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╠ ╠ ̆ ꜚⱬ ̂QCD̃

ҳ ȁҬ ῤ ̆ ꜛԍ

ԑᵬ ҍ Ȃ └ ₮

Ҭ ῤ ̆ Ȃ

̂CBM̃ ԍ ̆ ╠

10 MHz̆ ΐ ӈ̆ Ӟ

ⱬ ₮ԅΐ Ȃ 

̂MRPC̃ ̂TOF̃ CBM

≢ Ȃ └ ԍᵞ MRPC ῒ

№̆ MRPC CBM-TOFҬ ҹ MRPC2Ȃ CBM

̆ ⌠ԅ ꜚ ҹ 12 GeV/c ҍ

Ҋ TOF Ҍ CBM Ҭ ̆ ԅ MRPC2

ᴨ ԅ CBM-TOF Ȃ 

҉̆MRPC2 ԍ CBM ҉

̂RHIC-STAR̃ ȂMRPC2 ҹ CBM-TOF ⱳ Ȃ

ᾢ ԅMRPC2 CBM STARҬ ᵬ ̆ ⌠MRPC2

CBM STARҌ ᵬ ᵣҊ 95%ғ № ԍ 80 ps̆

ꜚԅ MRPC2 ֟Ȃ ֟MRPC2 Ȃ 

ҹ ѿ  MRPC2  CBM ᴆҊ ̆ CBM

̂mCBM̃ TOF̂ mTOF̃ ԅ ̆ ԅ

ҊmTOF № ԅ Ȃ № ̆MRPC2

97.3%ғ № ԍ 80 ps̆ CBM Ȃ ̆ ԅ ҹ
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ҹ ᵞ └̆ ⁞ MRPC ᵣ ץ
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95%̆ № ԍ 70 ps̆ ҹ MRPC ԅ Ȃ 
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Abstract 

One of the hotspots of high-energy physics research is the study of the structure and 

properties of nuclear matter, including the exploration of QCD phase transition 

boundaries and critical points, the equation of state of dense matter inside neutron stars, 

and so on. Heavy ion collision experiments are an important means of studying strongly 

interacting matter. High-energy heavy ion collisions can produce the state of matter 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 experiment is a heavy 

ion collision experiment with an interaction rate of up to 10 MHz, which will carry out 

the research on high-temperature and high-density matter, and also puts forward 

challenging requirements for the rate capability of each subsystem. The TOF wall built 

by MRPC is an important detector for hadron identification in this experiment, in which 

the high-rate MRPC called MRPC2 developed by Tsinghua University based on low-

resistance glass is an important component of the TOF wall. Considering the latest design 

of CBM detector systems, the rate environment and corresponding requirements of TOF 

in different CBM detection configurations are simulated under the experimental 

environment where 12 AGeV/c gold ion beam collides with gold target to verifies the 

feasibility of MRPC2 design and to optimize the design of CBM-TOF. Experimentally, 

MRPC2 is used in RHIC-STAR and CBM. The study and application of MRPC2 will lay 

the foundation for the successful operation of CBM-TOF. In this study, the 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 promotes the start of mass production of 

MRPC2. The test results of the mass-produced MRPC2 show that the detector has stable 

performance. In order to further verify the application of MRPC2 under CBM 

experimental conditions, a TOF (mTOF) of the CBM detector miniature verification 

system (called mCBM) was designed and simulated, and the data analysis method of free-

streaming data was studied, and the beam tests were carried out. The analysis results of 

the experimental data show that the MRPC2 efficiency is as high as 97.3% and the time 
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resolution is better than 80 ps, which meets the CBM requirements. In addition, the 

analysis of the data determined that an important source of MRPC noise is from where 

the fishing line was located, which provides a guidance for the optimal design of high-

rate MRPC detectors. In order to break through the limitation of the inherent size of low-

resistance glass on the size of the MRPC, and at the same time reduce the MRPC 

ventilation volume to speed up the gas circulation and reduce the amount of gas used, a 

sealed spliced high-rate MRPC was developed, which has an efficiency of up to 95% and 

a time resolution better than 70 ps, laying a foundation for expanding the application 

range of high-rate MRPC. 

 

Keywords: QCD; CBM; MRPC; high-rate; sealed 
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[34]Ȃ ᴆҊ̆ Ҭ ̆

֟ ̆ QCD Һ

Ȃ 

 Ҭ̆ Ҍ ̆ ץ Ȃ ѿҩ

R ᵞ[35]̆  

Ὑ „ὒ ρ σ 

҉̆ Ҭñ L̆

֦ ̆ ᵝҹ cm-2ѻs-1̆ 

ὒ Ὢὲ
ὔὔ

ὃ
ρ τ 

ῒҬ f ⱴ Ҭ ̆N1 N2№≢ ңҩ Ҭ ̆

n ⱴ Ҭ ҩ Ă [35]Ȃ ̂1-3̃ ̆

֦ ̆ ↕ ֦ Ȃ ̂1-4̃

̆ ⁞ ȁ ȁ ⱴⱴ Ҭ ҩ

ץ ⱴ Ҭ ̆p ֦ Ȃ ̆

ԍ ȁ ץ Ӟ

ץ ֟ ԑᵬ ̆

Ӟ Ȃ ҉̆ └ҍ Ȃ 

 ѿҩ ‪ ᵞȂ ᴆҊ ᴧ

q q̀ Ҍ ׃ ȁ B B̀̆ ױ ῀

̆ ‪ ⌠‗ ᵬ ȂῒҬ׃ ‪ 0̆ B

B̀ ̆ ֟ ‪ ᵞ̆

ԍ QCD Ҭ‪ Ҍ ᵖ Ȃ 

1.2.2   

 Ҭ ῤ Ҭ ̆ ῏ ↕Һ Ȃ

ץ R[36]̆ 

Ὑ Fὲ„ὼ ρ υ 

ῒҬF ῀ ̆ ῀ n̆ Ҭ ̕

ñ x̆ Ȃ ԍ ̆ ץ ⱴ

ץ Ḃ Ȃ

ᴪ ⌠ Ҭ ̆ᵖ
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ׅ └ץ ₮ ԍ ᴆ̆ Ԋᶛ

Ȃ 

Һ ֟ ╠ ̆ ᵣ [37]̆ ӊҊ̆

↕ ץ ᵣ Ȃ 

῀ ᴆҊ̆ Ҭ

̆ Ҭ ֟ ̆ ғ῀

Ҭ ⌠ ̆ᶏ ֟ ‪ ̆

ԍ ‪ Ҭ ᴆҊ QCD Ȃ 

1.2.3  QCD  

Ҭ̆ ץ ȁ ץ

b QCD ҬҌ Ҍ Ȃ 1.1

̆ ₮ԅ QCD Ҭ ԅ ҳ

Ȃ Ҋל QGP ṿ ҹ 156 

MeVȂ QCD ╠ ҳ ᵝ Ҍ ëb/TŮ2

ῤ [38]Ȃ ֓ ҉ ≠ ҉‰ ̆

QCD ῏ Ҍ ̆ ῏ Ӟ Ȃ 

╠ҕ ҉ ⱬԍ ᴆҊ Ȃ20ҕ 70

̆ף ֲ [39]Ȃ Ꞌᴶ ᴿᾥ

≠ LBL Ҭ ⱴ BEVALAC Ҭ

GSIҬ ↨ ҹ 18 Tѻm ⱴ SIS18 ԅ QCD ῏ [40, 

41]̆ 20ҕ ⌠ԅ ᵣ Ȃ ̆ ᾥ BNL҉

֜ ⱴ AGS [42] Ҭ CERN ⱴ SPSӞ

QGP ԅ ̆ ԅѿ֓ ȂSPS Ҋ

ԅ QGP [43]ȂBNL҉ ⱴ RHIC

QGP ѿ ⌠ԅ [42]̆ Ӟ LHC҉

[44]Ȃ׆ AGS⌠ SPS̆ Ῥ⌠ RHICץ LHC̆ Ҭ

ԅ ⱴȂ 

҉̆ ԑᵬ Һ ңҩ ̆ѿҩ

̆ ѿҩ ‪ [45]Ȃ׆ AGS⌠ LHCֲ̆ Ҍױ

Ҋ ȂCERN LHC BNL RHIC ᶫԅ QCD Ҭ ᵞ‪

Ȃ 

‪ ĂGS ᵞ SPS ᾢ ԅ ̆ᵖ
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ԍ ̆ ֟ [46] S̕PS҉ NA61/SHINE

ׅ ѿ ῏ ̆ᵖ ֽ 80 Hz̕RHIC҉

STAR ԅԋ ץ ̆ᵖ ᵞԍ 8 

GeV ̆ ֽ ₃ ῗȂ ‪ ᵞ̆

҉ץ ᵞԍ 10 AGeV ᴆҊ ̆ᵖ ‪

ȂSIS18҉ ת HADESȁRHIC҉

ץ ̂Facility for Antiproton and Ion Research̆FAIR̃

҉ ̂Compressed Baryonic Matter̆CBM̃ȁ ⱴ

NICA ҉ ⱳ MPDȁ ⱴ J-PARC҉ Ẽ

ת ת Ҭ ῌ CEE QCD Ҭ‪

Ȃ 

1.5 ԅ QCD ῏ № ץ Ȃ

֓ №≢ QCD ҩ ץ QCD ῃ Ȃ 

 

 

1. 5  QCD ῏ ץ ̆ [47] 

╠ Һ Ҭ QCD ᵞ‪ ȂRHIC

҉ ץ[49 ,48] LHC ҉ [50, 51] ᵞ‪ ԅ

[52]ȂRHIC ԅ QGP ̆RHIC ѿ BES-

I ҳ Ȃ ╠ ѿ ԅ

ҳ ̆€ ԅ ‪ ԍῃ

QCD Ȃ 
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1.3  FAIRҏ ғ  

FAIR Ҭ GSI ⱴ [53]̆ ҹ

ҕ ҉ ӊѿ̆ ̆ ȁ ȁ ᵣ ȁ

ȁ ᵣ ȁ ῏ [54]ȂҌ ԍ

LHC SPS [55]̆FAIR Ȃ ץ

Ҭ└ ₮ ̆ ԍ Ҭ ῤ ̆ ׆

⌠ ׂҕ Ȃ 1.6ҹ FAIR Ȃ Ҭ №ҹGSI ⱴ

̆Һ ⱴ ̂UNIversal Linear Accelerator̆ UNILAC̃ȁSIS18

Ữ ESRȂ Ҭ №ҹ FAIR ῏ ̆ ↨ ҹ 100 Tѻm

ⱴ SIS100ȁ № № ̂Super-conducting Fragment 

Separator̆ Super-FRS̃ ȁ ̂The Collector Rinğ CR̃ Ữ ̂High-

Energy Storage RinğHESR̃ [56]Ȃ 

 

1. 6  FAIR ȂSIS100 ⱴ ᶫҌ Ȃ [57] 

GSI ⱴ ᴪ ᵬ FAIR ∆ ⱴ Ȃ ҹ 120 m UNILAC

ⱴ ᾣ 20% ̆ 216 m SIS18 ⱴ

ѿ ᾣ 90%ȂῬ ⱴ SIS18 ῀⌠ SIS100Ȃ 

SIS100ⱴ FAIR ̆ᵝԍ Ҋ 17 m ̆ ҹ 1.1 kmȂ

ᶫ׆ ӊ Ҍ ∆ ̆ ⱴ ⌠
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99% ᾣ Ȃ ‛ ᵞ └ȂSIS100֟

Ҍ ̆ ץ ᶫ ҹ 1013 /s

ҹ 109 /s ȂSIS100 ץ ԍ ̆ ԍ

ῒ Ȃ 

∆ ץץ ҩ ⌠ Super-FRS̆ Super-

FRS ץ ₃ ῤ ∆ Ҭ ᵝ № ₮ ̆ ԍ

Ȃ Ҍ ̆Ӟ ץ ∆ ⌠ Super-FRS̆ ԍ

֟ ȂȂ 

CRҍ SIS100 Super-FRS ̆Ữ Ȃ Ҭ Ӟ

ԍ ѿ֓ ȂCRҬ ‛ ץ ⌠ HESR̆ ᶏ

ⱴ ̆ ץ ⱴ 15 GeV̆ ץ ⱴ 5-6 

GeV/uȂHESRӞ ץ Ữ ‛ SIS100 CR ῀

̆ ԍ ȁ ̆ɒ Ҋ

ꜚⱬ Ȃ 

SIS18҉ ᴪ ⱴѿҩ ⱴ ̆ ԍ SIS18 ᶫ Ȃ 

FAIR ԍ 2017 ̆ ᾢ ԅ ᵬ̕2018 ԅ SIS

CBM Ȃ ⅞ 2022 CBM

ῤ ῏ ᵬ̆ ԍ 2028 ҩ

SIS100҉ ̆ 1.7ҹ Ҭ FAIRȂ 

 

1. 7  Ҭ FAIRȂSIS100 Ȃ [58] 
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FAIR ҉ ̔ ȁ ᵣ ̂NUclear 

STructurĕ Astrophysics and Reactions̆NUSTAR̃ ȁ CBMȁ

̂antiProton ANihilation in DArmstadt̆ PANDÃȁ

ᵣ ҍ ̂Atomic̆Plasma Physics and Applications̆ APPÃ Ȃ

ᵣᵝ 1.6ȂFAIR ץ ᴧ

ȁ Ҋ ȁ

ᾥ ȁ ᴆҊ ꜚⱬ Ȃ 

1.3.1  NUSTAR  

NUSTARҺ ȁ ᵣ ץ ῏ [59]Ȃ

֟ ԅ ᾝ ȁ ᾝ ץ̆ ̕ ῒז

ᾣ ̆ ᾝ ᾝ ̆ ᾝ 26ᵝ ᾝ

ᾝ ╠ ᾝ Ȃ ᾝ Ҭ

֟ ̆ 70 ̆ ֲᵣ ᾝ Ȃ

ᾢ ԅ Ȃ 

NUSTAR ױ Ȃҹ ױז̆ ҩ

̆ ֓ ῏ ת Super-FRSȂ ҹ ̆ ֟ ԍ

Ҭ̆Super-FRS ץ ꜛ Ȃ

Super-FRS 100 ̆ ꜛҊ̆

№ Ȃ ᶏ ױ ‰ ױז

Ȃ Һ ȁ ῤ

Ȃ ֓ ῤ ᾝ ῏ Ḥ ̆ ᶫ

ҹ ῃ Ȃ 

1.3.2  PANDA  

PANDA FAIR ῏ ӊѿ̆ ⱬȁ ⱬȁ

[60, 61]Ȃ Ҭ̆ Ҭ ᾥ

̆ ᾥ ᴰ ⱬ Ȃ ԑᵬ ⱬ ңҩ ᾥӊ ⱬ ᾥ

̆ № ᾥ- ᾥ ̆ ᴪ ̆ ⌠

⇔ץ ᾥ- ᾥ Ȃ ף ѿҩ Ȃ 

ѿҩ Ȃ № └

Ҭ ᾥ ꜚ ԑᵬ ֟ Ȃ ҹ ≠̆

ꜛԍ ֟ Ȃҹԅ׆ - Ҭ
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Ḥ P̆ANDA ᶫ ȁ ȁꜚ ץ

