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Abstract

KEKB hasachievedthe peakluminosity of 4.1� 1033

cm� 2sec� 1 andthe presentcapabilityfor deliveringinte-
gratedluminosity is 224 pb� 1/day. This paperdescribes
(1) therecentperformanceandtheproblemsof KEKB and
(2) thecomparisonof beam-beamsimulationswith experi-
mentsatKEKB.

1 INTRODUCTION

KEKB is adoubleringelectron-positroncollidertostudy
B-mesonphysics.Oneringisan8GeVelectronring(HER)
andtheotheris a 3.5 GeV positronring (LER). TheHER
andLER ringscrossattheinteractionpoint(IP)with a� 11
mrad crossingangle. To study B-mesonphysics,which
dealswith very rare processes,KEKB hasa high design
luminosityof 1� 1034 cm� 2sec� 1 andhigh verticalbeam-
beamparameters(� y ) of 0.05.Thegeneraloutlineandover-
all parametersof theKEKB acceleratoraregivenin [1].

Recently, therehasbeenexcellentprogressin commis-
sioningof the KEKB accelerator. Figure 1 showsthe lu-
minosityhistoryof KEKB from thebeginningof thecom-
missioningwith theBelledetector. Thepeakluminosityof
4.1� 1033 cm� 2sec� 1 wasachievedandthepresentcapa-
bility for deliveringintegratedluminosityis 224pb� 1/day,
4.7fb� 1/month.Thetotal integratedluminosityof 30fb� 1

wasaccumulated[2]. Table 1 summarizesthepresentpa-
rameterswhicharerelatedto 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 both rings , (3)
increasingtheHER bunchcurrentafterthereplacementof
HER movablemasksto thoseof a newtype of maskand
(4) a continuostunemonitorof pilot bunch.
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LER HER unit
Horizontalemittance 18 24 nm
Beamcurrent 885 748 mA

(2600) (1100)
No. of bunches/ring 1154 1154

(5120) (5120)
Bunchcurrent 0.77 0.65 mA

(0.5) (0.2)
Bunchspacing 2.4 2.4 m

(0.6) (0.6)
Bunchtrains 1 1
� �

x 103 123 �m
� �

y
1) 2.9 2.9 �m

� y /� x 4.2 3.2 %
� x /� y 0.59/0.0065 0.63/0.007 m

(0.33/0.01) (0.33/0.01)
� x /� y

2) 0.072/0.045 0.050/0.028
(0.039/0.052) (0.039/0.052)

� x /� y 45.51/44.57 44.519/42.517
(45.52/44.08) (44.52/42.08)

Beamlifetime 166@854mA 210@675mA min.
Bunchlength 5.9@8.0 6.4@11 mm@MV
Luminosity(CsI) 4.1� 1033 (1� 1034 ) /cm2 /sec
Luminosityrecords 224/1336/4703 /pb
perday/7 days/ month

Table1: Thepresentmachineparametersandperformance
of the KEKB (June13, 2001). The valuesin a parenthe-
sisarethedesignvalues.1) Verticalbeamsizesof thetwo
beamsareassumedto be equal. 2) An effect of dynamic
betaanddynamicemittanceis notconsidered.

2.1 Installationof solenoidto LER

A verticalbeamblowuphasbeenobservedin LER since
earlyoperation.Themaincharacteristicsof theblowupare
explainedby single-beamhead-tailinstabilitycausedby an
electroncloud.About4600solenoidswereinstalledtoLER
in orderto suppressthe electroncloud. Its total lengthis
about1.23km andabout40 % of the ring circumference
wascoveredby solenoid®eld.Thecalculated®eldstrength
was45 Gaussat thecenterof thesolenoidwhenthemaxi-
mumcurrentof 5 A wasapplied.Figure 2 showsthelumi-
nosityasa functionof thebunchcurrentproductwith and
withoutsolenoid®eld.

The averagedvertical beamsize over all bunchesare



Figure1: This®gureshowstheluminosityhistoryfrom thebeginningof thecommissioningwith Belledetector(July16,
2001).

measuredby a synchrotronradiation interferometer[3].
Thebeamsizeis transformedfrom thesourcepoint of the
synchrotronradiationtoIP. Thethresholdcurrentof blowup
was alsoincreasedwhensolenoidswereexcited[4]. The
problemis improvedbutnotsolvedyet. Theverticalbeam
sizeis still large at the higherbeamcurrentthan700mA
with 1154bunchmode.

