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Abstract:Thegasdetectorshavethecharacteristicsoflowcost,easypreparation,reliablecapabili灢
tyandconvenientforuseetc.Adelay灢lineparallel灢plateavalanchecounter(PPAC)withfiveplates
hasbeendevelopedfortheexperimentsatRadioactiveIonBeam LineinLanzhou(RIBLL).The
applicabilityofcounterforhighenergylightionhasbeentestedwith57.6MeV/u6Hebeam.A
positionresolutionof~1.8mm(FWHM)andatimingresolutionof~2.6nsareachieved.The
detectionefficiencyisreasonable.
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1暋Introduction
Theparallelplateavalanchecounters(PPAC)

haslongbeenknownasapositionsensitivegasde灢
tectorcombininghighefficiencyandgoodtranspar灢
encyforchargedparticles[1].Thedetectioneffi灢
ciencyofPPACdependonthenatureandenergyof
theincidention[2].Therefore,mostPPAC can
reachhighefficiencyforlightionsatlowenergyor
forheavyions.Sincetheintrinsicefficiencybe灢
comemuchlowerforlightionsatintermediateen灢
ergy,conventionalPPAChasbeenmostlyusedfor
thedetectionofheavyionsinnuclearreactionex灢
periment.

Tomeasurethepositionofintermediateener灢
gylightionsprecisely,anewPPAChasbeende灢
signedandsetupattheRadioactiveIonBeamLine
inLanzhou(RIBLL).ThePPAChadfiveplates
withsymmetricstructureandthecharges were

preamplifiedonbothsides[3].Theadvantageof
suchastructurewasthewideregionelectronava灢
lanches,whichprovidedhightotalgainatlowgas
pressure. Conventional two灢dimensional PPAC
basedoncharge灢divisionread灢outhasbeenusedat
thefragmentseparatorfacilitiesin RIKEN and
NSCLforthepositionmeasurements[4].However,

pilingup ofsignals becomesserious whenthe

countingrateishigherthan~2暳103 Hz.Howev灢
er,thesignalsofourPPACwerereadoutindelay灢
linemethod,whichcouldachievereasonableposi灢
tionandtimingresolutionsat ~106Hzcounting
rates.

Inthiswork,weplacedPPACin6Hebeam

withenergy~60MeV/uand毩source,andevalua灢
tedthepositionandtimingresolution.Wealso
testedthelong灢timestabilityofPPACinthelight
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ionbeamataccelerator.

2暋ConstructionandOperation

Theconstruction details ofthe PPAC are
shownin Fig.1.Itconsistsoffiveelectrodes,

whichareallkeptinparalleltoensureauniform
electricfield[2].Thegapsbetweentheadjacent
electrodesare3mmeach,ascanbeadjustedby8
screws.

Fig.1StructureofthepositionsensitivePPAC withfive

plates.

暋暋Theanode,madeof20毺mdiametergold灢plat灢
edtungstenwires,isplacedinthemiddleofthe
PPACandheldatapositivepotential.The75毺m
diametersense灢wiresarelocatedsymmetricallyon
bothsidesoftheanode.Inordertoinducethehor灢
izontal(X)andvertical(Y)positioninformation,

theorientationofthewiresononeofthesense灢
wireplateareperpendiculartothoseontheoth灢
er[2].Thecathodesarecomposedof20毺mdiame灢
terwiresastheanodeplane,butheldatanegative
potential.

TheactiveareaofPPACis60mm 暳60mm.
Boththeentranceandexitwindowsaremadeof7

毺m/cm2thickKaptonfilms.Thefilmsaresuppor灢
tedbya10 mm meshofnylonstrings.Allthe
wiresaresolidlyandequidistantlyassembledin
parallelontoepoxyframes with non灢conductive
glue[2].Theproductionsofavalanchechargesin灢
ducenegativesignalsattheanodewiresandposi灢
tivesignalsatsense灢wires.Thewiresonthesame
plateare1 mmapartfromeachotherandevery

twoneighboringwiresareweldedontoonewelding
spot.Eachdelay灢line(1520series)hastenpinsand
atotaldelaytimeof20ns.Intotalthereare30
spotsandthereforethreedelay灢linesareusedfor
eachplatetoprovide60nsdelay.Thetimingshift
betweentwosignalstakenfrom bothendsofthe
delay灢linecorrespondstothepositionoftheinco灢
mingparticle[6].