≢Ȃ 

1.3.3  APPA  

APPA Ҭ ȁ ̆

[62]Ȃ 

̆ ѿҩ ̆ ⱬԍ ᵝ ‰

̆ ⁞ ẫ ᴴ ̆ ῏ Ȃ 

̆QED ԅҍ ῏ ̆

Ҭ ҹ̆APPA QED Ȃ 

ᵣ ̆ Ҭ 99% Ȃ

ҹ ᵣȂɒ ̆ ̆ Ҍ Ῥ ῒ

ҬḠ ̆ ᴪ֟ ᵣȂ Ḃ ᵣ ̕ Ӟ

ԍ ҬȂAPPA Ӟ └ ₮ҍ ῤ ᵣ ᵌ

ᵣ̆ ῏ Ȃ ᵣ ῏ ԍ ӈȂ

ᵣ ⱴ ȁ ᾝᴆ ֟Ҭ ᵬ Ȃ ᾣ֟

ᵣӞ ҹ ⱴ ᶫ Ȃ 

1.3.4  CBM  

CBM ̆SIS100 ᶫ 109 /s ҉

ץ 10 MHzȂCBM Һ QCD ῏ Ȃ

NICA ԍ Һ̆ ֟ Ȃ ѿ֓

№ ԍ ̆CBM ᶏ

ῒ ץ ֟ ̆ ᶫ ῤ Ҭ [63]

Ȃ ԍ CBM ̆ Ҋѿ CBM ΐᵣ׃ Ȃ 

1.4  CBM ב  

CBM SIS100ⱴ ҉ ȂCBM ҹ

10 MHz̆ Ȃ ҍ ץ

ῒ SIS100҉ 10 MHz ̆ ̆ῒ

⌠ 8 Ṑ ̆ ᵌԍҬ ῤ Ȃ ≠ץ

CBM Ȃᵖ ֟ ᴪ

ῤ ‛ ̆ ױֲ ῀ ⌠ ֟
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Ȃ  

1.4.1  CBM ғ  

CBM Һ ‪ QCD ̆ΐᵣ ῤ ̔

Ҭ ῤ ȁQCDѿ ȁ QCD

ȂCBM ᵣ ҹץ

Ȃ  

̆ 1.8ҹҕ ҉

̆ 10 MHz CBM ҕ ҉ ̆

CBM ҳ ̆ ȁ ╠ ȁ

₮ ȁ № ̂Ԋᴆ ̃

ԍ № Ȃ ̆ ԍ ᴆ Ҍ

ԍ ̆ҹԅῃ ̆CBM

Ȃ ֟ ̆CBM ᴰ

ҹ 2 T/sȂ ̆CBM ᶏ ᵝԍ GSI

̂High Performance ComputinğHPC̃ ̆ Ԋᴆ

̆ ҉ 4D [64]Ȃ  

 

1. 8  Ȃ [31] 

1.4.2  CBM  

CBM Ҭ ̂Micro-Vertex Detector̆ MVD̃

[65]ȁ ̂Silicon Tracking System̆ STS̃ [66, 67]ȁ Ἕ℗ᴶ
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̂Ring Imaging Cherenkov̆ RICH̃[68]ȁ ̂Muon Chamber̆

MUCH̃ȁ ̂Transition Radiation Detector̆ TRD̃[69]ȁ

Time Of Flight system̆̂ת TOF̃ ̂Projectile 

Spectator Detector̆ PSD̃ Ȃ 1.9ҹ CBM Ҭ ҈

Ȃ ׆ Ҭ ᶷ ῀ Ȃᵝԍ ╠ ҹ HADES

Ȃ HADES ̆ ᴪ HADES ̆

Ҍᴪ ῀ CBM Ȃ CBM ̆CBM ╠ ẁṕ ᴪ

₮̆ HADES ῀ CBM [70]ȂSTS MVD ᵝԍ

ҬȂ  

 

1. 9  CBM Ȃ ≢ Ҭ̆MUCH RICH

Ȃף [70]  

MVD ̆ № ҹ 5 um

Ἕ ᴰ ̆ ҉ ᵝ ̆

ᵝ Ḥ Ȃ ᵝԍ ῤ̆ҹ

ԅ № ̆MVD ԍ ῤ̆ᵝԍ Ҋ 5 cm

20 cm ҬȂ  

STS 2.5£ 25£ Ȃ ᵝԍ CBM ῤ ̆

ῒ ᵝ ⱬ Ҭ Ẓ ̆ ԍ

ꜚ ῒ̆ꜚ № ⌠ 1% Ȃҹԅ ꜚ ‰ ̆

⁞ ̆ STS ᵞ

̆ Һ ԍ ̆ Ӟ ԅ Ȃ

STS ῤ ̆ᵝԍ Ҋ 30 cm 100 cm [71]Ȃ  
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RICH Һ ᵣ ᵣȁ ᾣ ̆Һ ԍ

≢̆ 10 GeV/c ꜚ ῤ № p׃ [72, 73]ȂRICH

ҹ℗ᴶ ̆ ׃ Ҭ ᾣ ׃ Ҭ

̆ № ₮ ᾣ ᴪ ℗ᴶ Ȃ

RICH ῤ ̆℗ᴶ ᾣ ⌠ᵝ ᾣ ץ̆

ᾣ Ȃ  

MUCH ᵣ ⁞ CBM Ҭ Ȃ

MUCH 6ҩ ᵣ 18ҩ ᵣ Ȃ ᵣ 3ҩ

ѿ №≢ ԍ ᵣ Ȃ ѿ ᵣᵝԍ ῤ ̆ ҹ 60

̆ ᵣ↕ ԅ №≢ҹ 20 cmȁ20 cmȁ30 

cmȁ35 cm 100 cm ȂCBM Ҭ

̆ᶏ ᵞꜚ ≢ ῒΐ Ȃҹ MUCH

Ȃ SIS100҉ 4-6 AGeV ᵞ

Ҭ̆MUCH ᵣ ңҩ 20 cm 3 ᵣ̆ ԍ

׃ ̂Low Mass Vector Meson̆ LMVM̃̕8-14 AGeV Ҭ

Ҭ̆ ᵞ MUCH Ҭⱴ῀ѿ 30 cm 4 ᵣ̕

SIS100҉ ץ ᴆҊ̆Ῥ MUCH Ҭⱴ῀ѿ

ҹ 100 cm 4 ᵣȂMUCH ᶭ

҉ № ̆ ԅ ȂMUCH╠ң

ᵣ Ṑ [74]̆ 3 MHz/cm2 ȂMUCH

ᵞ RPC Ȃ 

TRD ץ ≢ ̆ ᵬ ̆ ̆ ץ

≢ ̆ RICH ꜚ ᾟȂ ԍ

̆ ̆ ׃ Ҍ ң ׃ ֜

ᴪ ₮ Ȃ ҍ῀ ᴶῗ g ῏ [75]Ȃ

̆Ҍ Ҍ ̆ â ⱴ

Ȃ ꜚ ᴆҊ̆ ֟ ԍῒ ֟

̆ ≢ ȂCBM-TRD ╠

҈ҩ ̆ ҩ ѿҩ ᵣ ѿҩᾣ Ȃ

ᵣ ֟ ̆ Ҝ ᾣ

ᾣ [76]Ȃ  

TOF ΐ ps № ̆TOF ⌠

STS ꜚ ≢Ȃ ԍ ̂Multi-
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gap Resistive Plate Chamber̆MRPC̃ ԍ 95%ȁ № ԍ

80 ps̆ ғ ȁ ԍ ̆TOF MRPC

Ȃ TOF ᶫꜚ 3.5 GeV/c ῤK׃ p׃

≢ ץ̆ ꜚ 6 GeV/c ῤ K׃ ≢ȂCBM-TOFҹ

̆ Ҋѿ MRPC ׃ Ȃ  

PSD ѿҩ ῃ ễ № ̆ ᵣ ̆ᵝ

ԍ Ҋ  10-15 m ȂPSD Ҭ ҍ №̂

̃̆ ԍ CBM Ҭ Ҭ Ȃ

b ץ ‗ ̆ ԍ ᵣ Ȃ

PSD ṿҹ 1 MHzȂ  

1.4.3  CBM ₴  

CBM ԍ Ԋᶛ ҹ̆ԅ C̆BM

ҹ 10 MHz ᴆҊ Ȃ ֟

̆ ᴰ ̆ 2 TB/sȂCBM ᴰ

1.10 Ȃᴧ ᴆ Ȃ Ҭ̆

Ḡ ѿ ῤ̂ѿ ҹës ̃ Ḥ ̆ ̆

↕ ҬԊᶛ ῏ Ữҹ № Ḥ ᴰ ⌠Ҋѿ

[64]Ȃ ԍ CBM ̆ Ҋ

̂ ̃Ḥ ᵬҹ ᴆ [77]̆CBM ᵬ ԅ

₮ Ȃ ╠ ҩ ѿҩ

̆

̆ ῤ Ȃ 

₮ ̂Common Readout Interfacĕ CRĨ ῀ Ⱶ

҉ FLESnet ᴆ ѿ ῤ

̂time-slices̃ ̆ ֜ ᴰ Ȃ

҉ ԑ ̆ ҉ ҉

∆ Ȃ ᴆ Ȃ 

ԍ ̆ Ữ╠ ≠ ѿ Ԋᴆ ̂First Level 

Event Selection̆FLES̃ № ̂ Ҭ ѿ № № ̃

̂ ᴆ Ȃ̃ № ᴪ Ԋᴆ ҉ № ̆ ₮

ῐ Ԋᴆ Ữ⌠ᵝԍ GSI HPCҬᶫ № ץ̆ ⁞

Ữ Ȃ Ẓ Ҭ̆ Ҍ ̆ Ḡ Ȃ



1     

17 

̆ ᴆ ‗ Ԋᴆ Ḡ Ȃ ̆ ץ ᶏ Ҍ ⁞

Ȃ 

 

1. 10  CBM ᴰ Ȃ [78] 

1.5  Ӏ Ὺ ӎ  

 ̆ ꜛֲ

ױ ץ Ҭ ῤ ȂCBM

ԍ GSI ̆ ԍ ԑᵬ

ΐ ӈȂ ҹ 10 MHz, ╠ Ҭ

̆ ⱬȁ ᴰ ҍ№

₮ԅ ȂCBM Ҭ ≢ ̆

ת MRPC ̆ MRPC ԍ ̆

CBM TOF ת ̆ CBM-TOF

MRPC ҹ CBM-TOF ῏ Ȃ 

ԍᵞ MRPCҹ CBM-TOF ᶫԅ ‗ Ȃ

└ MRPC2 ԍ CBM-TOF Ȃ CBM

῏ ̆ ╠ ԍ ̆ ⌠

CBM-TOF ᵣ Ҭ ̆ CBM

CBM Ҍ

ԅ ץ̆ TOF ԍ TOF

῏ ̆ ⌠ TOF ̆ MRPC2 CBM-TOF҉

̆ҹ CBM-TOF ⱳ ᶫԅ Ȃ  

 ҉̆ ᾢ≠ MRPC2 CBM̂mini-

CBM̆mCBM̃ STAR ҬҌ ᵬ ᵣ ԅ ̆

׆̆ ҹ MRPC2 ᶫ ̆ ꜚ MRPC2



1     

18 

ҹ ֟Ȃ  

ҹ CBM Ҭῒז ῃ ȁ ̆ MRPC2

ԍ CBM-TOFҬ ῏ ̆ CBM

mCBM ȂmCBM CBM ҹ ̆ 10 MHz̆

CBM ᾝȁ ȁ ȂmCBMҬ

mini-TOF̂ת m̆TOF̃ MRPC2 Ȃ

ԅ mTOF ȁ № ҍ ̆

ԅ MRPC2 ῒ mCBM Ҭ ̆ҹ CBM-

TOF CBM Ҭ ⱳ ԅ Ȃ 

 ╠ᵞ MRPC ץ CBM ̆ᵖ MRPC

ԍᵞ ̆ҹԅ MRPC

̆ MRPC ԅ ѿ ̆ └ԅ

MRPC̆ ץ MRPC └ ̆⁞ ᵣ ̆≠ԍ

⁞ ᵣ ᶏ ҍ ̆ Ḡ ̆ ԅ

MRPC Ȃ  

1.6   

 MRPC2 ̆ MRPCҒҹ CBM ̆ҹ

ῒ CBM-TOF Ҭ ̆ ᾢ ԅ

CBM-TOF ԅ MRPC mCBM Ҭ ̆ ҹ ᵞ

MRPC ̆ ᵞ MRPC ԅ

̆ ⱳ └ԅ ᵞ MRPC Ҋ̔  

 ѿ ׃ ԅ ԑᵬ ץ ̔

Ȃ ╠ FAIRⱴ ԅ׃ ̆ ׃ ԅ

CBMȂ  

 ԋ ҹ CBM-TOF ҍ ȂCBM-TOF ≢

̆ת MRPC ̆ ⌠ԅ TOF CBM

Ҭ ᴆ̆ ԅ CBM-TOF ҍ ׆̆ ҉ ԅ

MRPC2 ԍ CBM-TOF Ȃ  

 ҈ № ԅ mCBM ᴆ̆ ԅ mCBM ץ ҍ

CBM ̆≠ ȁ ԅ mTOF №

Ȃ  

׃  ԅ mCBM ׆̆ mCBM Ҭ ⌠ԅ MRPC2
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ῃ ᴆҊ Ȃ 

