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ABSTRACT

Astronomical observations, for instance the galaxy velocity distribution curve,
gravitational lensing effect, reveal that dark matter may be widespread in the universe.
Weakly interacting massive particles are popular candidates for dark matter particles.
Pandax-4T in China, LUX-ZEPLIN in the United States and XENONNT in Italy are all
focusing on detecting Weakly interacting massive particles. In dark matter experiment, the
background level is an important factor affecting the ability to detect dark matter. The
materials used to build the detector include radionuclides *°Co, “°K, 2*>Th, **U. When these
nuclides decay, and produce rays, if the energy deposition of these rays in the detector
overlaps with the energy region concerned by the experiment, it will induce the experiment
background. The main means to control this background is to accurately measure the
radioactivity of detector materials and select ultra-low radioactive materials to build
detectors. High-purity germanium gamma spectrometry is a widely used radioactivity
measurement technology because of its high energy resolution. PandaX cooperation has set
up two high-purity germanium gamma spectrometry JP1 and JP2 in Jinping underground
laboratory for material screening and background control. The minimum detectable activity,
also known as sensitivity, is an important factor of high purity germanium gamma
spectrometry. Dark matter detector material requires ultra-low radioactivity. If the
radioactivity of the material is lower than the sensitivity, the high-purity germanium gamma
spectrometry can only use statistical methods to give the upper limit of the material
radioactivity, but can not give accurate results. As the dark matter experiment has more
extremely requirements on the background, it is required to upgrade the sensitivity of high-
purity germanium gamma spectrometry. The sensitivity of high purity germanium gamma
spectrometry is determined by its own background level and detection efficiency, and is
related to the counting time. PandaX is currently planning to upgrade JP1 sensitivity in terms
of improving efficiency and reducing background. This paper mainly introduces the
performance of JP1 and JP2, as well as the sensitivity upgrade plan of JP1, which is to build
dual high-purity germanium gamma spectrometry. The expected sensitivity can be improved

by 2-4 times compared with JP1.
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1.1 BEHIRARAA N, AERRAZES]

FEERH AT ZR, 5] JE S AN S R SO R 4B 7~ 1 581 W AT Be 3 i A7 72
YiJsi, EEYDB A TR AR BRI AT TN 2 2 — o LI 2R B 8 42 Joa ] g R A e T 1)
4.9%, LR 26.8% NI, 68.3% MERER 1. Wi Y pod i 51 k2
MEHAEN, WA BB ERMEAEEAER, A RAEsS B RN . R &5
HAEHRLF (weakly interacting massive particles, WIMPs) & #4|"] ( B ¥ 50k T % 3
HFEE AN, S E K PandaX-4T. 3£ E LUX-ZEPLIN Al KFIf XENONnT S25#
78 IR WIMPs D4 22 5206 iy 75 2 — B0, s286 4RI WIMPs #2880 77 =X AN 5] mT
B 1-1 2 =38 WY BURL-IEE K= A s v AR R 1 B R e s v AR 2R R
08 TS0 AT 0 T8 Al 7 A I ) OB R N T i SE AR AR 5 I B I Y PR T S B A
TR A B At A8 007 ) B R o a7 T+ [ i B Ly S25G % ) PandaX-4T 72
HG B SO AU BRI 2%, BRI 7 R s . iR B R R R
K SRS E . AROGYERELTF . B RFELS, R8I WIMPs Y EEAEEE Y557
1-2 J& PandaX-4T W&V SR I ES 1) 3= BEL5 L), PRI ER 1K AMRERN PN SEAD L AICBUR AN
AN, B [E]$E5E %E (time projection chamber, TPC)AE N H#EF, TPC B L FEE5H 169
AT 199 SRR 2 T A 77 O HL B9 4 (photomultiplier tube, PMT) 41 F kW 85615
5, PMT “ZEE/E4itk -, TPC JE I PTFE 5 H n] LHE U EE 2R B4,
FEREY B SEg, EHIA R — DN EEST . WIPMs 5FRAERGE AR 1Rl i
S HU A /N, I WIMPs 538384 5t & A0 AR R RN, B0 Y o 2R 52
I B SHE 5 R IX R IEY) B 5250 A IS ATRRAIS, 75 WPRHR HME AR 2 A RS
SR ESE IR UG T o SEIR A IS, BRI RIS BE T B R . I
PIBTIAS SR, FTRA P N =28 B — Rl SRR BH P i1 B8 2R A
SR T FRTR S L AN 2 A Bl R TBC 1 (R 7 35 3 AR ) I P AR R 25 B — SRR
PRI B AR, 40 PMT. PTFE RO WAMERIERIR 55, & 28U, #°U. #2Th.
OCo H1 K SFBUF I FIAL 2R o X EE R 3 AL AR IS 77 AR IR S A AE PRI 28 TR )
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Fig. 1-1 WIMPs detection methods.
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Fig. 1-2 PandaX-4T detector.
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e E A R\ XA E BRIV A, PR AZ2E 2 M 14T 3] PandaX-4T £
TMFEHNEE o AR AR, FERZRL 10m, &EEL 1.5 m 4K RldE, Bk
A AT S B TEOR AR RS o BRI A0 T S R AN S R AR ELAE AR R A RE AT
LR RE A 0%, NS4S Lk Rl bk s B MR 7RSS . 7E 10-3000 keV BEIX, #4 Kb
W R EOR B L T Re 1) 3.5 RO PYe W A% 3 378 77 AR AN B S 2k e B A = 1) /2 22 Th
HE L1 2615keV, KXFIXAMIN 542 5 i RE I K202 1.52 x 102 m™!e 3B =K
FH R 5 0 RL = 2 BB AR R SR I B 0, R MW SEIR AR P ERIE 2 —, &
TP I TR AR AR R SR A PRI 2%, I SRR By I B AR U 1

1.2 RSB AT %

MRHRTEE R B TR 2 M 2 R, il b AL (12 TN PR BRI 25, aniib i
PRINES (Nal) FRAL 58 (LaBrs) R I 2%, 30 2 SRR 45 201 v 285 10 55 1% 4% (high purity
germanium detectors, HPGe). =208 I i RE B HFR i, W RE i LT TR A 22
K, ANTEERERBATHIAEIN T, RNHTZRTEL . RRRPIRITE, EE
BT, SRR 2R 5 2 0.66 eV, TEZIAE 1.12 eV, HLEZZ 1.42 eV,
BALRE RIS, 8T LU AL S 2 HOR BT, &M S 70 3R 1 PR I 25 10 BEAR,
FEIPL, 2 JURITAR DT T, v Al 0 S 1 A — A FH S8 RIS IR SHR I 2R, [
TR it B T UART T AR — RO A R . — 8T VR AE I A RLBUN RIS, 75 B0 AT
TEREEYIR, Saia i Sk O — A TR BEE PR e AU N 1Ak
Fefh#h, 1B 1-3 2 =Ml il SRR Reilk 22 1-1 X P7Cs AR AL [ RE &
N 662 keV RISy 5 2% 1 RE 5 3 FF A% ELUO), m] D s 4l A 5 A AR R 2 HE R U7 TH
PR K
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Fig. 1-3 Spectraums of three radioactive measure techniques. The blue one is HPGe, the red one is for

LaBr3 detector, the green one is for Nal detector.
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P _EF PandaX SCIE S 4t sEN L

PandaX & 1EZHAEMEBF N 5000 = I @ I A I E S Al s i Sk JP1 1 JP2, A
5SS S O R B A A A ] . B AL LK, PIEM SISO E WHE AT, E
TAPEHRTBUN 1% . PandaX-4T W& B 2R &5 () KEB 70 A4 8L, 40 PMT. PTFE SR AR
N AMER RS, #iZ T TP1 8iF P2 &M, JP1 A1 JP2 Ml & 45 E, & PandaX 52
WA EZE RN . AENBHERENA IPL M P2 X & HRNEE .

2.1 BaEMDEN A RE

e AR A S LR R I TR A R L, e AR IR E .
REERI A PN 45, TEAMNEIEF TIEEGERZE, RIRBIX . #imkRmiE oA ERER
ERIGEE, AEA RSN 2 0 o D A A A AR R ) R SR AR AT o
AR IARTR 99% LA F, W1 TP &4 SRR ISEJZ JERE /N T 0.7 mm.o BPREH ) T8UR
PEFIAL 2R3 AR I P2 A B S 42, ) S 27 27 ik RIBUX B iR R =, W88 R 7 el
TR BRI T 7 RIS iR AR 3R T2 25 7O s 28 ORI A A 1Y
AN T3 RIS 5 B 28 45 WS FELTRT 1) P 1 22 1A 2 WSO 381 o O TR BRI L7 28 O R 0 L
IV D S5 2R 76 58 B R PR TURR P i B A I L, DR T WA 8 380 %) ey 2t R DA 1) Rl O
et A ITAR BE B AR BB T2 AR BB O e T e, IRAIERA 43
i, MR —HEME e TR e R R . R T ATHR E MR R, 3
ALUTAR e B ™ AR B T RN Z , M SR ZE oy /N, BE & 73 P
B . AE T HEE T AR TR T PRI 28 5 5 2R KR A Re /o, a0 232Th 85 B
338 keV, **U #E B 352 keV BN 5442, ReEAHZIN 14 keV, REEDHIEA
Ry ARG AN S B A ) Nal PRINEE, B XX P MM 28 . 5 iR T - SR B 2E
78 AN 0.66 eV, AR iy 73 2R HR I 38 1) R AP A R
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2.2 PandaX L3854 6840 g

2.2.1 JP1 F1 JP2 BYMEREFNIR L4

% 2-1 445 [ PandaX SR & w288 N 54 JP1 A1 TP2 B2 -5 L A A RST
X TRISCR R RE TR HEREE R . P12 P B Sk m aisg in i, ik ER
% 94 mm, JEEIL 104 mm, XFAEELE 40-3000 keV I S 2840 B A AR = ORI R
K, J2 JP1 AT BRI ZaIR 175% M B E A . TP2 J& T 96 fe Y mr A g fin S 1 4%,
B A AT TR BUX A 3800 mm?, BB 5L, GRS 2k B R R AR 80 .
JP1 A IP2 HHR L I A8 T LTS B an & 2-1 P