Asthedetectorgas,Theiso灢butanewasused
inthetestofPPACproperties.However,wese灢
lectedn灢heptaneasthecirculatinggasinthe6He

propertiesresearchatRIBLL.Comparedtoiso灢bu灢
tane,theusageofn灢heptanehelpstoimprovethe
efficiencyofthedetectorduetoitslargergasam灢
plification.Moreover,PPACcan workstablyat
higheranodeandcathodebiasvoltageswithn灢hep灢
tane,whichalsobringslargersignals.

3暋TestExperiments

3.1暋Testexperimentsby毩source

The measurementsofthenew PPAC were
performedatRIBLL,andcorrespondingexperi灢
mentalresultswereillustratedbelow.Theposition
resolutionwastestedwith239Pu毩source.Thede灢
tectorswere mountedinachamberwhichhada
vacuumbetterthan10-2Pa.

Inpositionresolutionmeasurement,weplaced
a1.4 mmthickdiaphragm with matrixaperture
closelybeforePPAC.Theaperturewas毤1 mm,

andspacingbetweeneverytwoapertureswas3.3
mm.And毩sourcewas14.5cmawayfromthedi灢
aphragm,facedthecentralityofPPAC.Thevolt灢
ageofanodewas680V,whilecathodewas-260
V.GaspressureinsidePPACwas600Pa.

WeachievedXandYpositionofPPACbythe
followingequations:

X=x1-x2

x1+x2
,Y=y1-y2

y1+y2
,

wherex1,x2,y1,y2correspondedtothedelay灢
timesfromeachendofthedelay灢lineinX(Y)di灢
rection,respectively. Two灢dimensional position
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scatterplotswereshowninFig.2.

Fig.2 2灢dimensionscatterof毩sourcemeasuredbyPPAC.

暋暋ForX positionofPPAC,wegotspectrum
(X)alongtheapertureswhileY ~ -3 mm[7].
GaussianfittingcalculatedtheFWHM was2.35
mm.Andwestudiedthattheaperturecorrection
was1.52mm(FWHM)usingMonteCarlometh灢
od,whichshouldbeeliminated.Therefore,the
positionresolutionofX,intheconditionsabove,

was(1.80暲0.05)mm.Equally,forYpositionof
PPAC,wegotspectrum (Y)whileX ~1.5mm.
Withthesamemethodwecalculatedtheposition
resolutionofY was(1.64暲0.38)mm.

By computing the difference between the
meansofthepeakinFig.2andtheapertures暞ac灢
tualpositions,wefittedthepositionlinearityof
PPAC.Fromthe meandeflection,weknewthe
dispersionofPPACwasbetterthan暲0.9mm.

3.2暋TestexperimentsatRIBLL

57.6 MeV/u 6He beam was produced at
RIBLL.TwonewPPACsweremountedinthere灢
actionchamberbeforethetarget,withoutdia灢
phragm,tomeasurethepositionofthebeam.The
distancebetweentwoPPAC was279 mm.Two
PPACusedthesamegascircuit,withn灢heptaneas

theworkinggas.Andgasflew from theprior
PPAC1toPPAC2.Weplacedaplasticscintillator
inT2,thesmallchamberupstreamofthereaction
chamber,tocountthenumberofions.

Wemeasuredtimingresolutioninthepreced灢
ingcondition.Theanodevoltagewas675Vand
cathodevoltagewas -260 V.Gaspressurewas
600Pa.Wecalculatedthetimedifferencebetween
theplasticscintillatorinT2andthePPAC1暞san灢
odesignals.AstheresultshowninFig.3,the
timingresolutioninthiscondition was (2.63暲
0.02)ns(FWHM).Anintrinsictimingresolution

Fig.3 Timingspectrum ofanodesignalscoincidentwitha

plasticscintillatorfor6Hebeamof57.6MeV/u.

forthescintillatorwasincluded.Itwasnotedthat
aflow灢rateofgasandbiasvoltagesaffectedthe
timingresolutionofPPACanodesignals,which
improvedslowlyasthedoesincreased.After10d
irradiationwith6Heionsof~105 Hz,thetiming
resolutiondecreasedlessthan20%.
暋暋Insimilarcondition,wecalculatedthedetec灢
tionefficiency (毲)bythefollowingtwoequa灢
tions[2]:

毲1=N1 熱N2

N2
,暋毲2=N1 熱N2

N1

whereN1,N2 meanseffectivenumberofeventsin
thePPAC1andPPAC2.