 ԓ ԅ MRPC ȁ ҍ └̆

ῒ ԅ ̆ ҉ ԅ

MRPC Ȃ  



2   CBM-TOF   

20 

2   CBM-TOF  

2.1  ⌡ 

QCD ֟ ≢̆

ץ Ȃ ԍ ֟ Ҍ ̆ ⌠

╠ ̆ ԍ ֓֟ ῒ ֟ ≢

№ Ȃ ԍ m0 ̆CBM Ҭ

≢ȂTOF ץ ̆ ⌠

̔  

‍ὧ ς ρ   

ῒҬ̆ὧ ᾣ ̆ὒ ̆ὸ Ȃ ꜚ

ὴ ץ Һ Ҭ Ẓ ̆ 

ὴ ά ‎‍ὧ ς ς                                                        

̂2-1̃ ̂2-2̃ ץ ̔ 

ά
ὴ

ὧ

ὧὸ

ὒ
ρ ς σ 

≢Һ ԍ ≢̆ ῒ ȁ

⌠ ̆ ȁp׃ K׃ Ȃ ҹ

̆ ⌠ױ ᾣ ̆⌠ TOF

ץ №Ȃ ≢Һ ᶭ RICH ץ MUCH ῒ

Ȃ  

CBM Ҭ̆ „ Һ ‗ԍ

„ [79]̆  

„
ςὴ„

bὸ
ς τ 

TOF № ⱬὲ TOF ѿҩ ȂẊ ꜚ

A B̆ №≢ҹ mA mB̆ңҩ ҹËtTOF̆ TOF
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№ ⱬ̆  

ὲ
ῳὸ

„

ὒὧ

ςὴ„
ȿά ά ȿ ς υ 

2.1ҹ ≢ ⱬ ὲ =3 ᴆҊ̆Ҍ Ҍ ꜚ

Ԋᴆ№ ȂTOF 8-12 m ꜚ̆ 2.1

ꜚ 3.5 GeV/c ῤK׃ p׃ ץ≢ ꜚ 6 GeV/c

ῤ K׃ ≢ TOF № ҹ 80 psȂ  

 

2. 1  ≢ ⱬ № ῏ Ȃ [79] 

2.2  ᵩ MRPC 

2.2.1  MRPC  

ᵣ̆p ᵣ

̆ ᴆҊ ᾣ Ṑ ̆ ԍ ᵣ

ⱴ[80]Ȃ ̆ ᵣ ᴴӞᴪ ῒ ֟

Ȃ ᵣ MRPC ΐ ȁ № ᵞ ᴨ

̆ ⌠ԅ Ҭ ԍ ≢ȂMRPC ԍ

₮ № [81]ȂMRPC ңҩ ѿ
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ᵬҹ ̆ Ҭ ҩ ̆ 2.2ҹ

MRPCῖ Ȃ ᵣ ׃ ᵣ̆MRPC ᵬ ̆

Ҭ ᵬ ᵣ̆ ҹ 90% ≠ C2H2F4̂ ȁ

ғ ̆ᶏ ∆ ȁ̃5% Ҁ  i -C4H10̂

ᾣ ȁ⁞ ᾣ ȁ ̃ 5% Έ SF6̂ ᵣȁ └

ᾣ̆ ᵬ ̆ ⌠ № ̃ ᵣ [82]Ȃ

҉ ̆MRPCῤ 100 kV/cm ̆ ᵬ

Ȃ ῀⌠ MRPCҬ ̆ ̂ ԍҬ

Һ Ҭ ֟ ̃ ᵣҬ ֟ ∆ ̆

Ȃ∆ ᵣҬ ̆ ֟ Ḥ ᵣ̆

ᵬ Ҋ№≢ ң ̆ ₮ ҉ᴪ Ḥ Ȃ ԍ

ꜚ ̆Ḥ Һ ꜚ Ḥ Ȃ Ҋ Ḥ

₮ ҉ᴰ ̆ ᴰ῀⌠ Ҭ ≢ ̆ ԅ

Ḥ Ḥ ̆ ԅ Ȃ ᵬҹ ᴨ ԍ

ᶏῒ ⱴ ΐ ̆ ̆ ⌠

ᴪ֟ ̆ ᵞ̆ └ ⱴ̆

[83] ᾧ ᾣ ֟ Ȃ Ӟᶏ MRPC ΐ

ᵝ № ̆ᵖ ᴪ ⱴ ̆ ᵞȂ

MRPC ᴨ ῒ № RPC № ̆

ҹ ᴆҊ̆ ᵬ ̆ᶏ ѿ

⁞ ̆ № ȂMRPC

№ ԍῒ ̆ Ḡ ԅ MRPC ׅḠ

Ȃῖ MRPC ҹ̔ ԍ 95%̆ № ԍ

100 psȂ  
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2. 2  MRPCῖ  

2.2.2  ԓMRPC TOF  

╠ҹ ̆ ԍMRPC TOF ԅ҈ҩ ̆

⌠ԅ ̆ף҈ 2.1 ₮ԅῒ ҈ҩ Ȃ 

 

ת MRPC ף҈  1 .2 ↓ [84] 

 

ѿף TOFҬ̆MRPC ῖ ⱴ

҉ NINO╠ TDCȂ MRPC ԍ RHIC-STAR

LHC-ALICE TOF [85-87]Ȃ ԍ ᵣ ̆ ҹ 1012 

ß·cm̆ᶏ MRPC └ ԅ Hz/cm2 ̆ ԍ

ᵞ Ȃ ԍ RHIC-STAR ѿףMRPC 0.7 mm

TOF 

 

№

ps kHz/cm2 

ᵣ  

ßĿcm 
 №  ῖ  

ѿ1012~ 0.1> 80 ף NINO+HPTDC ḱ  ALICE/STAR 

ԋ1010~ 20< 80 ף PADI+GET4 ḱ  CBM 

 1010~ 20< 20 ף҈
+

 

ḱ + 

ӟ 
JLab-SoLID 
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0.54 mm ῤ ѿ̆῍ 6ҩ ҹ 0.22 mm Ȃ

6ҩ ҹ 3.1¦6.0 cm2 ₮ ȂMRPC ᵬ ᵣҹ 95% C2H2F4 5% 

i-C4H10̆ ᵬ ҹ 106 kV/cm̆ № ҹ 60 ps [88]Ȃ 

ԋף TOF MRPC̆ץ FAIR-CBM CBM-TOF

ҹף Ȃ҉ ⌠CBM ‪ QCD ҳ ̆

10 MHz Ḡץ Ȃ ѿף

MRPC CBM ̆MRPC ⌠ Ȃץ

MRPC ѿҩ Ҭ ὢ  ̆

`̀ὠ ὠ ὠ FήrὨ ς φ         

Ҭ ὠ̆ ⱴ ὠ̆ ҉ F̆ ̆

ή ̆r ᵣ ̆Ὠ Ȃ MRPC

Һ ⁞̔ ᵞ ̕ ᵞ ᵣ

ץ[89] ⁞ [90-92]Ȃ ѿ ῏ ̆ ң

ֽᶭ MRPC Ȃ ⁞

̆ ץ ᵞ ᵣ MRPC ҹ Ȃ

ⱳ └₮ԅᵣ ҹ 1010 ß· cm ᵞ ̆ᵞ

2.2Ȃ 

2. 2  γ  

 ṿ 

ᵣ  1010 ɋ·cm 

‰  0.7mm, 1.1mm 

 20 ɛm 

 < 10 nm 

 33 cm Ĭ 30 cm 

׃  7.5-9.5 

 

ᵞ └ MRPC ̆ ԍ 95%

№ ԍ 80 ps ᴆҊῒ 50 kHz/cm2 [93-95]̆ №

2.3ȂCBM-TOF ⌠ ‗̆CBM ᵞ MRPC

TOF [96-100]Ҭ Ȃ ╠ ԍ ⅞ ҍ ̆

ⱴ ԅ ̆ ҩ ̆
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ȁ ̆ ̆ ᴰ ̂ ᴰ

̃ȁ Ữҍ№ Ȃ 

 

  

(a)    (b)   №  

2. 3 γ MRPC Ȃ ₮ ᵞ MRPC

HZDR2011SMRPC 50 kHz/cm2 Ҋ ⌠95%̆ 70 kHz/cm2 Ҋ

⌠90%̆ ̂ã ̕ 50 kHz/cm2 Ҋ № ԍ80 ps̆ ̂b̃ Ȃ
[93] 

ף҈ TOF MRPC ᴆҊ ΐ ᴨ

№ ⱬ̆ ץ ֦ ת̂ Solenoidal Large Intensity DevicĕSoLID̃

ҹף ҉[101]ȂSoLID≠ 11GeV Ȃ

MRPC ⌠ 20 kHz/cm2̆ ғ ת 8 k/p

№ ⱬ ⌠ 7 GeV/cȂ SoLID҉ᶏ MRPC 20 kHz/cm2

ⱬ ΐ 20 ps № Ȃ ԍ ԋף TOF ҉ ѿ

№ Ȃ TOF № Һ ң № ̔MRPC

№ ꜚȂҹԅᶏ MRPC № ⌠ 20 ps ̆

MRPC № ꜚ ԍ 14 psȂ ԍMRPC̆

MRPC № ҹ 10 psȂ ѿף ԋף TOF №≢ᶏ ╠

NINO PADI HPTDC GET4ᵬҹ╠ ̆ ֓

῀ ꜚѿ ԍ 20 ps̆ SoLID ת 20 ps

№ ̆ ̆ ף҈ TOF

῏ ↓ SCA FADCȂ ѿף ԋף ת

₮Ḥ ḱ № MRPC Ȃ

≠ ԅḤ Ḥ Ḥ ᴨ̆ Ữ ȁ№

̆ᵖ ≠ ҉ ῏ Ḥ Ȃ ̆ ף҈ TOF
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ץ Ḥ ≠̆ ≢ ⌠ ̆

ꜚ ḱ ̕Ӟ ≠ץ Ḥ № ̆ ῀ ⌠

MRPC ץ̆ № [102, 103]Ȃ 

2.2.3  CBM-TOF  

CBM TOF STS ̆ 2.5£-25£

̕ ̆TOF 10 MHz ᴆҊḠ 95%

̆ ῒ № ≢ꜚ 3.5 GeV/c ῤ K׃ p׃ ̆

ץ ≢ꜚ 6 GeV/c ῤ K׃ [64]̕

ԍ 5% [104]̕ ҩ ᵞԍ 500 kHzȂMRPC ԍΐ  

ps № ȁ ȁ ץ Ҍ

ҹ CBM-TOF Ȃ  

2.2.4  CBM-TOF  

TOF ԅ CBM ̆ ԍ TOF

ȁ ̆ ᵞ ꜛ TOF

Ȃ ̆TOF CBM ҬҌ Ҍ

Ҋ Ȃ ԍ ᴪ Ẓ T̆OF ӊ ץꜚ

Ẓ ᵝ ̆ Ẓ ᵝ Ӟ TOF ⱳ ῏ ȂCBM

ԍ 2028 SIS100҉ ̆SIS100҉ CBM ᵣ ῏

╠ ᴋⱵȂSIS100҉ CBM-TOF ∆ Ҭ̆ ᵀ TOF ԍ

6 ̆ΐᵣ ᶭ ԅ ҹ 10 AGeV ץ 10 MHz

ҍ ᴆҊ [79]Ȃ ץ № ꜚⱬ

̂Ultra-relativistic Quantum Molecular Dynamics̆ UrQMD̃[105] ᵬ

ҹ ῀ ᴆ̆ ₃ᵥ ΐ ̂GEometry ANd Tracking 3 Ğeant3̃

[106] Ҭ Ȃ  

╠̆CBM ᵣ ԍ ̆ ῒ ̆

ץ ₮ ῒ CBM ₃ᵥ̆ ⌠ CBM-TOF

ᵝ ̆ ᴆҊ CBM-TOF ᴨ ᴨ

Ȃ ̆CBM-TOF Ҭ ꜚ ҹ

12AGeV/c [107]̆ ꜚ Ҋ ⌠ ⱴ‰ CBM-TOFҬ MRPC

῏ Ȃ CBM ᵣ

ᴆҊ CBM-TOF ԅ ҍ Ȃ  
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2.3  CBM-TOF  

 ҹԅ ‰ ⌠ TOF CBM ᵣ Ҭ ̆ ᾢ ῒ

ԅ CBM ᵣ ₃ᵥץ ⌠

CBM-TOF ᵝ ̆ CBM-TOF SIS100

ᴆҊ̂ ҍ ץ ꜚ 12 AGeV/c 10 

MHz ̃ Ȃ  

2.3.1  Ίב  

ԍ CbmRoot[108] ᴆ CBM Ҭ TOF ԅ

ȂCbmRoot ԍ № ᴆ ROOTץ FairRoot[109-111] C++ ᴆ̆ ԍ

CBM ȁ ȁ ┴ ȁ № ȂFairRoot GSI ԍ

FAIRⱴ ῏ ᴆ Ȃ ᴨ

ȂҌ Ώ῀ ̆ ↕ ԍ

VMC ̆ ᶏ Ҭ ף Ḃ ץ Ḃ

Geant3ȁGeant4[112] FLUKA [113] ֓Ҍ ᴆҬ ℗ Ȃ Ҍ

̆CbmRoot Ҍ Ԋᶛ֟ ̆ ᶏץ

UrQMDȁDCM-QGMC-SMM̂Dubna Cascade Model with the Quark Gluon String 

Model and the Statistical Multifragmentation Model̆DCM-QGSM-SMM ̃[114, 115]ȁ

Pythia[116] Ԋᶛ֟ ֟ ᴆȂCbmRoot ᶫԅԊᴆ ̆

ץ Ҭ ₃ᵥ҉ ₯Ҭ ץ

Ȃ 

UrQMD ԍ№ ꜚⱬ ᴰ [117]Ȃ ץ ₮

ῗ ̆ ҉ ᴰ ҍ -

῏ Ȃҹԅ ̆ ҩ № ̆

ԅ ≠ ȂUrQMD Ԋᶛ֟ Ȃ 

DCM-QGMC-SMM ҹ Ԋᶛ֟ ȂҍQrQMD ̆

[55]̆ΐ Ȃ ΐ

Ҍ ȂUrQMDԊᶛ֟ ӎ ᵩ ῒ ᵣ

└̆ ֽ Ҭ № ̆ Ҍ ῒҍ֟

ԑᵬ ̆ ̆ ץ № ̆ ҩ ᵬҹ

ѿҩ [118]Ȃ 

GENAT ᴆ ῖ ᴆ̆ ץ ȁ

₃ᵥץ Ȃ 
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CBM № ԍ HPC ȂHPC ҉ ҩ CPU