£2-1 JP1FIP2 EKER

AR JP1 P2
iesy ORTEC-GEM94100 | CANBERRA-BE3830
B dn iR B (mm) 94 35
e A4 )2 (mm) 104 30
LRSS pvES 175% 35%
LT @ 662 keV (keV) 2.4 2.7
FEET@ 1332 keV (keV) 3.0 2.8
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B 2-1 £8: JP1 8935k &4#), AP ARIIAZ 108 24, MARE 09 K, MARE 1.6 %
Ryt 4esrie; BREK 09 B RGEBIER; CRINAZ Y4 TR, BE 104 TR H 44
K, POILAR 12 TR, L5 E 89 FK, BHEIIENEDSEX; DAIARZ 100 X,
Y=

BE 130 2K, MARE 1.5 EK, KIFZRE 3 ZRGMIIFER, HR: JP2 948k 4EHM, £+
ARBE1SEANEIIEBRREE0S 2AWRESHEETED; CRAARZRTI R, BE 3l ALY
ahik, BEHIENETS A, DAMARE 1.5 TRGEARBIK, BEHBKREER 23

Fig. 2-1 Left: JP1detecor head structure: A is the carbon fiber shell which outer diameter is 94 mm, top
thickness is 0.9 mm, side thickness is 1.6 mm. B is a mylar film which thickness is 0.9mm; C is the
Germanium crystal distanced Smm to inner surface of the shell, which outer diameter is 94 mm,
thickness is 104 mm, and the inner hole diameter is 11.2 mm, total height 89.9 mm. D is the copper
holder which outer diameter is 100 mm, side thickness 1.5 mm, bottom thickness 3 mm. Right: JP2
detecor head structure: A is the Aluminum shell which thickness is 1.5 mm; B is the carbon fiber
window which thickness is 0.5 mm; C is the Germanium crystal distanced Smm to inner surface of the
shell, which outer diameter is 71 mm, thickness is 31 mm. D is the copper holder which side thickness

is 1.5 mm, and the thicker part of the sawtooth is 3mm.
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HANZERIE RGBT N2 BN RC; o2 MM MbsiEZE, Hmgits
A REE D HrR ke, HMBERE AR qoMq M MG HE, hAREE
FL A B A (AN S LR AR B B () R U e A . B 2-2 42 JP1 A JP2 B 1
EREETT R T ARQ- DA MR, A BIXTRL 22 Th 32488 =251 583 keV [
i bk, AR 37Cs ZEAF P2 A1) 662 keV N5 2k AR E MG HEC— M2 2%
PERR, MATZEFIRRM T
E=k-C+b , (2-2)
Ho kb RAERERANTE N L1 ¢ RIS A . ERT TP Py BUA A 2 PRI 25 1)
[ A A THEUND , LEI [ TS IS4 A9 2URE B P A BTN S, DU o ) T80 1
TEEEATT LU R A
_ N°/T*—N"/T"
Yiem

FoHY, SR IRO0T TR 1 [ 2 S AR I 7= A RE B E I S S 2R I 7 S b, e 3R i i
A0S VSO A it R AR ) RE B E BN B S 2 AR IS, &, W] HH SRR RIS B 2],
mERFEMIA R, ARRALZ Bgke!s

e TR AN AP 22 BE AN SR RIS AL, WIHE R o MBERE R R, HiE
W E AN b B LA E B B ANTE R N RIS R, A0 SR RF RIS BLAS BRI R e
HIERR I . ZIRAal S gV RS HFRe(E)NBEREER R R —BIRMN A XTI A

0(E) = /poE? + p1E +p, (2-4)

Hdpys pi Mpy e =AM MATEH, AQ-4) R LK, B &0 ik H]
FoAt i 24 2002 I B 2 s i (%) O 0003 BB BRI, 0T b v Al B 4 5 A5 1) 00 2 {0
PREE Z A RS 5, T DA S0 5 - RIS AT 2 I S e I HER L

FE R AN i A R B is AT I, REEERMENECHISR AR . BEE D WK oMEEREN
KA E R, MRES LR . PRI o XK IS 58 28 ) Z1 AN RO i FA T
SRV B, BETT AR AR AE AR ZI B, 0 mT DU S e e AT i e . 1 2-3 FE
2-4 4rlaE JPL A JP2 HIReE-iENE. BEEHIR-BEE SR ERXMAET IP1 #dE
SRIET 2021 45 2 H 2 SRR 280, OK TR RS, 12021 E2 H4 5
ZI IR ©°Cos B7Cs, BAJZ 2021 4F 11 A 2 S MIE K PandaX — 5 4£LYF #Th;
JP2 KR T 2020 4F 11 H 3 SIER 28U, 22Th, K R &R = e S 250
d, A1 2021 4 2 H 4 S ZI BRI IE ©°Co. P7Cs.
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JP2 counting distribution
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= Fitted function [+ 3282 4 0.0
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ADC Channel

B 22 £R: Sk DBl AE RN XQ2-1)MEER, £B: JP1, 3t 22Th 49 583

keV e B % . &#B: JP2, & 1¥Cs 69 662 keV e 44 .

Fig. 2-2 Fitting results of HPGe full absorption peak with formula (2-1). Left: JP1, corresponding

to 583 keV gamma line from 2*2Th. Right: JP2, corresponding to 662 keV gamma line from '37Cs.
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B 2-3 Zsbbiin DN AEEENX R AAKXQ2)MELER, A8 JPl. HE: JP2,

Fig.2-3 Fitting results of HPGe energy and ADC channel with formula (2-2). Left: JP1. Right: JP2.
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c - Energy JP1 o - Energy JP2

1.5F

B, 1.251e-07
1.8~ p, o.0008525
i P, 0588
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P, 0.0003541
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1.6 —* JP1HPGedata r —e— P2 HPGe data
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B 2-4 Zsbiiin DR ESHERANAXNQ-HMELER, £B: JPl. £B: JP2,.
Fig. 2-4 Fitting results of HPGe energy resolution with formula (2-4). Left: JP1. Right: JP2.
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SRARETBUHR 1) AT 25 40 2 TG T (. 76 2021 4F 2 H 4 5, FFRHERUEHIR ©°Co. 1¥7Cs
A1 225Th X JPL AT JP2 BEATZIZ . = b %I R J LA 2840 DL IR 2-5, o AR JEE £ AL
R 2-20 128 2-5 @A SRF RIS BTN, ASCHIRA A1) 2 7 A Geantd 2

fiti_ ) BambooMC!4., JP1 A1 JP2 IZE L5 R LK 2-3, 3R 2-3 HHIRCRIR ZEFRAIXS
e, WHEITEWT
_ 14— 4]
& = 0
e A A R RO 1 R 2 1 — M 2 3 AR i = A S (2-3) T R G A, 4 1838
2-2 U R R A2 H B AR e iE EE . HHER 2-3 AIA, JP1 RUCRIRZE R KL
6%, JP2 H K% 12%.

(2-5)
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16.30
5.00
22.00
33.00

15.00
13.00

IHNNN7ZZ

?5.00

©12.00
©20.00

B 2-5 ARERSRIUT, £B: 0Co. B'Cs &RALBAHABIAR L, HF BYCs R 1.77 &

Ko H#E: PThigARFEASEZS 163 ZRGALEH T, IMEHEH 3B 2K, ALEHRINEGH
ATEMR, ARG E 3
Fig. 2-5 Geometry of standard radioactive source. Left: point sources ®°Co and '¥’Cs are placed on a
nylon film and '37Cs is 1.77 mm shift to the center. Right: liquid >*Th source is placed on an inner
barrel high 16.3 mm, the total height of outer barrel is 33 mm, the inner and outer barrel are both

stainless steel material, they are sealed with a resin layer.

R 22 ARG E R

‘ . o TEEE (B .
Bz | ki A (%g éé ! 53/2) AREF S RE (Bg)
0Co 2011-12-1 8111 2425
137Cs 2011-11-4 7684 6207
228Th 2017-6-1 3148 829
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A 5% PandaX FAGRA (N X

F2-3 JP1 A JIP2 RFRZIFELR(HH 2021-2-4)

bz 5 B 2 JP1 ZI| et R JP2 ZI| et R
/(/\ YN =! N =R kW e N = ) VE
fERkeV) | MEIFFEBq) | HFiRE | WEFEHEBq | BRIEE
1173 2469 + 20 1.8 % 2558 + 37 5.5%
6OCO
1332 2458 + 21 1.4 % 2507 + 38 3.4 %
B37cs | 662 6364 + 42 2.7 % 6930 + 50 11.6 %
239 611 + 2 1.4 % 635 + 2 1.2%
28ThH | 583 591 + 2 4.8 % 650 + 1 3.4%
2615 660 + 3 6.2 % 707 + 2 11.2 %

XU 2 R 5, Wik 2-6(a) A& JP1 I [¥) PandaX-4T FME4Z, W22 57507 =0
HTESR, HERERELSUALFEATRR . Ak, ATES 7 2-6 H1(b).
()R (d) =M AS [F] 4R T80T AR R, 15 2R T807 391 I SR RIS A0l R 22
INT 4% WA A LT IIRE 0 R] DL ST UM I T LT BB, S0 AT R R
JUFI TG S B R I s SR iR 22

B 2-6 &I, ()R EFEILT. (b). (c) = (d) R F4F T BT,

Fig. 2-6 Complex geometry sample. (a) is true geometry. (b), (c) and (d) are Monte Carlo geometry.
BRAUSRI R T, R DA e 5 1 B e A5 S 2 A48, m] DLE AU
SR R 2R AR o PP VR4S B I IRII RCR 5 18 73 L Ja B2 — B0, 8 g
A5 S5 AR AEAH [ O READL R 7T ASRAS SR Geit &, b Geit iRz . flan, K A
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i AE R A AR % % PandaX =ZURE N 1AL

