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Abstract Aprototype of multi—gap resistiVe plate chamber(MRPC)modules with 6 gas gaps of 220“m used fbr

the time—of-f1远ht(TOF)detectors has been deVeloped by STAR ToF gmup．A tray(110Fr)composed of 28 MRPC

modules was constructed and operated in STAR for the d+Au collisions andAu+Au collisions du ring 2003 RHlC and

2004 RHIC run．Results show its time resolution is 85 ps with山e average efficiency of 95％and clear jdent讯cation

ofK，兀upto 1．6GeV andproton／K upto 3．0Ge v．
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CLCnumber TL811

l Introduction

The solenoidal tracker at RHIC(STAR】is a

detector svstem constnJcted at the Relativistic Heavv

Ion Collider(RHIC)at Brookhaven National Lab

(BNL)．The Multi—gap resistiVe plate chamber(MRPC)

detector was first developed by CERN ALICE TOF

group to provide a cost—ef!I’ective solution for

large—area TOF coverage．⋯The STAR experiment

plans to construct a 64 m2 TOF system，which consists

of 3840 MRPC modules．housed in 1 20 travs．Each

Cray covers about 0．9 unjt of pseudo rapidity and

1／60¨1 of the azimuth．【z』The STAR 7r0F group in c01一

laboration with the CERN ALICE group has manu—

t'actured and tested several prototypes of MRPC at

CERN PS．TlO area since 2000．p1 The 6．gaD MRPC

module is a suitable candidate for STAR TOF svstem

due to its time resolution of 60—80 Ds with e币cien—

cies in excess of 95％that meet the demand of had．

ronic particle identification in the STAR experiment．

In order to gain a further view of the function of TOF

system to the physics research and feasibilitV of in．

stallation in S1’AR environment，a trav(TOFr)for

STAR TOF with 28 MRPC modules was constructed

by University of Science and Technology of China

(USTC)and Rice University and then installed into

STAR．Shown in Fig．1 is a photograph of the TOFr

Ⅱay first operating in the d+Au c01lisions during

RHIC 2003 phvsics run．

Fjg．1 T11e 110Fr cray operating in che STAR experiment at

RHIC．

2 MRPC module’s design and test

The MRPC module appropriate fbr STAR has 6

signal pickup pads with size of 6 l mm×30 mm which
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cOver me active area Of 6 l mm×l 95 mm．’I’he crOss

section View of the module is shown in Fig．2．The flVe

inner 91ass plates haVe a thickness of 0．54mm and two

outer plates are 1．1 mm．They are kept parallel by 0．22

mm diameter nylon fishing 1ine as spacer．Graphite

resistjVe(～1 O=’Q／square)electrodes applied to the

surf．ace of outer glass proVide a～20 kV／mm electrical

field in each sub—gap． A cha唱ed particle going

through the chamber generates aValanche in gas gaps．

Because all the mternal glass plates are electrically

noating，tlley are transparent to cha唱e induction from

aValanches in the gas．⋯rypical resistiVity fbr the glass

plates is of the order 1 01。Q／em．Thus the induced sig—

nal on the pads is the sum of possible avalanches from

an gas gaps．The signal is read out by an array of

copper pickup pads，which is separated f}om the outer

electrodes by 0．35 mm of Mylar．The PC board of

pickup pads lbr the present MRPCs is shown in Fig．3．

Fig．2 The cross section View of an MRPC module with 6 gaps of0．22mm

Fig．3 APC board ofpickup pads for the MRPC module

The design of 6一gap modules is based on the

R&D of seVeral prototype MRPCs in USTC together

with Rice University．f4-6J It is operated in avalanche

mode with a gas mixture composed of 90％行℃on 1 34a

(C2H2F4)，5％isobutene(iso—C4HIo)and 5％SF6．The

basic characteristic of each module was measured

with the test bench of cosmic ravs befbre built in

TOFr tray，which includes：

● leakage current for a module should be

<1OnA at 1 5 kV using the regular operatjng gas mix—

tUre：

● noise rate should be<50Hz／pad at 14．5kV：

· probabiljty f’or ADC values larger than 3盯

above of the mean ADC value should be less than

10％at 14．5 kV where盯js the standard devia“on of

Gauss distribution．

Fig．4 is a group of test results of 6-gap modules

for cosmic rays．The ADC spectmm is shown on up—

per left in frame．The typical Time—to-Amplitude(T-A)

corI-elation is shown on upper right in ftame．Tb get

the collrection coefficients，a six—polynomial is used to

fit the’r-A distribution at small amDlitude area and a
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linear function is used to fit la玛e one．【7】 After