ᶫ GSI ᶏ ̆ Ữ PB ΐ̆ Ữ ⱳ ȂHPC

ץ ԍ Linux ⱵȂ  

2.3.2   

῏ԍ CBM-TOF 2.4 Ȃ 

 

2. 4  CBM ҬTOF  

CBM ᾢ ᵬҹ ῀ ҹ̆ԅ SIS100ⱴ

҉ CBM ᴆ̆ ԅꜚ ҹ 12AGeV/ĉSIS100҉

ץ ⌠ ꜚ ̃ ᵬҹ ῀ȂԊᶛ֟ Ҍֽ

ԅ UrQMD̆ ԅ DCM-QGSM-SMM̆ ң Ԋᶛ֟

ԑ Ȃ  

ᵬҹ C̆BM ѿҩ Ȃ

ӈȂCBM ₮ԅ҈ ӈ  ̔

ṿ̔ ץ̆ 10 ɛsҹ

̕  

ץ̔ msҹ ̕  

̔ ץ̆

10 s ҹ Ȃ  
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ҹԅ ⌠ TOF ̆ Ҭ TOF

ȂCBM ῒ ᶏ ╠ TOF

ҹ 870 cmȂ∆ ԅ ҹ 120 m2 ̆ 2.5 Ȃ

ԍ CBM-TOF MRPC ̆ ҹῖ MRPC ̆

ҩ 5ҩ ̆῍ 10ҩ ̆ῒ ҹ 12 m̆ ҹ 10 m̆

Ҭ ҹ Ȃ ҩ TOF ҍ TOF ԑᵬ ҹ

1 ₯ҬȂ  

 

2. 5  TOF Ȃ ҹTOF ̆ Ҭ

ҹTOF  

╠ ₃ᵥȂCBM Ҭ

֟ ȁ № ץ ῏ ҍ ̆ Ҍ ̆

῍ ȁ ҈ ȂCBM

≢ Ḥ ̆ᵝԍ Ҋ 8~12 m ҹ  

120 m2 № TOF №Ȃ

≢Һ RICH TRD Ȃ Һ MUCH ҍȂ ԍ

R̆ICH MUCH ף T̆RD MUCH ᵬ Ȃ

ΐᵣ⌠ ̆҈ ΐ 5ҩ ₃ᵥ ̔ 

1̃ Ȃ MVDȁSTSȁRICHȁTRDȁTOFȁ PSD ̆

2.6Ҭ̂ã Ȃ ץ Ȃ

Ҭ MVD̆ ԍ MVD ҹ 0.1 MHz̆

ҹ 0.1 MHzȂ  

2̃PSD Ả ᵝ Ȃ STSȁTRD TOFȂ

Ҋ ̆ ץ ̆
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2.6Ҭ̂b̃ Ȃ 

3̃ PSD Ȃ Ҭ Ῥ ⱴ  PSDץ Ԋ

ᴆ ԍ ̆ᵖ PSD ⱬ └̆

ṿҹ 1 MHzȂ 2.6Ҭ̂c̃ ҹ PSD Ȃ 

4̃ Ȃ STSȁMUCHȁTRD TOF ̆

10 MHz ᴆҊ Ȃ Ғ ԍ ̆Һ ׃

J/ɣԊᴆ ̆ΐᵣ №≢ 2.6Ҭ̂d̃ ̂ẽ

J̆/ɣ Ҭ MUCH LMVM Ҭ MUCH ԅѿҩ

ᵣȂ  

 

 

(a)     

  

(b)   PSDβԍẢ ᵝ

 

(c)   PSD  

2. 6  CBM ᶷ ȂῒҬTOF ҹ ᶷ ῤ  
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(d)   ̂LMVM̃ (e)   ̂J/ɣ̃  

2. 6  CBMᶷ ȂῒҬTOF ҹ ᶷ ῤ

 

 ԍ ѿҩ ̆ ԅ 10҆ҩ Ẓ Ԋᶛ̆ ѿ ⌠

ᴆҊ TOF ҉ № Ȃ Ẓ ҍ

ᵌ̆ Ҭ ץ Ҍ Ẓ Ȃ ᾢ

Ԋᶛ֟ ֟ Ԋᶛ ᴆᵬҹ ῀̆ GEANT Ҭ

ᵬ Ȃ 2.7ҹ TOF ҍ MRPC Ȃ

MRPCңᶷ Ҭ № ף PCB ₮ ̆ Ҭ ԅ

ҍ ԑᵬ ᵝ Ȃ MRPC῍ 10ҩ ̆ ץ ҩ

₯Ҭ ҹ 10ҩ̆№ Ҭ PCB ңᶷȂ MRPC

Ҭ ῤ ֟ ̆↕ ₯Ҭ ҩ ᴪ ԍ 10Ȃ  

 

2. 7  ҍMRPCԑᵬ  

CBM z̆ ҹ ῀ Ȃ ԍ

Ҍ ᴆҊ Ҍ Ҭ ᵝ Ҍ ̆CBM

ԍ Ҭ ̆ ‰ᵝ ҹ z=-44 cm Ȃ CBM Ҭ̆
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Ҭ TOF ᵝ ̆ z=870 cm ̕ Ҭ

TOFᵝԍ z=905 cm Ȃ ԅҌ Ҭ TOF ҉ ₯Ҭ № ̆

2.8 Ȃ  

ԍ Ҭ TOF ᵝ ץ̆ ңҩ

Ҭ TOF ᵝ Ӟ ץ̆ LMVM ң

ҩ ҹף ₮ԅ TOF₯Ҭ № ȂTOF x-y Ҭ Ҭ ҹ̂ x=0̆

y=0̃̆ғ TOF ҉Ҋ ̆ Ҍ Ҭ₯Ҭ x

№ ῏ԍ x=0 ̆₯Ҭ y № ῏ԍ y=0 ̆x y

ṿ ҹ 0̆ 2.8 ╠ Ȃ₯Ҭ ᵝ z 10ҩ

ṿ̆ 2.8Ҭ̂ẽ ̂f̃ ̆ ֓ ṿף ԅ 10ҩ

z ᵝ Ȃ 5ҩ 6ҩ Ҭ ̆ ҹ

MRPCҬ ₮ ץ Ȃz № ԅ

Ҭ TOFᵝ z=826 cm ̆ Ҭ TOFᵝ

ԍ z=861 cm ̆ №≢ҹ 870 cm 905 cmȂ  

  

(a)  Ҭ₯Ҭ x№  (b)   Ҭ₯Ҭ x№  

  

(c)  Ҭ₯Ҭ y№  (d)   Ҭ₯Ҭ y№  

2. 8  CBM-TOF ₯Ҭ №  
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(e)   Ҭ₯Ҭ z№  (f)   Ҭ₯Ҭ z№  

2. 8  CBM-TOF ₯Ҭ №  

2.3.3     

 CBM-TOF Ҍ ᴆҊ CBM-TOF

ṿȂ ԍ TOF Ҭ Ḃץ ̆

‗ TOF № Ȃ Һ

‗ ̆ ҉ѿ ⌠ Ҭ TOF ҹ 905 cm̆

Ҭ ҹ 870 cmȂTOF ῤ ҹ

₮ 2.5£⌠ 25£ Ȃ ԍ MRPC

ҹ ̆ TOF ҉ ₮ Ȃ TOF 870 

cm ₮ ṿ ҹ 38 cm̆  

ψχπÔÁÎ ςȢυ£ σψ ὧά ς χ 

2.3.4  TOF ⅎ  

ԅ ᵝ Ҍץ̆ Ԋᶛ֟ ᵬҹ ῀

ԅ TOF 5ҩ CBM ₃ᵥҬ ᴆ̆ ץ ⌠ TOF

Ҭ № Ȃ ԍ ҍ ԑᵬ Ҭ̆ ҍҌ

₯Ҭ Ҋ ѿ̆ҩ ѿҩ ҍ ҩ

̆ᶏ ѿ ₯Ҭ ҩ₯Ҭ ̆ ⌠ ҩ

֟ 8ҩ₯Ҭ ̆ Ȃ ҍ ѿҩ₯Ҭ ̆

ҹѿ ₯Ҭ̆ ץ ⌠ TOF ῤ MRPC

Ȃ Ҭ ῀ ᴆ 3 ̔UrQMD֟ ꜚ ҹ 10 AGeV/c

ȁUrQMD ֟ ꜚ ҹ 12 AGeV/c

DCM-QGMS-SMM ֟ ꜚ ҹ 12 AGeV/c ץ̆
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Ҍ Ԋᶛ֟ Ȃ № №≢ ԅ

Geant4 Geant3 ץ̆ ңҩ ᴆ ̆

⌠ Ҭ 2.9 Ȃ ҩ № ᶛ ҈ №

Ḥ ̆ᶭ ҹ № Ԋᶛ֟ ȁ ꜚ

ᴆȂ  

  

(a) ҬTOF x

№  

(b) ҬTOF y

№  

  

(c) ҬTOF x

№  

(d) ҬTOF y

№  

2. 9  Ҍ ᴆҊCBM-TOF №  
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(e) PSD ҬTOF

x №  

(f) PSD ҬTOF

y №  

  

(g) LMVM ҬTOF

x №  

(h) LMVM ҬTOF

y №  

  

(i) J/ɣ ҬTOF x

№  

(j) J/ɣ ҬTOF y

№  

2. 9 Ҍ ᴆҊCBM-TOF №  

2.9 № ץ ₮̆ Ҍ Ҭ̆TOF Һ ‗ԍ

ᾛ Ȃ ԍ ץ

10 MHz ᴆҊ ̆ ң ̆ ԍ 10 

kHz/cm2̕ῒ ҹ 1 MHz PSD ̆ ԍ 1 
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kHz/cm2̕ ҹ 0.1MHz ԍ 1 kHz/cm2Ȃ

№ x y Ҍ ̆ TOF

ᵣ LMVM Ҭ y

№ Ҍ ᴆҊ Ȃ 2.10ҹҌ ᴆҊ TOF

№ ᴆҊ̂ ꜚ 10AGeVȁ Geant3 ̃

№ ṿȂ ԍ TOF Ҭ ̆

Ҭ ῏ Ȃ 2.10̆ ̆ ꜚ

10 AGeV ⌠ 12 AGeV ̆TOFҬ 20%

Ȃ№≢ ȁ ̆ ץ ₮ ̆

Geant4 ֟ ԍ Geant3 ̕ Ҭ̆

ȁ ̆ ץ ₮ DCM-QGMS-SMM

̆ ҬҌ Ԋᶛ֟

Ҍ Ȃ   

  

(a) ҬTOF №

ṿ 

(b) LMVM TOF

№ ṿ 

2. 10  Ҍ ᴆҊTOF № ṿ 

ԍ CBM ῏ ᴆ Geant4 ȁDCM-QGMS-SMMΐ

Ҭ ץ̆ DCM-QGMS-SMM GENAT4

TOFҬ ⌠ ̆ CBM-

TOFȂ Ҍ Ҭ № 2.11 Ȃ ԍ №

ᴪ └ ̆ ᵣ ⌠ᵞ

№≢ҹ̔ ̂ 10 MHz̃Ҭ TOF ᵣ ̆

LMVM Ҭ TOF ᵣ ̂ 10 MHz̃̆ J/ɣ

Ҭ TOF ᵣ ̂ 10 MHz̃̆ PSD

Ҭ TOF ̂ 1 MHz̃̆ Ҭ TOF

̂ 0.1 MHz̃Ȃ ץ ⌠̆ ᵣ
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Ȃ ҹ Ҭ ᵣ̆ Ҭ

̆ᶏ ᵣ ᵞ̆ CBM-TOF

ԍ ̆ MRPC ᵞҌ ԍ 1 

kHz/cm2̆ ⌠ 50 kHz/cm2Ȃ 2.2.2 ̆ ⌠ 95%ȁ

№ ԍ 80 ps Ҋ̆ᵞ MRPC ץ

ҹ 50 kHz/cm2̆ ץ CBM-TOF Ȃ 

  

(a) Ҍ Ҭx TOF

№  

(b) Ҍ Ҭy TOF

№  

2. 11  Ҍ ҬTOF №  

ԍ ᶭ CBM Ҭⱴ῀ԅ ̆

ѿҩ ̆ ׆ Ҭ ₮

ԅ ̆ 2.12 Ȃ

̆ ⌠ԅ TOF Ȃ 

 

2. 12  Ҍ  
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 2.13 ̆ Ҭ ₮ԅ ’Ҋ

’Ҋ ṿ̆ Һ TOF Ҭ

̆ ’Ҋ̆ Ҭ ̆

⌠ԅѿ ᵬ Ȃ 

  

(a) x №  (b) y №  

2. 13  TOF №  

2.3.5  ₴  

̆CBM-TOF MRPC Ҍ ԍ 5%Ȃ ҹ

ҩ ԊᴆҬ ̆ ҍ ₮

ӗ Ȃ ԊᴆҬ ᵝ ҉ ₯Ҭ

Ȃ ₮ Ȃ ᴆҊ̆

ץ ₮ Ȃ MRPC ₮

ѿҩ Ȃ ₮ ₮ ̆

₮ Һ Ȃҹԅ ᴆ

C̆BM-TOF └ ԅ CBM Ҭ TOF ₮ ҹ 1 cmȂ

ԍ ₮ ӊ ̆ ₮ ԍ 1 cmȂp ᶏḤ

₮ ̆ ₮ Ӟ ץ Ḥ ₮

̆ ₮ ׅ ҹ 1 cmȂ ҩ

ԊᴆҬ ̆ ῀ ᴆ ԅ 0-10% Ҭ Ȃᶭ

҉ 5% ̆ 2.14 ₮ԅ Ҭ TOF MRPC

ҹ 1 cmȁ ҹ 5% ᴆҊ ₮ ̆ ҹ ₮

҉ ̆ ҩ ₮ ҉ ṿȂ  
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(a) x ҉  (b) y ҉  