I PL 10.66% 1043 32 L P= AR RE BN 1461 keV IS 28, BUARHL 105 ANEEE N 1461
keV IR 133 10° S 4RRlE, A BADLEFER 10° A K 13278, MiZReTS
F| 10° x 10.66% N AxfelE. W BURERZ FZAFAEM S g B0, BIFE— IR AR I}
[F IS 77 AR P AN B PR AN LA BN SR, AR 7 BRI R 2 7 AR 2 e o WP AEAEA
PR IIAZ 2R 5 (RO 3 3 7287 AR B M B bz~ 7] e (R I 7 s 4l 4in B il A o™
A 4efielg, XFR NN -S54 (y-y coincidence). 1 FH B HEMN Dok 1R AN BE R RN
LSRG RIEZIER, mais Mm-S i se brfd A AR S - S 55 )
L. F 0Co R ZIE m aliss i A, 75 2505 keV Abw] LA IR BH B 1 4R
U, {H OCo FAZ A HeE N 2505 keV HIMN-Lh 5 £ (1) 43 3¢ LA 2 7T 2% 1) 2.0x 108
FHEAT W, 2505 keV ARHIAREIESE 1173 keV A1 1332 keV 9NN 25 55 28 104 25 - 2
(EREP IO A

Bl 2-7 vh, e B e 0 R A S RE A SR A K A e B, A B A
FH S P TR 2R AL R 7 S bb) JE 13 B A BRI T B . PRI I 3 e — 3, H2
S 2081 FEAS P A 1) 583 ke V. 2615 keV, 2“Bi A A1) 609 keV. 1120keV. 1764
keV, Co T LR 1173keV. 1332keV X Eefln T hfek, (FIEMHE 25, i HA# M
A P JRCSRT  [F)A7 2 A 40037k L Aot P B R A 5 S 2R ALK . 23 b, X =AM )
L[] sSRAFAE M S o AR S, A — S A S I AE, R 2
AN A A E R R R, BRI R 2-7 B

b, AT SRS 5 4 BRI EE, AR 382 v DB 73 S LU 52 e 2 mE, A
A PIARAEL B R RIS BRI G /N GETHR 22 o AE A7 LE AN S S A8 R 5 A 1 [
BrgR, ARADLUR 1 (R 2R (%) 3 7 B A0 A
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A 5% PandaX FAGRA (N X

10° | 10° |
3 4 —— Simulate gamma 3l % —— Simulate gamma
L % —— Simulate isotopes L % —— Simulate isotopes
2.5j 3 2'5? $
] : ? %] : g
t 2 € 2
2 r ¥ a r ¥
o o o ™
- k4
g % g %
& 15k & & 1.5 g;
A Ty L
e ¢ iy = L
. i, it
C [ T gy . N T oag z
0.5 0.5
Covvo by o bow o by a by vy Iy oy g 1 oo by by by by vy byww g 1o
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Energy / keV Energy / keV

B 2-7 BEaele DR EAAE AT R 0 £ . AR B EERMLAE A DA XA
ey efeisit R, e nAFES LG, RAUMEREZEMFR G &S T, 8 &
e af LB —4F, E BRI -t fF A6 F @ L A
Fig. 2-7 Differences between simulated single energy gamma lines and isotopes. Left: the blue dots are
full absorption peaks simulated by single energy gamma lines, and the red dots are the full absorption
peaks simulated by isotopes considering the branching ratio. Right: the blue dots are the same as the left

one. The red dot is the counts that considered y — y coincidence.

2.2.3 JP1 F1 JP2 A JRKFEMR BUE

AR A2 A e AR AN S T AP B 4R AR, R Al i R R A
Ko AN S iBA — ERL A BEMAE R, DARRIRA R . SR Beictas, oK
JT R IR A, B 3805 AiEE 0 S 15 R Be Il & S U P IRE &, eI
V)R SE I R AR kL. B 2-8 J2& JP1 I BF iR s iR S, BB HN:

S1 & 5 Z2KEMAFENET I, WEBENFFHRUE; S2 28R 20 JHK S HE
ROV RSB PR AR s S3 A e JREFE 10 JE K ph o T R ME 28 1 R () 40 B i 5 S4 2K
20 JE KX FE 20 JE K xR 35 HOK A2 E = S5 2 malidg i Sk (¢ JP1 R
Ko 20 JEKAVETBEMAA, BREROCT IR S 5 26 . EAE 0O 1 [F A7 2R 21OPb
WA 46.5 keV BN ST 2R, 10 JE K S HH sy 20015 () I 420 PR eI 2H RS B4 4 o iz
A, 28 BRIOR T A 2 S 8 B A B A0 S S 28 1) [ B B i A ™ A PR 5 3 2
A S S BRI A B s =, BN R S — OB E R SR OE B . TP2
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R K i 4% PandaX BEALREIN T

[ BF M A 5 R F0 TP T AL

AR BRI, K TP1 A P2 HIASJEE /KT AT L b 8% sz = f v 4 4 0 534S Akt
Kb, ERUNER 2-4. v LA B & aids i S i A A R KPR S E R N 5 E —
EEF T

B 2-8 JP1 89 ik R4, S1 RFE S mm 69 RFMA T I, S2 2R 20 om 4945 Bk,
S3 2B E 10 cm #94R B kAR, S4 &K 20cmx % 20 cmX & 35cm WA T MEEE, S5 2 JP14F
Fig. 2-8 Shielding structure of JP1. S1 is the stainless-steel shell which thickness is 5 mm, S2 is the lead
shielding structure which thickness is 20 cm, S3 is the copper shielding structure which thickness is 10
cm, S4 is the vacuum measuring chamber with 20 cm (length) X 20 cm (width) X 20 cm (height), S5

is the detector head of JP1.
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(DATS'S

2K % PandaX /5 AliEE N 154X

K24 FEWHFAEIND LA LK BAL: Counts-kgGe™ Day”

60-2700 205T] 21Bi 60 K
L% HPGe A Co
keV 4> | 2615keV | 609keV | 1332keV | 1461 keV
JP1 640 2.6 3.6 0.8 53
CJPL

JP2 1039 <29 6.5 <1.1 9.0

GeOroel 165.3 0.4 2.9 0.1 0.4

Asterix 189.2 0.2 2.1 0.5 0.3

GeAnayet 4733 32 1.9 0.1 0.6

Canfranc

GeLatuca 342.0 3.9 2.8 0.2 0.8

GeTobazo 491.7 3.8 2.8 0.4 0.7

GeAspe 477.9 3.8 22 0.3 0.9

Kamioka - 111.1 0.14 0.49 0.44 0.57
Belmont 150.0 0.3 1.8 1.1 0.9

Boulby Merrybent 255.5 0.4 7.1 1.0 13

Underground
Lunehead 674.6 2.8 8.5 2.0 8.8
208 2141n; 60 40
S0 HPGe 40'270/0\ Tl Bi Co K
keV %) 583keV | 352keV | 1332keV 1461 keV
JP1 696 3.1 3.7 0.8 53
CJPL

P2 1099 5.9 11.8 <1.1 9.0

GeBer 3686 1.5 33 - 4.6

GeMi 611 2.1 5.6 - 52

GePv 482 2.1 2.8 - 3.2

GsOr 469 0.76 2.4 - 43

QGran Sasso

GePaolo 226 0.38 0.83 - 1.4

GeCris 87 <0.29 <0.39 - 1.0

GeMPI 30 <0.15 <0.20 - 0.36

GeBer 3686 1.5 33 - 4.6
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i AE R A AR % % PandaX =ZURE N 1AL

B 7 AR, SR I0RCR A 52 ) & 28 0 S v A i) RS . Bl T HR I vE
(minimum detectable activity, MDA), Bl R&EH A ihHue
1.64/20, (2-5)

MDA = ——— ,
YeT

FLAT R b I RST8], o R E BB ] N AR TR I SRR 22, e /2 2l (0 S 1A 1)
IR, YIiext NN 5 R 3 b, WA 2 AN S 2 Xy, RgUE ]
FIBCF B 72 5. B 2-9 & TP1 A1 JP2 [ G IR #e 6t B4 10 JEK, JE/ 3
JE K F) PTFE A% 1) REBUE BERS 1) 21k i 28, oo TP1 i 12.6 KAIA R ECEE R
THE, TP2 A 12.2 RAGA R B 15

10

F — JP1%Co — JP1%K
— JP1'¥Cs 102 — JP1**Th-early
— JP17%5Y T~ JP17%8 U carly

— JP1%*Th-late

T — JP1%*#¥ ) ate
e

\\I\I\Il}j

!

MDA / mBg * kg
>

MDA / mBq » kg''

T —-JP2**Th-early
. - JP2238U-earIy
— - JP2 *Th-late E - JP2 ¥ Ulate

Il Il Il Il | ‘ 1 1 1 1 | | Il 1 1 1 | I |
1 10 102 10 10?
Time /d Time /d

& 2-9 JP1 #2 JP2 3+ H 4 10 cm, = /% 3 cm & PETF 4%, TR A RS E B T &, #

-

TR &RE TP, E&KE TP2.
Fig. 2-9 JP1 and JP2 MDA curves of different isotopes for PTFE sample with diameter 10 cm and

height 3 cm, where the solid lines are JP1 and the dash lines are JP2.

2.3 JP1 NBEEESFEMARRKESH

231 JP1 NEREREREEE

TR AR BUR ALE I S AR . TP I AR AN L s b e i 1%
AHEA, TP S AR . 224 3-4 /NN R LA e],
THE R ESEEA LA AN ES. HE2-8 UES], EHNERE=MA
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i AE R A AR % % PandaX =ZURE N 1AL

PSR 20 JEK SR EYBE RO AT 10 JEK JEL IR R B M A2 1Y), A R A B
HEZ ™S, ZERR/NRBEIC, PN 0 0 2 B e = 1 SE B A PR TR REA B L2 i
AELH AR ESGEAAHE R ARG EREZ, SER, HREHR
THEH SRR ABLSE R . MOVEM BRI, O RE KRR T EARR 4
K7, HAERGRETERI R AL ETHRR .