Infirstdays,wechangedthevoltagesandgas
pressure,andtriedtogetthebestefficiencies.The
efficienciesoftwoPPACsincreasedwiththeriseof
anodevoltagewereshownintheFig.4.Wecould
findoutthatanodevoltagerisingcaused more
markedeffectsinthepositionsdetectionefficien灢
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ciesthananode.Consideringthegaspressurein
PPAC hadapositivecorrelationtovoltages,a
pressureof600Pawaschosen.

Fig.4DetectionefficienciesofthePPAC1withdifferentan灢
odevoltagefor6Hebeam of57.6 MeV/u,thegas

pressurewas600Pa.

暋暋Inthe measurements,weirradiatedPPACs
with6Heionsof~105 Hzfor~10d.Thedetec灢
tionefficiencyofPPAC1achievedwasmorethan
80%in40h,whiletheanodeefficiencywasmore
than 97%,asshownin Fig.5.The detection
efficiencyofPPAC2waslowerthanthatofPPAC1,

Fig.5 (a)DetectionefficienciesofPPAC1in6Hebeamof

57.6MeV/uinthe40thhour.(b)SameofPPAC2in

thebeam.

whichcouldachievemorethan64%,whilethean灢
odeefficiencywasmorethan77%.Thelowereffi灢

ciencyofPPAC2resultedfromthegascircuit,and
gasflewfromPPAC1toPPAC2.Further,PPAC2
hadahigheranodevoltagethreshold(254 mV)

thanPPAC1(83mV),whichcausedPPAChada
lowerefficiencyatanode.Therefore,infollowing
experiment,wewouldusetwoseparatedgascir灢
cuitfordifferentPPAC.After34h,weoptimized
thesecondary beam and reducedthe divergent
emission.Typicaltwo灢dimensionalpositionmeas灢
uredwithPPACsaftertheoptimizationwasshown
inFig.6.Theefficiencieshadamarkedrisewhile
theeffectofdispersionwasminimized.Theaver灢
agedetectionefficienciesofthePPACswentdown
asthetimeincreased after40 h,becausethe
thresholdsofbothPPACs暞anodeswereliftedup.

Fig.6 Two灢dimensionalscatterplotsoftwoPPACsin6He

beamof57.6MeV/uduringthe40thhour.

4暋Conclusion
Wehavedevelopedthefiveplatesdelay灢line

PPACthatcouldhaveahigh灢efficiencyforinter灢
mediateenergylightion.ThePPACwastestedat
RIBLLwith6Hebeamof57.6 MeV/uandthe毩
source.Typically,apositionresolutionbetterthan
1.8mm (FWHM)andatimingresolutionbetter
than2.7ns (FWHM)wereachieved.Further灢
more,weachievedmorethan80% detectioneffi灢
ciencyfor57.6MeV/u6Hebeamatthefirst40h.
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However,itdecreasedwiththeincreaseofirradia灢
tiontime.SincetheefficiencyofthePPAC was
stronglydependentonthevoltageappliedandthe
gaspressurefilledinthecounter,itwasnecessary
toevaluatetheoptimumconditionsforoperationin
thein灢beamexperiment.

Someresultsshowthatatverylowpressures,

gasgainonthickwiresishigherthanthatonthin
wiresatthesameappliedvoltage[8].Toimprove
theefficiencyofPPAC,wewilldomoretestswith
largerdiameterswires(毤75毺mor毤100毺m)inan灢
ode,whichcouldbringahigherelectricfieldand
gasgain.Wealsowillseparategascircuitofdiffer灢
entPPACinlaterexperiment.
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用于高能轻粒子探测的延迟线PPAC*

耿 朋1,2,1),段利敏1,马 朋1,2,鲁辰桂1,2,徐瑚珊1,王建松1,
唐 彬1,2,徐治国1,2,鲁 皖1,2,

(1中国科学院近代物理研究所,甘肃 兰州730000;
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摘暋要:气体探测器有成本低廉、制备简单、性能可靠和方便使用等特点。研制了一种5层板结构的延迟

线平行板雪崩电离室(PPAC),用于兰州放射性束流线(RIBLL)上开展的实验。在57.6MeV/u的6He束

流条件下测试了这种探测器对高能轻粒子的适用性,得到了位置分辨为1.8mm (FWHM),时间分辨为

2.6ns,以及可靠的探测效率。
关 键 词:平行板雪崩电离室;中能轻粒子;探测效率;位置分辨
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