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Table 1.  Comparison of detector types in rare event detection.

WASEIESRF 25

TR AR

A B A

BRI I
\ AR, fk TEAIRE S, R THIRE D), e BERAHER,
Pes e e (FCRIfEL, BFRERITIR o e gy
o WO, AL
B BRI b e T ik R
) 5 436 1 n
S48 TRARAI A | AR AF AR | BRI BT ENEE S 171999 45 ICARUS 3256 4H 56 —

FRPERE LSRR BRI RE T, WA IR I 25 7E R
A SR P A Iz AR AR s ) o S
$rh Darkside S04 R FH 1 SR P AH TN R 4552
BT 1.8-3.0 GeV /@ XIAISSAHEAE R bL
+ (weakly interacting massive particles, WIMPs)
I E R e R AR 25 R B JE P T R B A
SLE R I 8 FE 51 (the germanium detector
array, GERDA) SZ 5541 >R FH T N SRR 25 1
HRAFERGE, T BT Ge 1 0083 IR
e LR 45 55 19): CEUNS 52361 COHERENT
12 30 e PH VRS DA R AR 25 205 11 T 38—
TURZAE AL CEUNS 5248 10,
TR A5 B A Ay P g 0 SR 000 85 174 SR kA )
GF 20 20 40 4EAR, YRt EEAIIFFE T 1A JERR
A B RV L) SRR R E L B s A iy l A (L
1954 4, Marshalll? 15 7 fif VG L 288 28 0 & 1
e B R, FERE S BURFE RN I, o T R
TR A I LB AR BB )R, VPR S AR 4
BRI RJE, P2 B S I R R R R
FHRYHR S 181 Ah, S T RESRIBCKL TRV EE 2,
WCE AT R % (time projection chamber, TPC)
AR WIF U &Rtk ML B [ B2 =Bk T 0l DLk
LB S LIS, b ] DAz OR - O TRAS IR, DA
T AT LAGH A AR 24 et T 4 A 155
1% (imaging cosmic and rare underground signals,
ICARUS) 56 4 fie - 24380 & TPC SRR
T, 1977 48, I SEER Y Rubbiall 4 H 114
W TPC WM. 2 )5 ICARUS SCR 41 1h
HEATH BB TPC 19221, ) 20 tH42 90 4F 4R,
IR T 3 ¢ AR I [R5 2 19161,
R X L A S RN, R B TN RO GRS
AT PR3 20 22 70 4R4CR 3 80 4R 1w,
FEUEXH T N MG A TR 5, K T IR N
PRGHITAE Ly, WAL R T R IN KR G(E — 1

URAEW U (] 4058 & IR IN KRGS 5, R
INFRIGAE 5t AT RAARAS R B TR AS IR E], DA
ARt JEL N

21 {22 Lk, FEIZERAT S R, W AR &%
FRE) TP A A J . AR SR A MR 2 T R T
s A = I TR A L, A SR BT B ) B )
JSES (dark matter experiment using argon pulse-
shape discrimination, DEAP) %5 5Z 56 4H £ 22 i
AR Y S DN R AR I 25 0 R T 22 A 1) I ) B
S 0O [R) ) A SR P AH AR 28 F TPC B 5L
AR AR T A AH SR TPC R 2%
DarkSide 555245 20 PO fdf P AH TPC JFRE T
YRR 5T . BRI LAST, GERDA 528640 1) 7E
S B B S BN T R TR A R AR i
RAGERG, BERIR T LA

2t LR R JE, RIS HARBUS TE
R, KR T LR SR PRI &2, IF7E
AT AR S AR A T E AN . A SC RIS
IR S AER AT o A B RN & R, 1 58
S EE A 5T DA R S i 32 SN %) BRIV T N R
PRI 45 A AR TPC, SR J5 AR P8 AN [R] 4 b
FHZEAIA 47 1] A AR 5 S 56 2 87 P S R i
TR SR TAE BRI . B s 4 Rk
WAAIRI S I PLA T 1), DL R AR SR AR A = BRI
S IS