2. 14  5% ᴆҊ ₮ ҉  

2.3.6  TOF Ҳ ᵣ  

≠ TOF ≢ ̆ꜚ ≠ ֟

B ᶏ Ẓ ̆ STS ⌠

Ẓ ὶ̆ ׆ ץ ⌠ ꜚ ὴ̆  

ὴ ήὄὶ ς ω 

ῒҬήҹ Ȃ ԍ Ẓ ̆ TOF ᵝ

̆ ᵝ x ҉̆Һ ҹ

҉ ᵝ ̆ҹ TOF ᵝ Ȃ TOF

Ҍ ᴆҊ Ẓ ̆ №≢ ԅꜚ ҹ 2 AGeV/cȁ4 AGeV/cȁ6 

AGeV/cȁ8 AGeV/cȁ10 AGeV/c 12 AGeV/c Ҍ

ᴆҊ ₯ TOF ̆ ᵝ Ȃ

TOF҉ x ᵝ № ץ Ҍ ⌠ TOF

x ҉ Ẓ ̆ 2.15ҹ 12 AGeV/c ῃ ᵬ Ҋ

TOF҉ xᵝ № Ȃ  
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2. 15  ᵝ Ẓ Ȃ ҹ12 AGeV/c ῃ ᵬ Ҋ

TOF҉ xβ №  

̆ ꜚ ̆ ᵝ ̆ Ȃ

ҹ ꜚ ᵬ Ҋ Ẓ Ȃ ꜚ ҹ 2 

AGeV/c ᵝ ԍ 60 cm̆ ꜚ ṿ 12 AGeV/c ̆

ᵝ ̆ ҹ 11 cm̆ΐᵣ 2.16 ̆ Ҭ ᶭ

ꜚ TOF ᵝ Ȃ 

 

2. 16  ᵝ ҍ ꜚ ῏  

2.4  CBM-TOF  

҉ ̆ ⌠ԅ TOF ᵣ Ȃ ץ TOF

Ȃ ԍ CBM-TOF ╠ ҍ MRPC

Ḥ ₮̆ ҩ MRPC TOF Ҭ ԍῒ

̆ҹԅ ᾧ TOF ̆TOF Ҭ MRPC ֜ ↓̆

ᶏ MRPC ҉ ̂ ңҩ ₮
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̃Ȃᶭ ȁ ȁ ̆CBM-TOF

5 MRPC 15 Ȃ 2.17 ȂῒҬҌ

ף Ҍ MRPC ᵝ Ȃ MRPC4 ȁ

MRPC3 ȁ MRPC2 ȁ MRPC1b ȁ ῤ

ᶷ MRPC1a ̆ Ҭ ף TOF Ȃ

TOF № Ȃ׆ ⌠ῤ ̆MRPC ⱬ

̆ɰ № T̆OF№ҹԅңҩ №̆≢ MRPC2ȁMRPC3

MRPC4 ץ̆ MRPC1b MRPC1a ῤ Ȃ 

 

2. 17  Ҍ MRPC CBM-TOFҬ №  

CBM-TOFҬԓ MRPC ΐᵣ 2.3̆ ҩ TOF ῍ 1390

ҩ MRPCȂ  

2. 3  CBM-TOF MRPC  

MRPC  MRPC1a MRPC1b MRPC2 MRPC3 MRPC4 

MRPCҩ  132 168 580 200 310 

MRPC cm2 30¦10 30¦20 27¦32 27¦32 53¦32 

MRPC ₮ ҩ  32 32 32 32 32 

MRPC ₮ cm 10 20 27 27 53 

MRPC ҩ  10 10 8 10 10 

MRPC ɛm 200 200 250 230 230 

mm 0.7 0.7 0.7 0.23 0.23 

 ᵞ  ᵞ  ᵞ    
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2.18 ₮ԅ CBM-TOFҬ № ̆ῒҬ ף

ѿ ̆ ҉ ҹ ȂCBM-TOFѿ῍

15 Ȃ 2.4Ҭ ₮ԅ №Ȃ  

 

2. 18  Ҍ CBM-TOFҬ №  

2. 4  CBM-TOF  

 M0 M1 M2 M3 M4 M5 M7 M6 

 
5 

MRPC4 

5 

MRPC3 

5 

MRPC3 

5 

MRPC2 

5 

MRPC2 

18 

MRPC1a 

12 

MRPC1b 

18 

MRPC1a 

9 

MRPC1b 

12 

MRPC1b 

ҩ  62 32 8 100 16 1 1 1 

 

2. 4  CBM-TOF  

 M8 M9 M10 M11 M12 M13 M14 

 

6 

MRPC1a 

12 

MRPC1b 

12 

MRPC1b 

18 

MRPC1a 

12 

MRPC1b 

12 

MRPC1b 

18 

MRPC1a 

9 

MRPC1b 

6 

MRPC1a 

12 

MRPC1b 

12 

MRPC1b 

ҩ  1 1 1 1 1 1 1 
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2.5  CBM-TOF  

CBM-TOF ΐᵣ ף TOF ץ ⌠ Ҭ CBM-

TOF ̆ TOF Ȃ 

2.5.1  MRPC2  

MRPC2 └ ̆ MRPC2

῏ ԅ ̆ 2.19̂ ã Ҭ ȂMRPC2 ԍ CBM-

TOF ̆ Ҭ ҹ 203.5 cmȂ ⌠ԅꜚ ҹ 12 

AGeV/c ҍ ҹ 10 MHz MRPC2

№ ̆ 2.19̂b̃ ̆ ṿ ҹ 20 kHz/cm2̆

ԍ CBM-TOF ԑ № ̆ № 4

̆ ⌠ ҩ ṿ ҹ 5 kHz/cm2̆ MRPC2

ⱬ ῤȂ Ҭ€ ԅ ᵝ Ȃ  

  

(a) CBM-TOFҬMRPC2 ᵝ

ȂῒҬ MRPC2

 

(b) MRPC2 №  

 2. 19  TOF Ҭ MRPC2 ᵝ №  

2.5.2  MRPC2  

2.3.5 ̆CBM-TOF Һ ᵣ ₮ ҉Ȃ

MRPC2 ҹ 27 cm̆ 2.21 ԅ TOF Ҍ ҉ ṿ

̂ ̃ ̂ ̃ȂMRPC2 27 cm ԍ

҉ ̆ Ȃ 
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(a) x ҉ ₮ ṿ

҉  

(b) y ҉ ₮ ṿ

҉  

2. 20  TOF ₮ ṿ ҉  

2.5.3  TOF  

ᴰ Ӟ CBM ѿҩ ̆ ᴰ Һ

Ҭ ̆ ̆ ҩ

ԅ Ȃ  

Ҍֽ ̆ Ӟ

Ȃ ҹѿҩ ᶏ ҩ ₮ ̆ ̆CBM-TOFҬ MRPC

ԅ ₮ ̆ ҩḤ ᴪ ₮ ң ֟ ѿҩ

Ḥ ̆ ᾟ№ ⌠ Ȃ 

ԅ ԅ ̆

MRPC Ḥ ̆ ⌠Ḥ ₮ Ḥ ̆ ԅ

ץ ץ̆ ⌠ ҉

Ȃ  

Ҍ CBM ῒ ᵝ Ҍ ̆ᶏ Ҍ

ӞҌ ȂSIS100 ץ ⌠ ҹ 10 MHzȂ

ҹ 100 kHz̕

Ҍ MVD̆ ҹ 5 MHz̆

ԅ ̆ ҹ Ẓ Ȃ 2.21

ҹ ̆ ԅңҩף № ̆ ҹ TOF

2Ҭ MRPC2 ̆ ҹ TOFῤ 10

̆ ҹ 300 kHz̆ᵞԍ 500 kHz ҉ ̆

Ȃ  
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(a) TOF M2

№  

(b) TOFῤᶷM10

№  

2. 21  TOF №  

2.6   

UrQMD DCM-QGMS-SMM ᵬҹ

῀ ᴆȁ Ҍ ᴆ Geant3 Geant4 CBM ԅ

Ȃ ╠ ҩ ԅ

SIS100ⱴ ҉ CBM ȁCBM CBM

̆ CBM-TOF ᴆҊ ԅ

̆ ⌠ԅ CBM-TOF ȁ Ȃ ԍ

Ҭᴪ Ҍ ҉ Ẓ ̆

Ȃ Ҍ Ҭ Ẓ ̆

ԅ Ҍ ᴆҊ TOF Ẓ Ȃᶭ ҉ ̆

CBM-TOF ԅ ҍ Ȃ  

CBM ᵣ Ҭ MRPC2

ԅ Ȃ ᴆ ̆ ⌠ ̆

Ҭ MRPC2 ҹ 5 kHz/cm2̆ ԍᵞ MRPC

MRPC2 ̕ Ҭ ԊᴆҬ̆

MRPC2 ₮ M̕RPC2

ҹ 5 MHz ᴆҊ ̆ ԅ MRPC2

Ȃ  
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3   mCBM Ҳ mTOFⅎ ғ  

3.1  mCBM ב  

CBM Ҋ CBM

ҹ ̆ ꜛԍ CBM ῒ ᴨ ̆ҹ CBM

̆ CBM ᵬ ԅ mCBM ȂmCBM ҹ CBM

̆ CBM CBM ҩ ῒҬ № ȁ

ȁ ₮ ץ № ҍ ᴆ L

ȂmCBM CBM ѿ ̆ ᵝԍ GSIȂmCBMҹ SIS18҉ ̆

ΐᵣᵝ 3.1 ̆ ҹ Ȃ 

 

3. 1  mCBM GSIҬ ᵝ  

3.1.1  mCBM  

mCBM ҹץ CBM ᴆ ᴆ m̆CBMҺ

Ҋ₃ҩץ ̔ 

1̃ ᴆҊ ̕ 

2̃ ̕ 

3̃ ₮ ̆ HPCᴰ ̕ 

4̃ № ᴆץ № ̕ 
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5̃ └ Ȃ 

ԅ CBM ҍᴨ ̆mCBM ֟

L ҍ Ȃ 

3.1.2  mCBM  

mCBM ץ ᶫ 5 ̔ҍ 10% ȁҍ 1%

ȁҍ 10% ȁҍ 1%

ץ ȂmCBM Ҭ ꜚ ҹ 1.24 AGeVȁ

ꜚ ҹ 1.93 AGeV̆ SIS18 ᶫ ȁ ῒ

Ȃ ҹ 108 /s̆ ҍ 10%

ץ ⌠mCBM ⌠ ҹ 10 MHz̆ CBM ̆

ҹ CBM ᶫԅ Ȃ 

mCBM ̆ Ҍ 3

Ȃ 3.2ҹ ᶛ Ḳ ̆ῒҬ ᶷ ҹ ̆ ᶷ

῀Ȃ ̆ ҹ Ȃ ῤ׆ ᶭ

CBM ̔ң STS mSTSȁ2 ҩ GEM

mMUCHȁң TRD mTRDȁ25ҩ MRPC2 mTOFȁmRICH

ץ̆ ѿᶷ mPSDȂ ԍῒ ⱴ῀ȁ ᴆ

ȁ ץ ѿ ҍ

̆mCBM 2018 ץ ѿ ꜚ Ȃ 

mCBM ╠ Һ ԍ ҩ № ᴨ ̆Ҭ

ץ ᴰ ̆mCBM ץ

L Ȃ 
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3. 2  mCBM  

3.2  mCBM Ҳ mTOF 

mCBM Ҭ mTOF [119]ȂmTOF 5 ҩ TOF

̂CBM-TOF Ҭ 3̃ ̆ ҩ 5ҩ ԍᵞ MRPC2̆

3.3 Ȃ Ҋ֜⌠҉׆҉ ↓ 5 ҩ Ҭ ѿҩ

mTOF ̆ ѿҩ Ҭ̆ ֜ ҹԅ ᾧ Ȃ

ԅ 2ҩ ҹ̆ 3.2Ҭ M4̂ 4ҩ ̃ M5̂ 5ҩ

̃̆ Һ ԍ ᴆҊ ҹῒ ⱴ῀

ᶫԅ ̆ ԅ 3ҩ ׆̆ ᶭ ҹM1̂ ѿҩ ȁ̃

M2̂ 2ҩ ̃ M3̂ 3ҩ ̃ Һ̆ ԍ ץ

Ȃ 
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̂ã  mTOF  ̂b̃ mTOF  

3. 3  mTOF  

3.3  mTOF ⅎ  

ԍ mCBM ̆mTOF № Ҍ ԍ Ȃ ᾟ№

≠ TOF ᶫ Ḥ ᵝ Ḥ ̆№ mTOF

№ ̆ ≠ץ № ҍ Ȃ 3.4ҹ mTOF Ȃ 

ᾢ mTOF ₃ᵥ ̆mTOFҬ MRPC₃ᵥᵣ ԅҍ

8 ̆ MRPC ԅ mTOF₃ᵥ̆ ԅꜚ

ҹ 1.24 AGeV̂SIS18҉ ꜚ ̃ ₯ ᴆҊmTOF

Ȃ 
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3. 4  mTOF  

3.3.1  mTOF ⅎ  

ԅ 10҆ҩ 1.24 AGeV ҍ Ẓ Ԋᴆ mCMB

ԅ Ȃ 3.5ҹѿҩ Ԋᴆ Ḳ Ȃ ֟ ׆

ᶷ Ҭ ̆ mSTSȁmMUCH mTRD ⌠ mTOFȂ 

 

3. 5  mCBMҬ Ḳ Ȃ Ҭ ԅ  

mCBM 10 MHz̆ 3.6 ₮ԅMRPC2 mCBM 10 

MHz ᴆҊ № Ȃ Ҭ ҩ ף ԅmTOF╠

M1 M4Ҭ mTRD 4ҩ Ȃ Ҭ ᶷ ңҩ №≢ҹ M4

ңҩ╠ MRPC2̆ ᶷ ңҩ ↕ҹM1 ңҩ╠ MRPC2Ȃ ԍ M4

̆ ᶷ ᵣ ԍ ᶷ Ȃ
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MRPC2 mCBM Ҭ 20 kHz/cm2̆ CBM-TOF