BRI, — MRS DY 100 TIEE] 200 16, A2 T8 TR iR
&, i EEN R, AN ESRP () AT LU R 2 A

P@) = Py-exp{- 30t 2-6)

Hrp P R AN Al AR T o, VoI AR AR, s R A FHAE IS AR Y 1A 2l
B R SL T AR AR NI TS (R A Y B SE L e, T A A PR AU
JEA() T LA T st

A@szwﬁ—%Q, (2-7)

Hrha R TR = 2 I A TIRE, A2 Bgm™ . RN EARTBOR VR s,
JPT %00 2 280 A B 5 5 2 i) - ey LA 22X
R(t) = Ryexp {— % t} +R , (2-8)

A, H R TG B A BITTHER, Ry EAEFE fb 78 I 1) F A 2544 (1) 7T

ko UMPERFERIRES, ARQ-8)H Ry MR, KB AT REAR —FE, (HH8 B palosk 8 B
PR . BRATER JPT B = /MRS PERE S, 0 FL T G 4l 325 B — BB ) P 1)
22Rn TR A 352 keV NS 5 42 BN A, 15 B0 BT BOE IR B
SE—8, Wi 2-10 Ao
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S
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s & >

R Ramaren

o
T[T

s0b- —e— HPGe data

o
T
o—
—lo—
L

Counting rate of 352 keV [mHz]

T ]
B 2-10 R HERRE K. (av (b)Fe(c) 49 X Fh R AW AL ZH 1], Y 42 & F4Kk89 352 keV 694w
DR T RE, DA DHAS(x) = poe ™ + pro () BA A 2020-5-3 M 494 R AAE . (b)
BB SR 2020-7-31 MR 9 14k, () EAE SR 2020-9-19 M8 89 A5 M4, (d)E b 338 52
(@) (b)A=(c) &7 2] 89 oM 7 £k, “FHME2 143 £ 0.12hs
Fig. 2-10 Radon counting rate attenuation coefficient. For (a), (b) and (c), X axis is time of pumping
vacuum, Y axis is the counting rate of 352 keV gamma line from radon daughter, the fitted function is
f(x) = poe™ ™ + p,. Picture (a) is Teflon sample counted on 2020/5/3. Picture (b) is small copper tube
sample counted on 2020/7/31. Picture (c) is stainless steel cable counted on 2020/9/19. Data of picture
(d) is the fitted results of attenuation coefficient k of picture (a), (b) and (c), its mean value is 1.43 +
0.12 h'l.

B 2-10 kIEUE A 1.43 0, TPT EE=KMAEBIY 1.2 x 107 m?’, AT N
PRI RS 68 1.7 x 102 m* b, JP1 TR ZHE N 10 £ 15 m*h', ]
WHABFHRNT 22— 2T 7022 o JRESare s R 4E B, e K. —
A HE I [R] 3.5 /N, TP AT ECRIE BT A AR, AR 2 30 (2-6) 1T LLHE
B 3.5 /NI JE R 3RZ) 660 Pa. 473 5EAUTE L 200 Bqm™ 5, AT DS B 5= 15
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i AE R A AR % % PandaX =ZURE N 1AL

3.5 /NI EVRIREL) 1.2-1.3 Bqm™ o XA JEEEXT TPT HA R IR M55 B I -
R, 3.5 /N E BRI A S AR AT RE AR SR AL, TP SR AN FAR LI 5
DRt ] i 2 A o ik G H A 5 A R DTk o) 2 o (H— 7 T, U PHAN R s o0, HoAh
ZAEAARRE, SRR, JBHERA, B 3.5 /N 5 4% B P i LK 4k 236 K. 55— 51
B E 5/ NT 200 MR, SRS T A B TR & im ik, A X(Q2-6) KA
TEH, R5ET R R A AR T, TR /N XS TP AR RIS A AT
1B A A A R FEAE P AT IR 29 1.2-1.3 Bqm™e

2.3.2 JP1 KJERKIED

T PR AR v A L AP AS SR SRR, A Bl T A B AR A B /K T st 8 21 1E 5 4 5
F S RIS B S5 M AE = 208 0 S 5N = A i Re il AN SEBRAS I RE TS Lu s, AT BA
Xof 1R AEEE AN T VS AN R AR SR R IR A A B AT o FRATTAZ B TP T () B oA RS 1), A
— /NI E ) TP 0 I AR EE, RS B TP I 4544 DR e 1 4 1
2-11, M 2-11 FHEREERRIEFITHECR 45 R W 2-5. 3K 2-5 S5 MR X K]
2-8, S3 7% 10 cm B BEMAA, S4 RN A TTER, S5 & maith i ik
Bk BB AT LA E, TP1 [ ©°Co Al 40K A T Eok | T4 B #c, 22Th A
JEG A R v i A S i S AR PR Sk B AR R DT R AE b BRAEL A 5N W] 2, 238U AR
JEG 5 i A R s AR U S AE L BRAE P 3R W] 2288, 210Pb AR U L 4ok B TR Sk &t
BEMRL AT TP AR AT, & T % JP1 RBUZTHFHRIF, AR IS 7% 1)
H B
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% PandaX = AN A

Actual Data Simulated Chamber Radon

Simulated Sum All Simulated 10cm Copper Shield

Simulated 20cm Lead Shield

Simulated HPGe Sealing Material

10°

102

iy
o
i1

Rate / Counts ® 10 keV ' ¢ 10d’

i““ m'
i |4||.n
Energy / keV
B 2-11JP1 B AR RZFFEEN, A7 RLEMNAK, BELEMHTHREMZ

h

Fao
Fig. 2-11 Monte Carlo simulation of JP1 background source. The red histogram is the actual

background data, the black one is simulation sum of all material contributions.

R 2-5 JP1BUMEARRRIE, R P HR L RRXTRL 90% 1 B 5 &

) s gtk gt = [ b gl S b L
(/3 (keV) JP1 SEPRiH R | BBA R DTk 1 0R
210pp 47 0.953 + 0.040 S5:0.916 + 0.038

1173 0.027 + 0.007 S$3:0.020 = 0.009
60C0
1332 0.025 + 0.007 $3:0.019 £ 0.009
K 1461 0.220 +0.016 $3:0.219 + 0.055
338 0.079 +0.016 S3:<0.034, S5: < 0.061
232Th-early 911 0.113 +0.013 $3:<0.072, $5: < 0.077
969 0.061 £ 0.01 S3:<0.048, S5: < 0.039
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i AE R A AR % % PandaX =ZURE N 1AL

&F2-5

'ﬁ]u—%‘ é ﬁt‘% T 2 [ B 3 H= Ly NI === X (N ) YA
B SRR ey st | BRI R

239 0.324 +0.023 $3<0.103, S5: <0.219

232Th-late 583 0.128 £0.015 S3:<0.089, S5: < 0.077
2615 0.107 £0.013 S3: < 0.048, S5: < 0.025

28U-early 186 0.126 £0.018 $3:<0.044, $5: < 0.058
295 0.086 +0.014 S$3: < 0.065, S4: < 0.023

238U-late 352 0.154+0.017 S3:<0.092, S4: < 0.044
609 0.148 £0.015 S3: < 0.064, S4: < 0.037

2.4 SHEMSESCNEA R BER

226Ra I 22Rn #fi/2 28U HAREE T, 22Ra A 22Rn, MBI 2Rn
— YR A . A 22Re FARIET AR 22°Ra AR 5 DUSAATE
NS 22 R WEPRHE 222Rn LR, AU BEY R SLIG E 2L, R HA
22Rn Je—FEUEEYI, IS IR A =

MR ) 22 R JE 7202 AR DUR R T 7 R A

dNgy, = —A Nppdt + Agy dt (2-9)

FERALIS e, 2R JEFEOEA dNg, FHPR TR ;- — 02 BT 2R 3 S 3248 )k D>
A Ngndt, AJE 22Rn (A HH, BUELZ 7.54%10° bl 55— i 22°Ra ZEARHE TN
Aga dts Apaitt Ra UG, BA7H Bqo *°Ra HIF3EH1Z) 1600 4, 7EI (7]
P Apa FT LA H H . T REQ-9) RN T

A
Nea(©) = [Nea(0) - Ra

ARa At
- — 2-10
p) ]e T @-10)

H AN (0)F 7Rt = OFF AR R 222Rn JE 740, AN 222Rn 375 FERER ] 22 4L A, (8)
R A 2

Arn(t) = [Aga — ARa(0)](1 — &™) + A, (0) (2-11)
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2L B 18] R W K )P A S SR RIS 2, SR 2°Ra 15 2 Hok
RAEM B Ay, B
lim Ag, (6) = 4z (0)

= (2-12)
17 ARa ’

FH e i A 5 T 4SO B A Rk rh A B B R IR TR AR it 2, A Q- 1D S, wh
AU E MR RE R . B 2-12 2 TP2 FIillE—F 28U & & &K R R,
RN A G A Ze UG 45 5L, Bt n] DA 21X AR 3 n 222 10.9%.
B RE FEAEL, R ZHUERE 17 /NP 8 m kh B aUE B BRI B . XA KR
FERE b AR BT 7 B2 5 K 2% (University of Alabama, UA)H & 2li84 10215 4% Ge-11 #E473L
[FIFE AR M &Y, K 2-6 /& JP2 Al UA Ge-1I = L5 FXF L, Fdp Mp, X M
K] 2-12 FR&EBEREIS AR P0G S5 5 . PR & i 2 I S 1 ASORT [R] — Fh oA LA 1)
TR AN 22°Ra J2 22Rn 48006 FEHEIE, ﬁﬁth_)rg Apn(b) =~ Ap X —4558, UiHHH &4l
BN T A B A BT ATAT I, B JP2 AE 2021-7-17 TIE

MR 222 Rn LRI T 20BN 25 0, 2R A v Al e i 5 3 S B i s 3
ISP FE S AR % B AL 3, 22Rn K23 BRI E R =, IR A s 1k .
X Al 0 15O BR il & B B R A AR i TR Y 2R, TN REAR B A Z(Q2-11) I f
R IR HOG K M 2 o AR TR ) 7 5 R S AU S B B AR T, AR I (R I ih E 24
ANBT, BRAORAE SR BRI S 1 2R HHET . SRS, FES DO PRE N T T
F1o) i S 35 0, DA OR AR Y 22Rn A3 B3 AR o [R] Te S g 2% 5 )
ARQ-11)Ht = ORI 2 % R B (R U 55D o f5 i R % I PO A BN v 4l
SR & . AR 2-13,
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226Ra Activity 222Rn Activity
27:— 25f
o6l 2451
- 25-_ - 24:_
2 2
:‘3' r l é.za.s_—
2z *f . z |
Z 0r 2
23 C
225F
F N 0 2.654
2 po 23.96 o P
p1 21.81
21:IIIIIIIIIIIIIIIIJIII[IIIIIIIIIIII|||II| 21'5-_||IIIIJIII[IIIIIIIIIIIIIIIIIIIIIIIIIIIII
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Time /h Time /h

B 2-12JP2 MF Ak b RAF a0 by E AR AT, AB: 2Raz ittt EE, EEMEANZH
UEARERTHRMELER, HB: PR AR EE. BB EZMNZHE, 2EHE
R EFSF() =p0-[1—exp(—t/132.3)] + pld&th4E R, #F 132.3 & 22Rn 89 & T % Ko
Fig. 2-12 Activity curve of dust sample measured by JP2. Left: 2?°Ra activity, blue dots are measured
data, red straight line is the result fitted with constant function. Right: >>’Rn activity, blue dots are
measured data, red curve is the result fitted by function f(t) = p0-[1 — exp{—t/132.3}] + p1, where

the number 132.3 is the decay constant of >*’Rn.

