C¢

MRPC

m m fm m

b KWH M



MRPC



Appl 1 cattihden gbaft e MRP
studyasemlisepd | ktieghat ¢
MRPC

Di sserStudbtmian ed t o
Tsinghua Universi
I n partial fulfill men
for the degree o

DoctwfPhi | osophy
I N

Nucl ear Science and

by
Zhang Qi unan

Di ssertati: Prof &VNasagr Yi

Oct obzx@?2



T
Dy
XX N
- XX N
XXXX
XX 1
XXXXXXX
XX XXXX
XX « XXXX

XX ' v



I 1~

(0]

5
=%

>

—5\
’-\K‘v"ﬂ

202D2

Nep




i [ aT [0} G
eb L T A Lo
T ¢ " A4
" CBM~ G -
10MHZ i H- 3
\ z EF Il A
~ MRPC *~ TOF CBM
2 A L GV MRPC i
Né MRPC CBM-TOFT "~ w MRPCA CBM
i [ 2 W 12GeVic b
1 TOF b CBM T 1 - 3 MRPQ
" n. 2 CBM-TOF A
= MRPQ G CBM ,
" RHIC-STAR" A MRPQ2 w CBM-TOF w A
A 3 MRPG2 CBM START b ~ [ MRPQ
CBM STARb b 1N T 95%F Ne G 80ps
* 3, MRPQ2 A Y MRPQ A
W MRPC2 CBM p v CBM
" mCBM~ TOF mTOF ¥ v ey 0
1 mTOF Ne v A Ne * MRPQ
97.3% Ne & 80ps CBM A - P "
W @ Yoy MRPC n L 3y A
W v L~ MRPC rY
v ‘ v g =~ LEs MRPC i
95% Ne G 70psS u MRPC v A



Abstract

Abstract

One of the hotspots of higgnergy physics research is the study of the structure and
properties of nuclear matter, including the exploration of QCD phase transition
boundaries andritical points, the equation of state of dense matter inside neutron stars,
and so on. Heavy ion collision experiments are an impomaatsof studying strongly
interacting matter. Higlenergy heavy ion collisions can produce the stateatter in the
early stages of the Big Bang and the state of dense matter inside neutron stars, which can
be used to study the origin and evolution of the universe. The CBM experimentis a heavy
ion collision experiment withrainteractionrate of up to 1MHz, which will carry out
the research on higkemperature and higlensity matterand also puts forward
challenging requirements for tihate capability of each subsystefime TOF wall built
by MRPC is an important detector for hadron identification in this experiment, in which
the highrate MRPCcalled MRPC2developed by $inghua Universitypased on low
resistance glass an important coponent of the TORvall. Corsideringthe latest design
of CBM detector systemtherateenvironmenand corrgpondingequirements of TOF
in different CBM detedbn configurations are simulated under the experimental
environment wherd2 AGeV/c gold ion beam collides with gold target verifies the
feasibility of MRPC2 designral to optimizethe design of CBMIOF. Experimentally,
MRPC2is used irRHIC-STAR andCBM. Thestudy andapplication of MRPC2 will lay
the foundation for the successful operation of GBMF. In this studythe working
points of MRPC2 in CBM and STAR were established by cosmic ray test, and the
efficiency of MRPC2 in different working gases of CBM and STAR can reach 95% and
the time resolution is better than 80 ps, which promotestdre ofmass production of
MRPC2. The test results ttfe massprodu@dMRPC2 show that the detector has stable
performance.ln order to further verify the application of MRPC2 under CBM
experimental conditiong TOF (mTOF) of the CBM detector miniature verification
system ¢alledmCBM) wasdesighed and simulate@nd the data analysis methodiret
streaming datavas studiedand the beartesswerecarried out. The analysis results of
the experimental data show that the MRPC2 efficiencyis as high as 97.3% and the time



Abstract

resolution is better than 80 ps, which meets the CBM requimessni additionthe
analysis of the datdetermined that an important source of MRPC n@deomwhere

the fishing line was located, which provides a guidancéhfe optimal design of high

rate MRPC detectork order to break through the limitation of the inherent size of low
resistance glasen the size of thaRPC, and at the same time reduce the MRPC
ventilation volume to speed up the gas circulation and reduce the amount of gas used, a
sealedplicedhigh-rate MRPC was developed, which has an efficiency of up to 95% and

a timeresolution better than 70 ps, laying a foundation for expanding the application
range of highrate MRPC

Keywords: QCD; CBM; MRPC, high-rate sealed
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