MRPC2 ҹ 5 kHz/cm2̆ mCBM ץ ᶫ MRPC2 CBM Ҭ

ᴆ̆ ≠ץ mCBM MRPC2 Ȃ 

 

3. 6  mTOF╠ 1.24 AGeV ҍ MHz 10ץ

Ẓ ᴆҊ №  

3.3.2  mTOF  

mTOF Һ ԍ№ № Ȃ

ᵬҹ№ ῀̆ ṿ №

№ ̆ ץ MRPC Ҭ

׆̆ MRPCḤ ῏№ MRPC Ȃ  

MRPC2 ҹ 8 Ȃ Ҭ̆ ҍ ҩ

ԑᵬ ₯Ҭ ᵝ ᴪ Ҋ ̆Ẋ MRPC ҩ

̆ ҩ ӈ MRPC ᵣ ̆ 

‐ ρ ρ ‐ σ ρ 

ῒҬ‐ MRPC ᵣ ̆‐ ҩ ̆n

ҩ ̆ ṿҹ 8Ȃ ԍ ₯Ҭ ̆ Ҭᴪ

Ḡ ᶛ ₯Ҭ ץ̆ ῀ Ȃ 

MRPC Ҭ Ḥ̆ ̂Time Over Threshold̆  

TOT̃ Ȃ ԍ № ῀ MRPCḤ ̆Ḥ
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ΐᵣ ԍ№ Ҍ ̆ ̆ ׆

TOT№ ̆ 3.7ҹ TOT№ ,ῒҬ

ԍ ̆ Ḥ ҺḤ ⱴ Ȃ 

 

3. 7  MRPCҬ֟ Ḥ № ̂TOT ̃ 

TOT№ Ҭ ѿ ₯Ҭ TOTȂ ‗ԍḤ ᵝ

̆ ₯Ҭ ᶏ ₮ ₮Ḥ ̆ Ḥ №

Ȃ № Ҭ ԅľ Ŀ ̔Ẋ ₯Ҭ ֟ ҹ

№ ץ̆ ҩ₯Ҭ ᵝ ҹ ̆ № ׆̆

⌠ № ̆ ҩ ₮ ̆ ↓ ₮

҉№ ̆Ῥ ҩ ₮ ҉ TOT № ₮ ң ̆

TOT̆ 3.8ҹ № Ȃ ҩ

ҹ digiȂ 

 

3. 8  №  

digi ԅ TOTḤ ̆ Ḥ ̆  

ὸ ὸ ὸ ὸ ὸ σ ς 

ῒҬὸ ҹ ⌠ ̆ ̂3-2̃ ԅὸ ᶭ
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Ԋᴆ ┴ὸ ȁMRPC ₯Ҭ ὸ ȁḤ ₮ ҉ ᴰ

ὸ ῀ ὸ Ȃ Ḥ Ҭ̆ὸ

MRPCҬ ҩ₯Ҭ ̆ ᵌ Ҭ ∆

Ȃ  

Ҭ № № Ḥ ⱴѿҩ № ῀ Ȃ

digi № Ҋ̆ 

„ „ „ „ σ σ 

Ҭ ₯Ҭ ₯Ҭᵝ Ḥ Ȃ ‗ԍ ᵝ ̆ѿ

z Ȃ № ̆ digi ΐ Ḥ ,

ȁ ȁ ̆ z ᵝ

Ҭ ₮ digi ԋ ᵝ Ḥ Ȃ ̆ ѿ ₮ ң digi

Ḥ ԅ digi ₮ ҉ ᵝ ̆ ҉₯Ҭ ҈ ᵝ Ḥ ץ

₮ ̆ ץ digi ᵝ Ḥ Ӟ Ȃ 

╠ ԅ ῏ Ḥ ̆ Ḡ

digi TOTḤ ȁ Ḥ ץ ᵝ Ḥ ῏ Ḥ Ȃ ץ

₮ ң digi ₮ ₮ ҹ̆ 

ὸ
ὸ ὸ

ς
σ τ 

ὸ
ςὸ ςὸ ὸ ὸ ὸ ὸ

ς
σ υ 

ὸ ὸ ὸ
ὸ ὸ ὸ ὸ

ς
σ φ 

„ ҹ̆  

„ὶὩὧ
ς „ „

„

ς
σ χ 

3.3.3  mTOF ⅎ    

 3.9 ₮ԅ mCBM Ҭ Ԋᴆ ҍ mTOF № Ȃ

Ԋᴆ ׆ ⌠mTOF ⌠ ѿ ₯Ҭ ȂmCBM

Ҭ № ⱴ῀ԅ ↨ ̆ ↨ ̆

Ҭ ᵬҹ ↨ ̆ ↨ ҍ mTOF

ѿ Ȃ ’Ҋ Ԋ̆ᴆ ҹ ҩ Ԋᴆ ⌠ ₯

Ҭҍ ₯Ҭӊ Ȃ 3.9̂ ã ҹԊᴆ ₯Ҭ ԋ
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№ ̆ ץ ⌠ ֓Ԋᴆ 1000 ns̆ Һ ҹ

Ҭ ̆p ֓ ̆ Ҍץ

̆Һ ῏ 3.9̂ b̃ ҬԊᴆ ԍ 100 ns Ȃ Ԋ

ᴆ ҹ 25 ns̆ 3.9̂ d̃ Ȃ Һ ‗ԍmTOF ᵝ Ȃ

̆↕ ȁ Ԋᴆ Ȃ 

mTOF ԊᴆҬ ҩ ̆ 1.24 

AGeV ҍ ץ 10 MHz ᴆҊ̆ 16

ҩMRPC ⌠ Ȃ 

  
̂ã  ̂b̃ 

  

̂c̃ ̂d̃ 

  

̂ẽ  ̂f̃ 

3. 9  mTOF ԊᴆҬ  
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ᵬҹ Ԋᴆ ץ ꜛ└ Ԋᴆ

Ȃ ҹ ץ ҹ ↓ ̆ № ᾢ

ӈ Ԋᴆ ҍ Ȃ 3.9̂ ẽ ҹ ῤ

Ԋᴆ ԊᴆҬ ̆ ӈҹ Ԋᴆ Ȃ 50 ns

ῤ 3ҩ Ԋᴆ№≢ Ԋᴆ 81.6466%̂ 3.9̂ f̃̃Ȃ

Ҍ Ԋᴆ 1000 ns Ԋᴆ̆ Ԋᴆ Ҋ Ԋᴆ №≢ҹ

92.37%̆ ҹ ᴆ ץ ̆ 50 nsῤ 3ҩ

ᵬҹѿҩԊᴆ ỮȂ 

3.3.4  mTOF  

mCBM ̆ ԊᴆḤ ̆ ҌᴪץԊᴆҹ

ᵝ ̆ ҬҌ ԊᴆḤ ̆ ѿ ῤ

Ȃ Ҭ ῀ ᴆ Ԋᴆҹץ ᵝ ̆ ҩ Ԋᴆᵬ

ҹѿ ῀Ȃҹԅ ⌠ MRPC ῤ ᶏ̆

ѿ Ҍ ԊᴆḤ ̆ № ԅ Ԋᴆ

̆ ԍ ỮȂ Ԋᴆ m

῏̆ ̆↕ Ԋᴆ ṿ ̆ Ԋ

ᴆ ṿ ᴆҊ̆ ԅ Ԋᴆ

Ҍҹ ṿ ̆ Ԋᴆ № ҹ̔ 

Ὢὸ ά Ὡ σ ψ 

ҹ 10 MHz ̆ Ԋᴆ ҹ 100 ns̆ ns

0.01ҩԊᴆȂ ns ᵝҊ № ↕ ҹ 0.01Ȃ

№ Ԋᴆ ᶏ̆ Ԋᴆ ҹ ҉

Ԋᴆ̆ № 3.10 Ȃ 
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3. 10  Ԋᴆ №  

3.11ҹ Ҭ digi № ̆ ҹ 1s̆ ԅ

Ȃ ̆ Ȃ 

  

 

3. 11  Ҭdigi №  

3.3.5  mTOF ╔  

 ┴ ╠̆ ᾢ≠ ԊᴆҬ ԅԊᴆ

Ȃ Ԋᴆ ҹ 50 nsῤ 3ҩ MRPC ̆ ↕̆

ῤ Ữҹ 1ҩԊᴆȂ Ҋ ̆ m̆TOF №

ҩ ┴ ̔ ᵝ ḱ ȁḤ ᴰ ḱ ȁ

ḱ Ȃ┴ Һ ңҩ Ḥ ῏ ̔Ḥ ┴ TOTȂ 

ḱ Һ ԍ ҩ Ҍ ̆ ᶏ ₮
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Ḥ ̂TOT̃ Ȃ ԍ Ḥ ┴ ῏ Ҍ ̆ ץ

ᾢ ҩ ḱ Ȃ ṿMeanḱ 5

̂ᴋ ᵝ̃̆ ⌠ḱ ὝὕὝᴂ̆  

ὝὕὝᴂ ὝὕὝz
υὥȢόȢ

ὓὩὥὲ
σ ω 

ḱ № 3.12 Ȃ 

 

3. 12  mTOF Ḥ TOT№  

 ᵝ ḱ ҹԅ Ḡ ѿҩ ҉ ₯Ҭ ᵝԍ

ῤ Һ̆ ₮ ҉ᵝ ḱ ̆ ₮ ᵝ

‗ Ȃ Ҭ ҹ ҩ ȂḤ ₮ ҉

ᵝ ὣ ₮ ң ѿ ӗץḤ ᴰ ὺ ⌠Ȃ 

ὣ ὺɆ
ὸρ ὸς

ς
σ ρπ 

ῒҬ t1 t2№≢ף ₮ ң Ȃ Ḥ ᵝ ̆

ԍ ῀ ᴪ Ḥ ᵝ № ̆ Ḥ

ԍ ᵝ № Ḥ Ȃ ԍ ῃ ’Ҋ

₮ ҉₯Ҭ № Ҍ ̆ ₮ ҉₯Ҭ ᵝ ṿ ԍᵝ ḱ ↕Ҍ

‰ ̆ ₮ ҉₯Ҭ ₮ № ̆ ⌠

₮ ң ̆ ᵬҹ ₮ ṿὒᴂ̆Ῥ ₮ ᵝ

Ҭ Center ׆̆ ᶏ ₮ ҉ ₯Ҭ ԍ

ῤȂᵝ ץ ԑ ̆ ḱ ḱ ҹ  ̆

ὸρᴂὸρ
ὅὩὲὸὩὶ

ὺ
σ ρρ 
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ὸς ὸς
ὅὩὲὸὩὶ

ὺ
σ ρς 

₮ ң ṿ ᴆҊ̆ ₮ Һ Ḥ

₮ ҉ ᴰ ̆ ̂3-13̃ ̆ ὸ ҹ ₮ ң Ḥ

ṿȂ ѿ ₮ ҉ ₯Ҭ № ⌠ ₮ ȂḤ ᴰ

ḱ Һ ҹԅḠ ₮ ṿҍ ₮ Ȃ

₮ ὒᴂҍ ₮ ὒ Ṑ ץ ⌠Ḥ ᴰ

ḱ ṿὺȂ 

ὒᴂ ὺɆ ὸ σ ρσ 

ὺ ὺɆ
ὒ

ὒ
σ ρτ 

₯Ҭ ᵝ № 3.13 ̆ ԅ Ȃ 

  

̂ã ₯Ҭ ᵝ

№  

̂b̃ ₯Ҭ ѿ ₮ ҉ ᵝ №  

3. 13  mTOF Ҭ₯Ҭ ᵝ №  

 ḱ ԍḱ Ḥ ꜚȂḤ Ҭ ∆

Ȃ ╠ Ҭ ≠

Ḥ ̆ ╠

⁞̆ ԅ ᵝ ꜚȂp ԍ ₮ ץ

̆ ╠ ץ Ҭ ̆ ῒ CBM Ȃ

CBM ⱴԅ ᴰ ̆Ῥ Ḥ

╠Ҍ ȂCBM Ҭ MRPC ≢ Ḡ̆ Ḥ

̆ ᵬҹḤ Ȃ ңҩḤ ̆p Ḥ

Ҍ ̆ ԍḤ ҉ Ҍ ̆ Ḥ ҉ ̆ Ḥ ҉ ̆
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ṿ ≢ ’Ҋ̆ Ḥ ┴ ԍ Ḥ ┴ ׆̆ ῀ԅ ԍḤ

Ҍ Ὢ̂ ὝὕὝᴂ̃Ȃ ḱ ץ TOT ῏̆

ḱ ᵝ ḱ ̆ 

ὸ ὸ ὪὝὕὝ σ ρυ 

ḱ TOT ᶭ ῏ ̆ 3.14 Ȃ 

 

3. 14  mTOF Ḥ ῏  

 ῃ ̆ ᵣ ┴ ̆ ⱴԅ┴ ᵬ

Ӟ ᶫԅ ῃ ┴ ̆ ԅḤ

ᴰ ḱ ̆ᶏ ⌠ Ȃ 

3.3.6  mTOF ⅎ  

ԍ mCBM ׅ ԍ ̆ ≠

̆ ῃ ҩ ҉

№ Ȃҹԅ Ḡ ∆ mTOF ̆ ≠ mTOF

MRPC Ȃ ץ mTOF mCBM Ҭ ץ

TOF ̆ѿ ԍ ̆ԋ ҹԅ mTOFῤ

҉ ≠ץ̆ mTOF ₮ №

Ȃ № mCBM № Ȃ № ѿҩᴨ

ҩMRPC ᵝ ץ ᵝ ԑ ׆̆ MRPC ᵣᵝ

ḱ Ȃ 

ԍ mCBM ̆ Ȃ Ҭ̆

ᾢ ӈ ԍ ∆ ңҩ ׆̆ ңҩ ҉ 1 ҩ₯Ҭ

ѿ 4 ∆ ̂x̆ y̆ z̆ t̃̆ ԍ zᵝ ̆ ץ
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ᵀ ⌠ ѿҩ ҉₯Ҭ ṿὸ ὼ̆ ώ̆ ̆

