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Abstract bunch)[4]. The vertical betatron sidebandsd, + f,, by

eachrevolution frequency were observed dhe spectrum
I ) analyzer, wheref, is the vertical betatrofrequency and

verse coupled-buncinstability in positron beantaused 4 Y d y

by photoelectrons whichre produced bysynchrotron ra- o the revolutionary frequency.

diation. To investigate the PEI, an experimental study was The instability is very sensitive to verticehroma-
carriedout in Beijing Electron Positron CollidgBEPC) ticity at the beanturrent near bythe threshold. It is in
with collaboration between IHEP, China and KEK, Japaffct influenced bythe sextupole configuration. The insta-
The behavior of the PEI has beamalyzed andimulated. bility is getting stronger when the strength of thextu-
The results of simulation comparing with the observatideples is getting weaker.

The beam-photoelectrorinstability (PEI) is atrans-

are summarized in this paper. We scanned the beam energy from 1.3 GeV to 2.2 GeV
at a beam current about 15 mA to survey dbpendence
1 INTRODUCTION of the instability on the beam energy. The amplitude of
A vertical instability was observed years ago in the F}Ee verticalsidebandsslightly decreased athe energy is

. : . increased.
at KEK when the machine wasperatedwith a positron The observed amplitude of te&lebandsvasweaker at

e e oes i, & R HEGUencychange of 20 Kt of 20 Kl
y sy @md propag which is corresponding to a horizontal orbitange of +4

receiving an electric force from the positron bunches. Trrl‘gm and -4 mm on_ averagespectively and corres-
coupled-bunch instability can be caused by a photoelectron geesp Y,

cloud as a wake force. It waxplained aghe PEI[2]. As ponding to a beam emittanchanget+79.0% and-36.4%

the PEI may influence thperformance of B factory and respectively. It was.also opserved the instabilityvéaker
Tau charm factory significantly, a series of experiment hgvshen the bea.'T‘ emittance is larger. .
' The instability strongly depends on the bunch spacing.

gig:g;rgfgggé ri]s ?9E; gzes I&C;ﬁ?gg[ﬁgr;—gﬁiff;]_ The threshold current of the instability was higher than 40
ber is 160. It is possible to provide a variety of tumch mA when. the positrons were |njeqted wmz_eryothgr two .
atterns on the beam level of the PEI at the beaengies buckets, i.e. 80 bunc_hes filled uniformly in the ring. This
lProm 13 GeV to 2.2 GeV shows that thevake field ofthe photoelectronslecreases
: ' : quickly along the bunches.

In the experiment, similar instability to KEK PF was ; .
X N : The observation shows that ttiansverseandlongitu-
observed. It is a coupled-bundscillation whichcan be . . ) " :
dinal tunes do not influence thmstability, while the

detected with a spectrum analyzaedthe bunch bybunch tunes are changed in a stable region,

BPM system. The beam spectrum hasr@addistribution . .
. . . " Many observations were carried out abovettireshold
of the vertical betatrosidebandThis instability does not . - .
current ofthe instability with electron beanmunder the

occur in an electron beaonderthe same conditions. The I )
HOM at the correspondinfyequency in RFcavitiescould same conditions as the positron beam. The phenomena are
totally different comparing to the positron beavtertical

not be found in the spectrum. Thealependence of the .
threshold current and strength of tihetability on alarge sidebands were observedaatly 2f; and 3f,, but none

To examine whethethe observedinstability can be

explained bythe model of the beam photoelectron insta- 3 MODEL OF SIMULATION
bility, we aredoing extensive simulation study. The re-

sults so far obtained are presented in this paper. In a computercode which wasdeveloped tosimulate
this instability[2], we assume that a large numbeplud-
2 OBSERVATION toelectronare produced byhe photons fromsynchrotron

The coupled-bunchinstability was observed in the radiation ofthe positron beam. The photo-electrons re-

positron beam at the beam current of about 9.4 mA at £gVve an attractivdorce from position beam, some of

GeV and with 160 bunches filled uniformly (0.06 mA pef'€M Peing lost on the wall of the vacuum chamber, but
new one propagating continually; then, the photoelectrons

1 On leave of absence from IHEP, Beijing, China
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accumulate to the equilibrium distribution. The number ofi®x, - e ONXe, ;)

] — 2 v -

photoelectrons isletermined bythe beamenergyand the sz = 2NpreC”F(Xe j = Xp;0(9) = Ev (3)
=y

Wnerep ande denotethe positronand photoelectrong

photoelectron conversion rate. We neglect the generatio

of the secondary electrons when the photoelectndnthe i )
wall of the beam tube. The conver-sion rate0cf on the transverse beasize, @ the photoelectron potential
average is assumed the simulation. We do not involve and F the Coulombforce in two-dimensional space ex-

any damping mechanism in the simulation. pressed by the Bassetti-Erskine formula[7].
When a bunch passes through the stationary photo-
electrondistribution with atransverse displacement from 4 RESULTS

