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Abstract Research on a sin—e ccll Multi—gap Resistivc Platc Chambcr(MRPc)

was carried out for the Tirrle Of Flight dctcctor(TOF)R．and D of thc STAR∞(pPl i—

ment．T}le property of the singk cllanlbcr was tested with the te8t bcalll{hcility T1(1

at CERN in Geneva．Thc MRPC was scaIlIled wit Jl thc test beaIll to get the c岱(jcIl(v

aⅡd time re80111tion at di乳rent p08ition 0f the active area．Thc HV plakall was als()

rrleasured．Thc time resolution i8 65 p8 which satis矗es the requiremeIIt of STAR Th E、

workinE Hlechallism of the MRPC is a180 cxplained
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1 INTRoDUCTIoN

In high energy nudear and partick experimental physics，a detect0T with g()od

tinle resolution is critical for event triggeriIlg and particle identi最cation Thus it is an

important component of detecting system in these 6elds over the world． The time of．

丑ight fTOF)detector wjth excenent tiⅡle res01ution is a sub—detector used to identjfy flmai

state particles coming from c0Uisions in order to select valid event8 and analyze physlcs of

interest．The traditional candid“e of such TOF is a scintillation crvstal_based detectoT

coupled with photomultiplier tube(PMT)which occupies relatively large space mld is

considerably exp曲sive． The new generation accelerator experi工nents such as ALiCE

experiment at the Large HadTon Coluder(LHC)at CERN a：nd the STAR experiment al

the Relativistic Heavy Ion Comder(RHIC)at Brookhaven demand for a clleapeT TOF

with ideal time resolution to cover 1arge detectinE area．The STAR experiment requlres

a tiIIle resoiution around 100 ps to separateⅣ／7r／p jIl ceIt ain momentum range⋯

The Resistive Plate ChaHlber(RPC)is a paraⅡel plate cllanlber with Tesistive elec—

trodes． These resistive electrodes quencll the ste锄ers so that they do not lnitiatc a

spark bTeakdown． It can be operated in both aⅣalanche mode and steamer mode A

common design of RPG has a gas of 2 mm and resistive plates of BakeⅡte or gIass㈦叫

Comp暂ed with RPC and otheT Eas detectors wkch typicdny have a tiIne resohltion of池e

order of 103ps，The typic出tiIrle resoluti。n of M111t培ap RPc(MRPc)is around 10?ps

whjch wm greatly improve the particle identmcation power of TOF detector．Zeballns

e￡o￡ raised the idea of MRPC【4，5』to keep the advantages of RPC and substantiaIly
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improve the thTdng．Fig．1 is the side view of a MRPC．The detector is made of 6 glass

plates(bulk resistance～1012n cm)creating 5 gaps withiIl which there is non一丑ammable

multi—m01ecular gas Iujxtllre at atmosphe“c pressIlre to quench sp盯ks and streameTs

The thickness of each gap is normaUy around 0．2 nlm． There are electrodes on the 2

outer sllrfaces of the 91ass plates to be the cathode and anode．The cathode is connectcfl

to the negative high v01tage(HV)and the anode outputs the induced signal when a

charged particle passes through the gaps of the cell，it creates electron and positiVe ion

pairs．The electrons multiply themselVes in each gap quickly by aV胡andhing in the higIl

electric neld created by the¨V All the intermediate 91ass plates缸e electricaUy noatlng

and transparent to the aValanche signals

The net丑ow of current is zeTo insjde t11e

glass plates．The system is seⅡ．stabilizing

with equal gam in all gaps The interme“

ate glas8 plates take correct Voltage due to

electrostatics and are kept at coTrect v01t—

age with now of positive i。ns and electrons

generated by the aⅣalanche Induced sig—

nals on external anode and cathode are

analogue sm of avalanches ill aJ】tIle nVe

g印s For the s啪e length of ga8 gap，t11c

time resolution of MRPC is much better

than that of aRPC

Fig．1 Cmss scction o{a MRPC a11d tIlc

develoT)lnent of avalallche

2 EXPERIMENTS AND RESUIJTS

In order to acquire Teqllired time res。lution and enough signal amplitude to meet

the demand of TOF of STAR，the single ceU MRPC is designed to have^Ve gapsⅫ(1 is

s印arated by six layers of glass plates．There are 2 types of glass plates used iIl t}le cell

construction． The矗ve gaps of 0．22nlm wide are constructed with 4 layers of O 64 Iruu

