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Abstract

A barrierbucket experimentin the AGS is planedin
1998. An accumulationof the beam,which intensity of
1.0 	 10
�� pppis, accelerationaftertheinjectionwith a bar-
rier bucket schemeandotherRF gymnasticsexperiments
will bestudied.An isolatedRFpulseof 40kV percavity is
necessaryfor theexperiment.TheRF frequency is 2MHz
andthe isolatedpulseis generatedat therepetitionrateof
the revolution frequency of 357kHz. We have developed
thebarriercavity for this experiment.Thecavity is loaded
with FINEMET core. It haslow Q valuebut high shunt
impedance.It makesthenecessarypower lessthanthatof
ferrite-loadedcavity for anisolatedRFpulse.

1 BARRIER BUCKET EXPERIMENT

A barrierbucket schemeis consideredto accumulate
moreparticlesin theRing[1][2]. In thecaseof theordinary
injection(bucket-to-bucket transfer), the number of the
bunchesin the main ring is limited by the circumference
ratio betweenthemain ring andthebooster. However the
numberof the injection is independentof the ratio in the
caseof the barrier bucket. The bunching factor can be
increasedwith thisscheme.Thebeamlossduringinjection
is decreasedbecausethe tune shift by spacecharge is
reduced.

Figure 1 shows the longitudinal phasespaceduring
the injection with this scheme. A coupleof isolatedRF
pulsesis providedat therevolution frequency(a). A bunch
is injected betweenthem and spreadlongitudinally(b).
Oneof theRF pulsesremainsfixedin thephasespace,the
other is moved adiabaticallyto conserve the emittance.
After debunchingexceptthe gap(c),oneof the RF pulses
movesagainfrom thefixedphaseasrepellingthebunchto
make anemptybucket. Thenext bunchis injectedinto the
emptybucket(d)andmergedin thecirculatingbeam.The
above procedureis repeated.It is importantto accumulate
thebeamwithout theemittanceblow-up. If theemittance
is grown, the restof the longitudinalphasespacefor next
bunchdecrease.
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Figure1: A barrierbucketscheme.

A barrier bucket experiment is planned in the
AGS. The goal is to increasethe beam intensity from��� � 	�� � 
�� ppp to � � � 	�� � 
�� ppp . As an isolatedRF
pulse,a singlesinewave is used. It is necessaryfor the
experimentto preparetwo cavity which provide a single
sinewave of 2MHz at the repetitionrateof 357kHz. The
peakvoltageof 40kV is requiredper cavity. The cavities
have beendevelopedin KEK andBNL. In this paper, the
characteristicsof theKEK barriercavity arereported.

2 BARRIER CAVITY

2.1 Magneticcores

The barrier cavity is loadedwith FINEMET cores.
The FINEMET core is one of the MagneticAlloy(MA)
cores.TheMA corehassomeadvantages,which enables
to make thestructureof thecavity simple[3].Therequired
powerto generateasinglesinewavebecomeslessbecause
of the low Q value and high impedance.The necessary
voltageandcurrentaregivenby,
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Thepeakcurrentis presentedasfollows,>SA�T�U�VW"X��$ J �@ AYC �+ED A P " � $@ A � �MC[Z !
Theinductanceof theMA coreis about20 timeslarger

than that of the ferrite. The shuntimpedanceis equalas
thatof ferrite at low B \^] . It becomeslargerthanit above
B \^] of about100 gauss.If the R

A
's aresame,the peak

currentof the MA-loadedcavity is lower thanthat of the
ferrite-loadedcavity to acquiresamebarrier voltageof a
singlesinewave.

TheQ valueis so low that the tuningloop is not neces-
sary to tunethe cavity. Becausethe Curie temperatureis
high asabout600_ L , we canmake thesystemfor cooling
thecoressimple.

2.2 Componentsof thecavity

Theschematicview of thecavity is shown in Figure2.
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Figure2: Schematicview of cavity andRFamplifier.

The cavity has4 cells andeachcell hasa acceleration
gap. Thereare12 MA coresper cell, in totality 48 cores
percavity. Thecoresareputatadistanceof 10mmto keep
thespacefor air flow andcooledby air from ablower. The
cover of the cavity is cooledby water. The RF power is
inductively fed on througha coupleof the driving loops.
Thesedriving looparewoundaround12cores.