A 5 WNJERE, HEDH REFAESH OFLA AT
SBRER 24\, JBE100FE fRE B H RS T D -

B 2-13 M E A A F R H IR RAL
Fig. 2-13 Sample processing flow for radon emanation rate measurement of materials.

26  [F— ARG AN R R 2 0 S (B A5 R

L 226Ra iﬁ}j&—(qug- 222Rn iﬁE(qug—l)
SRR RS N Sy
" i H Po Ps B
JP2 240 £ 04 27 £ 03| 21.8 £ 0.2 109 + 0.7 %
UA Ge-II 29.1 =+ 04 33 £ 03| 228 £ 0.2 127 £ 1.1%
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R KRR i 4% PandaX BEALREIN T

2.5 PMT R12699 K54 &

PandaX-4T ] PMT W&ENAE S, £ TPC L FEE, &AHELIE 169 Fl 199 ANEF
JEHLE R1141084. PandaX A /EZL T RIFH 2K 4 WUGUERIIES , F+40 )5 1) PandaX $R 2,
AT A ISP i R I 2%, AT DAY TG Fh 7 XL 3238 (OvB R) PRI 45 o LEHTIY
WIS, Araes A B 2-14 P AR H 2 B HE R12699 ALE
5o R12699 5 R11410 8 tb B A B PP E (] B2 0] DA B B 4I B (G B R
froZs e mr DLAE b 222 . B8 /N BRI B o AR AT B e ) Ao B B

B 2-14 ## PMT R12699.

Fig. 2-14 Hamamatsu PMT R12699.

PMT A B &S RALR 28U, 22Th, ©Co. “K A LAZERSYIR B OvpLHEX
BAREAIK. BEMK PMT R TEAE, J& PandaX #0088 FH 2 7 BA A EE H bR 2
—.o AL, FRATAHES PMT R12699 J H i TS AP EHESH TP1 2547 T AN R REIR I 50
PR, IR R 2-7 15K 2-8 H1, PNRIBURMEE AR 218 54 PMT 1, %
MBI . £ 2-7 f, PMT EALFRIIER) PMT BEMEA, S fabritknH
PMT, R &/~xH 42 Alloy & #t45 Kovar FllH PMT, U1 4-S KR 4 SRR H PMT
—Hl &, 2-R FIx 2 CH 42 Alloy B#eds Kovar FIIEH PMT —i&@illl & . 7E£3% 2-
8, MR NTIRARBE, —RMENEATEEFIEME, FiZEEA PMT H
B IH B A PMT BIECR % 6F EERNRAE AT, ©Co SKJE T #18L Kovar, **Th
A 28U NSRJET PMT B3 25355 STD Glass. AN ©Co Hi S KR T Kovar, A
AFE M EL 42A1l0y & #d5 Kovar, BG4 T AR FIIER PMT. 28— Mtk
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o0 e N 7 B 1A % % PandaX =ZURE N 1AL

E

7

237, AR 4 32, HPER 2-7 F0 2-R F1 4-R. HHERAS AT, ¥ Kovar Jg 1
X PMT ®Co A W& FF%, °Co #isLRkIFT Kovar. Xf 22Th Ml 228U &f STD
Glass, VEFA A EFRB]—Ma] 58 B 5 RSO 3 5,  BIRA 2-9 Y New Glass. #x
Jata i, 7RI R EA R, SECA R E] OK SRR, PMT H YK & ERYE, mIRe
& H ATk A 2 & 1) PMT JGEHARA AL

£ 2-7 B PMT R12699 54

N TR P 3 P (mBq-pes™)
lE=qmp:! PMT
UJE E[ B GOCO 40K 232Th(e) 232Th(1) 238U(e) 238U(1)
2020-12-27 4-8 0.76 + 0.10 2642 + 1.78 <0.46 <0.12 <6.35 0.60 + 0.14
2021-8-8 4-8 0.74 £ 0.09 3093 + 2.09 <0.26 <0.20 <3.88 <0.50
2021-9-10 4-S 1.01 + 0.10 31.54 + 2.17 <0.26 <0.64 <5.05 0.61 + 0.15
2021-12-28 4-S 0.69 £ 0.12 25.65 + 2.03 <0.32 <0.16 <5.78 <0.52
2021-6-23 2-R <0.15 3691 + 2.45 <0.92 <1.28 <944 <1.07
2021-11-29 2-R <0.26 3729 + 295 <0.63 <1.30 <3.92 <0.69
2022-4-27 4-R <0.07 38.50 + 2.86 <0.19 <0.14 <1.88 042 + 0.11
* 2-8 PMT R12699 JFE 4485058
JRUR P FE(mBg pes™)
MR HLix 0Co 40K 22Th(e) 22Th(1) 238 (e) 2380J(1)
,21%%%1;: 0.14 + 0.01 <0.20 <0.06 <0.03 <0.41 <0.05
Kovar
%%%%I; 0.22 + 0.03 <0.46 <0.20 <0.06 <0.57 <0.10
STDGlass 2004E <0.02 0.67 + 0.14 0.13 + 0.03 0.11 + 0.01 1.69 + 0.17 0.64 + 0.02
T0002
Quartz ,21%%91];: <0.05 <0.71 <0.21 <0.04 <1.87 <0.13
Aluminum ,21,:)%%1;: <0.01 <0.01 <0.01 <0.01 <0.02 <0.01
SS ,21,(())(())91}(3) <0.01 <0.04 <0.01 <0.01 <0.04 <0.01
42 Alloy ?r%%%l? <0.07 <0.75 <0.22 <0.06 <0.79 <0.15
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2K % PandaX /5 AliEE N 154X

53R 2-8
TR PRV B (mBq-pes™)
MR feix 80Co 40K 22Th(e) 22Th(1) 28 (e) 238J(1)
2009E
T0002 <0.06 <0.54 <0.20 <0.09 <0.43 <0.11
2009E
T0003 <0.06 <0.56 <0.15 <0.05 <1.46 <0.13
200
42A110y TOO%E <0.07 <0.61 <0.30 <0.06 <1.15 <0.16
2009E
T0005 <0.0.05 <0.55 <0.15 <0.05 <0.61 <0.14
2009E
T0006 <0.06 <0.84 <0.26 <0.06 <1.68 <0.07
. 2103E
Ceramic T0003 <0.01 <0.01 <0.01 <0.01 0.03 + 0.01 <0.01
. 2103E
Ceramic T0004 <0.01 <0.01 <0.01 <0.01 <0.02 <0.01
2004E
NewGlass T0003 <0.01 <0.01 <0.01 <0.01 <0.02 <0.01

2.6 ZEB/NG

B 2.1 BT S AR N S SN SR U Y R SR A SR AL R R
R A A 2, (N SR I B R R TR B AR F S R, BT
XAE HLIZAE R R AN R 75 [ 3% d 284 v s WO B e B SUAR S T2 v 4l i 5 1543 1y ik
ARIFREL . 45 R T SR BEAR, SO R R AT LA AR T 2 2SO, LT
SN S RS U RE B R o e SR I VORI R A0 S 2R A R, i S
LTI, AR RISEREREAR I, WS UATRAR— B A2k, AR
B FE S AT IR I T

AT 2.2 MNHERESE M. ATRAKCE . ZIE SRR RIS U 2. A R/KSF A R g
JUANTJ7TH, 4R 7 PandaX S258 % B & S 448N 15 JP1 A1 JP2. JP1 /& ORTEC
A e POBY [E RS AR AN A, AR IA T ER, B 175%MIHK s A PRI R
JP2 s& CANBERRA A2/~ [1) 55 e B my 248 R 2%, 8 iR 2 BAAA K, 2 3800
mm? ¥ 5 RBUIAR, SRR S 5 8 F 35 R U BRI R o v Al B i S 1AV AE 4> Rl
BT 1) 22 3 T E o3 A an s 2R(2-1), A0Sy 5 28 B8 5 AN 2200 43 Bt A% T8 Bk 0T R OG R A 5K
(2-2), H 2 Q@-3) ARG ARE it 15 70 10 & BRI AT 3R 7Gx ae b i+ 8, A A X (2-3)1t
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SRRSO . ARQ-4) 2 m A I i M RE R PER AR R K RNA T A .
FH TS IR B 8O TR L ZI B, mT DU E — & m 2h 8 i S i AE A R - Bl A
(2-4)H B T B o v AN S AN IR A% F SR RIS RIS B, LA 4 7R 2
GBS bRE . U AR R R R S . SR RIS BRI R, RHAFAE
(NES RIS AR (B O, 12 FH SO 1 TR, 3R AL, T AN B FH B e Al - S 28 3 A
JP1 F1 JP2 (WA /K AE M FEYE I Y AL T i 57K, AR KT RN 288 22 AR = I [
Sz Al N TS R, B 2-9 /& TP2 A1 JP2 it G420 5 S 56 BT o AR AT 1
[ 57 2 W AR A ot PRI ER DN 3R A0 B 2 I ] A4 it 2%

