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Abstract:Superconducting(SC)cavitiescurrentlyusedforaccelerationofionsinthevelocityrange
from0.01cto0.3carebasedfrequentlyonquarter灢waveresonators(QWR).Varioustypesof
QWRcavitiesacrossafrequencyextentfrom50to240MHzhavebeenconstructedorareproposed
fornumerousapplications.Adrawbackofthiskindofcavitiesisthebeamsteeringcausedby
transversemagneticandelectricfieldcomponents,whichcancreatemittancegrowth.Inthispa灢
per,theanalyticalstudiesonbeamsteeringinquarterwaveresonatoroffrequency=80.5and161
MHzoftheSClinachasbeendoneinInstituteofModernPhysics,ChineseAcademyofSciences,

thecalculatedresultshavetoldusthatthecorrectionforbeamdeflectionshouldbeaconsideration
duringthedesignoftheQWRcavity,whichgenerallyinvolvestheshapingtheinnerdrifttube.
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1暋Introduction
Themostappealingaspectofsuperconducting

radiofrequency(SRF)acceleratingcavitiesisthat
theycanoperateincontinuouswave(CW)modeor
longpulse modeandprovideahighaccelerating
gradientowingtolowheatloss.Thequalityfactor
QofSRFcavitiesisveryhighsincethesurfacere灢
sistanceofSRFcavitiesis5orderslowerthanthat
ofcoppercavities.SRFtechnologyiswidelyused
inparticleacceleratorsaroundtheworld.Super灢
conductinglinearacceleratorsintheenergyrange
from5MeVuptoabout200MeVarebeingwidely
studiedin manylaboratoriesforacceleration of
protonsandheavyions.

Themainstrongpointsofusingshort,inde灢
pendentlyphasedsuperconductingcavities,rather
thanlarge,normalconducting drifttubelinacs

(DTL),arethehighacceleratinggradient,the
highefficiencyandthepossibilityofaccelerating
particleswithdifferentq/Ainthesamelinac.Dif灢
ferentgeometries,likeSpoke,Half灢waveresona灢
tors(HWR),Quarter灢waveresonators(QWR)and
Reentranthavebeenproposedforbeamvelocities
upto毬=0.5,wheremulticelltypesupercondu灢
ctingcavitiesstarttoachieveagoodefficiency.
Amongthem,QWRsarepreferableincomparison
toothergeometriesduetotheirsimplicity,accessi灢
bilityandlowfabricationcost[1,2].

One shortcoming ofthese superconducting
QWRsisthebeamsteeringbecauseofthelackof
symmetryaboutthebeamaxis,andthencauses
emittancegrowth.Both magneticandtransverse
electricfieldsproducesteeringinthedirectionof
theresonatoraxis,andapossiblesourceofemit灢
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tanceincreaseisthechangeofthesefieldcompo灢
nentsalongtheresonatoraxis.

Inthispaper,simplestudyofthisbeamstee灢
ringhasbeencarriedoutforthef=80.5MHzand

f =161MHzQWRswithcylindricalinnerconduc灢
tors(seeFig.1).

Fig.1 TheCST MicrowaveStudio Model(version2009)of

QWRswithf=80.5 MHz(left)andf=161 MHz
(right).

2暋BeamSteeringinQWR

Ananalyticalexpressionofthebeamsteering
causedbytransversefieldcomponents,onthebasis

ofapproximationsofthehomogeneousgapand
constantvelocity[3]isfollowing:
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where殼y曚曋殼py/pisthedeflectionanglecaused
bytheresonator;
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representstheelectricdeflectionand
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representsthemagneticdeflection;殼Uistheparti灢
cleenergygain;mistherestmass;氄istheRF
phase;disthegap灢to灢gap (center)distance,and
dyisaneffectivegap灢to灢gapdistanceforthetrans灢

verseelectricfieldEy;KEY(y)=Ey(y)/Ez and

KBX(y)=Bx(y)/Ez (meanvaluescalculatedinone
acceleratinggapandnormalizedtotheaccelerating
fieldonthebeamaxis).Thefielddistributions,

calculatedwiththeMicrowaveStudiocode(version
2009),areshowninFig.2forboththecavities.

Fig.2 Fielddistributionalongthebeamaxisattheacceleratingfieldof1MV/m (f=80.5MHz(a),f=161MHz(b)).The

originofthecoordinatesisatthecenteroftheresonatordrifttube.

