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Fig. 1. n/K separation power of TOF system with differ-

ent time resolution, flight distance L = 8 m.
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Fig. 2. The structure diagram of MRPC.

TR, T B AR IR kQ—MQ/ ;5 3) H ]
aoF 7 R RN AR AT AE B LA 5 4) TAESAR R UL B
(CoF Hy) 555 H 5 PR U4 5) B 98 2 100—
300 pm, P IHHRIK 10° V/em BH L L 6) B
DA A S I N DSBS NG %3 T

MRPC 450 #% — M TAE T35 il Homf )
STHEINT 100 ps, SRINELCAR S T 95%, MiffE B, 1
RERSVE, RS RIS (W56 RHIC-STAR,
LHC-ALICE 55850 Sk, HIR S AT TS

I MRPC R 72 B B i O, | 1 3%
IEHBHAE (228 102 Q-cm 54, & H TR 1T
BORBAR M IRES, B 04025 8 5 A1 S0 52 4 1 2
=, PERSLEEN MRPC AT (A1 AT T4
RN E] 2 B ELR bl 2 $2 1, W MRPC AYH
WAt 52 2% ST ] 43 BT 7 R AT T
HE. FRE X L 5 T AN [E], B BT 1R, MRPC )
FrBsf RIS AR T LA = AR, e A0 RE R
K225 1 fis.

F# 1 =UMRPC AT EEAUMERES

Table 1.  Performance of three generation MRPC TOF.
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Fig. 3. Structure and picture of STAR-TOF MRPC.

4 STAR-TOF tray £ mif& v
Fig. 4. Picture of STAR-TOF tray.
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Fig. 5. Schematic of time slewing.
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Fig. 6. Slewing correction of MRPC to improve time preci-

sion.
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Fig. 7. The PID of STAR-TOF.
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Fig. 8. The top two panels show the dE/dz of charged
particles as a function of mass measured by the TOF sys-
tem; The bottom panel shows the mass distribution of
charge particles. The mass of antimatter helium-4 nucleus is
3.73 GeV/c% 18 antimatter helium-4 nucleus are discrimin-
ated from around 500 billion tracks generated by one bil-

lion collisions.
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Table 2. The performance of low resistive glass.
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Fig. 9. Measured efficiency and time resolution of MRPC
change with particle rate.
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% 10 CBM-TOF %i#4
Fig. 10. The structure of CBM-TOF.

i, hERFEFEAR R 5T MRPC3b #1 MRPC4
PITRE TR . 3k =R ER A s R 2L, HOR AR
AEEARTE. E 11 Fras i MRPC3a BB A 12350
TR PR 54, B2 4 B, 36 8 B, A
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BTN 27 em x 1 cm. CBM KAFEHE]IEEM
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PADIX Wi & 7E <&, ik 12 Fos.

KA IR MRPC3a #5045 BT RE, 45 5%
WA 13 ras 7w LUE B S0 A ] 2 B

Bl 11 MRPC3a %A IR A
Fig. 11. Picture of MRPC3a.

& 12 i1 5> MRPC HIUAH Y #7252 20 1 TR AT I [ 00
AR

Fig. 12. CBM-TOF module is consisted of 5 MRPC coun-
ters and related electronics.
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Fig. 13. Time resolution, efficiency and cluster size of MRPC3a at different threshold of PADI.

50 ps, FCEIE 97%, FERV/INA 1.6. IXLEPERE A S EK
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Fig. 14. High rate MRPC were produced at Miyun manu-
facture base of NUCTECH Ltd.
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Fig. 15. The PID of STAR-e¢TOF.