2.2 TuneSurveyandContinuousTuneMonitor

Wehavemovedto theverticaltuneabovethehalf integer
for bothringsat February, 2001.Thereasonis asfollows.
(1) Theclosedorbit at thetuneabovethehalf integeris not
so sensitiveto the machineerrorsas that with a tune just
abovetheinteger. (2) Thestrong-strongbeam-beamsimu-
lationshavepredicteda tuneregionabovethehalf integer
wouldbringa betterluminosity[5].

Themachinestability wasalsoimprovedby thecontin-
uostunemonitorof pilot bunches.This monitorcanmea-
surethetuneduringbothinjectionandphysicstimeby us-
ing un-collidedbunches.

2.3 HERcurrent

The movablemaskis a devicethat cutsoff spentelec-
trons/positronsjust nearthebeamorbit andreducesback-

groundof a detector. Sixteenmovablemaskswere in-
stalledfor eachring of KEKB. Heatingproblemsof mov-
ablemaskshavelimited thestoredbeamcurrentsfor HER.
New movablemaskshavebeendesignedemployingRF
technologiesfor HOM damping[6].

After replacementof theHER movablemasksto a new
type[7] atApril, 2001,wecouldincreasethebeamcurrents
gradually.

3 PRESENTLUMINOSITY LIMIT ATION
AND PROBLEM AT KEKB

Theluminosityof KEKB hasbeenlimited by theseveral
problems.(1) Installationof thesolenoidsto suppressthe
electroncloudinstability hasimprovedtheproblemasde-
scribedbeforebut not resolvedit completely. (2) It turned
outthattheLER singlebeamblowupis sensitiveto the®ll-
ing pattern. We havetried various®lling patternsto in-
creasethenumberof bunches.But wecouldnotgethigher
luminosity thanthatwith 4 rf bucketspacing.(3) Theto-
tal beamcurrentis limited by theheatingof vacuumcom-
ponentsdueto thesynchrotronradiationor HOM. And the
bunchcurrentis also limited by the heatingof the HOM
damperof the superconductingcavity for HER. (4) beam
backgroundfor Belledetector.



Figure2: Speci®cluminosityperbunchasafunctionof the
bunchcurrentproductin thecaseof all solenoidOFF(l ),
solenoidof 400m OFF(l ) andAll solenoidON(l )
.

Figure3: Thedatafor the3 rf bucket(l ,l ) spacingpattern
showlowerspeci®cluminositythanthatfor the4 rf bucket
(l ) pattern.

3.1 ºEgureº problem

Suddendropsof the luminosity, so called ºEgureº at
KEKB, arefrequentlyobserved.Figure 4 showsa typical
ºEgureº pattern.TheºEgureºaccompaniestheLER hori-
zontalbeamsizegrowth. (sometimesaccompaniesvertical
beamsizegrowth.)WhenºEgureºisoccurred,wemakethe
horizontalbeamseparation(� 50 �m ) for shorttime and

thentheluminosityis recovered.
F. Zimmermannhaveexplainedthat ºegureº problem

comesfromasigni®canttunedependenceandtheexistence
of ¯ip-¯op solutionsfor head-oncollisionsby evaluatinga
simpli®edlinearmodelof beam-beaminteraction[8].

Figure4: This ®gureshowsa typical ºEgureºpattern.

4 BEAM-BEAM SIMULA TION

Newly, a strong-strongbeam-beamsimulationcodewas
developedby K. Ohmi[9] to studybeam-beameffect. In
thatsimulation,bothof thecollidingbeamsarerepresented
by macro-particles.The electron-magnetic®eldsof each
relativisticbeamareobtainedby solvingthePoissonequa-
tion for the charge distribution of the macro-particles.At
eachturn, the electron-magnetic®eldsarecalculatedfor
eachbeam,and then thesebeamsareallowedto interact
with eachotherthroughthe®elds.A transformationof the
collidedbunchacrossonerevolutionthroughthering iscal-
culatedby usinga beamtransfermatrix. Theeffectsof ra-
diationdampingarequantumexcitationareincludedin 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 meshwas used,re-
spectively. Both beamsarerepresentedby 100,000macro-
particles,typically. The macro-particlesare trackedfor
45,000turns.Dueto thefastprogressin computingpower,
thestrong-strongbeam-beamsimulationbecomesfeasible.
But it still requiresa largeamountof computerresources.

