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Rare physical events at China Jinping underground laboratory

WANG Yufeng LIU Jiaxuan YANG Litao ZENG Zhi MAHao YUE Qian
(Department of Engineering Physics, Tsinghua University, Beijing 100084, China)

Abstract  China Jinping Underground Laboratory (CJPL) has the deepest rock overburden in the world, which
considerably shields the detectors from muons. Thus, it has ultra-low radiation background level and is useful for
experiments investigating rare physical events. Previously, experiments including the CDEX (China Dark matter
EXperiment), PandaX (Particle and Astrophysical Xenon Experiments), JUNA (Jinping Underground Nuclear
Astrophysics Experiment), and neutrino experiment have been carried out at CJPL and have given good results in
dark matter detection, neutrinoless double beta decay, and more. This review introduces the construction process of
CJPL, and introduces the facilities, results, and future plans of the aforementioned experiments. The CDEX used a
high-purity germanium detector array for the dark matter detection and neutrinoless double-beta decay searches;
whereas, for the same searches, PandaX used a dual-phase liquid xenon time projection chamber detector. A proton
and helium accelerator was used by JUNA to simulate four nuclear reactions that occur in the Universe. A 10°-kg
prototype was constructed for feasibility verification by the neutrino experiment. The CDEX, PandaX, and JUNA
collaboration groups give their latest results, all of which have approached or replaced the best results in the world.
These experiments verify the extraordinary experimental conditions at CJPL. With the construction of CJPL-II, we
expect an increase in the number of experiments based in Jinping and for further significant results to be achieved.
Key words China Jinping Underground Laboratory, Dark matter, Neutrinoless double-beta decay, CDEX, PandaX,
JUNA
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Table 1 Environmental background radiation measurements at the experiment hall of CJPL-I"

JiUF 14 A JES Radiation background

R AR Detector & 45 B Measurements

FH7 2k w7l 5 Cosmic muon flux

YRR A KRAA Plastics scintillator (2.0 £0.4) x 107" cm ™ *+s™

L5 BUF P Radiation of rock
232Th

2l ER I 4% HPGe detector
0.52~0.64 Bq-kg '

U 3.69~4.21 Bq-kg '
“K 428Bq-kg !
VR E 1 T8I 1 Concrete radiation e 2l PRI 48 HPGe detector

*“Pb 19.88 Bq kg™
*“Bi 16.03 Bq kg™
2Ac 7.38 Bq-kg™!
*’Pb 748 Bq-kg !
1 8.15Bq kg
“K 36.67 Bq-kg ™
2SR 2 % Air absorb dose rate F1 %9 = Tonization chamber

== KJT Main hall 19.27nGy-h™!
% % N In PE room 0.43nGy+h™'

D & o KL T 1) FEL 28 = Tonization
chamber for a particles

&R Air radon levels

2010.12~2011.9

NI RURAS No ventilation

it R ZS Ventilation

2015.1~2015.12

AN KR (1~3 H D No ventilation (Jan. to Mar.)
T8 KR ZS (4~12 A D Ventilation (Apr. to Dec.)

(101 + 14)Bg'm™*
(86 = 25)Bq'm™*

(108 £ 50) Bq-m™*
(45 +28)Bq'm™*

FF-¥ Neutrons

#4HF Thermal neutron ‘HelF & (4.00 = 0.08) x 10" ®cm™ 25"
Proportional counting tube
Z Bk hT-i%4% Multiple spherical (7.03 £ 1.81) x 10" °cm™ 5™
neutron spectrometer

Herf-F Fast neutron TRAA N 4K Liquid scintillator — (1.50 + 0.07) x 1077 em™*+s™!

% BR A T4 Multiple spherical (3.63 +2.77) x 10™°cm™ s
neutron spectrometer
Z B Ti%4% Multiple spherical (2.69 = 1.02) x 107 cm™?+s™"
neutron spectrometer
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VREE T U 1% Concrete radiation / Bq-kg™

J2LFHF- i & Total neutron flux

¥R 85 v A i Environmental y radiation

background 60~2 700 keV-s™ 255 2T oK
CJPL-1 73.4 18.0 7.6 36.7
CJPL-I 46.8 6.8+ 1.5 5.4+0.6 819 + 144

2016 4, fEMRBE ML T Se g — W I DRR R vt CRRIPRHR B R B0 » 2018 £F 12 A 7 B KB
Hhh b RS MELRBOKRIFRA IR TH AT PERT SO 75 3845 [ SO A el 2 1k 5tk
A BT A R IR N AR AR S AR ATV B Se e B, 20194 7 A 20 B, #8 E K BT H =R 3

