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Figure 1 The structure layout of co-axial HPGe detector.
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Figure 2 The structure layout of point-contact ultra-low threshold
HPGe detector.

R LRI T R AR A R AR O T B R
PEANZ RFAFIORE ST, I AT LS A — 5 1R A7 B 20
HET, DRI E — 20 o 1 e fih R ARG ot 2 0 5%
WSS B RE ). B 3 2 Y T NS 1 ) £ A [ il ey
1 TN 35 R M e AN ey 2 RN 5 R AR

Radial \\_ ~

degeneracy —
in multiple ~ .....___H ~ | N
depositions is broken ~ [+—p
| Capacitance
(and noise)
drops with
. . - |size of p*
Gradient of impurities | electrode

(provides axial drift)
P-type modified electrode \

Different hits get
clearly stretched in time

rm—u"’ﬁ\oﬂ'ﬁ/ Vi

Chi} 100mV <2 Ch2) 100 mV 2 M400ns 1.25 GS/s 200 psipt
AChT Y\ =120 mV

B3 NS0T S R 7E [ 2 58 PRI A A A AR R AR B R0 2 R A AR P R A B CHUN FE R = B RIS B R UARHO
B R EN ARG T B R R
Figure 3 The layout of multi-hit gamma event in co-axial and point-contact HPGe detector and the readout voltage and current pulse shape,
respectively.
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Figure 4 The output voltage pulse shapes from the different place of a co-axial HPGe detector and a point-contact HPGe detector.
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Figure 5 The structure of segmented HPGe detector. The plot shows one neutron non-elastic process, one gamma multi-scattering events and
one single-hit event from electron.
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Figure 6 The principle of the ionization-heat germanium detector and the internal structure of a real detector.

1437



T LU RIS AR5 ) B AR B A ) N

I RE 12 0 gy 200 B PR 85 O o I 400 O R DU 5 6
FTAEC. CDEX e 2% ey A% M 2% KO R 75 &
RG-S B 7.

K PEEAS 5286 77 1, Heidelberg-Moscow SZ56 2H %
J °Ge 1k 86% I e 4t el 1 W 25 i e 45 1 1] s L
i R I AL R BRY. H R, ff Heidelberg-
Moscow 5556 20 UL J 55 — A~ K H i 2 8 5000 2% 1)
IGEX" V52 56 21 () i A 2 S il b, WP OB aigl 7
P UBHEAL 2K 4H: GERDAVFI MAJORANA?, iX
PIAS S 56 ZH A v R SR FH EEIA 1000 kg IR e 2B 4RI 2%
TFRETE il X BAE AR S5

YR, X B AR S0 N H T B 2 ) S 5 R
kA& 1 Heidelberg-Moscow 52540 % ] "°Ge F /N0
86% 1 e A BA R I 45 I =43 2 ¥, 7ERTI IGEX 1856
41 M1 Heidelberg-Moscow 5 56 2H o} vy 4l 5 2800 45 FH T
R BHEAR SIZIG (P 5 3L Al b, [ BR b et S TN s
% %1 GERDA f1 MAJORANA, $UFIH] & £ "°Ge (111

1=
e

Bl 7 CDEX SEH4H i 8 % i 2065 4R 2% EL R U RS 4 i
KR TR LR ST R R E
B i AU & SR s e A — DR AR, R 2 AN R
B LA T AR HE N i 2R T, RV A e 2B TR DI 25 5 it 1
PEARULIAEE, R I 0 B T A Sl RT3 e A L, B S
FEE BRI AR, K o 2B TR0 25 (4 32 3 Bt il 4
Figure 7 The layout of ton-scale CDEX detector array system with
LAr cooling and anti-compton detector. One vacuum tube encapsules
10 kg point-contact germanium detectors and will be immerged into
liquid argon for cooling down. At the same time, liquid argon will be
served as an anti-compton active shielding detector for the germa-
nium detectors.