2 AN &H
2.1 BERHERMER

WLEE 8B LER, HFERTAHRE, Ay
R 87 K. Wmal H R P B R A A
A 1.40 g/cm?®. RINFEIIRFINZA A, Ar,
BAT, EATESRRER R, (KT, RN
FA R PAr, B YAr 55 RSB TR

052901-2


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

) 32 Z 3R Acta Phys. Sin. Vol. 72, No. 5 (2023) 052901

LA E AR, PAr 284 B A8, BN
269 4F, Q{EH 565 keV. 3 Ar A4S 2 W K
AR AR AE X I — A E AN

WE 1w, Y s AR, 2
T BB PR, B TR (Ary). R
BRETARE, S48 TR a2 R A, iR
1A A B K 290 128 nm B IR KR 21U,
B, VSRS A BE T LLE A N RS RS, dnT L
L T RS L IS P B SR A SR T

EETF(Ar)
! |
A !
A\ !
Ar;’ B Art i%i;%i
NTETE AT !
1 1
| |
\ A\
Acro N Ar”* Ar”
MK SIRT WRSIEF WASET
e
Ar;
R Ve
¥ <
D3 S5
. ¥

128 nmAtE

B OSSR TR U

Fig. 1. Formation mechanism of excited argon.
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Table 2. Scintillation properties of liquid argon.
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Fig. 2. Schematic diagram of the generation and collection

process of liquid argon scintillation.
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Fig. 3. Schematic diagram of double-phase argon TPC23.
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Table 3. General situstion of liquid argon detector related experimental groups at home and abroad.
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Fig. 4. The energy spectrum of %°Co sourcel.
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Abstract

Rare event detection is a frontier subject in particle physics and nuclear physics. In particular, dark matter
detection, neutrino-free double beta decay and neutrino-nucleon coherent elastic scattering are being planned
and implemented gradually. Rare event detection requires not only the detectors to possess excellent
performances but also extremely low environmental background, so the selection of detectors and related
materials is an important issue in rare event detection. Liquid argon has become an important scintillator
material for scintillator detectors because of its low cost, good scintillation performance and large volume.
Liquid argon was first studied in the 1940s as a sensitive material for ionizing radiation detectors. The first
measurements of high-energy beta particles were obtained by using a liquid argon ionization chamber in 1953.
The ICARUS group put forward the idea of constructing liquid argon temporal projection chamber, and made
attempt to construct liquid argon temporal projection chamber in 1977. The scintillation light signals were
collected for the first time in a liquid argon temporal projection chamber in 1999. Thus, the drift time of the
particle can be obtained to determine the particle track. After development, single-phase liquid argon
scintillator detector and two-phase argon time projection chamber have become two common types of liquid
argon detectors, and have been extensively used in rare event detection experiments in recent years. For dark
matter detection, the DEAP group and DarkSide group have achieved good results with single-phase liquid
argon scintillation detector and two-phase argon time projection chamber, respectively. For neutrino-free double
beta decay experiments, the GERDA group has done a lot of researches of liquid argon anti-coincidence system
and applied the said system to experiments. The LEGEND group, which is the combination of GERDA and
MAJORANA experimental group, upgraded the liquid argon anti-coincidence system which was applied to the
following LEGEND-200 project. For neutrino-nucleon elastic scattering experiments, COHERENT obtained the
latest results by using the liquid argon detectors. The Taishan neutrino-nucleon coherent elastic scattering
project of the High Energy Institute of Chinese Academy of Sciences has also begun to study the feasibility of
liquid argon anti-coincidence system. Finally, this paper discusses the direction of optimizing the liquid argon
detector, such as exposure, background level and optical readout scheme, and gives a good prospect of liquid

argon detector applied to rare event detection in the future.
Keywords: rare event detection, scintillation detector, time projection chamber, veto measure
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