2.3 RF amplifier

The power amplifier usestwo EIMAC 4CW30,000A
30kW tetrodesin the grounded-cathodeconfiguration[4].
Theamplifieroperatespush-pullin classB andit is biased
to cut-off exceptasinglepulseof 2MHz. Theduty is about
6% of the repetitionperiod. The RF power of 2kW
for the drive amplifier is requiredandthe two 1kW solid
stateamplifiers(ENIA1000)arecombined.TheRFvoltage
fromthemis steppeduptwicethroughatransformerfor the
grid circuit.

2.4 Parameters

Theparametersof the barriercavity systemarelisted
in Table1.

Table1 : Parametersof cavity.
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3 IMPEDANCE

Theshuntimpedanceper gapis about1k
�

at 2MHz.
Thetubeimpedanceof about2.3k

�
is quadrupledwhenit

is seenfrom agap.Thereforethecavity impedanceseenby
beambecomesabout3.6k

�
.

A singlesinewaveincludesbroadFouriercomponents,
as from the revolution frequency to twice of the RF fre-
quency. Thereforeany parasiticresonancearoundthe RF
frequency shouldnot be in the impedanceof the barrier
cavity system. However someparasiticresonanceshave
beenobserved. Oneof them,which resonantfrequency of
12MHzwas,couldbeseenin thewaveformof thegapvolt-
age. We found that the leakageinductanceof the driving
loopswhich coupledwith thepoweramplifiercausedit by
the measurement.This resonancewasdisappearedwhen
thedriving loopswereremoved. Theshift of theparasitic
resonantfrequency wasmeasuredwhentheexternalcapac-
itancewasinsertedbetweenthe platesof the tetrodesand
theRF groundpotential[5].Therelationbetweenthereso-
nantfrequency andthecapacitanceis linearandpresented,
as 
�'� "�� 2H4 !��'Da��L C L T�¡K!

. Thegradientshowstheinduc-
tanceandthe fragmentmeansthecapacitance.Theresult
is shown in Figure3.
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Figure3: shift of theparasiticresonantfrequency.
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Figure4: theimpedancefrom thegap.

It wasfoundthattheleakageinductanceandthecapaci-
tancewhich causedtheparasiticresonanceof 12MHz was
about1¦ H and175pF, respectively. The valueof the ca-
pacitancewasgenerallyequalto thesumof theoutputca-
pacitanceand the gapcapacitance.To reducethe induc-
tanceand the impedance,the physicalsize of drive loop
waschanged,as from the copperpipe of the diameterof
6mmto thecopperplatewhich was30 	 2mm

�
. In Figure

3, the solid line meansthe result in the caseof the pipe
and the dashedline is in the caseof the plate loop. The
inductancedecreasedby 20 % andtheimpedancebecame
350

�
. FurthermoretheL andR in parallelwereput in se-

ries betweenthe driving loops for dumpinghighermode
parasiticresonance.So that the impedanceof the12MHz
decreasedas170

�
andthephasedid notcross0 degree.As

thewaveformof thegapvoltage,thecomponentof 12MHz
wasreducedsomuch.Figure4 shows theimpedanceseen
from thegap.Thehorizontalaxisis frequency andthever-
tical axisis impedanceandphase.Thesolid thick line and
the dashedline show the real and imaginarypart of the
impedance,respectively. Thesolid thin line is thephase.

Therearestill someparasiticresonances.The gapsare
shortedexceptthe accumulationduring the experimentin
the AGS. However someinstability might be excited by

them. Making efforts to dumpthoseresonanceshasbeen
continued.

4 BARRIER VOLTAGE

Thepeakvoltageof 40kVpercavity hasbeenachieved.
Figure5 showsasinglesinewaveof 10kV pergap.TheRF
voltagesatisfythenecessarybucket hight of 0.4%andthe
area.
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Figure5: gapvoltage.

5 CONCLUSION

An RFcavity hasbeendevelopedfor thebarrierbucket
experimentin the AGS. The 48 MA coreshave beenin-
sertedinto the cavity. The cavity requireslessRF power
thanthatof the ferrite-loadedcavity becauseof the low Q
value but high shunt impedance. A single sine wave of
40kV percavity is adesignvalueandit hasbeenachieved.
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