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Abstract LER HER unit
Horizontalemittance 18 24 nm
KEKB hasachievedthe peakluminosity of 4.1 103 Beamcurrent 885 748 mA
cm ?sec ! andthe presentcapabilityfor deliveringinte- _ (2600) (1100)
gratedluminosity is 224 pb /day This paperdescribes | NO-ofbunchesfring 1154 1154
(5120) (5120)
(1) therecentperformancendthe problemsof KEKB and  —gunchcurment 077 065 mA
(2) thecomparisorof beam-bearsimulationswith experi- (0.5) (0.2)
mentsatKEKB. Bunchspacing 2.4 2.4 m
(0.6) (0.6)
Bunchtrains 1 1
1 INTRODUCTION N 103 123 m
. . . . D 2.9 2.9 m
KEKB is adoublering electron-positroeolliderto study yy, " a2 35 %
B-mesorphysics.Oneringisan8 GeVelectrorring (HER) <l y 0.59/0.0065 0.63/0.007 | m
andthe otheris a 3.5 GeV positronring (LER). The HER ; (0.33/0.01) (0.33/0.01)
andLER ringscrossattheinteractionpoint(IP)witha 11 xly? 0.072/0.045 | 0.050/0.028
dcrossingangle. To study B-mesonphysics,which (0.039/0.052) | (0.039/0.052)
mrad cr gangle. y physics, whi Ty 4551/4457 | 44.519/42.517
dealswith very rare processesKEKB hasa high design (45.52/44.08) | (44.52/42.08)
luminosityof 1 10°* cm 2sec ! andhighverticalbeam- | Beamlifetime 166@854nA | 210@675mA | min.
beamparameteré ) of 0.05. Thegenerabutlineandover Bunchlength 59080 6401 mm@MVv
all parametersf theKEKB acceleratoaregivenin [1]. Luminosity (Csl) 41 10° (4 10%) | femi/sec
. . Luminosityrecords 224/1336/4703 Ipb
Recently therehasbeenexcellentprogressn commis- | perday/7 days/ month

sioningof the KEKB accelerator Figure 1 showsthe lu-

minosity history of KEKB from thebeginningof thecom-
missioningwith the Belle detector The peakluminosityof

4.1 10° cm 2sec ! wasachievedandthe presentcapa-
bility for deliveringintegrateduminosityis 224pb 1/day

4.7fb l/month. Thetotalintegrateduminosityof 30fb *

wasaccumulated[R Table 1 summarizeshe presentpa-
rametersvhicharerelatedo theluminositywith thedesign
parameters.

2 RECENT IMPROVEMENT OF KEKB
PERFORMANCE

KEKB performancehas been improved by several
means:(1) installationof solenoidsto LER, (2) a shift of
the vertical tunesabovea half integerfor bothrings, (3)
increasinghe HER bunchcurrentafterthereplacemenof
HER movablemasksto thoseof a newtype of maskand
(4) acontinuogunemonitorof pilot bunch.

visiting from SLAC, U.S.A
Y visiting from IHER, China
2 visting from BINP, Russia
X visiting from CERN, Switzerland

Tablel: Thepresenmachinegparameterandperformance
of the KEKB (Junel3, 2001). The valuesin a parenthe-
sisarethedesignvalues.1) Verticalbeamsizesof the two

beamsare assumedo be equal. 2) An effect of dynamic
betaanddynamicemittancds notconsidered.

2.1 Installationof solenoidto LER

A verticalbeamblowuphasbeenobservedn LER since
earlyoperation.Themaincharacteristicef theblowupare
explaineduy single-beanthead-taiinstability causedy an
electrorcloud. About4600solenoidsvereinstalledo LER
in orderto suppresshe electroncloud. Its total lengthis
about1.23km andabout40 % of the ring circumference
wascoveredy solenoid®eld.Thecalculated®eldstrength
was45 Gausstthe centerof the solenoidwhenthe maxi-
mumecurrentof 5 A wasapplied.Figure 2 showsthelumi-
nosity asa function of the bunchcurrentproductwith and
without solenoid®eld.

The averagedvertical beamsize over all bunchesare
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Figurel: This®gureshowstheluminosity historyfrom thebeginningof the commissioningvith Belle detector(July 16,

2001).

measurecby a synchrotronradiation interferometer{3].

Thebeamsizeis transformedrom the sourcepoint of the
synchrotromadiationto IP. Thethresholdcurrentof blowup
was alsoincreasedvhensolenoidswere excited[4]. The
problemis improvedbut not solvedyet. Theverticalbeam
sizeis still large at the higherbeamcurrentthan 700 mA

with 1154 bunchmode.

2.2 TuneSurveyand ContinuousTuneMonitor

We havemovedto theverticaltuneabovethehalfinteger
for bothringsat February2001. Thereasoris asfollows.
(1) Theclosedorbit atthetuneabovethehalf integeris not
so sensitiveto the machineerrorsasthat with a tunejust
abovetheinteger (2) Thestrong-strondgeam-bearsimu-
lationshavepredicteda tuneregionabovethe half integer
would bring a betterluminosity[3.