080018-3



% AR

2023, 46: 080018

B B KA A = T I S I AR S e HE R R
KRB LR B, 2 B N 5 — AR IR R SR 5 A
Bl Bt g W I H 2 [ PR b 28 — O 2 i B
A AR S A AR I 2% A R 45 B SR B it - 1 B K
T it ) 2 K D R I R B R R AR L PR H
WA R E R R — Bk & . 2020
12 H BRI RO T, FEE R AR
94 RKV-&, FIF A 5 BE R SEE = T R
2R [A), GBI LR A IS AT YR ST B R
N IR AT S A R S B T & AR D T A A
ST & RN A S e BB SRR T & .
THTH 8 BF KW T 2024 4F 5E A e R NIs AT,
TE BCEA 4 tHE PR B ST B K P B s s TBU A
o7 128 R 7 S DR FH 2 IR 55 B 50 38 IR BRAR - R AR A
W ARSI 255 6, A A TR E R L
FEREIE

X T VR M S, AE DR IE S A6 2 P AR IO
AR IR PRI T 2 T8 PR 6 ) 1 e 77 0 Y e 5
B — A E RN P E ST SRR S AR
R ) R AR, H AT R o SRR A
5 BE Ll AT R Ol R B, BE RS R TE R i O e ) AR
8.7 km(8.8 km) . S A G T] DL EL$2 A4 42 F H S5
%o (A AZ PR IE 2 (8] 78 2, W] SR VR TR NIEAT
WRRAEF] 7R R3S 58 () 3o [RIB, CIPL % 4k
A A AR . HEEE T B W F LIS IE
150 kmo A13% B SE58 % A7 = i S AR 22V LI 48K
B KA R AR SEHB T HEE. MR8 =
AL 2 W R, 0 fER .

Hh ] B S S A ORHES)) 1R E 1R AR
SRR R R, A A AR | G P T X B A AR
(OVBB ) TR b o T 4RI 45 , Ay [ VA MR S %
@7 NER W& . HETE CIPL T R 5L
A b B B ¥ it 8¢ % (China Dark Matter
Experiment, CDEX) « ¥i ¥ Al K & ¥ ¥ i 5L %
(Particle and Astrophysical Xenon Experiments,
PandaX) . Jinping neutrino experiment- £ Jif iR Hut% K
P& oy £ sz 56 4% & (Jinping Underground Nuclear
Astrophysics Experiment, JUNA) 2§ 5256 . AH{E 7E K
KL A 2 LI AN CIPL.

2 CJPLHHILIGINE

2.1 CDEXSLI&

CDEX & 1E 41 i e K405, K 5 bl &
LA TR I 5 B 21 XoF S 420 J5 R G HR T X B 3 AR 45
JEFFERIM o = 2GR 5% A2 —Fh 2 SRR 2%, B

BHAREAG e =0 PERIT REEREIR A2 RIR
D28 SR A, 2 PRI A A 4 35 <051 1) B AR 2%
MR O AR N S 56 AR G v A L B e A ST g A 7 e
SRR A P EE A S

G RTINS S5 IHEAER, AS
55 e W AE AR P RR S A ELAE 0 — R o, DT Lk e
DARE SRR . 286 b a] DLR BRI P 57 5 A% K
A 5548 FLAE F T 51 6 AR S i SRR B 4 )5, FR N
EIE /701U = = B 0 V& 1T & (A W 2y @ A R B
AR/ DAL 75 S PRI AR B 0T 5 R 1 52 . CDEX
SEUS R B B A AR I = A B R 28 ok L
BT B T S0 5 AN B AR 4 R AR S
PR TR 1 UA R A FH R A BRI 55 7 vt — 20 0%
PRI 28 75 0~2 keV 8 X [ A K F 1) K 2 i 78
2 count- kg *keV' - d " KL (AT HLARAR I 25
BA MK & B E B AR 10 GeV - ¢ BL N
W& J53 7 TH B A P A, S 56 2H 4 R 2% e = R L B
K31 T 160 eVee /KF, 75 [H br_E Ak T4 5K F o

TE T R B AR S IG  4R AE S e 2R AR XL
B I AR Iy AN TECH HR AT, AU P A B I R
2% S5 T DAIE B HR i B 2 B gk, AT A
PRUEREAY o B AR (1) 3 HATE 107 a LA, i Jo
Tl 0 B 3 A8 2 3 1 SOz KT itk , BT AJE HR BT3B
AR R R R Y HE ] . “Ge /& — A LK A
BHEAMEZE, HEABABRFES . 5T 8 £ M
R DRI B G I i Al ES PR I 25 3 5 & A T
R BT SL .. HTRA T TR,
ToHIT R B FEAS P2 AL AN FL T 1A A R AR
AefE, X °Ge & » 2774 —1>2 039 keV [ LB
R, 5 4 A I S 56 F BV AR BE X AN [A], To o
T B AR S BG E BLSCTE 2 000 keV BA B
AElX o

