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Abstact

Experimentsof synchrotroninjection usingthe direct fast
choppedH~ beamextractedfrom a surface-plasma-type
H~ ion sourcehasbeensuccessfullyachieved. The in-
jection phaseof the fastchoppedoeamfrom linac into the
boostersynchrtroris adjustabldo thecenterof rf bucketby
usingthis beam.It wasobtainedthatthelongitudinalemit-
tancewas controlledat the extraction of the boostersyn-
chrotron,andthat the beamloss during the injection into
mainring of the KEK-PSwasreducedy this fastchopped
beam.

1 INTRODUCTION

Recentlyhigh enegy andhighintensitybeamacceleration
programsare proposedand developed. For example,JHF
project shaws the beamintensity of 2x 10'* particlesper
pulseatthe50 GeV protonsynchrotron.[1 Oneof the dif-
ficultiesto realizesucha high intensityprojectis the beam
lossdueto thebeamdivergenceby the spacechage effects
of the beamitself.

The beamin the synchrotronis bunchedand captured
to the rf bucket. The spacechage effectscanbe reduced
by makingthe line densityof the bunchedbeamsmall. To
control the line density the injectedbeamfrom the linac
hasto be bunchedbeforeheado the samefrequeng of the
rf bucket of thesynchrotron And theinjection phaseof the
linac beamis shiftedto the cneterof the rf bucket. Using
this method,the beamcanbe spreadnto the rf bucket by
the spreadof the synchrotronfrequeng. Thereare some
methodsto malke the injection beam chopping.[2[3][4]
One of the methodsis the beamchoppingdirectly at the
beamproductionin the ion source. At KEK, a surface-
plasma-typeH— ion sourcehasbeenusedto producethe
H~ beam. The methodto producethe choppedeamex-
tractedform thision sourcewasreportedpreviousely[5]

To control the line density by using the direct fast
choppedH~ beammethodeffectively, the adjustmentof
22 of the linac beamis necessaryWhen 22 of the linac
beamis notsmall,thebeamdilution attheboosterf bucket
cannotoccureffectively. Therefore detuncherinstalledat
the40MeV beamtransportine is usedto optimizethe %
of thelinacbeam.

In this paper the resultsof the experimentof the inejc-
tion into KEK 12 GeV protonsynchrotrorusingthe direct
fastchoppedH™ beamextractedfrom theion sourceis re-
ported.

2 EXPERIMENT AL APPARATUS

AND CONTROL SYSTEM

In KEK-PS, a surface-plasma-typaegative hydrogenion
sourcehasbeendeveloppedand used. The H™ ions are
mainly producedby the sputteringprocesson the metal
surface,calledcorverter which is negatively biasedto the
plasma. As the H™ ion beamcurrentextractedfrom the
ion sourcedepend®nthecorverterbiasvoltage thedirect
fastchoppedH™— beamextractedfrom ion sourceis pro-
ducedby modulatingthis biasvoltage. The resultsof this
choppedH~ beamexperimentis reported.[5]Using this
choppedH~ beam,the longitudinal emittancecontrol at
KEK boostersynchrotronis examinedandthis controlled
beamis injectedinto themainring of KEK-PS.

By mismatchinghe phaseof theinjectedbeamto the rf
bucket of the boostersynchrotrorat injecting the chopped
H~ beamfrom theion sourceinto the boostersynchrotron,
theparticlesspreadnto thebucket becausef thespreadf
thesynchrotrorfrequeng. And then,thelongitudinalemit-
tanceof the beamextractedfrom the boostersynchrotron
can be controlled. The schemeof the longitudinal emit-
tancecontrol systemof the direct fastchoppedH— beam
extractedfrom theion sourceis shawvn in Fig.1.
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Figurel: Thelongitudinalemittancecontrol systemof the
directfastchoppedd— beam.

The signal of the frequengy generatorof the rf cavity
in the boosteris triggeredto the high voltage pulser bi-
assingthe corverterin the ion source. The delay circuit
is setbetweenthe frequeng generatorand the pulserto
control the injection phaseto the rf bucket. The accelera-
tion frequeng of therf cavity atthebeaminjectionis about
2.25MHz, equalto about444 ns period,andtheinjection
phasecontrol canbe changedo 1 ns (about0.81 radian).
The rf patternof the boostersynchrotronis not thatusing



for theadiabaticcapturebut thatof highvoltagebeforehead
at beaminjection. The experimentalsare examinedusing
this rf patternandthe control unit.

3 EXPERIMENT AL RESULTS
AND DISCUSSIONS

3.1 Effect of Detundcher for % Contol of the Linac
Beam

The 22 of thelinac beammustbe optimized. Becausehe
line dpensityof the injectedbeamcannotbe diluted at the
large £2. To optimizeit, dehuncherinstalledat 40 MeV
beamtransportine is used.