Time—to—Amplitude(T_A)con．ection，the time resolu-

tion(10wer right ftame)is 1 07．5 ps，which including

both of the stan time jitter of 62．9 ps(10werleft行ame)
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f硒m the telescope trigger system and the time diff’er—

ence of signal transfer when cosmic rays hit the dif-

f色rent position on one readout pad．
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Fig．4 rI、est results of 6一gap modules from cosmic rays．(TDC：25．8ps，chn，ADC：0-25pc，chn)

TOFr tray construction

The 1’oFr traV containing 28 6．channel MRPC

modules，24 of which produced by USTC and 4 by

CERN． was constructed at Rice Universitv and

pre．tested in a radiation area near the E949 experi—

ment at the AGS of BNL before operating in STAR．

The dimensioned side view of me module geometrv of

the ToFr tray is shown in Fig．5．The mechanical sup．

Don of the MRPC modules in the aluminum box

(241．3 cm long，21．6 cm wide，8．9 cm high)was ac—

complished using so—caIled “sawtooths”． The

sawtooths are 48 di虢rently．shaped pieces of honey．

comb board of 1／4”(0．64 cm)thick．The 28 modules

in the TOFr trav are connected to one Of two interior

HV bus，A and B．The 28×6 shOrt twisted—Dail．cable

that carrV the signals f|om modules were connected to

pins on the underside of the f色ed．throu2h plates．0nce

gas was nowing through the sealed gas box of TOFr

trav without leaks，the readout electrOnics boards were

mounted on the top of the feed—through plate．Shown

in Fig．6 is the fullV constructed 1、OFr tray under test in

Rice Lab．Fig．7 summarizes the results f幻m the first

power二up of the TOF}tray：

Since SF6 has much higher global warming po·

tential and other gas detectors such as TPC are also

undesirable to use in STAR environment．one of the

imDortant tests at the AGS is to deten】qine the opti—

mum gas r11ixture before operating in STAR．The

beam is not actuallv a test beam but rather a radiation

on me noor of the AGS near ExDeriment 949．101 The

tested results of‘rOFt traV operating with three kinds

of gas mixtures are presented in Fig．8．The results

showed that the TOFr sVstem could be operated with—

out SF6 at particle fluxes of less than 1 00 Hz／cm‘，and

a reduced v01tage of 14 kV and 95％e衔cienc y．
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Fig．5 Adimensioned side View ofthe TOFr tray indicating the module’s position

