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Abstract

Abstract

The Multi-gap Resistive Plate Chamber (MRPC) is a new type of gastdetwvith
paralletplate electrode. Through decades of developmewtyvadays it has avide
application in the field of high energy and nuclear physics experinfamits excellent
timing performancggood efficiencyand relatively low costn theCompressed Baryonic
Matter (CBM) experiment constructed at the Facility for Aptoton and lon Research
(FAIR) in Germany, MRPds adopted to construct thE20 nf Time-of-Flight (TOF)
system to achieve an unprecedented precision of hadron identific&BM will be
operated at an idmeam intensity up to 2@s, whichrequires its TOF system should keep
80 ps time resolution and over 95% efficiency under a particle flux re86 kifiz/cn?
according to the simulation resuli&singhua University wildevelopMRPCs with high
rate abilityand high time resolutiofor CBM collaboration This will be the first time of
the large scale application thfese higkrate MRPCs into real physics experiment

With the trend of increasing luminosity in many accelerator upgrade programs and
new experiments such as the CBMxperiments the gas pollution, which is closely
related to the detectoro6s per f ohe poliuted e, has
working gas mixturdoses itsoriginal function of attaching electrons and quenching
photors, and the mpuritesmay damaget he gas gap structur e. T
influence has once been observadhe muon telescope detector (MTD) in RESBTAR.

It can grow more severe in a much higher particle flux rate required by the CBM
experiment.

This thesisis devoted to the development and application study of therhtgh
MRPC towards the CBM experiment. Based on the technique of theekstive glass,
the realsize MRPC prototype is designed. It is proved through a series of beam tests that
thisMRPC always keeps an efficiency ov@@®and time resolution around 60 ps, which
makesit the first candidate to be fixed as the final design by the collabor@@dRPCs
have been produced for tRAIR phase 0 program, and 48 of them have been shipped
and installed at STAR as tbe@ OFsystem providing endcap PID in BESunning.After

the offline calibration andnalysis on 27 GeV Au + Au collision data, @ ps timing



Abstract

performance of the MRPCs are proved to be consisiéaat.PID in the STAR endcap
region is realized for the first time, and the separatign of+ Kcan/rgach a momentum
of 3.0 GeV/c. The successful applicatiohthese higirate MRPCs into real practice of
physics experiments will provide criticgiarantee for obtaining physics résuat both
CBM and STAR experiment

This thesis also conducts the gas pollution caused by high flux rate of the CBM
experiment in aystematiavay. Both simulations and-Kay experiments are carried out
to reveal the distribution ofgas pollutants. Allresults havepointed outthat the
interchange of gas accelerates with the decrease of the gas véasesl on the
conclusion, anew structure of selfealed MRPGs proposedwhich has a much smaller
gas volumeintending toaccelerate the exchange pracdsetween the fresh and the
polluted gasThe knowledge from this study is helpful to design ti@FTdetectors in
CBM and other highuminosity experiments. The simulation method described can be

also applied in other concerned gas related issues in gadetmctors.

Key words: MRPC; CBM; high rate particle identification gas pollution
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an .
MRPC / MRPC3a Quality Assurance Table
MRPC ID MRPC3a- 36
“ b / Glass Batch No. 12# 151219 /Amount 6
/ Glass ‘b / Glass Batch No. 244# 151219 /Amount 4 (electrode)
“ b / Glass Batch No. /Amount
/ Surface Resist Point 1 Point 2 Point 3 Point 4 Point 5
1/ Electrode 1 3 2 3 15 2
| Electrode 2 [ Electrode 2 2 2 1.5 2 3
3/ Electrode 3 1.5 15 1.5 15 1.5
4 | Electrode 4 15 15 1.5 1.5 15
/ Honeycomb $
PCB: 4 /Top & Bottom PCB $
64 H* b H M100kaq § / 0
G / Resistance Measured on Outside Resistor Unqualified
Protection Resistor Hu -
) pv 64 H' b H M200kq . /
PCET / Middle PCB Resistance Measured on Inside Resistor S Unqualified 0
16a b n <6.7mm/ . !
1 / Connector Thickness of the connectors s Unqualified °
Mylar  / Mylar S
PCB: W} 4 [ Top & Bottom HV S
PCBT 4/ Middle HV S
| Spacer $
n | Thickness 1 2 3 4 5 6 7 8
¥, PCB / Between Top & Bottom PCB 11.86 11.68 11.86 11.96 11.78 12.09 11.81 11.72
T PCB /Between Top & Middle PCB 5.14 4.96 5.21 5.07 4.93 5.19 4.87 4.87
T PCB // Between Bottom & Middle PCB 5.19 5.01 5.03 5.24 5.13 5.13 5 5.08
n / Total Thickness 26.37 25.93 26.31 26.24 26.06 26.5 26.04 25.74
W  /Bottom Stack it I Top Stack
1 2 3 4 5 6 7 8
| Gas Gap Thick 0.276 0.276 0.256 0.276 0.276 0.256 0.256 0.276
as Gaj ICKNess
P 0.276 0.276 0.257 0.276 0.256 0.276 0.256 0.276
0.276 0.276 0.276 0.256 0.276 0.276 0.256 0.256
0.256 0.256 0.256 0.256 0.276 0.256 0.276 0.256
. / Signature .
/ Date 2017-12-6
/ Note
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