Theinjectionbeamwidth from linac is asshortaspossi-
ble to measurdahe ﬁ of the linac beam. The ervelopeof
the bunchis obsenred by the electrostatianonitor (ESM)
for severalten us afterthe beaminjectioninto the booster
synchrotron. At the injection, the beamis the minimum
%. Becuasehe envelopeof the bunchstartsat the mini-
mal point.
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Figure2: An exampleof the beamernvelopemeasuredy
ESM attheinjectioninto boostersynchrotron.
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At the first maximalpoint, which is the { periodof the
guadrupoleoscillation, the beamis the minimum of the
bunchlength. At the beginning of the injection, it canbe
assumedhatthe beamdilution doesnot startandthe lin-
earityis aproximatelyright. And then,the % of thelinac
beamcanbe estimatedoy measuringhe bunch length at
the first maximalpoint of the bunchenvelope. A resultof
the obtained22 of the linac beamdependenbn the de-
bunchenf poweris shavnin Fig. 3. Therf bucket heightis
calculatedabout1.8 %. Usingthe dehuncher 0.6 % of the
22 canbeobtained.
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Figure 3: Deluncherrf powver dependencef % of the
linac beam.

3.2 Longitudinal EmittanceControl by Mismatted In-
jectionof FastChoppedBeam

The injection phaseof the linac beamis changedusing
the delay circuit betweenthe frequeng generatorof the
boosterrf cavity andthehighvoltagepulserto modulatehe
converterbiasvoltage. At the injection phaseof the linac
beammatchedo the centerof therf bucket, the longitudi-
nal emittancds minimum. And it increasesttheinjection
phaseof the linac beamwhich is shifteduntil £90° to the
cneterof the rf bucket. The experimetalresultis shavn in
Fig. 4.
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Figure4: Injectionphasadependencef longitudinalemit-
tance.

The waveform of the bunchedbeamjust beforethe ex-
traction from 500 MeV boostersynchrotronis shovn in
Fig. 5. Thebeamintensityof thesebunchedbeamis same.
This figure shaws that the line densityof the synchrotron
beamcanbecontrolled.Thebunchingfactorof 90° shifted
injectionbeamis about0.34 althoughthat of the centerof
rf bucketinjectionbeamis about0.22.
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Figure5: Thewaveformsof the bunchedbeamjust before
theextractionfrom 500 MeV boostersynchrotron.

3.3 Beamlnjectioninto Main Ringat LongitudinalEmit-
tanceContol

The waveformsof the beamintensity at the main ring is
shawn in Fig. 6. The decaysof the beamintensity from



thetime of theinjectioninto the mainring to thatjust be-
fore theaccelerations different. The decayof 90° shifted
injectioninto boostersynchrotronshovs moregentlethan
thatof thecenterof rf bucketinjection. Thisis becaus¢he
line densityof thebeamis controlled.
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Figure6: Waveformsof thebeamintensityatthemainring.

To confirmit, thesizeof thebeaminjectedinto themain
ring is measuredby thefastwire scanner[f Thebeamsize
incrementis shavn in Fig. 7. The beamsizeincrementof
the 90 shiftedinjectionis smallerthanthatof the centerof
the rf bucket injection, althoughthe beamintensity of the
90° shiftedinjectionis higherthanthatof the centerof the
rf bucket injection.
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Figure7: Beamsizeattheinjectioninto themainring mea-
suredby thefastwire scanner

Usingthis method thebeamintensityof the 9 pulsesn-
jectioninto KEK-PS mainring is measured.The resultis
shavn in Fig. 8. The experimentsof synchrotrorinjection
usingthe directfastchoppedd™— beamextractedfrom the
surface-plasma-typl — ion sourcenasbeenachiezed. The
blow up of thetrans\ersebeamsizedueto thespacechage
effectsby the beamitself could be reducedby the control

of thelongitudinalemittancefrom theboostersynchrotron.

Usingthis method thebeamintensityof the 9 pulsesnjec-
tion into the KEK-PSmainring is obtainedanew recordof
the beamintensityat the KEK-PSmainring injection.
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Figure8: Thebeamintensityof the 9 pulsesnejectioninto
KEK-PSmainring.

4 SUMMARY AND FUTURE PLAN

The longitudinal emittancecontrol could be practicedby

using the direct fastchoppedH~ beamand mismatched
injectioninto therf bucket. As aresult,the beamintensity
of the mainring at the beaminjection could be increased.
Fortheneutrinooscillationexperimetsusingthedirectfast

choppedH™ beammethodis one of the mostpromissing
oneto obtainthe high beamintensity
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