Fig．6 The conlpleted ToFr tmy with all FEEboards installed

4 TOFr tray in STAR

The TOFt prototype tray was instaUed in S7I’AR

and run continuously throughout 2003 RHIC run for

d+Au，p+p in 200 GeV：and 2004 RHIC Iun f-or

Au+Au in 62 GeV and 200 GeV coUisions．Since the

acceDtance of TOFr subtends about 1／300m of the

outer cvlindrical surface of the time projection cham—

ber(TPC)，a special STAR LeVel—0 trigger was setup

to trigger on events with TOFt hits and valid

pseudo—vertex position detector(pVPD)coincidence

between east and west Darts．1w Als0 included in the

logic was simple primary vertex cut based on maxi—

mum allowable values of the timing difference of the

pVPD East and West signals．The TPC o仃ers informa-

tion of panicle momentum，d剧dX，aJld path lengm

within the ma2netic field and c01lision vertex afkr

special algorithms．【‘o】The pVPD was specially de．

si2ned to present the reference start time for TOF

while me TOFr itself records the stoD time．The start

timing res01ution of pVPDs is dif’ferent for d+Au，

Au+Au and p+p coUisions used in the test and calibra—

tion of TOFr，respectively．

The time of night of a particle between the colli．

sion vertex and the hit point on a pickup pad on an

MRPC is calculated bv the dif．ference between the

start time(T0)and stop time recorded by the corre-

sponding channel．The delay by each connecting cable

was measured and subtracted．A typical T_A slewing

f如m ADC and TDC measured is shown in Fig．9．

Sinlilar con．ected methods as in cosmic ravs test were

used．Since aU the pickup pads are readout f幻m posi—

tive z direction，the difb爿．ent hit position along z—axis

on a pickup pad will cause a time dif!f．erence in the

signal transf色r on the pad．This ef-fect is shown in

Fig．10．After the T二A and z position co“．ection，the

overall time resolution of TOFt is 85 Ds in 200 GeV

Au+Au aJld 11 0 Ds in 62 GeV Au+Au collisions，as

shown in Fig．1 1 and 1 2，respectively．Tb subtract the

quota from pVPD，the aVerage TOFr timing resolution

is 80 ps and 85 ps in 200 GeV and 62 GeV Au+Au

collisions，respectively．This still includes contribution

f幻m the electronics iitter and the innuence of TPC

track resohltion．
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Fig．7 Results on the noise rate'bus current and cosmic spectra from first power-up of the TOFr tmy
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Fig．8 The cime resoJution and detection efficiency with di艉rent gas mjxture in TDFr把sced at AGS

Fig．13 shows TOFt detection efficiencv as a

function of Darticle transverse momentum．The track

samDle with weJ】．defined characteristics jn TPC is

selected．This means that the track must be a TPC

primary track with more man 25 hits a11d the recon．

structed vertex of the track is within the range of

一50cm<Z之50cm．The average detection emciency is

around 95％after counting the albsorption ef!f．ect in

detectors．
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Fig．9 The time amplitude slewing correction in Au+Au

(200GeV)collisions．
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Fig．10 Correction due to di仟erent hit position on a pad in

Au+Au(200GeV)collisions．
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Fig．1l 0verall time resolution in Au+Au(200GeV)c01lisions．
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Fig．12 0veralI time resoJution in Au+Au(62GeV)coI“sions
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Fig．13田0Fr detection e衢ciency as a function of panicle
transVerSe momentum in Au+Au(200GeV)collisions．

5 ToFr PID performances

RHIC 2003 run and 2004 11Jn provided si2nifj．

cant TaF data fbr full ener2v d+Au and Au+Au coUi—

sions．such as the ST’AR coUected～7．2M Au+Au 62

GeV eVents with minimum-bias triggers approxi—

matelv 2．2M total events matched TOFt These data

aJ．e sumciently 1ar2er to allow detailed analysis of the

PID pe怕mance for the TOFr De瓶)mance．With the

calibration parameters from the pion sample，the time

of night in fbmation of TOFt aI-e combined with Dath

lengm and momentum of TPC to identify cha唱ed par·

ticles．Fi2．14 shows the 1／∥f而m the TOFr measure．

ment as a fhnction of the momentum measured from

the TPC tracking in the minimum_bias Au+Au 62

GeV collisions．A 2仃seDaration of 3．O GeV／c and 1．6

GeV／c for the proton／kaon and kaon／pion was ob—

tained，respectively．Under the figure is the recon．

structed squared mass distribution fbr proton，pion and

kaon within the transverse momentum range of 1．4——

1．6 GeV／c and 2．5—3．0 GeV／c．The same results were

got frOm the 200 GeV d+Au collisions in 2003 RHIC

rUn．【Il】

6 Conchlsions

We have successfblly developed a new，low—cost

MRPC technOlogy f．0r STAR experiment．Fbr the

6一gap MRPC module，a series of test results shows

that the time res01ution and detection efficiencv are

good enough to meet the requirement Of ToF meas—

ureHlent．A 28×6 channel MRPC prototype tray was

operated in STAR for two years．Stable De怕rmance
and strOn2 PID cap2lbility have been demonstrated in

the STAR experiment．A proposal for a full barrel

STAR ToF detector upgrade has been submitted

based on these R&D results．The full TOF svstems

will double STAR’s particle identification capab订itV

to 95％of an charged partjcles within the acceptance

of the TOF detector．
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Fig．14 InVerse Velocity Vs mom明tum f沁m 2．2 million TOFr+pVPD triggered events in Au+Au 62 GeVcollisions．
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