CDEX & 1E4H H 2009 4F Bz LK, R8s 4k
FETRI 28 34T I o 56 A0 9 PR 0 7 Ty A5 1 &
SB[ HE R, BRI 2% 5T & M 20 g 1) CDEX-0 $2 71 3] .
A B 4 1 kg ) CDEX-1A fll CDEX-1B, 5 £ 3% i
RIS BEH AR, S P&k 2] 10 kg 1 CDEX-10,
BT E BRI ERLE R . 2018 4, SLI6 2H X 55
A8 . AE H K R & R (Weakly Interacting Massive
Particles, WIMPs) 152 (] 73 #r 45 H 4~5 GeV - ¢ LA
H Jie T 5% B Br b f R B0 s 56 45 R (K 4 ()
2019 2T CDEX-1B JU 4= 1 52 56 H5 48 XoF 15 4 7 4F
FE£ 1 1) 28 N BEAT I 9T, HEAE 6 GeV - LLTR Ji &= Y
g T E B b M HERR K (4 (b)) o [RIE,
SEG2H AR WIMP RL TSV SO b R0 S A 7
I 6 - S5 A5 1R 1 o T vk 3 sk o [ s A R BBUK

080018-4



FAREEA PR AR5 N S S A Y B SR

o FETEH R B AR SRR U T, SE56 4R
CDEX-1 525 04 % I vh i1 XU B AL g X 147 77
Mr, ¢ 7 R E AN E 3 °Ge TR AT X B AR
AR, G m T EWTRT)Y>643x
102 a, 90% C.L.*'(J&4(c)).

H AT, 5250 40 AR B XA AR R 251 52 4R
FSCSF T A ) LB A AR K R B BT S HIE R
SRR RAE 5 e B> 55 T T AT — R 5156
BERORBIFT , oA K B RS B I AS IS vy 4l 5 [ 71

SIEHG BE T S FL it o

ARk, LB L THRIE A CIPL 1 C1 sk B KT
25 [8], BRI B HHE T 13 mx 13 m AR e, BLsE
SR RN 25 1 ¥4 R A1 350 A 553 A e 1 B i » U
fi 2 MeV M IE B A R K P I &Ik F
10 count kg™ - keV™'-a (/K. KMl *Ge B %
PR A 5 a3k — 20 9 IR 25 B 51) Joft 2 21 300 kg 5
210’ kg B2, FAHH Ge & HERM A%, T h T
XUB FE AR g R R AR T B 107 a J5 2 107 a
VI

103 E
10 40 :_ ‘\
E \\
E 104\
BI0E e
CDEX-10 = -
(This Work) © -
0 ‘ i —
E Projected S
(100 6V, 01 keVee kg ', 10 kga) Py 104 = Bl CoGeNT 90%
S E DAMA/LIBRA-phasel,
I e ————————— C Na-recoil: 5-0, 90%
104 l l N L C . A P
2 4 6 8 10 4 5 6 7 8910 20
m,/ GeVec? mZ/GeV c?
10' g
E (©)
CDEX-1

10°F

|[<m >|/ eV

10 107

102

10! 1
Lightest Neutrino Mass / eV

4 CDEX ity WyB Sg 50 45 R
(a) CDEX-10 [ Jie 5% WIMPs 73 #4551, (b) W54 57 47 2 8 1) RO 73 A 45 SR 5 () To P 130 B 3238 73 M 4 2R
Fig.4 Rare physical event detections by CDEX
(a) Spin Independent (SI) y - N coupling results from CDEX-10", (b) Dark matter results by annual modulation analyses",
(¢) Results from neutrinoless double-beta decay"’

2.2  PandaX S£If

PandaX & 1E 4L A7 T 2009 4 , K A AR A7
VBT P 1) 43 5 5 40 S 0 IS 0 S kAT LB ER I . —
FHAL VR AU (8] # 5%2 = g i an 1] 6 s Wl kAR
(1 L8 01 P A OR S TR TR - . 3L
UK A ORI B 7 B 7 (I E 25 5 7 AR I T R

MRCS1AE S, B FIEEA I A T NS
AR BRI R, MR S2 5 5. Rk, =
AF L TR [R]85 & ] DA [R] — 545 77 A R A
5, %o AP = e 7 B A AN T S A% R ]
HARRMLE . TR, BRI EF R, RV
1A 787, X i B AE 100 GeV -« ¢ Bt il ) WIMPs i 1 .
A R R4 2 S R AR

080018-5



% AR

2023, 46: 080018

e e ey ]

