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Abstract [Background] In the proposal of the circular electron positron collider (CEPC) scheme, readout unit
consisting of a silicon photomultiplier (SiPM) and a plastic scintillator has become a research hotspot as one of the

main options of electromagnetic calorimeter (ECAL). [Purpose] This study aims to optimize the detector prototype
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by setup an automated testing system to test, analyze and improve the performance of each readout unit of CEPC

ECAL. [Methods] Based on the DT5751 waveform sampling plug-in module, SiPM drive circuit, stepper motor,

low-voltage power supply (LVPS), relay, etc., the hardware of CEPC ECAL readout unit was built up whilst the

software was developed with the LabVIEW. Repeated measurements were carried out to find the optimized

parameters, and the SiPM calibration was performed. [Results] Experimental results show that proposed automated

testing system satisfied basic requirements of CEPC ECAL readout unit. Setup of the testing platform of scintillator

readout unit based on waveform sampling is option for CEPC ECAL and be used for SiPM calibration, scintillator

uniformity of light output and reflective material study. [Conclusion] The experiment rwsult shows that the plastic

scintillator strip with the ESR has the highest light yeild and the light yeild of 25 um coupled with SiPM 3 times than

10 um.
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Fig.1 Readout unit of the CEPC electromagnetic calorimeter.
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Fig.2 Schematic diagram of auto-test system of the hardware.
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Fig.4 Control panel of the auto-test system.
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Fig.6 Display front panel of the data analyze.
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Fig.7 Multiphoton spectrum of SiPM response.

MR PRI 25 T A1 3], A5k S12571-025P
) SiPM H.5% 7% W, ADC 1EH 4K 4791,
S12571-010P !5 1) SiPM XV () ADC & %N
13.60.

3.2 A[EIRSTBE X IR B TS B R

SDRL N FR 2 10 SO AR 32 B s AT B
LR, A IR IR ZR G AN [R] SO A S 1Y
R B TGS AT T A1 I 5T .

AR T R BRI R )2 Tyvek 274k
a5 M JZ Tyvek £ 4E40HF—)Z ESR (Enhanced
Specular Reflector) 5 =M AR 541 T I SN SR &
1600 531 SiPM oG4t DL B S0,
8 7. tHT SiPM Fy & (R BB KRR — b, 4
NSRRI SRR A R AL B, R B
HFHAT . RN EAEIR SiPM 1%, SiPM
WCAE B 146 b A o b R 2 g g kb, 7E
FEES SiPM M4 B KT 10 mm UG, WEAERIFET
T P22 . ESR SURMSEAEHEAN ] WO G iy
(1) S5 Za A5 v BT LA ZE ESR 98 N 45 15 2111
SRR T EUR B S IR, R X AR T
60 NGHL o BT Tyvek £F4ELRSRORAL, FrbA
AL — )2 Tyvek £F4E4RTI¥E N 44 ek X ]
A 20 MCHLF 24 ALZEP ) Tyvek [R5
b — 2 Tyvek POUHITHEES T4 2.6 £, {H
53R R4 ESR SfH T 86%.

7 —=—One Layer Tyvek
68 —e—Two Layer Tyvek
k —a—ESR

s2 | I e e

Number of Photon

0 3I (IJ é ]I2 1I5 1I8 2l] 2I4 2I7 310 3I3 36 3I9 4I2 45
Distance from SiPM / mm
8 =AM AN BN Sk
Fig.8 Uniformity of plastic scintillator strip with the different
packaging.
33  BAETEGE SiPM AKREB T H & LH
HIgE MR R
10000 15 #1 SiPM AHLL T~ 1600 45 %11 SiPM,
HATHE RG], H2 6T 3R B AR.
AW ST K T 53 I 4 Ak 53X 5 Bl 45 3% RO 0

010402-4



PSS

: FET OB RFER) CEPC FiL i & e o 3 BTl R4

SiPM [rletar it 35k, Wl 9 fion. #og &
Bl 1600 (R FF R 25 um) 1 SiPM ¢4 AE
SEHIXCEIME Y 60 AN, #EEAR =N 10000
(R FE RS 10 pm) 1) SiPM ek e P X
PIE R 16 A GHL o MR BT 28 D RO G IR
425 nm, FVERA A FHAE TN T AR E O
10000 ) SiPM {EIGIEA T BIRIACE 20 10%,
%2800 1600 () SiPM 7E I K R ERINCR L
36%, LT, SSRGS IX RIS SiPM
BRFPEH RIS SIPM I T3R80 RCR LA
A—E. 10000 BER SiPM HAT BRI
PRI, A6 B 0 Ryt i L B RE A TR, 2 R SR
N

