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Abstract

Experimentsof synchrotroninjection usingthe direct fast
choppedH � beamextractedfrom a surface-plasma-type
H � ion sourcehasbeensuccessfullyachieved. The in-
jectionphaseof thefastchoppedbeamfrom linac into the
boostersynchrtronisadjustableto thecenterof rf bucketby
usingthisbeam.It wasobtainedthatthelongitudinalemit-
tancewascontrolledat the extractionof the boostersyn-
chrotron,and that the beamlossduring the injection into
mainring of theKEK-PSwasreducedby this fastchopped
beam.

1 INTR ODUCTION

Recently, highenergy andhigh intensitybeamacceleration
programsareproposedanddeveloped.For example,JHF
projectshows the beamintensityof 2 � 10

���
particlesper

pulseat the50 GeV protonsynchrotron.[1] Oneof thedif-
ficultiesto realizesucha high intensityprojectis thebeam
lossdueto thebeamdivergenceby thespacechargeeffects
of thebeamitself.

The beamin the synchrotronis bunchedand captured
to the rf bucket. The spacecharge effectscanbe reduced
by makingtheline densityof thebunchedbeamsmall. To
control the line density, the injectedbeamfrom the linac
hasto bebunchedbeforeheadto thesamefrequency of the
rf bucketof thesynchrotron.And theinjectionphaseof the
linac beamis shiftedto the cneterof the rf bucket. Using
this method,the beamcanbe spreadinto the rf bucket by
the spreadof the synchrotronfrequency. Therearesome
methodsto make the injection beamchopping.[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 choppedbeamex-
tractedform this ion sourcewasreportedpreviousely.[5]

To control the line density by using the direct fast
choppedH � beammethodeffectively, the adjustmentof���
� of the linac beamis necessary. When

���
� of the linac

beamis notsmall,thebeamdilution attheboosterrf bucket
cannotoccureffectively. Therefore,debuncherinstalledat
the40MeV beamtransportline is usedto optimizethe

���
�

of thelinacbeam.
In this paper, the resultsof theexperimentof the inejc-

tion into KEK 12 GeV protonsynchrotronusingthedirect
fastchoppedH � beamextractedfrom theion sourceis re-
ported.

2 EXPERIMENT AL APPARATUS

AND CONTROL SYSTEM

In KEK-PS,a surface-plasma-typenegative hydrogenion
sourcehasbeendeveloppedand used. The H � ions are
mainly producedby the sputteringprocesson the metal
surface,calledconverter, which is negatively biasedto the
plasma. As the H � ion beamcurrentextractedfrom the
ion sourcedependsontheconverterbiasvoltage,thedirect
fast choppedH

�
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 mismatchingthephaseof theinjectedbeamto therf
bucket of theboostersynchrotronat injectingthechopped
H � beamfrom theion sourceinto theboostersynchrotron,
theparticlesspreadinto thebucketbecauseof thespreadof
thesynchrotronfrequency. 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 shown in Fig.1.
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Figure1: Thelongitudinalemittancecontrolsystemof the
directfastchoppedH � beam.

The signal of the frequency generatorof the rf cavity
in the boosteris triggeredto the high voltagepulserbi-
assingthe converter in the ion source. The delay circuit
is set betweenthe frequency generatorand the pulser to
control the injection phaseto the rf bucket. Theaccelera-
tion frequency of therf cavity at thebeaminjectionis about
2.25MHz, equalto about444nsperiod,andthe injection
phasecontrol canbe changedto 1 ns (about0.81radian).
The rf patternof the boostersynchrotronis not thatusing



for theadiabaticcapturebut thatof highvoltagebeforehead
at beaminjection. The experimentalsareexaminedusing
this rf patternandthecontrolunit.

3 EXPERIMENT AL RESULTS
AND DISCUSSIONS

3.1 Effect of Debuncher for
���
� Control of the Linac

Beam

The
���
� of thelinac beammustbeoptimized.Becausethe

line densityof the injectedbeamcannotbe diluted at the
large

���
� . To optimizeit, debuncherinstalledat 40 MeV

beamtransportline is used.
Theinjectionbeamwidth from linac is asshortaspossi-

ble to measurethe
���
� of the linac beam.Theenvelopeof

the bunchis observed by the electrostaticmonitor (ESM)
for several ten 	 s after thebeaminjection into thebooster
synchrotron. At the injection, the beamis the minimum���
� . Becuasetheenvelopeof thebunchstartsat themini-

mal point.