= T 12 =
ket EE EEOER

5 CDEX-300 sk B it % K
Fig.5 Schematic layout of the CDEX-300 experimental

program
y_ 7 2 & @ o 4 ,%
Y (A A A (— (= q— =
<
g
Anode Grid == =4
- S
laExtra Eee =
Gate Grid <]
¢ Drift o]
g
rrrrr g
g
!
Gathode Grid
EI rert = ===t =t
Sereye [/“ . 178 nm VUV
——
LAA

Bl6 AR G ) 5 5
Fig.6 Schematic of a dual-phase liquid xenon detector'

PandaX & {E 41 H 2009 4 22 4t 58 i 1 5 -
WIREMZ KT . 1E H RTS8 RIs /T —sk
536 PandaX-TA1 — #5256 PandaX-TTHF , £ #80A
R B BIE F) 120 kg 11580 kg HAS T [ BrA:
S . PandaX - 2016 4 F1 2017 4 A Aii 1) 3.3
10" kg - d Fl 5.4x10* kg - d AR A Ji 200405 25 B 45 [ B
AT HERR 2RSS R, S5 S AT I S O 1.32%
10° kg-d, 344 30 GeV - ¢ kb I 1 5 Jse gk T - iR
THEF]2.2x10 % em® " (& 7).

H Bl IF #F 15 47 1) PandaX-4T 525 /& X PandaX-
ML — A%, R A SR ELET
4 000 kgo %5250 %E B A7 T CIPL-1111) B2 5256 KT
W BRI SR B TG E R 8, DLARRE-100 °CHY
RIS, I 8 W E T = Ak BE i R b, B 2B
Wiy B2 59 T AJK . PandaX-4T S25G T 2020
EER, TR 1A HRIEIT, |5 BCR
94.9 d, MR G 0.63x10° kg do B/ HT M Bk
B A , SIS 5 R H EAE 9% 11 WIMPs

) UKL IR BB TR HfE 3R 5.8% 1077 om® AT 1.7%
107 em™ ™, 45 T H BT XU B AR 1 3 ) R IR
H2.27x10° a",

[F] I, PandaX-IT5T H 11X1F] H 200~1 000 kg )

102

PandaX-11 1.32x10° kged
————— PandaX-II 1.32x10° kged Sensitivity|
PandaX-11 2017

; ————— PandaX-II 2017 Sensitivity

)

—
=3
&
®

1045

SI WIMP-Nucleon Cross Section / cm?

LR LLI B B R L)

-46
e — LUX 2017
—— XENONIT 2018
1047 | I EEE| Lol L1
10! 10? 10° 10*

WIMP Mass / GeVec™?

7 PandaX-1DXxf WIMPs R~ 43 47 25 517
Fig.7 PandaX-II upper limit for WIMPs cross section

o R AT X e T R AR T X B AR R R, N
B — AN 8 1 MPa Sk 20 kg S AR G R A 1%
MEEBEATIRAE . ZAR M2 2016 FE 2P URIZ 1T,
X R A AR A R 2848 280 S 125 4R
FribAT 7 B8, IR 3L T k4 T PandaX- I T4 5
H A5, 7] UL 2 457 keV B iE A i B4 3 3.5%
10 count kg™ -keV™"'+a” KF, I Xe L H T
P HEAR - 3 H N PR$E = 21 8.5%10% a.

2.3  JUNA#ZKR{KRSZLE

JUNA 2 H [ J5 1 Be R 71 55 B 49 5 (1) R
AR RS TNE o A% R S0 3 2
W H P A TR TR R B 5 RN A FE
2C(a,y) O, BC(a,n) "0, *Mg(p,v) *Al.
“F(p,a) O F1 F(p,y) *Ne % % Fft 1% Jg R4,
I H T 2020 4 N SRR BEHL T 2050 = L IR TR
12 H SR TSR BT R SR T N AR 0 R
SEGH IR T U EA S T A S T ES
Fh B T2, IR 5L B T BEEAE 70~400 keV ¥ il N % 45
AT, ARG BRI AT B9 T Rl

R BE MO RS2 SRS y AT B R A
Y R i RO, 5 T S 56 1 5 0 A% SN 7 A )y A
AR AT RN, DR kb R S 56 T kb S5
AR, 45 R B se s g5 ;. 2021 4212 H , JUNA
SEES LA H T B —HESTIS R, 7R R SR R T T
R 1 s 5 i 7K S St R AR AR B S 2 AR
SR 2C (o, y) 1O 45 H 538 keV Ak 1 s R T 1 FR
107 em?, 32 B [ BRAiJe /K P o (7]  FAbAZ S 845
HH OO R X A TR S AR, A3 3 BT .