76

7 —=— 1600 Pixel SiPM
10 000 Pixel SiPM

68 e
64
60
56
52
48
44
40
36
32
28
24
20

16 %CH —® — ¢ 0 00000000004

12

Number of Photon

1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
Distance from SiPM / mm

9 MAAFMEE SiPM WA 4385 M
Fig.9 Uniformity of plastic scintillator with different coupling
pixels SiPM.

AJCHEET LabVIEW JFR THWH T —&5%
AR SN R G, % R G0 H 75 e A AT
RUFPE I KAE S LRI RN SRR, AR
PR ET B, WA T REREMAN . %52
FPAI0SEEL T B AR, Zead i wT AR e
RIEHA SRR RN Ga'S T 400 006 A 35 7 il
RARGORTFE AT B, 70 T 5 82090 TAE
TR,

BT ZIMR ARG 5e i T = MOR R 87 U 3
IR 46 R Rl AS [R5 25 SIPM. BB &5 98 IR 4% 1 e B 1 1)
ATPE I IR, o 3% b 5256 5 0 ESR S 56 I ()
SRR AT R AR 1600 1 SiPM 6 F 4RI
R, % AR R RE S AH S S BN IR B4
T 5%,

S 30k

1 Aad G, Al E, Bentvelsen S, et al. Observation of a new

10

010402-5

particle in the search for the standard model higgs boson
with the ATLAS detector at the LHC[J]. Physics Letters B,
2012, 716(1): 1-29. DOI: 10.1016/j.physletb.2012.08.
020.

Chatrchyan S, Khachatryan V, Sirunyan A M, et al.
Observation of a new boson at a mass of 125 GeV with
the CMS experiment at the LHC[J]. Physics Letters B,
2012, 716(1): 30-61. DOI: 10.1016/j.physletb.2012.08.
021.

G, CEPC Hllds JLATRHULGIE[D]. YEM: 17K
%, 2015.
ZHENG Xiangyu. Validation of CEPC detector’s
geometry simulation[D]. Shenyang: Liaoning University,
2015.

W LR PRI g B AR M. B BRE R
#t, 2003: 186-486

XIE Yigang. Particle detector and data acquisition[M].
Beijing: Science Press, 2003: 186—486.
CEPC-SppC &1E4l. CEPC #I & B4 %5 [J/OL).
2015-10-16. http://cepc.ihep.ac.cn/preCDR/volume.html.
The CEPC-SPPC Study Group. Preliminary conceptual
design report[J/OL]. 2015-10-16. http://cepc.ihep.ac.cn/
preCDR/volume.html.

Buzhan P, Dolgoshein B. Silicon photomultiplier and its
possible application[J]. Nuclear Instruments and Methods
in Physics Research, 2003, 504: 48—52. DOI: 10.1016/
S0168-9002(03)00749-6.

Golovina V, Saveliev V. Novel type of avalanche photo
detector with Geiger mode operation[J]. Nuclear
Instruments and Methods in Physics Research, 2004, 518:
560—564. DOI: 10.1016/j.nima.2003.11.085.

VR, REBR, XU, A5 NARARE S SiPM I v REIE
IR 9T 0], % BR, 2017, 40(1): 010401. DOI:
10.11889/j.0253-3219.2017.hjs.40.010401.

XU Hu, CHENG Chong, LIU Lingjian, et al. Simulation
study of scintillation crystal photocoupling with SiPM for
gamma spectrometry[J]. Nuclear Techniques, 2017, 40(1):
010401. DOI: 10.11889/j.0253-3219.2017.hjs.40.010401.
Cao J, Jiang C Y, Zhao Y F, et al. A novel X-ray tube
spectra reconstruction method based on transmission
measurements[J]. Nuclear Science and Techniques, 2016,
27(2): 45. DOI: 10.1007/s41365-016-0041-6.

Wei QY, Xu TP, Dai T T, et al. Development of a
compact DOI-TOF detector module for high performance



¥ R 2018, 41: 010402

11

PET systems[J]. Nuclear Science and Techniques, 2017, 12
28(4): 43. DOLI: 10.1007/s41365-017-0202-2.

Wang Z, Zhao H, Hu T. Performance study for the CEPC

ScW Ecal[C]. Proceedings of Science, 38th International
Conference on High Energy Physics, Chicago, USA, 2016:

235.

010402-6

M. CEPC iR RERT SCECAL J7 R IERERF D). db
AU EEEEBCRE, 2017.

ZHAO Hang. Performance study on CEPC ScEACL[D].
Beijing: University of Chinese Academy of Sciences,

2017.