Figure2: An exampleof the beamenvelopemeasuredby
ESM at theinjectioninto boostersynchrotron.

At the first maximalpoint, which is the
�� periodof the

quadrupoleoscillation, the beamis the minimum of the
bunchlength. At the beginning of the injection, it canbe
assumedthat the beamdilution doesnot startandthe lin-
earity is aproximatelyright. And then,the

���
� of thelinac

beamcanbe estimatedby measuringthe bunch lengthat
thefirst maximalpoint of thebunchenvelope.A resultof
the obtained

���
� of the linac beamdependenton the de-

buncherrf power is shown in Fig. 3. Therf bucketheightis
calculatedabout1.8%. Usingthedebuncher, 0.6% of the���
� canbeobtained.

1.8

1.2

0.6

0.0

∆∆∆∆ p
/p

 (
%

)

20151050

Debuncher power PDB  (kW)

bucket height 1.8%

Figure 3: Debuncherrf power dependenceof
���
� of the

linac beam.

3.2 Longitudinal EmittanceControl by Mismatched In-
jectionof FastChoppedBeam

The injection phaseof the linac beamis changedusing
the delay circuit betweenthe frequency generatorof the
boosterrf cavity andthehighvoltagepulsertomodulatethe
converterbiasvoltage. At the injectionphaseof the linac
beammatchedto thecenterof therf bucket, thelongitudi-
nalemittanceis minimum.And it increasesat theinjection
phaseof the linac beamwhich is shifteduntil 
 90� to the
cneterof therf bucket. Theexperimetalresultis shown in
Fig. 4.
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Figure4: Injectionphasedependenceof longitudinalemit-
tance.

The waveform of the bunchedbeamjust beforethe ex-
traction from 500 MeV boostersynchrotronis shown in
Fig. 5. Thebeamintensityof thesebunchedbeamis same.
This figure shows that the line densityof the synchrotron
beamcanbecontrolled.Thebunchingfactorof 90� shifted
injectionbeamis about0.34althoughthatof thecenterof
rf bucket injectionbeamis about0.22.
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Figure5: Thewaveformsof thebunchedbeamjust before
theextractionfrom 500MeV boostersynchrotron.

3.3 BeamInjectioninto Main Ringat LongitudinalEmit-
tanceControl

The waveformsof the beamintensityat the main ring is
shown in Fig. 6. The decaysof the beamintensity from



the time of the injection into themain ring to that just be-
fore theaccelerationis different.Thedecayof 90� shifted
injection into boostersynchrotronshows moregentlethan
thatof thecenterof rf bucket injection.This is becausethe
line densityof thebeamis controlled.

(a) 90° shifted

(b) center of rf bucket

Figure6: Waveformsof thebeamintensityatthemainring.

To confirmit, thesizeof thebeaminjectedinto themain
ring is measuredby thefastwire scanner[6]. Thebeamsize
incrementis shown in Fig. 7. Thebeamsizeincrementof
the90� shiftedinjectionis smallerthanthatof thecenterof
the rf bucket injection,althoughthe beamintensityof the
90� shiftedinjectionis higherthanthatof thecenterof the
rf bucket injection.
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Figure7: Beamsizeattheinjectioninto themainring mea-
suredby thefastwire scanner.

Usingthismethod,thebeamintensityof the9 pulsesin-
jection into KEK-PSmain ring is measured.The resultis
shown in Fig. 8. Theexperimentsof synchrotroninjection
usingthedirect fastchoppedH � beamextractedfrom the
surface-plasma-typeH � ion sourcehasbeenachieved.The
blow upof thetransversebeamsizedueto thespacecharge
effectsby the beamitself couldbe reducedby the control
of thelongitudinalemittancefrom theboostersynchrotron.
Usingthismethod,thebeamintensityof the9 pulsesinjec-
tion into theKEK-PSmainring is obtainedanew recordof
thebeamintensityat theKEK-PSmainring injection.
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Figure8: Thebeamintensityof the9 pulsesinejectioninto
KEK-PSmainring.

4 SUMMARY AND FUTURE PLAN

The longitudinal emittancecontrol could be practicedby
using the direct fast choppedH � beamand mismatched
injectioninto therf bucket. As a result,thebeamintensity
of themain ring at the beaminjectioncouldbe increased.
For theneutrinooscillationexperimets,usingthedirectfast
choppedH � beammethodis oneof the mostpromissing
oneto obtainthehigh beamintensity.
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