STAR-eTOF fiH: 7 % 5

4 FZRATH R

55 AR AT RS [R] A S FR) SHL 7R R R A v AN IS
FIRBEWEFS R EIERE. WSEE JLab SCIE A SCEG
RT3 1 v 5 B RIS BE 3 A (SoLID) R
FH 11 GeV W RE AT MIRAZ 454, H
TRATHHAIEACER T K /n B4 HERE J1358] 7 GeV /e,
PR st ] 4 R IR 3 20 ps, I HAS R T4k
FiRF] 20 kHz/em?. X5 TS A& TR
TRATHS A LA L, DR s ] S . TR
i1, 4~ TOF &R Gt (a1 £l 8§ MRPC
FHL 2 A s ] £1 3

OTOF = VOMRPC + Telectronics- (7)

A OTOF /NT 20 PS,HIJ MRPC H i 8] £} 5
OMRPC ﬂ:ﬂ EE%%%«L E"J Hd‘ I‘E—'J j’ll»fj] O electronics %Bﬂ‘fﬁ
/NT 14 ps. TATHIE, %S BE MRPC (A AR [A]
SYHEATIA 10 ps, (HES—\ A CATH S
fH 72~ NINO (PADIX) + HPTDC (GET4) 1)
IR BB — R T 20 ps. X FEDAZR T & i P
R A R vy T OC HL A B A SCA B =y il

102901-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 10 (2019) 102901

+HV A4

_HV_F

HHY o =

rrrrrrrrrrrrr

Fast amplifier

Pulse sampling

[ 16 A 5> B MRPC M52 H HL 2%
Fig. 16. High resolution MRPC and read out electronics.
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Fig. 17. The time point ¢, of particle arriving at MRPC
can be obtained from pulse shape.
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Fig. 18. The structure diagram of LSTM network used for
time reconstruction of MRPC.
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Fig. 19. Simulated efficiency and time resolution of MRPC
change with electric field in the gas gap. It can be seen the
time resolution reconstructed with LSTM network is better

than with slewing correction.
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Fig. 20. Time spectrum of MRPC in cosmic test analyzed
with LSTM network.
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Abstract

Particle identification is very important in nuclear and particle physics experiments. Time of flight system
(TOF) plays an important role in particle identification such as the separation of pion, kaon and proton. Multi-
gap resistive plate chamber (MRPC) is a new kind of avalanche gas detector and it has excellent time resolution
power. The intrinsic time resolution of narrow gap MRPC is less than 10 ps. So the MRPC technology TOF
system is widely used in modern physics experiments for particle identification. With the increase of accelerator
energy and luminosity, the TOF system is required to indentify definite particles precisely under high rate
environment. The MRPC technology TOF system can be defined as three generations according to the timing
and rate requirement. The first-generation TOF is based on the float glass MRPC and its time resolution is
around 80 ps, but the rate is relatively low (typically lower than 100 Hz/cm?). The typical systems are TOF of
RHIC-STAR, LHC-ALICE and BES III endcap. For the second-generation TOF, its time resolution has the
same order as that for the first generation, but the rate capability is much higher. Its rate capability can reach
30 kHz/cm? The typical experiment with this high rate TOF is FAIR-CBM. The biggest challenge is in the
third-generation TOF. For example, the momentum upper limit of K/ separation is around 7 GeV/c for JLab-
SoLID TOF system under high particle rate as high as 20 kHz/cm?, and the time requirement is around 20 ps.
The readout electronics of first two generations is based on time over threshold method, and pulse shape
sampling technology will be used in the third-generation TOF. In the same time, the machine learning
technology LSTM network is also used to analyze the time performance. As a very successful sample, MRPC
barrel TOF has been used in RHIC-STAR for more than ten years and many important physics results have
been obtained. A prominent result is the observation of antimatter helium-4 nucleus. This discovery proves the
existence of antimatter in the early universe. In this paper, we will describe the evolution of MRPC TOF
technology and key technology of each generation of TOFs including MRPC detector and related electronics.

The industrial and medical usage of MRPC are also introduced in the work finally.

Keywords: multi-gap resistive plate chamber, time resolution, slewing correction, machine learning, pulse

shape sampling
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