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Abstract

A barrierbucket experimentin the AGS is planedin
1998. An accumulationof the beam,which intensity of
1.0x10"pppis, acceleratioraftertheinjectionwith a bar
rier bucket schemeand other RF gymnasticsexperiments
will bestudied.An isolatedRF pulseof 40kV percavity is
necessaryor the experiment. The RF frequeng is 2MHz
andtheisolatedpulseis generatedt the repetitionrate of
the revolution frequeny of 357kHz. We have developed
thebarriercavity for this experiment.The cavity is loaded
with FINEMET core. It haslow Q value but high shunt
impedancelt makesthe necessarpower lessthanthat of
ferrite-loadectavity for anisolatedRF pulse.

1 BARRIER BUCKET EXPERIMENT

A barrierbucket schemeds consideredo accumulate
moreparticlesn theRing[1][2]. In thecaseof theordinary
injection(hucket-to-tucket transfer), the number of the
bunchesin the mainring is limited by the circumference
ratio betweerthe mainring andthe booster However the
numberof the injection is independenbf the ratio in the
caseof the barrier bucket. The bunchingfactor can be
increasedvith thisschemeThebeamlossduringinjection
is decreasedecausethe tune shift by spacechage is
reduced.

Figure 1 shows the longitudinal phasespaceduring
the injection with this scheme. A coupleof isolatedRF
pulsess providedat the revolution frequeng(a). A bunch
is injected betweenthem and spreadlongitudinally(b).
Oneof the RF pulsesremaindfixedin the phasespacethe
other is moved adiabaticallyto consere the emittance.
After detunchingexceptthe gap(c),oneof the RF pulses
movesagainfrom thefixedphaseasrepellingthe bunchto
make anemptybucket. The next bunchis injectedinto the
emptybucket(d)andmeigedin the circulatingbeam. The
above procedureas repeatedlt is importantto accumulate
the beamwithout the emittanceblow-up. If the emittance
is grown, the restof the longitudinalphasespacefor next
bunchdecrease.
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Figurel: A barrierbucketscheme.

A Dbarrier bucket experimentis plannedin the
AGS. The goal is to increasethe beamintensity from
6.0 x 10ppp to 1.0 x 10'*ppp . As an isolated RF
pulse,a single sinewave is used. It is necessaryor the
experimentto preparetwo cavity which provide a single
sinewave of 2MHz at the repetitionrate of 357kHz. The
peakvoltageof 40kV is requiredper cavity. The cavities
have beendevelopedin KEK andBNL. In this paper the
characteristicef the KEK barriercavity arereported.

2 BARRIER CAVITY
2.1 Magneticcores

The barrier cavity is loadedwith FINEMET cores.
The FINEMET core is one of the Magnetic Alloy(MA)
cores. The MA corehassomeadwantagesyhich enables
to malke the structureof the cavity simple[3]. Therequired
powerto generata singlesinewave becomesessbecause
of the low Q value and high impedance. The necessary
voltageandcurrentaregivenby,
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Thepeakcurrentis presente@sfollows,

1 1
Ipeak =W (R_p—‘_w—Lp) = X_Z(I+Q)

Theinductanceof the MA coreis about20 timeslarger
thanthat of the ferrite. The shuntimpedancds equalas
thatof ferrite atlow Bgp. It becomedargerthanit above
Brr of about100 gauss.If the R, 's are same the peak
currentof the MA-loaded cavity is lower thanthat of the
ferrite-loadedcavity to acquiresamebarrier voltageof a
singlesinewave.

The Q valueis solow thatthe tuningloop is not neces-
saryto tunethe cavity. Becausehe Curie temperaturas
high asabout600°C', we canmalke the systemfor cooling
the coressimple.

2.2 Componentsfthe cavity

Theschematiwiew of the cavity is shavnin Figure2.
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Figure2: Schematiwiew of cavity andRFamplifier

The cavity has4 cells and eachcell hasa acceleration
gap. Thereare12 MA coresper cell, in totality 48 cores
percavity. Thecoresareputatadistanceof 10mmto keep
the spacdor 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 loop arewoundaround12 cores.