(171

080018-6



FAREEA PR AR5 N S S A Y B SR

#3 JUNA 4R R ASR S5
Table 3 Basic parameters of the four reactions™ ™!

AN S LR KIEREX L& E7RYIIpy s R ES AJE
Reaction Beam Intensity / emA E, /keV  Target thickness Efficiency / %  Counts/d" BKG/d"
2C(ay) O ‘He* 1 538 10" atoms*cm”™ 60 - 1.2
BC(a,n) 'O ‘He™™ 2 230~600 2 mm 26 97424 13345
“Mg(p,y) *Al H" 2 E =92 60 pug-cm™ 38 200 10
“F(p,a) °O H" 0.5~1.0 72~344 4 pg-em” 60 24 1

24 hEFEE

BRI SR IS AR KRBT A SR AR B DT
DA ¥ — AN B W 3 TR S 56 T Jo R B HP 7 sk
H T4 2 3 H BB LI RIA B A B bR
SE6 = BT AR IR SR HE T AR L B K I R 5
HER P TE 5 B AR I PR B T P B K R BH H
T oot b P A R T AT IR R R T SR B A
(N 7 B )P ek 7 e S A E N v i
IR TR B 6k S M R AT I ALY, SeIh A
AT CIPL-TEE56 KT A, 5 M ¥ 8 fr v BRAAK
HD B 10° kg R AR TN AR, v LR R AR A% I
NP7 AR TN R 30 AN L5 48 5 4 &) 78 26 7E BR 1A
AN B TN RS S5 A G 5 BRRFAN T
ANERAN 75 2% 2 R 285 i i P 414 7K DSBS B A
JE 1) BE iz o

Filling Hole

Diagonal Brace

Soft Pipe

Stainless
Steel Truss

Stainless
Steel Tank

Acryli h
Shielding crylic Sphere
Sphere

Acrylic Bearing

8 TSI N R 25 AL
Fig.8 Prototype of 1-ton neutrino experiment

AR, 0 5E PR T SR U6 TR RE % SR BH
T BRI R R R R A s A U T
R EE H AR FERBH iy s, a7 DURS Bl 52
X BA H T 9IR 0 AL B0 ) JoT R0 A e 1) e Y i
P2, T PG IE P s P o AN A S B o [ I )
TR BH AR S S R AR B A AR B0 TP AR BRI AT
PR B A% 0 2 S e 2 RE AR 1) AEER TP it
TIT I B 5E PR T S BE I M X 23 Bl AL AR
I 53, FLl & 45 2R 5 Borexino 1 KamLAND £
e 4 AR 25 5 3 nT DA 8 oK B 0 1) Hh i od

B, M 48 7~ R AR R IE i« LA B (R B L EE AT 7 44
JCE I
25 RESRE

CDEX .PandaX.JUNA . 7 5 H1 5145 556 24 )
F CIPL (1) SEEGIAES , fERE M 0T e HR 1 X B 7R
HUER th A7 RN 2 sz 08 S EAE T 5 E A R 2SS0
AH B AT S BRIRE T 1 S 36 45 B, UE B T 4R B R S
FAARA)E T A R . H AT, CIPL-II#% 5256
KT HREK i T5epk. 168 Hart 5 B oK mHh T
SEG ., CIPL-TDN BE KRR () S AG Fe 4t 1 H# AR 1137
1. CDEX & 1F 41/ CDEX-300.CDEX-1T i H &
1+ %IF CIPL-II 4 3 15 , PandaX & 1F 4H 1) PandaX-
AT H 258 A & IF PRI 47 . 3 in R 2%
RBURFR R J7 20, 70 92 56 20 25 1A 2B RE 4R R DU 2% 1)
FFUE FEARASIES , AT ZE S 5 4R 5 T6 b e 7 30
B AR AT B AF 4515 B S . TUNA 8256 2H 7F CIPL-1I
FERE T R AR RS T 1 400 keV AR
B, N BRI E MeV BRI SR FE
RN AR , USRS SO S 25 3 FEHE s B E
TE N B8 R A B AR TR - 55 5 P Al S 06 1 £of
JE YL B S8 56 E J5 » T RI7E CIPL-TI3EAT 58 KRR
LSO B (W V. TR A B — > R VR N o ik B
2x10° kg [ERTZ R 2% , AT 2 30 58 Ay R B A i
TERIMEGE R

[}, B 22 Fh S S 08t 1 RIF) A CIPL-THER A
JER R R 25 TR] PRI 553 5 B8] A0 TS S A 0 2 75 - S 5
SESE TR FH 4 BT Hh R S8 5 HERR T H S 2R R
SR 5 AT 48 7 ARG ) B2 2R 10 551 - A5 1 2 U R A
NG IR YT e S L B v] FE R 22 A