Figure 5 showsthe longitudinal slice numberdepen-
denceof speci®cluminosity. Although the slice number
shouldbebiggerthan20, but we usuallyused5 longitudi-
nal slicesdueto the limited computingresources.Evenif
longitudinal slicenumberis 5, thesimulationresultsarein
reasonableagreementwith measurementsqualitativelyin
manycases.For a simulationfor onetunepoint, it takes



about5daysontheUnix workstationof AP3000(Sun)and
about4hoursonthesupercomputerof SR8000F1(Hitachi),
whichhave12GFLOPSfor eachnodeunderabovecondi-
tions.
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Figure5: Longitudinalslicenumberdependenceof speci®c
luminosity. They were trackedfor 20,000turns, respec-
tively. Theyellow ®lledcircle is(l ) is the luminosityper
bunch,thered®lledtriangle(s ) andthe®lledbox (n ) is
theverticalbeamsizeof LER andHER,respectively.

4.1 TuneSurvey

Sincethe luminosity at KEKB is sensitiveto the tune,
the tunesurveyis a very importanttuningissue.We have
shiftedtheverticaltunesaboveahalf integerfor bothrings
asdescribedbefore.

The beam-beamsimulation without errors showsthat
� x � 45.51,� y � 44.64is the bestpoint in that area(the
upper graph of Figure 6). We have tried to the LER
vertical tune of 44.64severaltimes. But the luminosity
with that tuneis lower thanthatwith the presentworking
point(� x � 45.51,� y � 44.57),whichis foundby atrial and
errormethod.

Thesimulationwith theerror of verticalcrossingangle
explainsthe lower luminosity at the tune of � x � 45.51,
� y � 44.64is causedby machineerror(thebottomgraphof
Figure 6).

4.2 Speci®cluminosityversuscurrentproduct

Beam-beameffects causean increasein vertical beam
sizeandsubsequentdecreasesin speci®cluminosity. Fig-
ure 7 showsthesimulationof thespeci®cluminosityver-
susthe beamcurrentproducts.The measuredbunchcur-
rentandbunchlengtharealsousedasinputparametersfor
simulations.Thesimulationis in goodagreementwith the
experiment.

4.3 Vertical emittancedependenceof Luminos-
ity

As shownin the Figure 8, the beam-beamsimulation
predictedthat(1) theverticalemittanceof HERcanbeop-
timizedto getahigherluminosityand(2) theverticalemit-
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Figure6: The result of LER tune surveyby the strong-
strongbeam-beamsimulationwithout errors(Top graph)
andwith theerrorof theverticalcrossingangleof 0.1mrad
(Bottomgraph).
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Figure7: Speci®cluminosity/bunchas a function of the
currentproducts.Theredsolid line is theexperimentalre-
sult(May2, 2001,Fill 4811) andtheblue®lledbox (n ) is
thesimulationresult. The longitudinalslicenumberis 10
in this simulation.

tancedependenceof the luminosity for KEKB is stronger
thanthatfor thecaseof zero-crossingangle.

Theverticalemittancefeedbacksystemis realizedbyso-
calledºiSizeº feedbacksystematKEKB[10]. At oneof the
strongestnon-interleavedsextupolepairsin thearcsection
of HER, ananti-symmetricbumpis madeby threedipole
correctionmagnets.Thisbumpconvertsthehorizontaldis-
persionto thevertical. It leaksout aroundthewholeof the
ring. Thecreatedxy-couplingis closedin thebump. This
dispersionenlargestheverticalemittance.º iSizeº system
atKEKB workswell.
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Figure 8: Vertical emittancedependenceof luminosity.
Verticalbeamsizeof LER(4 ), HER(

�

), and� (bluesolid
line), Luminositywith a crossingangleof � 11 mrad(l ),
Luminositywithouta crossingangle( ).

5 SUMMARY

The peak luminosity of 4.1� 1033 cm� 2sec� 1 was
achievedatKEKB andthepresentcapabilityfor delivering
integratedluminosityis about4.7fb� 1/month.Installation
of the solenoidsto suppressthe electroncloud instability
hasimprovedthe situationbut not resolvedthe problem.
Themachinestabilityhasbeenimprovedby movingto the
tuneaboveahalf integerandthecontinuostunemonitorof
pilot bunches.Thebeam-beamsimulationis in reasonable
agreementwith measurementin manycases.

6 FUTURE PLAN

(1) SinceKEKB hasa crossingangle,a shorterbunch
lengthis favorablefor a geometricalluminosityreduction.
But weareafraidthattheshorterbunchfor HERmaycause
moreheatingof HOM dampers.Anyway, wewill try to do
machinestudyto shortentheLER bunchlength.

(2) As wementionedabove,installationof thesolenoids
to suppresstheelectroncloudinstability hasimprovedthe
problembutnotresolvedit. Duringthissummershutdown,
wewill addmoresolenoidto LER.

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