AT 2.3 40T T TP1 N s A S P AAS BRI, 3K Ko T 2% R A Y B A
o JP1 S THELESNE WA G A op R0 Py 2 00 2 0 e s 30 3 9 L AR K )
iz S IRV R 24 B 2 , AR AR A0 T B8R I I T 2 A oy 288 AR~ b [ ] LASE S JP T (703
B P ATIN AR EEZ) 1.2-1.3 Bqm™ . #3550 IP1 BIA R IEAE SR RIS, K
I OCo I 4K BIA K FBEK B THABFAR, 22Th ARAE b FRAE P8 B it F R Sk
B TTRRIS AN 0] 2, U AR AR EFRAE PR B A R A4 AR B DT RIS A 1T 2
210ph A JE U 8 R 43 ok TR Sk A e bl

TEAT 2.4 7M1 T AREH 222Rn (135 R (B AR AL a0 A 20(2-11), A48T F w2l i
LA B R 2 ) 77325 FH UA Ge-I1 £ TP2 5 [F] —Fh ke i 20 HY — B 45
Wi BH FH = A S S O A R A R FTAT 1. AR E MRS R SRR F, FEA
RS IR AL BRI o

BT 2.5 AT TP MAFIERS PMT R12699 FHE S0 B T8O A T R A Rk
TS PE, 53] R12699 (1) Co U 1 BRIE T L HL A H 1) Kovar #18L, 22Th Al
28U TR EORUE T AR s, B TR PMT R12699 B 14 B 24035 77 1+
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BT WRIESABRVWARZ T

SEAEE ZEAR I, RIS AR SO PR AL R I AR P A A 2R, Rl
Yo SR A R 2 — o DWEATRHRBUR M, BRGARIBUR A4 L SR 45 2R 2=,
AT DAFEACHE 1) 03 S5 5 (AR, S8 T R IR0 B3 B0 70 o v bt A 5 i At A7 2R B2 PR
il OISR PEAE REBUEE DU BIRE s, TR i S AR TBUN 1% . PandaX S E4IE
THRIX PandaX-4T W& o 2R &5 4, Hoh Bl AR A A Bhghfe — U Z N2 o i
JETE P 5T S0 AN S R oK, 7R B s AN S A ) RS, LIRS i A4k}
(ITECR % . TP A0 JP2 v, A b REUE A2 JP1. JRATTH Rl ¢ JP1 R B
F2, ISIn— &8 E 2N SR JP3, A IPT I RROR Sk i &L R SR Sk 2 g4 N
W% (dual HPGe detectors, DHPGe)-

HA(2-5), e in b A i R B A A K BRI R AR ) (8] 6
e AEEE AN S A ) AR TR IR A VEAR 34T, BUEIN TR T3G 0, WG ihiR Z o 3G,  REL
IEWTFVT. BBk, REEFER B AR br B RBUR VT . XA E 8B R
JETE 2 £, FREIGIN 4 5 KB 18], ORI R SR PR T A, R S AT T B
B TSR ERAT o B 1 BUEIS TR] Ab, S 45 it BRI 803, FRAIG e 24 400 S 1A IR A
e ST i At N SR SR PR A T

e AEEE AN S TR SO A AR IR, 2 IR R, T S A SR B DR it i
SRIGISZAR S, B iR JZIE . FF AR S BE DUS LTRSS o R s 4l i 5 i A A £
A IR 32 BB AR RGBT 9K PR ST A A7 B A T R o DN N o TR RO v
Iz R QO 7/ S P = e RN o R o1 N i AP A S W= i A [ g v R o R
I AR REIX . W21 em BN RSERE, R A — I 5 42 25 53t 1)
Banik, RIGTIIREIR SR N S 2B 2 . R R AR I 53—, F3ghn—
AN PAR T 1 ey 2ERE AN S B AN, TU)BE S AR A it Tl STAR AR G K — %5 o (R AE A I T THT
A G EaAE M SRR B AR, R —a s S, sARS B
R RIS - R, 75 ZX) s Al s i S s A A IR IR A, fEF 25
() RGP O A o ZRE TR TR PRARA IR, SRk RAEE I HE T 2R
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3.1 JP3 BV SEFEMMRERIN

AR BB TS B R AU N S T TP 1 2H A BN Sk 0L IR R S A A E 143, FRATT
A3HT T AR5 ) v A A S i AUREOCR TP I, SRAS R REUE TR . i Al
A1 S TEASCAN [ 285 PR DX 31) L% S5 Wi 8000 20k 3 1) 3 B R 3 0 A ) ELAR A 52 o AT
FL T 45N 70 mm. 85 mm. 94mm AEE N 30 mm. 44 mm. 58 mm. 72 m. 86
mm. 100 mm ] 18 Fh# eSS AR R SE, FIPT XSkl B SR Ry, B 1S
(R OUER 3k e A B0 5 B AN R BB AR RS T TP RIS I THE 2 S RIS Y an ] 3-
1, Heilizg JP1 [EE AR, Aid B8 S ik BLAS AN R FE 32 AN [F] s FH v A g
AR Em A RSB, H R R R B4R 10 cms JEFE 1 em ¥ PTFE Ff . 13
FOTBUS I TR 25 72 ©0Co. 232Th Al 238U, 40K (R h 4 £k e A 0Co FUAHY, WS
bl BRI 25 S P 3-2, PRV RGUE RS, AR AR 5 Bl B A o 2 4 L3
PATEFEER 85 mm AL 30mm FIEE ARy JP3, XA IEBABM RILE R 2
(B A 22 e AE 3R 3-1 1, WL B T4 s RO 2R Ay SR ) RIBUBE AR THAUR 22 /N T 13%.
CREEBREIENEE, W BT FHAE A A ] 77 Th 0 R B B3R TR B 4

B 3-1 MARK S sbhi e B ALag F 45 FEARA . B ERHRMahK, a3y AT b R ey
So, HAApAFEMM, APl HRRAEEZBRAE, &IP3 HMKRELERET
Fig. 3-1 Monte Carlo model of DHPGe. The blue part is germanium crystal, the red part is the sample in

the middle of two detectors. Other parts are sealing material. The diameter and thickness of JP1

germanium crystal on the left are fixed, and that of JP3 germanium crystal on the right can vary.
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(b): ®*Th-early (c): ®*Th-late

P
how &

=

Imprayved factar.
S
Imprayed factor
w &

w

T 40 30

T 6o s 40 0

6
65 g0 80 7 ’ 70
100 Thickness [ mm

8
Thickness / MM

(e): #U-late

60
70 70

80 | 80 [ mm

65 100 90 “qpigwness 65 100 90 w-mnass‘"‘

B 3-2 B R 894 o AR Fe TP 35 BL AR AR 3K 2y sh e B 15 009 R BUE RT3k X A=Y 40

PR SR BB R, 7 402 WUR K B b e By 364 R 8K 43T P #93RAHE K. (a).
(b)+ (©) (d)~ () HI3f & Co. *2Th-early. 2*?Th-late. 23¥U-early #= 238U-late.

Fig. 3-2 MDA improvements of DHPGe used different size germanium crystals comparing with single

HPGe detector JP1. X and Y axis are germanium diameter and thickness. Z axis is the improved factor

of DHPGe relative to JP1. (a), (b), (¢), (d) and (e) correspond to °Co. 232Th-early. 2**Th-late. 238U-

early and 238U-late respectively.

#3-1 JP3 BmEHEMiEER S RBEER

- BRRERT | ppoms | s

AR fm‘lj) (in’%) IR | TR | B R

0Co 94 58 1.50 1.33 12.9
232Th-early 94 44 1.53 1.39 9.8
232Th-late 94 30 1.64 1.60 5.2
238U-ealry 94 44 1.73 1.66 3.8
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gk 3-1
‘ MR | wews | mivas
PR TER [ [ e | otes | Be2R00
(mm) | (mm)
2381 late 94 44 1.58 1.48 7.2

W) JP3 S & ORTEC GEM-SP8530, A1 JP1 [GlJ& T P %Y [6] 4 & 4l e i 2 i
%, HEf L] 2e&fliEsei. LhrtmiAER 83.9 mm, JEF 31.5 mm. JP3 H#Rk
HARGERI NP 3-3 Fis. 3R 3-2 42 JP3 I B, AaTie R FATSLZPRZ E .

A

B
C

B 3-3JP3 a94F kM, A £ H2 108 mm, ML ZE 1.6 mm, TWE/EE 0.9 mm 91K F &5 4F

%t Z, BAFKZ 003 mm 9454515, CAAZ 839 mm, F& 31.5mm 898 dh4k, JRIDIFLA

2 6mm, RE 3mm. D&M EIFEKR, MiAZKE 2.5 mm.

Fig. 3-3 JP3 detector structure. A is a low background carbon fiber end cap with a diameter of 108 mm
a side thickness of 1.6 mm and top thickness of 0.9 mm. B is an aluminum Mylar which thickness is
0.03 mm. C is a germanium crystal with a diameter of 83.9 mm and a thickness of 31.5 mm, where the
bottom hole diameter is 6 mm and depth is 3 mm. D is a copper support with a side thickness of a 2.5

mm.

