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Abstract
A new physicsexperimentof neutrinooscillationrequiresthe high beamin-
tensityat KEK 12 GeV ProtonSynchrotron.Themachinephysicsstudyand
the improvementsof machineequipmentare now going on to increasethe
beamintensityfor this experiment.Theautomatedbeamorbit control is one
of thesubjectsfor this intensityup-gradeproject.During theABS implemen-
tation in the PS,we investigatedhow to rejectthe positionmonitor anomaly
andanimprovementof theorbit correctionalgorithmby includingthecorrela-
tion analysisof theorbit datawith thebeamlossaroundthemachine.A brief
descriptionof thecurrentABS systemin KEK PSis describedin thisarticle.

1. INTRODUCTION

The long-baselineneutrinooscillationexperiment[1] requiresa stablebeammorethan
���������
	

ppp,
which arenearlyequalsto the currentmaximumachievementof the KEK PS.The ABS hasto install
for control the beamorbit continuouslyandpreciselyduring the operationto keepthis intensity. As
an example,the beamorbit causesday by day drift from 3 mm to 10 mm in horizontalplaneduring
the daily operation.This drift is speculatedcomingfrom (a) the exact orbit shift by a deformationof
the acceleratorfloor etc. [2] [3] and (b) an anomaloussignal level shift of a beamposition monitor
electronicsor thepickup itself. In thecase(a), we mustcorrectthebeamorbit. On theotherhand,in
case(b) we do not usedataof suchpickups.For separatingtheseproblems,it needsto identify thetwo
typesof causein orbit measurement.To solvesuchproblem,sometrial wasdoneto identify somefailed
positionmonitors.Nevertheless,in our case,resultswerenot good.We needalternatemethodto do so.
At operationof KEK PS,thebeamlosssignalhasbeenusedmany works. Whenoperatorscontrol the
obit, also,they usethebeamlosssignalto control eachlocal bump. Then,we areplanningto usethe
beamlosssignalfor automatedorbit control.

2. ORBIT MEASUREMENT

2.1 Typical orbit of our main ring

At KEK PSMain Ring, 56 beampositionmonitorsareinstalledin four superperiods[4]. Horizontal
orbit datais shown in Fig. 1. In this figure,vertical scaleis time from injection to nearflat top. Each
orbit trajectorystandssideby side.Eachgroupcorrespondsto asuperperiod.Thefigureshowsthatthere
aresomefailedmonitorsandthereareorbit deformationatbothinjectionandextractionareas.

2.2 Drift of beam orbit

Theorbitswerecorrectedby operatorsdayby day. Orbit distortionwascheckedandits resultis shown in
Fig. 2. Thefigureshows thatourcorrectedorbitsweredrifted from 10mm to 3 mm(selectedmonitors’
rms).

Many causesareconjecturedandmany studiesaredoingnow. Becauserelationsbetweencauses
arecomplex, identificationof mainpartof thecauseof drift is not soeasy. Therefore,we mustimprove
theproblemby automatedcorrectionengineering.
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Fig. 1: Typicalorbit trajectoryfrom injectionto nearflat top.

Fig. 2: Orbit RMS drifts dayby day. (In 1998)

122



Fig. 3: Dataflow of ourstudy.

      

Fig. 4: Beamlossdatawhentestof ABS.Left: Beforecorrection.Right: After correction.

3. STUDY OF SEMI-AUTOMATED ORBIT CORRECTION

3.1 Correction method in this test

Simpleautomatedorbit correctionstudiesweredonea few timesto getaninformationwhich is usedto
build a full automatedorbit correctionsystem.Manualorbit correctionsystemof KEK PSwasbuilt on
theVME-MAP controlsystem[5]. Positionmonitorsignalsweregot anddisplayedby VME computer.
The steeringmagnetswere controlledalsoby the VME. In this study, a Unix computerwasusedto
connectthe two subsystems.Becausethe VME computerswereoperatedunder”OBJP” environment
[6], this partis soeasy. Thedata/commandflow is shown in Fig. 3.

3.2 Results of test

Simpleprogramsof orbit correctionweremadeof our own. Dataflow shown in Fig. 3 wasusedfor
both orbit correctionandmakingresponsematrix. Unix calculationserver getsresponsematrixesand
currentorbit informationandmakes a setof currentvalueof steeringmagnets.This processcando
automatically. At thecalculationof a setof current,monitorcontroltableis used,whichholdsmonitors
live/deadinformation. At thestudy, thesetablesweremanipulatedby handfor correctionstatecontrol.
Theresultof orbit correctionby positionmonitorswerecheckedbothintensitymonitorsandbeamloss
monitors[7]. Oneof theresultsof orbit correctionis shown in Fig. 4, which is beamlosssignalsbefore
andafterorbit correction.

In this case,orbit wascorrected,but locationsof beamlosscausedweremoved but we cannot
decreasethebeamlosses.Whenwemanipulatedthemonitorcontroltable,we couldgetvariousresults.
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Fig. 5: Orbit correctionsystemincludesbeamlossmonitor.

4. IMPROVEMENT OF OUR SYSTEM

Whenthatstudyweredone,thebeamlossmonitoringsystemwasseparatedfrom VME computers.From
thattimeon,thelossmonitoringsystemhasbeenconnectedto aVME computer. It thusappearsthatthe
orbit correctioncanbedoneautomaticallywhenbeamlossincrease.In addition,finish conditionof the
automatedorbit correctionwill bedeterminedbeamlossstatus.Decisionof locationwhereorbit mustbe
correctedwill bedonefrom informationof largebeamlossareas.Operatorscorrectedtheorbit by local
bumpmethodusingsuchinformation,andthenwe think thatautomatedorbit correctionsystemcando
samemethod.Therefore,we areplanningtheautomatedorbit correctionsystemshown in Fig. 5.

5. CONCLUSION

Wethink thatbeamsteeringisnotperformedonly by BPM-steeringsystem,but alsoit shouldbeincluded
both beamloss or intensity monitor to certify its performance. We are intending to make an event
drivenautomatedorbit correctionarchitecture.Event� beamlossmonitorIn addition,theresultof orbit
correctionis checkedby thedatafrom thebeamlossmonitor. A criterionto generateaneventby beam
lossis now investigating.They arenow planandstudy, but we would like to make completeautomated
orbit correctionsystem.
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