B 5 5 5 b R S8 == T R A B K B i 2
SE K R R R T S 56 =08 oM B B A 75 TR
MZEE LRI &. HBRES TR TYE KA
B R HOAR S AR 2 S A R R T T 1A B R
EE R BRI SV 5 R

3 #iE

o ] 0 5 2T S AR RO A DR

080018-7



% AR

2023, 46: 080018

Z MR AS R LB FR 4t 1 B AR 55 1) SE 98 26 . CDEX
S2I6  PandaX S236 JUNA SZI6 L 57 Bt b i1 S2 06 2%
LA TE4R BF S 00 = P R S R U 1 R BRAT S /K1
() S B6 6 R, AE I 785 B 3 R S8 AR S AR A
A, R T 2SI T H L EAS B AL T SR A R
BR. £K,BE%E CIPL-IEE— D e & @K, R A
S 2H 2 75 5K 14 S 56 2 1) S B K = AR
PEITAT HUH, 28 R A W FE S AN 1 B R A
[FI, e B2 i NSRS B, 3R E A
SERGAE T R HE R AR B T

gt R CIPL X £ T A 5 *f CDEX.PandaX.
JUNA S B+ M FE LR IE W X #F. CIPL HE
Ho K ¥ o 2L B BT KA IR A B B A E L A
EAT

EETTHAEE ITHa% AEHRARTLENESS
BH M AT XENFRAEBR, 5 5L RERE
REZRHAR;EX IR EEAFTIRERITS
2% FEHWESRERE,

RPN

1 Bk 2T CDEX-1B st A B ey 2B SR 245 10 10 420 o
FHEARMD]. b5t iR, 2017.

YANG Litao. Direct detection of dark matter based on
CDEX-1B point electrode high purity germanium detector
[D]. Beijing: Tsinghua University, 2017.

2 [E 4R B LR 525 % [EB/OL]. http://cjpl.tsinghua. edu.
cn/.

China Jinping Underground Laboratory[EB/OL]. http://
cjpl.tsinghua.edu.cn/.

3 Cheng J P, Kang K J, Li J M, et al. The China Jinping
underground laboratory and its early science[J]. Annual
Review of Nuclear and Particle Science, 2017, 67(1):
231 - 251. DOI: 10.1146/annurev-nucl-102115-044842.

4 RUE.FETICBIE AR BRI AR B G T BRI A
FE[D]. Jbat: R, 2022.

SHE Ze. Direct detection of Dark Photon with low
threshold high purity germanium detectors[D]. Beijing:
Tsinghua University, 2022.

5 . FREER S 5 CIPL A CDEX I 4 i B AR
T S2EG1T]. BACYIBLHIA, 2018, 30(2): 14 - 22. DOI: 10
13405/j.cnki.xdwz.2018.02.004.

YUE Qian. CJPL and CDEX dark matter direct detection

experiments in China's deep laboratory[J]. Modern
Physics, 2018, 30(2): 14 - 22. DOI: 10.13405/j.cnki.xdwz.
2018.02.004.

10

11

12

13

14

080018-8

PRI, 205, 8 & . WY B BRI S50 5 A G
WEIE: LASR B K Bt 08 H oA 01 [7]. SEie BoR 5 3,
2021, 38(7): 1 - 10. DOIL: 10.16791/j. cnki. sjg. 2021.
07.001.

CHENG lianping, LI Yuanjing, ZENG Zhi. Research on
radioactive background of dark matter direct detection
experiment: taking Jinping underground facility project as
example[J]. Experimental Technology and Management,
2021, 38(7): 1 - 10. DOIL: 10.16791/j. cnki. sjg. 2021.
07.001.

Jiang H, Jia L P, Yue Q, e al. Limits on light weakly
interacting massive particles from the first 102.8 kgxday
data of the CDEX-10 experiment[J].
Letters, 2018, 120(24): 241301.
physrevlett.120.241301.

Yang L T, Li H B, Yue Q, ef al. Search for light weakly-

Physical Review
DOI:  10.1103/

interacting-massive-particle dark matter by annual
modulation analysis with a point-contact germanium
detector at the China Jinping underground laboratory[J].
Physical Review Letters, 2019, 123(22): 221301. DOI:
10.1103/physrevlett.123.221301.

Wang L, Yue Q, Kang K J, et al. First results on “Ge
neutrinoless double beta decay from CDEX-1 experiment
[J]. Science China Physics, Mechanics & Astronomy,
2017, 60(7): 071011. DOI: 10.1007/s11433-017-9038-4.
Zhang SJ, Liu Y'Y, Lv S S, ef al. Surface metallization of
PTFE and PTFE composites by ion implantation for low-
background electronic substrates in rare-event detection
experiments[J]. Nuclear Science and Techniques, 2022, 33
(7): 90. DOI: 10.1007/s41365-022-01068-0.