1) www.mpi-hd.mpg.de/ge76/
2) http://majorana.npl.washington.edu/

1438

SUAL PRI 2% FF 2 TG A A U BIE AR B S 6. IX A
SEYG AL ARV RIR R A 1000 kg 4l G R 28,
K FH FELR 20 DX e AR i 2 il v A R, B AR R DU 2%
Ref BIE, $EmRIEE S BRI Re ), A EIE L+
T X B0 A S 06 P O HE e, R0 1) 1 24 il 48 o
FHIF R, HAT, GERDA LKA B4R H 4 18 kg
(] 7°Ge FJEIL 86% I e 4l T NI 2% 5206 T FE W 5T,
HARSRTT M HE I X BREAL LI B4, KR
PRI B VLT 7 RN — LS i HoR 41y

e R PRI B AR P i S e . IS . B
AR S G S AU P T 28 MER I 2% TROE A B T 4
] /NSRRGSR Is B BOL I, (H A2, ik
By BRI TS DL ROR B AR S A0 AR A 1)
S, W EAERRIR B R SEI E T R IX RS, [l
T R E B S AH S G 1 B ik R g il —
W BRAR A TR AN RS P AR AR AS 5. (o RS &
TR S5 Y BSER . WBEEARSELS, v L
A 3K ARG R D 85 2 ) ) o i el &, T AR A T
RACTRMEE RGP R IR B A IRAG T LR, HRBER
SRBURPEAZ 7 AL AN S HL - DL R S S T L
Tk R AN S s vh ey A B R BRALG H6 SIE 56 R A
JERTTHER. PR, 78I A Ji S 56 (1) A0 38 T PR A
JEG BEAT AR 47 B e 1R TR I, 53— > DK ) B2 A 7T 4R
DU HIRA LA B TEOSRT 1 2% TR0 AR AL A I 52 56 1) 52 1)

TR G MK B R IR ST A A, 78
DU )11 28 3t 1L M ) it B g i s i 1 T — AN [l B L
A A o e 5 IR R S 56w —— b [ B AR R M
N 525 % (China JinPing Underground Laboratory,
CJPL), iZ%5E8 % 10T 2010 4F 12 A 12 HIEA A AE
(B 8). AT H B 8 b AR iR b T SI2 56 5 3K A 1) 5] B
LI SEIG A TR R SR T R I S
B2 AR 51 G 45 1K 6 B S A A v T SO S B A T A
R4 PE RIS . AR E B O R GE S8 56 = F
JE A R R . OB AR S G A5 T A v L
FRVRIE 9% A S B2 T [ bar - L L R A B 5 A S 40
BRI TR [ 0 SR I .

A BRI A e 2R IR 12~13 N(RI 2% ik
AT 110" em™) ) Al B R T . IR RE 4l
ERINE R S NS NG E S NP e R SR



SRR W Y R

20114E F41E F12M

hEWBFIETREE

'\ik

B8 PEHEHEMTEREAAER R

Figure 8 The layout of the rock overburden of China JinPing
Underground Laboratory.
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The application of high purity germanium detector in particle
and astroparticle physics

. *
YUE Qian
Department of Engineering Physics, Tsinghua University, Beijing 100084, China

This article reviews the development of new technologies related with High Purity Germanium (HPGe) detector and
the application of the new type HPGe detector on particle physics and astroparticle physics, especially the application
of HPGe detector on the topics of ultra-low background experiments such as dark matter search experiment, double
beta decay experiment and so on. China has established an underground laboratory for particle and astroparticle
physics which has the deepest rock overburden in the world until now and name after China Jinping Underground
Laborotory (CJPL). CDEX collaboration in China will search directly the dark matter particle with ton-scale
ultra-low threshold HPGe array detector based on the point-contact technology in CJPL. This article also gives a brief
review about the CDEX collaboration.

high purity germanium detector, dark matter, doublebeta decay, underground laboratory, background, CJPL,
CDEX
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