the beam axis, the photoelectron distributiordisturbed The tracking results show that tbeherentcoupled-
andaffectsthe following bunches. Theoherent interac- 1 nch oscillationappearsalong the bunches. The growth
tion between bunches can lieveloped bythe electron penavior of thecoupled-bunchoscillation is shown in
cloud, and it can be estimated by means of a wake force,:igure 2. The growth timean be obtained biitting the
The growthrate canthen becalculated bythe disper-  ampjitude of the oscillation; the same result, about 3 ms,
sion relation, assuming al linear wake force, as[5]: was obtained bythe wake method at experimeadndi-
Q- = ~NeCTy “kﬂezmwmwy)/h’ @ tions. Thisind_icates t.he _nonlineaeffect in the beam—
4myyhN, iz dy photoelectron interaction is not strong. The reason is that
WhereNe is the number of photoe|ectrcpr0duced by a the photoelectronare distributed inwhole of thebeam
bunch throughout the ringircumference,N, the posi- chamber. The beam-photoelectiforce is quite linear for

trons in a bunchy the Lorentz factor of the bearh, the the oscillation amplitude in the beam chamber.
harmonic numberT, the revolution periodp, the verti-
cal betatron tunedVy the averagevelocity change of the

photoelectron, and a bunch which isk-th ahead of the
0-th bunch and the wake is summed to the bukchThe
growth rate of the instability is calculated in this way as a
function of the mode number m, plotted in Figure 1.

Figure 2: Growth behavior of coupled-bunch oscillation

The coupled-buncloscillation obtained by tracking is
transferred to the spectrum with FFT. The simulaeet-
trum at the different beam current 86, 20and 25times
threshold of theinstability are shown in Figure 3. The

2w e @ aw Em awe m lower and upper side in the figure show the betaside-
_ ) - bands asf, + f, respectively.
Figure 1: Growth rate of the instability
I=13Tth I= 1t 1=151th

The rigid bunch simulation method for the begimo-  '* " L
toelectron interaction is used to track tt@herent oscilla- ' e X
tion of the bunches[6]. The nonlinear wake force, which is v ‘
not took into account in th&vake method, is involved in — il - i T~
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the tracking,and it can survey a bunch train with any,, au m "
bunch spacing. In this method, the photo-electrons arg " "
described bymicro-particles,and the posi-tronsdescribed | . o
by a series of rigid Gaussian bunches. The photoelectron
distribution isassumed to beniform in the longitudinal Figyre 3: Current dependence of the instability
direction. The equations of tHensversemotion are ex-

0.0t

pressed as follows: Since the growthate ofthe instability is proportional
o N to the bunchcurrentfrom the simulation results in the
d°x - 2rgNe i ic-
52p +K(9%p =22 5 F(Xp - Xe 1:0(9), (2) range where the nonllr_1ea_r effgct can be neglettedyic
d Y j= ture of the bunch oscillation is muckearer at astronger

bunchcurrentand wecan save the computéme. Thus,
we take the bunchburrent to beabout 20 timesstronger
than the threshold current tife observation as shown in
the following figures.
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Figure 4 shows the oscillation of bunclaesl “center” To estimate the growth time of the instability, we
of the photoelectrons in the vertical directistnich are comparedhree potential damping mechanisms akaa-
represented bgolid anddot curves respectively. It showsdaudampingdue to the nonlinearity of the lattice, as a
that thecoupled-bunchoscillation occurssimultaneously coherent effect othe head-tail damping oingle bunch,
with the photoelectron oscillation. and as aoherent effect omultibunch head-tailphase ef-
fect. The conclusion of calculation is that the nonlinear
effect of the sextupoles is the dominant factor[8]. The
calculated Landau damping time has the sarder asthat
of the calculatedgrowth time of the instability, about 3
ms underthe experiment conditions. The mechanism of
chromaticity influencecan be understood ake Landau
damping.
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5 DISCUSSION

The photoelectron instability hégenstudied in detail
at BEPCunderthe conditions of thalifferent related pa-
rameters. The experiment shows that the instability is a
unigue phenomenon to the positron storaigys. The
simulation based onthe conventional instabilitytheory
reproducesome characteristics othe observation. The
instability is weakened at higher beam energy andveer
beam current. The threshold of tlestability is much
higher when the bunch spacingiiereasedThe simula-

Figure 4 : Oscillation of bunches and photoelectrons

The simulated spectrum of tleupled-bunch oscilla-
tion at different beam energies of 1.3 GeV, 1G&V and
2.1 GeV areshown in Figure 5. lcan be seetthat the
amplitude of thesidebands decreasedth energy. Itindi-
cates the strength of the instability vieakenedvhen the
beam energy is increased.
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Figure 5: Energy dependence of the instability

tion results are comparable with the observation.

The status of the simulation of the photoelectron in-
stability is still not satisfied. The reason is that teffect
is subtle and the simulation contain assumptions. A small
change of some details, such as, the conversitenof the
photoelectron, thesecondemission, the photspectrum
and some otherscan significantly affect the final an-
swer[9]. Even so, the results shown in thaper are in-
spiredandcan help to understandhe mechanism ofhis
instability. Both experimentand simulation results are
meaningful for themodern electrompositron colliders like
B factories and Tau-charm factories.

The simulated spectrum differentbeam emittance of
1.0, 1.5and 2.0 times normal emittancare shown in
Figure 6. The normal emittance which wased in the 6 ACKNOWLEDGMENT
experiment is 0.134 mmmrad. iftdicatesthe strength of The authorsregrateful to the BEPC operatic®am
the instability is weaker as the beam emittance is largerfor their efficient work during the experiment. One of the
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Figure 6 : Emittance dependence of the instability

The simulation show that the bunch spacing Verg
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