91ass plates inserted into two layers of 2 o咖ones K叩ton p01yi觚de疗lm(product
of Dupont company)is put outside the active area as the spacer to ofrer the o 22 TTlTn

gaps between the glass．The thin 91ass used has a bulk resistance of 5．2×1012 ncm while

the tlLick dass corresponds to 4×1012 ncm Au the edges of the glass are pouslled t()

avoid sparking(hle to the lLigh voltage between the gaps． Copper tape electrodes are

put at the center of the outer surfhce of the top and bottom glass and c。VeT an ac“VP

area of 3 0 cm×3 O cm while eachthin 91ass plates has an矾ea of4 0 cm×4．0 cm TlleHV

applied is from 12000V to 13500 V The gas used is a rnjxture of 90％freon 134 A，5％

iso—C4H10 and 5％SFo at atmospheric pressure and nows across all the gaps at a spee(1

of 20mL／rmn
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The MRPC was tested with the T10 test beam facility at CERN．A four．f01d cele—

scope system is used to get the start time for the MRPC，The telescope system is com—

posed of 4 PMTs with corresponding plastic scintillators．The average of the 4 PMTs’

o艉rs the omine start tinle to the MRPC，thus the sigma contribution fTom the telesco畔

system was reduced up to a factor of 2 at about 30 ps．Besides the intrinsic time vanance

of the cell．there are sorrle other contribution to the overall time res01ution of the systcm

Fi眨．2 is the time．amplitude d!striblltion of the signals measured The X—axis is the signal

amphtude of the MRPC in ADC c㈨t and the Y—axis coHesPonds to reference tiIne i11

TDC count． The TDC co_【Int cornes矗om the di矗色rence between the stoD tlme o仃ered

by the signal from the MRPC and the start tiine provided by the telescope system As

there is a long deIay line血the tekscope system，the start time comes actualIy latcr

than the stop time，thus ma】【es the reference TDC count negative．The mostimportalll

information here is the time di行曲ence instead of the abs01ute value of time，so the on西n

of the coordinate is not shown血the矗gure．It can be cle缸ly seen that a signal with high

amputude norma】ly corresponds to an eady signal．This needs to be corrected t。ge￡the

correct time res01ution．hl fhct a口0lvnoIIlial fbnImla is used to丘t the distribution．T11e

form ofthe formulais

T=Co+C1A+C2A2+C3A3+C4A4+C5A5+C6A6

where Co—C6 are constaIlts calculated from the疗t，T and A correspond to TDC ml(]

ADC counts respectively．

O 1∞ № Ⅻ●∞l∞●∞m
^mpIhd．∞．2spcfd’n)

Fig．2 Timc—amplitllde relation uf the signal

froIll MRPC

13 kV．The open squares are emciency whjk

The time distribution after T．A coT．

rection can be seen in Fig 3．As eacll TDC

cha工lIlel corresponds to 50 ps，“u“the re—

sult is 70Ds f缸the MRPC but it stiU iTP

cludes time jitter from the telescoI)e sys—

tem The time resolution of the telescoDo

svstem is seDaTatelv measured amd sII})一

tracted from the overall time resolutlon

value The士lnal time resolution of tllP

MRPC js around 65口s Bu￡tl“s vaJl±e was

rneasured at the center of the MRPC．Thc

knowledge of the wh01e active region lleed

also be coUected．With the test beanl．it

is possible to scan the MRPC step by st8p

to look at its response F谊4 shows“Ie

results of track scan．The HV apphed is

the solid is the tjme resolution In nlost

of the active area that is from一1．5 cm to 1．5cm，the emciency is”ound 95％for MIP

(Mini删m lonization Particle)and the time resolution is arouJld 65 ps At about士1 5 crn
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which is the bound缸y ofthe actiVe area，the edge e艉ct can be ck缸ly seen．The emcieIlcv

d工0ps sharply and the tjme res01ution becomes degfaded．As￡he曲al desi譬n of TOF of

STAR wiu be m11lti．ceⅡMRPC，this edge e肥ct can be corrected bv weightillg signals

on nei曲boring ceUs．The high voltage emciency plateau was also measured．Wjthin the

range between 12．5kV and 13．5kV，the MRPC works well with emciency around 95％

for(Minimum工oIIigati。n P缸tjcle)．The over缸l resⅢts satjsfactorny suit the request of

STAR physics goal．[1】

‘

Fig．3 Timc di8tribution of thc MRPC aner T．A correction

3 SUMMARY

The 5一gap MRPC con丘guration that has been designed has both good tirne resulll．

tion and high detection e币ciency for MIP．It meets the cdtjcal tjme resohltion reqtdre．

ment of TOF of STAR．This makes the design and矗nal construction of a full scme TOF

of STAR possible．
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X scan(mm)

Fig．4 Scanlling resuIts of t}le MRPC at HV 13 kV
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