beam-beam o _
parameter. The transverse emittance is also perturbddgure 8: Luminosity versus the crab transformation
which is the so-called dynamic emittance, strength with design parameters.

14 27€ cot po
€= €
\/1 + 47€ cot g — 4mw2£2 0

(5)

may help us, so it's necessary to study the feasibility in our
machine. There is 3 steps to implement the scheme:
The perturbed parameters can be calculated by iteration.

When our machine is running near ~ 0.53, the detec- 1. large Piwinski angle = o, tan/c,, however it's
tor’s background is low enough to take data. And we can  only 0.43 in BEPCII
reduce the background by tuning the horizontal orbit in the
IR region. Whep thg honz_ontal tune 5’ morQe clloser tohalf 5\ aquce vertical beta, which is comparable to the over-
integer, the luminosity achievas) x 10**cm™"s™ " but the lap area8, ~ o,/0, andf, = 0.015 < 0,/0 =
detector cannot work due to high background. Tuning the 0.034 in BEPCII
horizontal orbit cannot improve the background.

We use two methods to study the dyanmic effect. One
is the linear theory analysis, the other is making use of the™"
simulation code: the macropatrticles after multi-turn beam
beam kick is transported along the ring, and the RMS bunch .
size is calculated by statistics. Figure 6 and Figure 7 sho/isS€ems that we're not very lucky to use this scheme.
the horizontal beam size along the ring fgr= 0.53/0.51 First we try to determine the optimum stregnth of crab
respectively. It is very clear that the RMS size enlargewaist transformation, which is shown in Figure 8. The
near the horizontal final focus magnet along with the tune@ptimum is only~ 0.2 of the full crab rotation. The
close to half integer. It should be noted that the aperture Rgam-beam limit with crab on is shown in Figure 9 for
only bout12¢ without collision. It seems that we could ¥= = 0.53. The achieved beam-beam parameters is in-
not make full use of the high luminosity region near haltreased from 0.025 to 0.030, which means the maximum

crab waist transformatioHl = 4—19xp§, which means
H = 22zp? in BEPCII

integer without modification of IR. luminosity is~ 11 x 10*°cm™2s~'. Whenw, is more
closer to half integer, the luminosity contribution is net a
CRAB WAIST SCHEME good as that 0.53. It can be concluded that the scheme

could help us to some extent, however we still could not
There is still long way for us to achieve the design lumifind a lattice solution due to dynamic aperture limitation
nosity. The crab waist scheme proposed by Raimondi [&loming from the strong sextupoles.
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nosity loss. During tune scan of the real machine, we find

0.04 —
_ | similar resonance line, however it seems not very strict to
conclude they prove each other. Both the dynamic aperture
0.03 - 1 and beam-beam effect is sensitive to another resonance line
o «*t ., | 2 + Vs =n.
o ‘e The dynamic effect reduces the aperture near half inte-
002 . ° i ger, which makes the high luminosity region cannot be used
to take data till now. On the other hand, the crab waist
0.01 T R scheme would not increase luminosity very much. In fact
6 8 10 12 14 16 18 20 lower beta at IP will help us increase luminosity with or
bunch current (mA) without crab. That is to say it's a good choice to enlarge

the aperture near the horizontal final focus magnet. In one

Figure 9: Beam-beam parameter versus bunch current willprds there is still long way to achieve the design luminos-
crab on/off. ity.
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