The machinestability wasalsoimprovedby the contin-
uostunemonitor of pilot bunches.This monitorcanmea-
surethetuneduringbothinjectionandphysicstime by us-
ing un-collidedbunches.

2.3 HERcurrent

The movablemaskis a devicethat cuts off spentelec-
trons/positrongust nearthe beamorbit andreducesack-

groundof a detector Sixteenmovablemaskswere in-
stalledfor eachring of KEKB. Heatingproblemsof mov-
ablemaskshavelimited the storedbeamcurrentsor HER.
New movablemaskshave beendesignedemploying RF
technologiesor HOM damping[§.

After replacemenbf the HER movablemasksto a new
type[7] atApril, 2001,we couldincreasehebeamcurrents
gradually

3 PRESENTLUMINOSITY LIMIT ATION
AND PROBLEM AT KEKB

Theluminosityof KEKB hasbeenimited by theseveral
problems.(1) Installationof the solenoidso suppresshe
electroncloudinstability hasimprovedthe problemasde-
scribedbeforebut not resolvedt completely (2) It turned
outthatthe LER singlebeamblowupis sensitiveto the®lI-
ing pattern. We havetried various®Iling patternsto in-
creasehe numberof bunchesBut we couldnotgethigher
luminosity thanthatwith 4 rf bucketspacing.(3) Theto-
tal beamcurrentis limited by the heatingof vacuumcom-
ponentgdueto thesynchrotrorradiationor HOM. And the
bunchcurrentis alsolimited by the heatingof the HOM
damperof the superconductingavity for HER. (4) beam
backgroundor Belle detector



Figure2: Speci®tuminosityperbunchasafunctionof the
bunchcurrentproductin the caseof all solenoidOFF( ),
solenoidof 400m OFF( ) andAll solenoidON(l )

Figure3: Thedatafor the3 rf bucket(l ,| ) spacingpattern
showlower speci®dtuminositythanthatfor the4 rf bucket
(I ) pattern.

3.1 °Egure® problem

Suddendrops of the luminosity, so called °Egure® at
KEKB, arefrequentlyobserved Figure 4 showsa typical
°Egure® pattern. The °Egure®accompaniethe LER hori-
zontalbeamsizegrowth. (sometimesccompaniesertical
beansizegrowth.) When®Egure®is occurredywe makethe
horizontalbeamseparatior{f 50 m ) for shorttime and

thentheluminosityis recovered.

F. Zimmermannhave explainedthat °egure® problem
comedromasigni®cantunedependencandtheexistence
of ip-op solutionsfor head-orcollisionsby evaluatinga
simpli®edinearmodelof beam-beanmteraction[§.

Figure4: This ®gureshowsa typical °Egure®pattern.

4 BEAM-BEAM SIMULATION

Newly, a strong-strondream-bearsimulationcodewas
developedy K. Ohmi[9 to studybeam-beaneffect. In
thatsimulation bothof thecolliding beamsarerepresented
by macro-particles.The electron-magneti®eldsof each
relativisticbeamareobtainedby solvingthe Poissorequa-
tion for the chage distribution of the macro-particles At
eachturn, the electron-magneti®eldsare calculatedfor
eachbeam,andthenthesebeamsare allowedto interact
with eachotherthroughthe ®elds.A transformatiorof the
collidedbunchacrossnerevolutionthroughtheringis cal-
culatedby usinga beamtransfermatrix. The effectsof ra-
diationdampingarequantunexcitationareincludedin this
code.Themachineerrorscanbeincluded.

We havecarriedout simulationsfor the KEKB param-
eterswhich were usedin operationand comparedthese
resultswith experiments.A 64 128 meshwith horizon-
tal and vertical sizesof 20 0.4 m meshwasused,re-
spectively Both beamsarerepresentetly 100,000macro-
particles,typically. The macro-particlesare trackedfor
45,000turns. Dueto thefastprogressn computingpower
thestrong-strondpeam-bearsimulationbecomegeasible.
Butit still requiresalargeamountof computeresources.

Figure 5 showsthe longitudinal slice numberdepen-
denceof speci®duminosity. Although the slice number
shouldbe biggerthan20, but we usuallyused5 longitudi-
nal slicesdueto the limited computingresourcesEvenif
longitudinal slicenumberis 5, the simulationresultsarein
reasonablagreemenwith measurementgualitativelyin
many cases.For a simulationfor onetune point, it takes



about5 daysontheUnix workstationof AP3000(Sun)and
about4 hoursonthesupercomputesf SR8000FIHitachi),
which havel2 GFLOPSfor eachnodeunderabovecondi-
tions.
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Figure5: Longitudinalslicenumberdependencef speci®c
luminosity. They were trackedfor 20,000turns, respec-
tively. Theyellow ®lledcircleis( ) is the luminosity per
bunch,thered®lledtriangle(s ) andthe ®lledbox (n) is

theverticalbeamsizeof LER andHER, respectively

4.1 TuneSurvey

Sincethe luminosity at KEKB is sensitiveto the tune,
thetunesurveyis a very importanttuningissue. We have
shiftedtheverticaltunesabovea half integerfor bothrings
asdescribedefore.