҉ ṿὸ̆ὼ̆ώץ ‰ „̆„ „

Ҭ ₯Ҭ ̆ 

…
ρ

σ
̂
ὸ ὸ

„
̃ ̂

ὼ ὼ

„
̃ ̂

ώ ώ

„
̃ σ ρφ 

… ԍ 3 Ҭ …ṿ ̆ ҍ ₯Ҭ

̆ ̆ Ҋѿҩ ҉ ₯Ҭ Ҍ̆

N ҩ Ȃ Ῥ׆ңҩ∆ Ҭ ѿ

ῒ ҉ ₯ҬȂ№ Ҭ N-1 ҩ

№ Ȃ 

№ Ҭ̆ 3.15 ҹ Ȃ ῒ ҉

₯Ҭ ₮ԅѿ ̆ ҍ Ḥ ↕̆

ᵞ[120]Ȃ 

 

3. 15  mTOF  

3.3.7  mTOF ⅎ  

ץ Dut ף ̆ Dut ₯Ҭ ̂ҍ ̃ ’Ҋ̆

mTOF № ץ Dut ṿὸ ҍ ṿὸ ṿ Ȃ

ԍ mTOFҬ M1̆M2 M3 ҈ҩ z ҉ ץ̆ 3

ҹᶛ̆ ѿҩ ҹ Dut ̆ῒ ңҩ №≢ҹRef1 Ref2Ȃ

ᵝ ⌠ ὸ ṿὸ ҹ̔ 

ὸ ὸ ὸ
ὤ ὤ ὸ

ὤ ὤ

ὤ ὤ ὸ

ὤ ὤ
σ ρχ 

 

ῒҬ Zҹ ҩ z ᵝ Ȃ №≢ Det1ȁDet2 Det3ᶭ ף



3   mCBM Ҭ mTOF№ ҍ   

61 

҈ҩ ̆ Dut Det1 R̆ef1ҹ Det2̆ Ref1ҹ Det3̆ ԍ Zref2-ZDut=2ZRef2-

ZRef1=2ZRef1-ZDut̆ף῀ ̂3-17̃ № „ ῏

№≢ Ҋ̔ 

ὸ ὸ ὸ ̂ ὸ ςὸ ̃ σ ρψ 

„ Ὃὥόίί ύὭὨὸὬ „ ὸ „ ὸ τ„ ὸ σ ρω 

 

Dut ԋҩ Det2 ̆Ref1ҹ Det1̆ Ref1ҹ Det3̆ ̔ 

ὸ ὸ ὸ
ὸ ὸ

ς
σ ςπ 

„ Ὃὥόίί ύὭὨὸὬ
„ ὸ

τ
„ ὸ

„ ὸ

τ
σ ςρ 

 

Dut ҈ҩ Det3 ̆Ref1ҹ Det1̆ Ref1ҹ Det2̆ ̔ 

                  ὸ ὸ ὸ ςὸ ὸ σ ςς 

„ Ὃὥόίί ύὭὨὸὬ τ„ ὸ „ ὸ „ ὸ σ ςσ 

 

̂3-19̃ ȁ ̂3-21̃ ̂3-23̃ ᶷ №

ҹ 

ὃ

ρ ρ τ
ρ

τ
ρ
ρ

τ
τ ρ ρ

σ ςτ 

№ ὝὙὩίҹ 

ὝὙὩί

„ ὸ

„ ὸ

„ ὸ

σ ςυ 

 

̂3-19̃ ȁ ̂3-21̃ ̂3-23̃ ᶷ Measurĕ ↕ 

ὓὩὥίόὶὩ

„ Ὃὥόίί ύὭὨὸὬ

„ Ὃὥόίί ύὭὨὸὬ

„ Ὃὥόίί ύὭὨὸὬ

σ ςφ 
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↕ ̂3-19̃ ȁ ̂3-21̃ ̂3-23̃ Ҋ ̆ 

ὓὩὥίόὶὩὃz ὝὙὩί σ ςχ 

ץ ὝὙὩί̆  

ὝὙὩίὃ ὓzὩὥίόὶὩ σ ςψ 

̆ץ № Ҭ̆ ҩ ṿҍ ṿ №

ὓὩὥίόὶὩ ₮ Ḃ ץ ⌠ №

ὝὙὩί̆ ⌠ № Ȃ 

3.4  mTOFⅎ  

3.4.1  mTOFⅎ  

3.3.2 ̆mTOF Ҭ ῀ԅ MRPC № ̆

⌠ Ҭ ңҩ Ḥ Ȃ № №

ץ ⌠ № ̆ № ⌠

Ҭ ṿ ץ № ̆ ┴

ғ № ҍ ῀ ̆ №

ԍ ̆ΐᵣ 3.16 Ȃ  

 

3. 16  mTOF№ ҍ  
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3.4.2  mTOF  

№ Ҭ ᾢᶭ Ԋᴆ Ԋᴆ̆ᶭ ╠ Ԋᴆ ̆Ԋ

ᴆ ᴆҹ 50 nsῤ 3ҩ ̆ ԊᴆҬ

№ Ȃ  

 

 

3. 17  mTOFҬ25ҩ MRPC2  

 Ҭ̆ ҹ 100%Ȃ 3.17ҹ № ⌠

M1ȁM2 M3 Ҭ 25 ҩ Ȃ Ҭ ҩ ᶭ ₮ԅѿ

ҩ Ҭ 5ҩ Ȃ № ̆ᵝԍ M1 M3Ҭ

M2 ҍ ṿ ̆ ԅ ԍ

Ҭ ץ ⌠ ȂM2 Ҭ̆Ҭ

₃ᵥ ׆̆ ̆ ԍ ṿȂ

ҹ ⌠ԅ ᵬ ̆ MRPC ԍ mTOF ῤ

Ḃץ ⱴ‰ Ȃ  

3.4.3  mTOF ⅎ  

ҬԊᴆ ꜚ ṿ 40 ps̆ № ҹ 40 ps̆ ̂3-

7̃  

„ὓὙὖὅ
ς „ „ίὸὥὶὸ

ς
„ὩὰὩὧὸὶέὲὭὧί

ς

ς
„ τω σ ςω 

҉ѿ ̆ ṿ MRPC ԅ №

№ Ȃҹԅ № №̆≢ Ҍ MRPC №

ԅ ̆ № Ȃ 3.18̂ ã ҹ
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№ ṿ № ⌠ № ̆ԋ Ȃ №

ṿҌ ̆ᵖ ṿ ҹ 100%Ȃ 3.18̂ b̃ҹ №

Ȃ № ṿҌ ̆ № №

ᶭ ῏ ̆ ԍ 99%̆ ṿ̆ Ȃ 

  

(a) ῀ № ₮ №

῏  

(b) ₮ ₮ ῏  

3. 18  mTOFҬ MRPC2 №  

3.19̂ ã ԅ № № Ẓ ҹ 2 ps̆ ԍ

ṿ ᴪ ᵞԍ ṿ̆Ẓ ҹ

0.7%̆ ṿ ̆ 3.19̂ b̃ Ȃ № ̆

№ ץ ⌠ ̆ ԍ mTOF

Ȃ  

  

(a) ₮ № ῀ №

Ẓ  

(b) ῀ ₮ Ẓ  
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3. 19  № Ẓ  

3.5   

 mCBM ҹ MRPC CBM Ҋ ᶫ

ᴆȂ ԍ CBMRoot ԅ mTOF ԍ ̂ ̃ ≠̆

ԍ № ԅ ҍ Ȃ MRPC Ҭ ῀

№ ңҩ ⌠Ḥ ̆ ⌠ Ȃ≠

№ № ̆ №

ṿ ԅ № Ȃ 
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4   MRPC mCBMҲ  

4.1 MRPC2  

4.1.1  FAIR √  

MRPC2 ᾢᴪ ⌠ FAIR∆ Ҭ ңҩ ̆ mCBM-

mTOF ̆MRPC2Ӟᴪ ԍ STAR eTOF̂ end-cap TOF̃ [121]

ץ STAR ≢ ⱬȂᵖ ңҩ ҹMRPC ᶫ ᵬ ᵣ

Ҍ ȂMRPC ᵬ ᵣ C2H2F4ȁi-C4H10 SF6 ѿ ᶛ

ᵣȂ ԋ C̆2H2F4ᶏ ֟ Ḥ ̆ ԍῒ

ΐ ̆ Ḡ Ҭΐ i̕-C4H10 ץ ᾣ ̆

⁞ ᾣ ̆ΐ ľ Ŀ ᵬ ̕SF6 ᵣ̆ ̆⁞

ᵝ ⱬ̆ ̆ № ̆ ᶏMRPC

ᵬ ȂSTAR Ҭ̆ҹ SF6 ῀ TPC ῒ ̆eTOF ᵬ

ᵣҌ SF6̆ MRPC ᾢ ῒ Ҍ ᵣҊ ̆

Ḡῒ ᵬ ᴆҊ ᵬȂ 

 

4. 1  STARï eTOF Ȃ mCBM-mTOF̆MRPC2 ҍ

ѿҩFAIR ∆ ȂSTARï eTOFҬ 48ҩMRPC ҹ MRPC2 

MRPC2 4.2 ȂMRPC2 ̆ Ҭ PCB

₮ ңᶷ 4 ҩ Ȃ ҩ ᴆҊ̆ ᴨ ῒ

ᵬ MRPC ᵬ ᵞԅ 50%ȂMRPC2 ҩ 5 ᵞ
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̆ ӊ ҹ 0.25 mm Ȃ

PCB ̆ῒ 4 -5 Mß/m2Ȃ

PCB ₮ ӊ Mylar ̆ᶏ ҍ PCB Ḡ Ȃ

Mylar ҉ ԍ ̆ PCB ҉ ῀̆

Mylar ȂMRPC ᶷҹ ̆

ץ MRPC ̆ MRPC ̆MRPC2 2.3Ȃ 

 

 

4. 2  MRPC2  

4.1.2  MRPC2 Ғ ᵲ ᵩҲ  

MRPC e ץ Ὲ ᵀ M̆RPC ‐ ץ

‐ ̆ 

‐ ρ Ὡ ρ
ὠ

Ὁ

‌ –

Ὡ
ὗ τ ρ 

‐ ρ ρ ‐ τ ς 

ῒҬæҹ ̆ ҹ ᵝ Ȃ‌ҹ

ѿ ̆Ὠҹ V̆wҹ ל Ĕwҹ ̆‗ҹ ᵣҬ֟

ȂὩҹ ὗ̆ҹ ṿȂMRPC № „Ӟ

Ὲ [122]̔ 

„
ρȢςψ

‌ –ὺ
τ σ 

ῒҬὺҹ Ȃ ̆ ᵣ ᴆ ѿ
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ѿҩ Ȃ STAR-eTOF mTOF ᴆ̆

Garfield++ ᴆ[123] Ҍ ᵣ ᵣ ԅ ̆ 4.3

Ȃ 

  

(a) Ҍ Ҋ ᵣ  (b) Ҍ Ҋ ᵣ ѿ

 

4. 3  Ҍ ᵣ № ᵣ  

 ԍ SF6ҹ ᵣ̆ SF6 ᵬ ᵣҬ ̆ᵖ SF6

ᵣ Ȃ 4.3Ҭ ̂ã

ᵣ SF6 ⱴ ̆ ᵣ ⱬ ̆ ᵝ

ⱴȂ 

ҹԅ MRPC2 ңҩ ҬҌ ᵬ ᵣ ̆≠

MRPC2 Ҍ ᵬ ᵣҊ ԅ Ȃ 4.4ҹ Ȃ 

 

4. 4  MRPC2  

Ҭ̆ └ ץ 3ҩ MRPC2̆ ץ 3ҩMRPC

Ȃ ҉ȁҊ ԅѿҩ ᵣ ң̆ҩ ᵣ Ḥ
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ᵬ Ҭ Ḥ Ȃ ᴆҊ ̆ ԍ № Ȃ

ѿ῍ 4 ᵣ № ԅ ̔ 

1̃90% C2H2F4ȁ5% i- C2H2F4ȁ5% SF6̂CBM ‰ ᵬ ᵣ̃̕ 

2̃91% C2H2F4ȁ5% i- C4H10ȁ4% SF6 

3̃95% C2H2F4ȁ5% i- C4H10̂STAR-eTOF ᵬ ᵣҌ SF6̃ 

4̃100% C2H2F4 

Ҭ MRPC ӈҹ ԊᴆҬ ῒ ңҩ

Ԋᶛ ңҩ Ԋᶛ ṿȂ 4.5ҹҌ ᵬ

ᵣҊ MRPC Ȃ ̆ ᴆҊ M̆RPC2 95% 

C2H2F4 5% i- C2H2F4 ԍ 90% C2H2F4ȁ5% i- C2H2F4 5% SF6

ᵣҬ Ȃ ԍ SF6 ᵞ ̆ ⁞ ̆ᶏ Ḥ ̆

⌠ ȂMRPC 95% C2H2F4 5% i- C2H2F4Ҋ

M̆RPC ᵬ ᵬ ᵣ ̆p Ҍ ᵬ ᵣҬ

95%ȂMRPC2 ҹ 1 mm̆ CBM-TOF ‰

ᵬ ᵣҊMRPC ᵬ 110 kV/cm̆ 95% C2H2F4 5% i- C2H2F4 ᵣҬMRPC2

ᵬ 104 kV/cm̆ҹҌ ԅMRPC2 ᵬ [124]Ȃ 

 

4. 5  MRPC2 Ҍ ᵬ ᵣҬ  

MRPC2 № ңҩ № Ȃ 4.6ҹңҩ MRPC2

№ Ẋ̆ ңҩMRPC2ΐ № ̆ ᴰ Ὲ

№ ‰Ẓ Ѝςץ ⌠ ҩ MRPC2 № Ȃ 
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(a) CBM-TOF ‰ ᵣҬ ңҩ