NEE T /PN RNAR MR, TP3 IAET) g etrdift. R KAl T

J RS 46 cm K 4] 26 cm, HAEA 8 IR — N2 gk 22U, D szHi~10 Pa K
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TRERVE B . N T B S AL N 3SR AR, TP3 BT I FL - AN R S 30
FEAEFLGEAL , A FRIACIE N 1 A b HE T 22 A fm R 2 (R I EE B, A PR IRRE = o FE R 1)
KR SiE A, AERNTERIAEKET, T X seE o #ER e is. &
3-2 T HHE R JP3 (RS R HER, A1 JP1 A JP2 HUAHZ . JP3 HUEEARLE KUK 3-4
FoR o

(200]
[ @787
‘Js' 8X @ .433[11] THRU ALL
T
[17s] a \’
D68 N\
f \ \ -
/ n \ A
i M/ 1N NI
\\ T |/ ] ‘.“
( o
N e
bl L
398 [720.5] l>
2837 07 ' ATl

[136.5]
5.38

S |
B 3-4 JP3 ey HAksEM), AP RKEFERET, PHEFTAANRGUAERA L0 KA. A5
BK 720.5 mm, JFIEA9E LK DN-200 ARAE 22, A2 A 42 200mm, BFE 16 mm, A 8 A
AZA 11 mm 89 F3HE L.
Fig. 3-4 JP3 overall structure, the length unit in the figure is inch, and the corresponding length in

millimeters is in brackets. The total length of cold finger is 720.5 mm, and the welded flange is a standard

flange DN-200. The flange diameter is 200 mm and thickness is 16 mm, and has 8 sealing screw holes

which diameter is 11 mm.
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#£32 IP3HHER

A B IP3

LERs] ORTEC-GEM-SP8530
B i 7k 48 (mm) 83.9
B e R )2 (mm) 31.5
DS EASIE & 51%
FEET@ 122 keV (keV) 0.61
FEET@ 1332 keV (keV) 2.1

3.2 BEiEit

321 HFEEYE

BUR s va A N 5 VA B A 5L T, B P 1) R AR MR U o A IR TSR AR S0l
mERATER, AT PAFBRIARNZE, TP1 A JP3 483K HUHUN #1752 K W5
dtrs T LA A e A (0 2 045 SR Sk B B A 5 mT DAYR A, 75 D) IR Dl BE B i ok 37t g A
K FEACERIM R ZE, XA R 25 1 BT AR K AR SR 2 S A8 Rk 3 2 (1) 7 VR B 2 s A
S, DAZRORUE P AR SK I R B T B R AN s i s AR ) S B2 o 7E JP3 I dis AR HE
—NEENEZ, GE - DNEABGUE T LRI L E A R . BRSO P i A R
WENEZE, Il JP3 VAR BINEEIERE, i M S AR, SRR T RAUE
FRAR T, WURT LAE I BE PR AN RS A7 B[R] I DR s AR I 2 LS R BUE 1 45
A 3-5 Fizs . TP3 HOHRL B4R 108 mm, [RIIH I S0 5 i V5 22 3 Bm AR R K A
#HEAF DN-2001221,
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|

188.5 HAMKE 56.6 EHE
244.5 HAKE . L 112.6 E4RE

|

|

-

\{

o~ e 0l % N
I I

B 3-5 AR KEETEN,

Fig. 3-5 Bellow structure.

3.2.1 $EpEiK

B 231 HAE T TPl MRTEREARS, EEZ 5 mm ERAHNIMNEAITE
BRSO RAE . BRI R b, A B S A AR S A ], 38
i 20 em JERIETBERCAAT 10 om J5 R4 B Ak VR O S B IERE . SERRMIRPER, A ml Rgid
JU A AR B s S AN T 3 B Jl AR ) S s 23 T BAT AN E 1 o BT R B e 4 R
ORI — AT B0 o B AN B R TN B B Tk, iR TR B ik A
TR ORI, [FR R 10 cm JEHHR B lOA R .

BRI, ANBEZ RN ROT AR, AR O R TR
HSGIEI TP1 AT TP3 SRS A BEA R R TR BB B, LA 10 em R 57 i )5 265K, 4l Bk
MRS 40em x %8 40em X 15 84 cm FAREL . BEANMRMBUATECK, BRI
BN AT, 2396 A2 B MO 022 BRI A6, BT b R s 45 0 s g Sl
HR, 97K TP A TIP3 IR I N AR AR A Heabh 0 AR R A2 B D) HE — 5 K
NEISL, AEREETFFLAIHL YT, FEARIE 10 em BIBRlR B DL OB EKR . &Ja, AT
SEARAE A, BRI ZTRT AT (S8 BT F AN 5G]

FET5 AN TR e b, SRATTANAR BRI VA 38, R AR BT n P 3-6 A5 K
K B i =0 BRI AR 25 mme HUROIN T E R FHE AL B C =MLET
i 3 ELARA TR UIE], TR EXEREA K. B A1 C & AN JPL A TIP3 HYFRSKAEAL
L, ARG, IEFTEM — R IR AR DR ZE, DAORIERS 7 A 10 em (4R B il
JEJE o X LEAF IR SR A 5 B 3-7 P, 1K SR R B R AR 5747 3.3 R4

36



o i N e e 2 VAT H=E WPk A R R G

Hrf, AMB Wi"i‘LFﬁT?E%&EW AR, RIS E F L] 1.6 um™,
HAbfr BA K H A2, %E*ﬁ#ﬁf*&ﬁ%* — 2 3.2 um.

B 3-6 fRAMEiREM), EANRRE @ BEET DT 10cm. A RARGAZMEEE. B AW IP3 K
NAZMEEE I, Fi4 8 MR A A R LE 69 F 3k 2 LRIl 2. C A4 JPL
ANAZMNZ =T 6230, B RGFRILATELAANRMA . D £ 4/ M20 REZEIL, A

THEANRARGHERLE,
Fig. 3-6 Copper chamber structure, the thickness in all directions is not less than 10 cm. A is the inner
vacuum measuring chamber. B is the hole which is used to put JP3 into chamber, the 8 screw holes
corresponds to the screw holes at flange of bellows. C is the hole which is used to put JP1 into chamber,

the surrounding screw holes are used to fix two copper plate. D is 4 M20 bearing screw holes which are

used for hoisting of the whole copper block.

1

B 3-7 #AREAK Bk 4z FU3A R AR 3k,

Fig.3-7 The filled copper blocks for the holes of copper chamber.
i s R T A N RENE D AT T AR PRI 454, LADT T SE A o D9 e 3RATTBE T
—ERJESE 10 em BHTT, 4 TIERSShAS I IEHI R, A5 BRI 2 50 em, AN
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BR8] O TG IE %, B RIS Ea ] LA 4L A, Bl
EEEMET . S8 K 3-8 Frx.

B 3-8 MINLHM, MITESHPMIER T, TEREGKFTERAS 50cm. A ZFHAZTH
A, INERE R ERLT R, BA OB AME, FmIzAZE R O A AKEEH. CAH
A~ M20 A EZHRIL.
Fig. 3-8 Copper door structure, The copper door can move up to 50 cm horizontally along the dotted
line under the control of the moving mechanism. A is the air hole for vacuumizing which connects to the

bellows and vacuum pump externally. B is a trapezoidal groove which is sealed with O-type fluor ring

with the copper chamber. C is two M20 bearing screw holes.

3.2.3 Bl

R TR R ) 7 2T ANSC I, TP3 RS L 5 5 By [ m] A 2, R
WA T S AA T S, Bl mnE 3-9 PR, A /& IP3 ¥ 30 FHALTLEE, “e3efE
—AACPAENSIEE C B, SR CATREIEHFERTT, ATLOEWE TIP3 ik
HA%B, P e R 3 SO RS B AT IROLThRE, HAERCAT RGN =
K ERFTLLE KA BAE S B /2 JP1 K 30 JHALPLHE, A maissin ik JP1
SEAZ: HEAR 10 cm ERIHRTT, PAL 20 cm BEREYBRROR B — MU, #2REA
PANSZZED 1, D AEBSEHENLIER] T, A7 H A SR s KBRS 50 cm; 10
cm SRR 20 em & 0B B AR I AR Ay, #RAEABANSCIE E s TPL
AIP3 KA T H M E S F e ST ERASEISI D EELAH0, 5230
BB ATAR L BOR, A Bz LR R R AR T (8 T TP3 TR BAR NSRRI
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BRI ADL, RERE R m, B E R A K~100kg, {8 A2 S 2 A8 1 T h8 4%
lFe .

B 3-9 BRAReGEFHIA . A LIP3 6930 FFAERAEE: B A2 JP1 89 30 FFAL R 42, JP3 #AKTT R
BRI ECEAEZFH; DARNFMEILE, WINf—RZEAED P; ERTRNFMILE, AR
FARFE AR — R ZEAEY; FAATNERE, JP1 A2 JP3 BIX k% E A F +.

Fig. 3-9 Shielding layer moving mechanism. A is a 30 liter dewar of JP3; B is a 30 liter dewar of JP1;
JP3 can move vertically with stainless steel support C; D is a stainless steel bracket, the copper door and
lead shielding are installed in D together; E is a stainless steel support, and the copper chamber and the
lead shielding are installed in e together; F is the vacuum measuring chamber, and the detector heads of
JP1 and JP3 are installed in F.

3.3 MRS MD LM RE

3.2 P T BRI AL, A T AN Bra
DR IR RIE T i, L8R 1 s B et A58 7 Bk E Rt
ALY AL E R T o AR TPREA GO v 2R A S 1S A 42 ) 2 AR, A
R AR R B H Y

XUk e 20 AN 5 1 A ) R Gt 2 e i R i S5 T
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o TEREBINUMDIANEEAN B HR 1 b, FER AT 13 20 e B AR BRRZ,
Jis PR AR |10 2 3570 IR R ARG b, NAZJS Sk B 50 BT T (AL FH SR Al %
DA DRt 5 PR~ 2 EL AR, i A s A AR 0] ) S 3 1 1)~ 8 R AR e K
NITE2RE, MR ML 7K 7 8] B PR AN 3SR 5 FF Bzt B B 50 em

o TEEYHEE FFICS B AR IC I s AR RN [T A B, P R % A s A R R
IR B BN R b AL E . T IAERCE T, R TSR AN B 2 TR A v 22
WA PEUE MK O BRI 22380 . Al A 1] 3 48 2 fr B
Jo s A A B R AAR S 1, U T LA S 1R A s A 1) %85 T ()~
AT, 75 VI AT e s e 0] ) R s A 2 TR ) S B B P e . i S 28 BR i AR 4
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Fig. 3-10 System installation diagrammatic sketch of the first two steps. Select flat and intact lead bricks
to set up a 20 cm thick lead layer (A) on the support plane of the mobile mechanism. Use the marking
pen to mark the copper chamber and door positions on A. Check the flatness and stability, especially the
parallelism the sealing surface of the copper chamber and door after lifted and moved the copper

chamber and door to the designated positions. The O-ring and the vacuum bellows (B and C ) on the

copper door can be pre-installed before lifting.
o AEIPL BRI A b, A B E S E R AL E R e S e . AT
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Fig. 3-11 JP1 installation process. When installing the sample support copper blocks, the detector head
needs to move inward first, and then return to the center of the chamber. JP1 location is fixed after

installation.
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Fig. 3-12 JP3 installation process. Left: When installing the 10cm shielding thick supplementary copper

block, first compress the bellows to the shortest length. Right: After the installation of the supplemental
copper block, release the length of the bellows and seal the bottom flange to the copper chamber.