The beam-beansimulation without errors showsthat

x 45,51, y 44.64is the bestpoint in that area(the
upper graphof Figure 6). We havetried to the LER
vertical tune of 44.64 severaltimes. But the luminosity
with thattuneis lower thanthatwith the presentworking
point( x 45.51, y 44.57)whichisfoundby atrial and
errormethod.

The simulationwith the error of vertical crossingangle
explainsthe lower luminosity at the tuneof ,  45.51,

y 44.64is causedy machineerror(thebottomgraphof
Figure 6).

4.2 Speci®tuminosityversuscurrentproduct

Beam-beaneffects causean increasein vertical beam
sizeandsubsequentecreasem speci®duminosity. Fig-
ure 7 showsthe simulationof the speci®duminosity ver-
susthe beamcurrentproducts. The measuredunchcur
rentandbunchlengtharealsousedasinput parameterfor
simulations.The simulationis in goodagreementvith the
experiment.

4.3 \krtical emittancadependencef Luminos-
ity
As shownin the Figure 8, the beam-beansimulation

predictedthat (1) theverticalemittanceof HER canbeop-
timizedto getahigherluminosityand(2) theverticalemit-
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Figure 6: The resultof LER tune surveyby the strong-
strongbeam-beansimulationwithout errors(Top graph)
andwith theerrorof theverticalcrossingangleof 0.1 mrad
(Bottomgraph).
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Figure 7: Speci®duminosity/bunchas a function of the
currentproducts.Theredsolidline is the experimentate-
sult(May2, 2001,Fill 4811) andthe blue®lledbox (n) is
the simulationresult. The longitudinalslice numberis 10
in this simulation.

tancedependencef the luminosity for KEKB is stronger
thanthatfor the caseof zero-crossingngle.

Theverticalemittancdeedbaclsystermis realizedby so-
called®iSize° feedbaclsystematKEKB[10]. At oneofthe
strongeshon-interleavedextupolgairsin thearcsection
of HER, an anti-symmetridoumpis madeby threedipole
correctiormagnetsThisbumpconvertghehorizontaldis-
persionto thevertical. It leaksout aroundthe wholeof the
ring. The createdky-couplingis closedin the bump. This
dispersiorenlagestheverticalemittance ? iSize® system
atKEKB workswell.
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Figure 8: Vertical emittancedependencef luminosity.
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5 SUMMARY

The peak luminosity of 4.1 10®* cm 2sec ! was
achievecht KEKB andthepresentapabilityfor delivering
integrateduminosityis about4.7fb /month. Installation
of the solenoidsto suppresshe electroncloud instability
hasimprovedthe situationbut not resolvedthe problem.
Themachinestability hasbeenimprovedby movingto the
tuneabovea half integerandthecontinuogunemonitorof
pilot bunchesThe beam-beamsimulationis in reasonable
agreemenivith measuremerib manycases.

6 FUTURE PLAN

(1) SinceKEKB hasa crossingangle,a shorterbunch
lengthis favorablefor a geometricaluminosityreduction.
Butwe areafraidthattheshortetbunchfor HER maycause
moreheatingof HOM dampers Anyway, we will try to do
machinestudyto shorternthe LER bunchlength.

(2) As we mentionedabove jnstallationof the solenoids
to suppresshe electroncloudinstability hasimprovedthe
problembutnotresolvedt. Duringthis summeshutdown,
we will addmoresolenoidto LER.

(3) The injection rate for positron beamsis 1.5 mA,
which is the designvalue. We will try to introducethe
two-bunchacceleratiofin orderto minimizeinjectiontime.
Thisplanwouldalmostdoubletheinjectionrate andthein-
jectiontime would bereducedoy 1/2.

7 ACKNOWLEDGEMENTS

The authorswould like to acknowledgehe membersof
KEKB acceleratogroupandBelle group.

8 REFERENCES

[1] KEKB B-FactoryDesignReport KEK Report95-7,(1995).

[2] http:/lwww-acc.kek.jp/WWWACC-exp/KEKB/KEKB-
home.html

[3] J.W. Flanaganret.al. PAC97.
[4] H.Fukumaet.al.,HEACC2001 TsukubaMarch(2001).

[5] Y.Z.Wu,Y. FunakoshiM. TawadaK. Ohmi®°A newwork-
ing point for the KEKB°, HEACC2001, Tsukuba, March
(2001).

[6] K. KanazawaK. Sato,N. Akasaka,T. KageyamayY. Suet-
sugu,Y. TakeuchiDevelopmenbf the MovableMask Sys-
temfor KEKB°, ERAC2000,2301(2000).

[7] Y. Suetsugwet.al., HEACC2001 TsukubaMarch(2001).
[8] F.Zimmermannijn theseproceedings.

[9] K. Ohmi,K. HirataandK. Oide,Phys.Rev E49751,1994.
[10] N.lidaet.al., HEACC2001,TsukubaMarch(2001)