2.3 RFamplifier

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

2.4 Parametes

The parametersf the barriercavity systemarelisted
in Tablel.

Tablel : Parametersf cavity.

TotalVoltage [kV] 40
RF frequency [MHz] 2.0
Number of gaps 4

Number of cores [/cavity] 48
Length of cavity [m) 2.6

peak Brp [T'/core] 0.12

peak Py, [W/core] 750
Q value 0.6
Cavity resistance [kQ] 4.0
Tetrode resistance [k 2.3
Beam impedance [k 3.6

3 IMPEDANCE

The shuntimpedanceper gapis about1k at 2MHz.
Thetubeimpedancef about2.3k is quadrupledvhenit
is seerfrom agap. Thereforeghecavity impedanceeernby
beambecomesbout3.6k2.

A singlesinewaveincludesbroadFouriercomponents,
asfrom the revolution frequeng to twice of the RF fre-
queng. Thereforeary parasiticresonancaroundthe RF
frequeng shouldnot be in the impedanceof the barrier
cavity system. However someparasiticresonancesave
beenobsened. Oneof them,which resonanfrequeny of
12MHzwas,couldbeseenin thewaveformof thegapvolt-
age. We found that the leakageinductanceof the driving
loopswhich coupledwith the power amplifiercausedt by
the measurementThis resonancevas disappeareavhen
thedriving loopswereremoved. The shift of the parasitic
resonanfrequengy wasmeasureavhentheexternalcapac-
itancewasinsertedbetweerthe platesof the tetrodesand
the RF groundpotential[5]. Therelationbetweerthe reso-
nantfrequeng andthe capacitancés linearandpresented,
as4 = (21)°L(C + Ces). Thegradientshavstheinduc-
tanceandthe fragmentmeansthe capacitance The result
is shavnin Figure3.
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Figure3: shift of the parasiticresonanfrequeng.
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Figure4: theimpedancdrom thegap.

It wasfoundthattheleakaganductanceandthe capaci-
tancewhich causedhe parasiticresonancef 12MHz was
aboutlyH and 175pF, respectirely. The valueof the ca-
pacitancavasgenerallyequalto the sumof the outputca-
pacitanceand the gap capacitance.To reducethe induc-
tanceand the impedancethe physicalsize of drive loop
was changedas from the copperpipe of the diameterof
6mm to the copperplatewhich was30x2mn?. In Figure
3, the solid line meansthe resultin the caseof the pipe
andthe dashedine is in the caseof the plateloop. The
inductancedecreasedy 20 % andtheimpedancébecame
3502. Furthermorghel andR in parallelwereputin se-
ries betweenthe driving loops for dumpinghigher mode
parasiticresonance So thatthe impedanceof the 12MHz
decreaseds17(? andthephasedid notcrossO degree.As
thewaveformof thegapvoltage thecomponenbf 12MHz
wasreducedso much. Figure4 shavstheimpedanceseen
from the gap. The horizontalaxisis frequengy andthever-
tical axisis impedanceandphase.Thesolid thick line and
the dashedine shawv the real and imaginary part of the
impedancetespectiely. Thesolid thin line is the phase.

Therearestill someparasiticresonancesThe gapsare
shortedexceptthe accumulatiorduring the experimentin
the AGS. However someinstability might be excited by

them. Making efforts to dumpthoseresonancehasbeen
continued.

4 BARRIER VOLTAGE

Thepeakvoltageof 40kV percavity hasbeenachieved.
Figure5 shavsasinglesinewave of 10kV pergap.TheRF
voltagesatisfythe necessarpucket hight of 0.4%andthe
area.
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Figure5: gapvoltage.

5 CONCLUSION

An RF cavity hasbeendevelopedfor thebarrierbucket
experimentin the AGS. The 48 MA coreshave beenin-
sertedinto the cavity. The cavity requireslessRF power
thanthatof the ferrite-loadedcavity becausef the low Q
value but high shuntimpedance. A single sine wave of
40kV percavity is adesignvalueandit hasbeenachiesed.
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