o HENIWELE, AR TP, KOV B 20 em BRI,
i 3-13 fros. JPL A1 IP3 (v H4E, DARE A RERENAVE, Y]
TR HES T SORBT RT3 . B 3-14 441 T LM E TG HE & 7 2UR =
o FoAh A7 B HE B 7 s A PR B R, AT AEAS R RS e M I 254 R B Bk
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JP1 R B it R 572 YUXFERIEG, T EAME I 155 P AN FRE
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Fig.3-13 20 cm thick lead shield installation.
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X10em X 2cm P FFAIGIEAZ L IEAR B A, B 3o A 40cm X10ecm X 2cm 494F
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Fig. 3-14 Lead bricks stacking method at special holes. (a) JP1 cold finger hole. (b) Vacuum bellows
hole. (¢) JP3 cold finger and vacuum bellows hole, the yellow part is 20 cm % 10 cm % 1 ¢cm standard

lead brick, the pink part is 20 cm x 10 cm x 2 cm non-standard lead brick with cold finger hole cut in

the middle, and the blue part is 40 cm x 10 cm % 2 cm specially machined stainless steel bearing plate
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352keV. 609 keV HIMIIh 52, AT LA R T iy 2l 1 2 A R 250
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B 3-15 IRk & s e B SO ER I BUR . X #h R DA XA E, Y $h2BIRK & 48 e
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Fig. 3-15 The efficiency improvement of DHPGe. X-axis is the gamma line energy energy, and the Y-

axis is the efficiency improved factor of the DHPGe relative to JP1. The simulated sample is a plastic

cylinder which diameter is 10 cm and height is 1 cm.
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210pp 47 0.99 90.07 1.144 1.86 53.00 1.72
1173 4.95 0.011 7.39
0Co 2.41 1.13 2.14
1333 4.60 0.022 6.78
40K 1461 0.61 59.46 0.028 0.87 14.72 4.04
338 1.49 0.058 2.54
232Th-early 911 1.68 11.38 0.058 2.53 5.13 2.22
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232Th-late 583 2.02 6.66 0.057 3.29 3.28 2.03
2615 0.89 0.049 1.26
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28U-early 186 0.82 47.63 0.103 1.54 23.03 2.07
295 2.64 0.007 4.57
28U-late 352 4.50 5.68 0.035 7.56 1.43 3.98
609 3.10 0.066 4.96
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Fig. 3-16 Sample Shielding effect of intrinsic background created by HPGe.
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Fig. 3-17 y-y coincidence of DHPGe. The probability of y-y coincidence of the sample (red arrow)
is much higher than that of the external background (black arrow).
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Fig. 3-18 2D spectrum of ®*Co point source on DHPGe.

“Co 27 24
0 0 r
=— Single HPGe — Single HPGe 095 = Single HPGe

0251 == Dual HPGe non coincidence o5\ = Dual HPGe non coincidence : == Dual HPGe non coincidence
g =y - Y coincidence g =y - Y coincidence ED—B: =—— Y - Y coincidence
E € E o.7F
502 = 04 = O7F
4 4 J k
[s] (&) O 0.8F
2 2 2 F
& s sk
gﬂ 15| é: 03 3 0.5F
» 2 £ 0.4F
£ £ EE
T 01 T 0z = o 3:
g & g%k
g 8 8

14
=3
=]
e
T
e
o

e
T

3
&
&
@
g
@
g
3
o
=4
@
2
@
4
o
3
o
8
@
8

30
Time/d Time /d Time /d

B 3-19 1&AS A S = AP 2 77 ik A2 90% B 13 B 69 _ETRAE. X 42 M2 i8], Y 42 4 Sl 5t
W& ey _ERAL,

Fig. 3-19 v -y upper limits @ 90 C.L. for low radioactive sample using three measurement methods. X-

axis is measured time, Y-axis is the upper limit.

3.7 KENG

KREFENETHE G EmAM SIS JP3 F1 IP1 RO SKCE MRSk &
AHURE AN S5 A3 ) R AT R

BT 3.0 N TIP3 MRS BGERE, AT T 18 FOANRI R d A R JP3
AR RBUZIRTBOR ZE R, & TP3 B A EZ 85 mm JEJE 30 mm (&4l
BN 1% 4 ORTEC SP8530, ‘B 5 HoAts (I 7 FH v 4088 (0 S 15 A ) R B 22 /N T 13%.

B 3.2 A TRk e Al AN B 1 A BE R BT o AE TP3 AR IR ERE

49



ot i N e o 2 DATS F=F KA IR R it

A AP SKBUE TP3 TRERALE RN RN, REFIER A IR FETHR (13T
A2Gir, JCH B UR A 10 em JE A O AR, TR A/ INMEAR AR FR AN 2R
AR, DA IR A 0 022 ERNBR AR - AR ICP-MS A AR 2C ik I B4 R, it
i g A A TEOHR 1 T FRAI 10 i o FOS IR AR 6 £, RIEARIE/ N T 200
%, Pk B IR AR IR A BE~10 WH, s A N AU FE D) 60 £ 6

B33 RSk A I S S eI R, AR R R Rl DO Rt T
BEEE H 7 H R e i A .

B 3.4 aE G RCRRTHAA AN, AT e Al g i v i B REE 2K RBUZ K
o B AFRIIZ R, TP A 2-4 AR THECR .

B 3.5 70 1B RERE MRSk B B AR A AR R A B SO JiE R b A T
Jiide FMAEAFNEBEBAR, 45655 RERMEAEERENAR, K552
P st 5 A SSONLAN T 2 I 183 P T B 3

BT 3.6 A4 1 RIS - B A5 & U iR N R A RSO PR R B AR S . i -1
FEE TR A R L AR R B, 6 RS BN RE S A D5 o It 25 00 ) 1)
s A, -0 ES R D5 R P A () R B AT S0 2 uBg

50



ot i N e o 2 DATS EE R ERE

=

ENE 2E5RE

RSCIIIR G A8 7~ T 55 AT Re A2 AE RS ), 5 H A e %A N SESS B
BRI BEY 5 . PandaX £/ 1 PandaX-I/II, F|U14 ) PandaX-4T, FERSH TR
PSR T FHE PR . PandaX-11 [FSE56 45 ¥ 7E 2016 4, 78 (PEEVFRHR) &
DL SCHI 20 R R 27, PandaX-4T RIS 17 145 R ROR R AE (OB PR BT,
AR M S0 b PRI B WG )T R 7 I BRI R, 2% KIS A o S50 2 #7E - SR A
TSR A R SR T S ) AR 232821, PandaX 256 U1 R BELE R RE () A% JEE 42 1) 7 T
Wi, IR REXT WIMPs BI5 7 B BRI 45 H B s PR o v Al (i S R A E RS )
JT SIS AR Bk EEAE, (A2 REEIRG], Saissin SO fess Hik
TR PEAD R PRSI AE, IXFRADR B TSSO e T e 2 b EIR(E A RE S 2208 . 12
T v AU S BRI AR 1 R, BRI SR AR AR H PRAE PR, ERE 0 B4
BFIHCR P A B T Pk SEAR AR T AR AL FH SR8 R 35

1 JP1 T2 B R AR Sk v SR EE AN S5 B A, XIS 5T SRR G O AN FIAZ R, U
ATDAE 2-4 f5 1 RBUSTET . R SRR, 5 bR BT 1 & Aisg i
WAL Gran Sasso 5256 % ) GeMPI, 7]k~ u Bq/kg!'® 3%, TH44 e XGRSk s 4l 4
TECR GeMPI 3R —E I ZEHE . X WL PandaX SE56 == (1 v 2084 1 S 3 A 1)
R, REERBISE 0] o 3E— D3 im Al sg I S ul A i) RBUEE, NG5 5k
Uik dbvita i Sk (A N RE VIR Y vp ST S = (N 71 W= 8

FH 5 I 5 3 B LS e, s A i A R B SR Wt FR BT
PEFHER ISR FARA SR PN 15 o W AR T RA RIS )2 8], BT TR
— B RGEF I TT ]

4.1 FRHRRFAZ21E]

HiEs 00 i I 96 A PP A SR B 241 S PR R B PE )23 20 AN 2P Th (5 &, X
LR NEEAGE b, R4 SCHUE R I RE R/ T 500 keV I Eh 5 2k, #E 5717 3.4
ORI, XHERE /DT 500 keV HIMI AL, B4 EARIEEERZITANK, TP3 30 mm /2
A R R e m] ARG (TR e S S 2R I BE R, A JPT 9 104 mm JRREIX 55 A

51



ot i N e o 2 DATS Y

yil
13

[

AN

5

iy
VN

Ko RIBEREBE S AT S, M0 e o S 28 A ERIN R A R 3R, SRR 2 HOR A el Pl
SRR EE HAR. W 4-1, FRE— RS/ T8 dn R AR R i T8 TP A1
JP3 WAL IE], JP1 AN JP3 FRI4# b A1 A BT K SLAR I 202 2, EAIZANE
LR Ao (HERSRARIE XS 280 F 22Th MR RN XA K, PRI N RST#
dh, ERIACE BRI 2R Se A K.

JP3
“-.._h‘_ I dil = sin@ dbde
’,_--";T';e;‘u_\ Q=2n fsosineda
_ ‘T\ = 211'(1“7 cos @)
= 2n(1- i)
=~ 2m,d <« R
JP1

B 4-1 %8 ab ARt RT3 s F 4 b AR F 12 09 #F BT IR SR At o
Fig. 4-1 Calculation of solid angle of germanium crystal to sample which size is much smaller than the
radius of germanium crystal.
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