Zeng W H, Ma H, Zeng M, et al. Evaluation of
cosmogenic activation of copper and germanium during
production in Jinping Underground Laboratory[J].
Nuclear Science and Techniques, 2020, 31(5): 50. DOI:
10.1007/s41365-020-00760-3.

Zeng Z, Mi Y H, Zeng M, et al. Characterization of a
broad-energy germanium detector for its use in CJPL[J].
Nuclear Science and Techniques, 2016, 28(1): 7. DOI:
10.1007/541365-016-0162-y.

Jia. H T, Lin S T, Liu S K, et al. High-accuracy
measurement of Compton scattering in germanium for
dark matter searches[J]. Nuclear Science and Techniques,
2022, 33(12): 157. DOI: 10.1007/s41365-022-01148-1.

Li RMJ, Liu S K, Lin S T, et al. Identification of

anomalous fast bulk events in a p-type point-contact

germanium detector[J]. Nuclear Science and Techniques,


http://cjpl.tsinghua.edu.cn/
http://cjpl.tsinghua.edu.cn/
http://dx.doi.org/10.1146/annurev-nucl-102115-044842
http://dx.doi.org/10.13405/j.cnki.xdwz.2018.02.004
http://dx.doi.org/10.13405/j.cnki.xdwz.2018.02.004
http://dx.doi.org/10.13405/j.cnki.xdwz.2018.02.004
http://dx.doi.org/10.13405/j.cnki.xdwz.2018.02.004
http://dx.doi.org/10.16791/j.cnki.sjg.2021.07.001
http://dx.doi.org/10.16791/j.cnki.sjg.2021.07.001
http://dx.doi.org/10.16791/j.cnki.sjg.2021.07.001
http://dx.doi.org/10.16791/j.cnki.sjg.2021.07.001
http://dx.doi.org/10.1103/physrevlett.120.241301
http://dx.doi.org/10.1103/physrevlett.120.241301
http://dx.doi.org/10.1103/physrevlett.123.221301
http://dx.doi.org/10.1103/physrevlett.123.221301
http://dx.doi.org/10.1007/s11433-017-9038-4
http://dx.doi.org/10.1007/s41365-022-01068-0
http://dx.doi.org/10.1007/s41365-020-00760-3
http://dx.doi.org/10.1007/s41365-020-00760-3
http://dx.doi.org/10.1007/s41365-016-0162-y
http://dx.doi.org/10.1007/s41365-016-0162-y
http://dx.doi.org/10.1007/s41365-022-01148-1

FAREEA PR AR5 N S S A Y B SR

15

16

17

18

19

20

21

22

2022, 33(5): 57. DOI: 10.1007/s41365-022-01041-x.

Ma J L, Yue Q, Lin S, et al. Study on cosmogenic
activation in germanium detectors for future tonne-scale
CDEX experiment[J]. Science China Physics, Mechanics
& Astronomy, 2019, 62(1): 011011. DOI: 10.1007/s11433-
018-9215-0.

Ni K X. Development of a liquid xenon time projection
chamber for the xenon dark matter search[D]. New York:
Columbia University, 2006.

Wang Q H, Abdukerim A, Chen W, et al. Results of dark
matter search using the full PandaX-II exposure[J].
Chinese Physics C, 2020, 44(12): 125001. DOI: 10.1088/
1674-1137/abb658.

Huang Z, Han C C, Abdukerim A, et al. Constraints on
the axial-vector and pseudo-scalar mediated WIMP-
nucleus interactions
Physics Letters B, 2022, 834: 137487. DOI: 10.1016/].
physletb.2022.137487.

Si L, Cheng Z K, Abdukerim A, et al. Determination of
double beta decay half-life of “*Xe with the PandaX-4T
2022, 2022:

from PandaX-4T experiment[J].

natural xenon detector[J]. Research,
9798721. DOI: 10.34133/2022/9798721.

WS, 2257, T2, 45 A BE VR RS R fA ) 28 S
(JUNA)ERR[)]. B FRe Rl H0R, 2019, 53(10): 1729 -

1741. DOI: 10.7538/yzk.2019.53.10.1729.

LIU Weiping, LI Zhihong, HE Jianjun, ef al. Progress of
Jinping underground nuclear astrophysics experiment
(JUNA) [J]. Atomic Energy Science and Technology,
2019, 53(10): 1729 - 1741. DOI: 10.7538/yzk.2019.53.10.
1729.