暋暋Thegeometrical毬value,毬Gisdefinedasthe
velocityatwhichaparticlecrossesonecellinone灢
halfofanRFperiod.Formulticellellipticalcavi灢

tieswith毬G=1,thedifferencebetweenoptimum毬,

毬optand毬Gisnegligible,butforlower毬cavitiesthe
differencebecomessignificant.Fig.3showsthe
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transittimefactorofboththecavities.Itcanbe
seenthatforthef =80.5 MHz(a),毬G=0.085
QWR,thevelocityacceptanceisfrom0.05cto

0.21candoptimum毬is0.087;forthef =161
MHz(b),毬G =0.085 QWR,thevelocityaccept灢
anceisfrom0.1cto0.5candoptimum毬is0.167.

Fig.3 Cavitytransittimefactorasafunctionof毬(f=80.5MHzcavity(a)andf=161MHzcavity(b)).

暋暋ThevalueofyinEq.(1)shouldbethesame
asthebeamcenterpositionofthebeamcenter.If
thebeamistransportedonaxis,yshouldbe0.In
therangeofvelocityacceptanceofboththecavi灢

ties,themagnetic,electricandtotaldeflectionsof
protonbeamarecalculatedusingEq.(1)andpres灢
entedinFig.4.

Fig.4 ProtonbeamdeflectioncalculatedusingEq.(1)at1MV/mand毤=-30曘.

3暋Discussion
(1)Fromthedeflectionanglecalculatedwith

Eq.(1)showninFig.4,itcanbeseenthatthe
maximum steeringsofthetwo QWRsarevery
close.Sincenormally,themagneticdeflectionis
themaincomponentinthetotaldeflection,affec灢
tingfactorsofthemagneticdeflectionwillplayan
importantrole.Inthe Eq.(1),the value of
“KBX(0)暠rises withtheincreaseoffrequency,

however,theitem “1/(毭毬)= 1-毬2/毬暠isina
declinepattern withthe mounting of毬(seein
Fig.5).Therefore,evenintherelativelylow灢fre灢
quencyQWRwithf=80.5MHz,theproblemof

steeringcannotbenegligible.

Fig.5 Thevariationof1/(毭毬)asafunctionof毬.

(2)Inaddition,duetotheproportionalrela灢
tionwiththeratioq/A,thedeflectionwillbepar灢
ticularlysevereforhighq/A particles.Forin灢
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stance,whenthetwotypesofQWR workingat
5.62MV/m (forf=80.5MHz)and5.20MV/m
(forf=161 MHz)respectively,thedeflection
mightbeashighas4.6mradforprotonbeam.

Twosolutionscanbeappliedforthisprob灢
lem,firstly,shapingofthedrift灢tubeshouldbe
takenonthebasisofcylindricalinner灢conductor
QWR;secondly,focusingelementsshouldbein灢
cludedinthecryomodule.

IntheQWRcavity,theasymmetrywithre灢
specttothehorizontalplanecausesthebeamstee灢
ringintheverticalplane.Inaddition,eveninthe
lowfrequencycavity,westillcannotsaythisissue
canbeneglectfulbecausethebeamacceleratedby
thelowfrequencycavityusuallyhaslowvelocity
whichwillleadtolargemagneticdeflection.Espe灢
ciallyinthehighq/Acase,thebeamsteeringcan
beabigproblemsincetheeffectisproportionalto

theratioofchargetomass.Aneffectivesolution
tothisproblemisthetitlingofthedrifttubeface,

andappropriatefocusingelementsshouldbein灢
cludedinthelinaclattice.
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低毬四分之一波长腔中的束流偏转的分析性研究*
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摘暋要:目前加速速度范围在0.01c—0.3c的粒子的超导腔主要使用四分之一波长腔型。用于不同加速

器上的频率范围在50—240MHz的四分之一波长腔在建造或者预研中。这种腔型的一个不足是其横向电

磁成分会造成束流偏转效应,从而导致发射度的增长和束流的溢漏,在强流重离子加速器中这种效应尤为

严重。对中国科学院近代物理研究所超导直线加速器中的频率为80.5和161MHz的四分之一波长腔的偏

转效应进行了分析,计算结果表明,在四分之一腔体的设计时需要考虑到束流偏转的修正,这通常需要在

漂移管端面上削适当大小的倾角来实现。
关 键 词:束流偏转;低毬;四分之一波长腔
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