MRPC2 №  

(b) 95% C2H2F4ȁ5% i-C4H10Ҭ ң

ҩMRPC2 №  

4. 6  Ҍ ᵬ ᵣҬңҩMRPC2 № Ȃ № ңҩMRPC2

⁞  

 ң ᵬ ᵣҊ MRPC2 № №≢ҹ 65.68 ps 73.89 

ps̆ 8.21 ps̆ ᵖ Ҭ Ȃ 

MRPC2 ᵣҬ ԍ 30 nĂ ԍ 2̆ ̆ 4.7

Ȃ 

  

(a) MRPC2  (b) MRPC2  

4. 7  MRPC2  

4.1.3  ֥ MRPC2  

Ҍ ᵣҊ ԅ MRPC2 CBM-TOFҍ STAR-eTOF

̆ ץ ҹ ңҩ ֟MRPC2ȂmTOF 25ҩ MRPC2̆

eTOF 48ҩ MRPC2̆ҹ ңҩ ֟ԅ 73ҩMRPC2̆ ֟ԅ

25 ҩ ᵬץ ץ ԍ №Ḃԍץ ᴆȁ

ȂҹԅḠ ֓ MRPC2 ̆
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ԅ ץ Ȃ 4.8ҹѿ ̂3ҩ̃MRPC2

̆ ҹ Ȃ MRPC 3

ץ̆ ḠMRPC ᵬ ᵣ ᾟȂ ԍMRPCῤᴪ ̆↨

ⱴ҉ MRPC ᴪ ̆ Ҋ ̆MRPC

ᵞ̆ ԍ Ȃ ѿ ҹMRPC Ȃ M̆RPC

ԍ 50 nAȂMRPC ⱴ ᵞ̆

ԍ ̆ ṿ ԍ 5 Hz/cm2Ȃ 

  

(a) MRPC2  (b) MRPC2  

4. 8  MRPC2 ҍ  

‰ȁ ԍΐ ̆

ԍ ̆ҹ ԍ ⌠

̆ ԅῒҬ 34 ҩ MRPC ԅ ̆

MRPC2 Ȃ 4.9ҹ 34ҩ Ȃ MRPC2

CBM-TOF MRPC : MRPC2 ԍ 95%̆

MRPC № ԍ 80 psȂ 
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4. 9  ֟ MRPC2  

4.2  mCBM ҲmTOF ב  

4.2.1  mTOF  

4.10 ץ Ҋ ҹ ᵣ ׆̆ ᶷ ᶷᶭ

mRICHȁmTOFȁmTRDȁmMUCHȁmSTS ↨ T0Ȃ ҬmTOF

5ҩ ̆ Ҭ 5ҩ ף 5ҩ Ḳ ᵝ Ḃԍץ mTOF

Ҭ ₃ᵥ ̆ ҩ Ҭ № Ҭ ᶷ Ȃ 

 

 

4. 10  mCBM ᵣ  

4.2.2  mTOF ₴  

mTOFҬ̆ MRPC Ḥ GSIҹ CBM-TOF
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╠ ≢ ̂ PreAmplifier-DIscriminator application-specific 

integrated circuit̆PADĨ [125, 126]̆PADI ԍ Ҭ̆ ץ

ԅ ₮ PCB PADI ȂPADI 0.18ëm CMOS

ῒ̆ ҹ 250Ṑ̆ ҹ 30 mV/fc̆ ҹ 411 MHz̆

ṿ +750 mV Ȃ ҩ PADI 8ҩ ̆

ѿҩ PADI ╠ ҉ 4ҩ PADI ̆῍ 32ҩ ȂMRPC

Ҭ ѿҩ ̆ ҹ ₮ ץ

ᴪ ֟ ȂPADI ╠ ̆

ῒ ₃ ҉ ῤ ̆ ҍ

ȂPADI ҩ ⱳ ҹ 17 mW̆ ԍ ALI CE-TOF╠

NINO ⱳ 40 mW[127]ȂPADI MRPC № ⁞ץ₮ ῍

Ȃ Ḥ PADI ≢ ᵞ №Ḥ ̂Low Voltage 

Differential Signal̆ LVDS̃Ȃ 

LVD SḤ ѿ ᴰ ⌠ ̂Time Digital Convertor̆

TDC̃ ȂCBM-TOF TDC ҹ GSI Ԋᴆ ꜚ TDĈGSI 

Event-Driven Tdc 4̆GET4̃ ̆ GSIҹ CBM-TOF ̆

ҩ GET4 4ҩ ̆ ץץ ᵬȂGET4

LVDSḤ TOTȂCBM-TOF № ԍ 25 

psȂGET PADI ᶏ ⌠ № ҹ 24.26ps̆

Ȃ  

ᴪ ⌠ ῤ ᾠ ̂GigaBit 

Transceiver x̆GBTx̃ȂGBTx ҹ LHC └ Ғ

Ȃ ץץ 4.8 Gb/s [128]Ȃ  

ῤ ⌠ ᴪ ѿ ⌠

̂Data Processing Board̆DPB̃ȂDPBᴪ

̂ë -time slicẽ ̆ ѿ ῤ Ȃ  

Ữ⌠ HPC╠̆ DPB ᴪ ѿ Ԋᴆ ̂First 

Level event selector Interface Board̆FLIB̃ ѿ ҹ ҹ

̆ Ҭ Ȃ ץ ҹ ᵝ Ữ⌠

HPCȂ 4.11 ₮ԅ mTOF ₮ ҩ №Ȃ  
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4. 11  mTOFmCBM Ҭ ₮  

 mTOFҬ MRPC2 ₮ ̆ ҩ Ҭ 5ҩMRPC̆ ҩMRPC

32ҩ ₮ ̆ ңᶷ 160ҩ Ȃ ᶷ 20ҩ 8 PADI

̆ 40ҩ 4 GET4 ȂMRPC ҩ PADI╠ 4ҩ 8 PADI

̆ ҩ GET4 TDC҉ 8ҩ 4 GET4 ̆ ץ ҩ ᶷ 5ҩ

PADI╠ 5ҩ GET4 TDC ̆ ѿᶷ ᴪ ⌠ ѿҩ GBTx

ҬȂ5ҩ ₮ 10 ҉ ȂGBTx DPB

̆mTOF῍ᶏ ԅ 2 DPB Ȃ M1ȁM2 M3 ᴪ ⌠ѿ

DPBҬ̆M4 M5 ⌠ ѿ DPBҬȂmTOF ѿ῍ 1600ҩ

Ȃ 4.12 ԅmTOF ץ ᴰ Ȃ 

 

4. 12  mTOF ₮  
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4.3  mCBM ⅎ  

 mCBM ׆ 2018 ׂ̆ ԅ ̆ 4.1 Ȃ 

4. 1  mTOF mCBM Ҭ  

 

2018

12  

2019

3  

2019

12  

2020 5

 

2021 5

 

 

 

№

 

    

4.3.1  mTOF ╔  

mTOF № ᾢ Ԋᴆ ̆Ῥ ┴ Ȃᶭ

mTOF ץ̆ mTOFῤ M2Ҭ MRPC2ҹᶛ̆ ₮ԅ┴

Ȃ 4.13 ҹᵝ ḱ Ḥ ᴰ ḱ ȂMRPC2 32ҩ

₮ ̆ ₮ ҹ 27 cm̆ 4.13 Ҭ y ҉ ₮

Ȃ ᵝ Ẓ ץ Ḥ ᴰ ₮ ⌠

ԅḱ , ₯Ҭ № Ȃ 

 

4. 13  mTOFҬMRPC2Ḥ ᵝ №  

4.14ҹ ḱ TOT№ ̆MRPC2 TOT

ṿ ḱ ԅ ѿҩṿȂ  
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4. 14  mTOFҬ MRPC2 TOT№  

4.15 ̆┴ MRPC ᶭ ῏ Ȃ  

 

 

4. 15  MRPC TOT№  

4.16 ҹ ₮ ҉₯Ҭ № ̆

ѿ ̆ ѿ ̆ ҍ Ȃ  

 

4. 16  MRPC҉  

4.17 ┴ 25ҩ MRPC2Ḥ № ȂῒҬ 25ҩ ף



4   MRPC mCBM Ҭ   

77 

mTOF 25ҩ MRPC2 Ȃ Ҭ 5 MRPCᶭ

Ҭ M1 M5̆ 5ҩ MRPC ᶭ 4.18Ҭ׆

5ҩ Ȃ ᵣ ̆ ҩ MRPC┴

̆ № MRPC ̆ғץ 4ҩ ҹ ᾝ̆

ԍ № GET4 ₮ ̆ ᵝ ȂGET4

ᴪ ̆ 3 s ̆ ץ ᴪ

GET4ҡ 3 sῤ ׆̆ № GET4 ҡ ̆ 4.17

Ҭ Ȃ ᵣ҉ mTOF 1600ҩ Ҭ ԅ M4Ҭ ѿ

ҩ ҹ ̆ῒ ץ ᵬ̆┴ Ӟ Ȃ 

 

 

4. 17  mTOFḤ №  
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4. 18  MRPC  

4.3.2  mTOF  

≠ № ⌠mTOFҬ M1ȁM2 M3 MRPC2

4.19 Ȃ ҩ ף ѿҩ ̆ ҉ 1-5ᶭ Ҭ

M2҉ Ҋ 5ҩ MRPCȂ M1̆ M3ȂM2 ԍ

95%̆ ԍM1 M3 ̆ № ѿל Ȃ 

 

4. 19  mTOF №  

M1 M3ᵬҹ M2 № № ̆M2Ҭ

҉ № 4.20̂ b̃ Ȃ ҹ 40 

kHz̆ 4.20̂ ã ҹ ̆ ԅ῀ ҉ №

Ȃ 
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(a) mCBM  (b) MRPC2 №  

4. 20  MRPC ῤ №  

№ M2Ҭ № ԍ 80 ps̆ 4.21Ҭ 3

ҩ ȂῒҬ 0 ҹ ᵣ̆1 2 №≢ҹ

̆ ԍ mTOF№ ̆ ԍ ԍ ᵝ ᵝ

̆ ֽ ᵝ 3 № Ȃ 

 

4. 21  MRPC2mCBM Ҭ №  

MRPC2 STAR mCBM ∆ ̆mTOF ԅ ῏

ȂmTOF Ҭ ҡ ̆ ҩ : GET4ΐ ῤ ̆

̆GET4 ԅ ̆ᴪ ҡ ̕ GET4ҍ GBTx

GET4 Ḥ ̆GBTx ᴪ GET4 Ḥ ̆

ᴪ GET4 2~3 ҡ ̕ GBTx ̆ᴪҌẢ

GET4 ̆פ GET4 ҡ Ȃ ╠ ҡ
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ᴆ ⌠ Ȃ ̆mTOF ԅΐ TOT

ⱳ PADIȂPADI LVDSḤ ꜚ ̆ᴪ ₮ LVDSḤ Ȃp

Ḥ ̆PADI ꜚ ֟ ‰ LVDS Ḥ ̆ Ḥ ҡ

̆ TOT ץ ̆ ῒ Ḥ

Ȃ  

4.3.3  mTOF mCBM Ҳ ғ  

ѿҩҌ ΐ ₃ᵥ̆ ԍ Ạ⌠

‰ ̆ ₃ᵥҍ№ Ҭ ₃ᵥ Ẓ ̆ №

ȂmTOF ₃ᵥᵝ Һ mTOFҬ ҈ ᵝ ̆ᵖ mTOF

Ӟ Ҍ ₃ᵥ Ȃ ҈ ᵝ m̆TOF

ҌḂ ̆ ῀mTOF ̆ᾟ№≠ mTOF

№ ḱ ̆ 4.22 ₮ԅ mTOF Ҍ ̆mTOF

Ȃ Ҭ №≢ mTOF₃ᵥ׆∆ ᵝ M1Ҭ

3£ȁ 1£ȁ ȁ -1£ȁ -2£ȁ -3£ mTOF

̂y=0̆z=0̃ ᵝ Ȃ ᵝ 4.23̂b̃Ҭ Ȃ 4.22

Ҭ ңҩ ̆ ̆ ᶷ

҉₮ ֟ Ȃ ∆₃ᵥҌ ’Ҋ̆

mTOF Ҍ ̂x=0̃ ̆ mTOF ᵝ ̆ ᵣ

mTOFᶏ ԍ № ₃ᵥ ᵝ Ḃԍҹῒץ̆

ᶫ ‰ Ḥ Ȃ 

 

4. 22  mTOF ԋ  

≠ 4.22Έ ץ ₮ mTOF ḱ Ȃ 4.23

Ҭ ̆ mTOF ᵣ -1.46£ ̆mTOF

̂0̆0̆0̃ Ȃ 
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(a) mTOF ҍ ᵝ ῏  (b) mCBM  

4. 23  mTOF ῒ  

ԍ Ҭ x Ҭ ҩ № ῒ̆Ҭ ץ

₮ Ȃ ₮ xᵝ Ҍ ̆ᵖ yᵝ ̆ y ҉

№ ץ ⌠mTOF № Ȃ 4.24 mTOF

ᵝ 4.5 cmȂmTOF ҹῒ № Ȃ 

 

4. 24  mTOF ҍ№  

mTOF ᶫԅMRPC2 ȁ ץ №

ᴆ ̆ mTOF Ҭ ⌠ԅ Ȃ

4.25 ԅѿҩ Ҍ Ҭ Ȃ Ҭ

ṿ ԍ 5 Hz/cm2̆ Ҍ ҉ ̆ Ả

6 ῤ ⱴ ᵞȂᵖ 6 ῤׅ ῃ

⌠ ╠ ̆ ╠ Ȃ ̆

ⱴ ̆ Ả 20 ̆ ԍ ԋ ╠

Ȃ ץ ⌠ ⱴ̆MRPC₮ Ȃ 
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4. 25  MRPC  

ԍ mCBM ̆MRPC Ḥ ץ ῃ

̆ № ץ ⌠ № ̆ 4.26Ҭ ץ ₮

Ҭ ̆ Ҭ№ ̆ ѿҩ Ȃ 

 

4. 26  MRPC2 №  

≠ MRPC ᵞ ԅ ̆ ץ ⌠

Ȃ ΐᵣ ԅ ֟ ԅ ̆ 4.27

̆ ԅ ѿҩ ̆ҹ MRPC ᴨ

ᶫԅ Ȃ 




























