Zhang L Y, He J J, de Boer R J, et al. Measurement of
“F(p, 7)*’Ne reaction suggests CNO breakout in first stars
[J]. Nature, 2022, 610(7933): 656 - 660. DOI: 10.1038/
s41586-022-05230-x.

Kajino T. Underground laboratory JUNA shedding light
Science and

on stellar Nuclear

Techniques, 2023, 34(3): 42. DOIL: 10.1007/s41365-023-

nucleosynthesis[J].

23

24

25

26

27

28

29

080018-9

01196-1.
Liu W P, Li Z H, He J J, et al. Progress of underground
nuclear astrophysics experiment JUNA in China[J]. Few-
Body Systems, 2022, 63: 43. DOI: 10.1007/s00601-022-
01735-3.

Su J, Zhang H, Li Z H, et al. First result from the Jinping
Underground Nuclear Astrophysics experiment JUNA:
precise measurement of the 92 keV “Mg(p, y)*Al
resonance[J]. Science Bulletin, 2022, 67(2): 125 - 132.
DOI: 10.1016/j.s¢ib.2021.10.018.

Gao B, Jiao T Y, Li Y T, et al. Deep underground
laboratory measurement of "C(a, n)*°O in the Gamow
windows of the s and i processes[J]. Physical Review
Letters, 2022, 129(13): 132701. DOIL:  10.1103/
PhysRevLett.129.132701.

FRESP, W0 D, f5 25, 55 PR AV 4 AT 5 ) O
Bl 2 ) ). b E R 2R 4 2022, 36(3): 447 - 459.
DOLI: 10.16262/j.cnki.1000-8217.2022.03.010.

CHENG lJianping, LIU Weiping, YUE Qian, et al. Key
scientific issues in the research of deep underground
frontier physics[J]. Bulletin of National Natural Science
Foundation of China, 2022, 36(3): 447 - 459. DOI: 10.
16262/j.cnki.1000-8217.2022.03.010.

Beacom J F, Chen S M, Cheng J P, et al. Physics
prospects of the Jinping neutrino experiment[J]. Chinese
Physics C, 2017, 41(2): 023002. DOI: 10.1088/1674-
1137/41/2/023002.

Wang Z 'Y, Wang Y Q, Wang Z, et al. Design and analysis
of a 1-ton prototype of the Jinping Neutrino Experiment
and Methods

[J1. Nuclear Instruments in Physics

Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment, 2017, 855: 81 - 87.
DOI: 10.1016/j.nima.2017.03.007.

LiZY, Zhang Y M, Cao G F, et al. Event vertex and time
reconstruction in large-volume liquid scintillator detectors
[J]. Nuclear Science and Techniques, 2021, 32(5): 49.

DOI: 10.1007/s41365-021-00885-z.


http://dx.doi.org/10.1007/s41365-022-01041-x
http://dx.doi.org/10.1007/s11433-018-9215-0
http://dx.doi.org/10.1007/s11433-018-9215-0
http://dx.doi.org/10.1088/1674-1137/abb658
http://dx.doi.org/10.1088/1674-1137/abb658
http://dx.doi.org/10.1016/j.physletb.2022.137487
http://dx.doi.org/10.1016/j.physletb.2022.137487
http://dx.doi.org/10.34133/2022/9798721
http://dx.doi.org/10.7538/yzk.2019.53.10.1729
http://dx.doi.org/10.7538/yzk.2019.53.10.1729
http://dx.doi.org/10.7538/yzk.2019.53.10.1729
http://dx.doi.org/10.1038/s41586-022-05230-x
http://dx.doi.org/10.1038/s41586-022-05230-x
http://dx.doi.org/10.1007/s41365-023-01196-1
http://dx.doi.org/10.1007/s41365-023-01196-1
http://dx.doi.org/10.1007/s00601-022-01735-3
http://dx.doi.org/10.1007/s00601-022-01735-3
http://dx.doi.org/10.1016/j.scib.2021.10.018
http://dx.doi.org/10.1103/PhysRevLett.129.132701
http://dx.doi.org/10.1103/PhysRevLett.129.132701
http://dx.doi.org/10.16262/j.cnki.1000-8217.2022.03.010
http://dx.doi.org/10.16262/j.cnki.1000-8217.2022.03.010
http://dx.doi.org/10.16262/j.cnki.1000-8217.2022.03.010
http://dx.doi.org/10.1088/1674-1137/41/2/023002
http://dx.doi.org/10.1088/1674-1137/41/2/023002
http://dx.doi.org/10.1016/j.nima.2017.03.007
http://dx.doi.org/10.1007/s41365-021-00885-z

	2.1　 CDEX实验
	2.2　 PandaX实验
	2.3　 JUNA核天体实验
	2.4　 中微子实验
	2.5　 总结与展望

