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CDEX experiments: overview.
CDEX-1, CDEX-10 results.
Plan: CDEX-50 for Dark Matter, CDEX-300v for Ov[3[3.
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CDEX: China Dark matter E
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Established in 2009
*Tsinghua University (THU)

*Academia Sinica, Taiwan

-Sichuan University (SCU) ‘Banaras Hindu University, India
*Beijing Normal University (BNU) *Dokuz Eyliil University, Turkey
*Nankai University (NKU) +

*Sun Yat-Sen University (SYSU)
*Peking University (PKU)

«China Institute of Atomic Energy (CIAE) PCGe data/physics analysis, etc.

‘Yalong River Company sy * Ge: good resolution, low threshold, ideal
Fm for low mass WIMP.
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= CJPL-II

* 4 main halls : 14m(H)x14m(W)x130m(L);

* Total Volume: 300K m?3;

» Two expanded spaces: - oRd oLl
C1--p18mx32m(H)~CDEX-1T Rock Work 4100 m? 210000+151000m?
BZ--27m(L)><14m(W)><30m(H) Electric Power 70x2 kVA 10x2 MVA

Fresh Air 2400 m3/h 15000x3 m3/h
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i CDEX history and future

achieved “goals”

----------------->

1043 1044 10

1040 104 1042

DM sensitivit|e§ (cm?)

1027y —_— 1028y for OVSB
2021(installing)-

20257 (data taking)

CDEX-10 -> CDEX-50

CDEX-1000

for OVBB & DM

immersed in LN2

340 kg-day

1110 kg-day * CDEX-300v

for Ov3f

QCD axio WDM limit unitarity mit

102 eV ‘{'S” vindon keV GeV 101X My 10 Mg o
<—| | - ' - o oo e e

Experiment Hall

“"Ultralight” DM "“"Light” D WIMP _/ Composite DM Primordial

(Q-balls, nuggets, etc)
non-thermal dark sectors black holes

bosonic fields sterile v Tongyan Lin, arXiv:1904.07915

can be thermal

CJPL-II 3
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= CDEX-1 & 10 configuration

1. CDEX-1B
v" with or w/o Nal(Tl), 1kg point-contact-Ge
v" heat-guide cooling.
v" 700 kg-day, threshold~160-250 eV

v" annual modulation results.
2. CDEX-10

........... m,=5 GeV/c?, o5e=1.33x10*" cm?

gl m,=10 GeV/c?, 63%r=5.06x10*' e

Wy, i
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J _. i
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S B B R

o e
s

4 C10B-Ge3

i

— C10B-Ge2

Ik

p*

1kg-PPCGe

- C10B-Gel

> — N*




2™ largest sources of uncertainties:
< bulk/surface separatlon

— | p- PCGe
surface [~ 1kg]
_* partial energy deposit pT

.dlﬁuseanddnﬂ_)smw ,,,,,,, Dead layer ~ 1 mm LI 1mm Li diffused)

Pulse Amplitude

\ ‘, Point-contact p* electrode _
i - x10 x10
2 3 Surface ) Bulk
L 320 Ezo
\*\ ’ %©3 sl : :
2 T 0 o . 10 10
b . = ~ = B -
@ x Active volume : é \17' o _$urface 0 10 20 0 10 20
=§ E S = L R Time (us)
- °o - 3 . 52.%%‘ wifefe, T SCAN
7 @ z = & 0o L
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 bulk ’/ —
~+ full energy deposit ' v
~* drift - fast 1
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. 0 2 4 6 8 10 12
* a bless : gamma background veto T (keVee)
and

* acurse : contaminate low energy spectrum

Astropart. Phys. 56, p1-8 (2014) : based on understanding of energy spectrum
NIMA 886, p13-23 (2018) : comparing rise-time of different sources
+ ongoing: Machine learning and improve T measurement for bulk/surface
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y CDEX 1B: annual modulation
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Phys. Rev. Lett. 123, 221301 (2019)
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CDEX-10

Q

* + Migdal-effect and earth scattering, time-integral analysis. g
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Phys. Rev. D 105, 052005 (2022)
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= CDEX-10 (this work)

= = (CoGeNT (An et al.)

= = XENONIO0 (Bloch et al.)
= = XENON100 (Bloch et al.)
= = (CDMSlite (Bloch et al.)

DM related analysis

on CDEX-1B and CDEX-10

Sun
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100

cosmic boost DM

Phys. Rev. D 106, 052008 (2022)
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Fermionic DM
Phys. Rev. Lett. 129, 221802, 2022

galatical Axion-like particle

Phys. Rev. D 101, 052003 (2020)

10 73 -9 _
LHC (2018) 19 E —— CoGeNT ~ =—— CDEX-1 —— CDEX-1B (this work)
104 Fermionic DM neutral current absorption o E— EAS)‘(JORANA el e EBTALSWE'SS""
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—14
1000 1075 . i LY 107"
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X-e short range
197050 Phys. Rev. Lett. 129, 221301 (2022)
. Cosmology 10732; W
. other:
10T CDEX-10: Phys. Rev. Lett. 120, 241301 (2018).
b sterile neutrino: arXiv:2210.01604.
boe 0= Dark Matter from black hole:arXiv:2211.07477.
10%? OvBpB: Phys. Rev. D 106, 032012 (2022)
oof Foulg)=1 eyt
N TR 1
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CDEX-50 at CJPL-II

under technical design

- - — . -
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10x5 strings
in LN2

) |EXPECL:

2, |+ 0.01 count keV-kgday* background at 1 keV
* threshold ~ 100 eV
* ~10*cm? for spin-independent interaction.
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2 ! 6 | project sensitivities
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é’%‘ CDEX-50 & CDEX-300v at CJPL-II

CDEX-50 (~2025-)
* 10 strings, with 10x1 kg detectors per string, total:~50kg
CDEX-300v (~2028-)

- 3 module x 7 string x 15x1 kg detector, total: ~ 300 kg| | |
* Top clean room for detector installation

Immersed in LN2

CDEX- 300\)

LAr cryostat (~keV background?)
with PMT/SiIPM readout
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% Ge detector : Dark matter vs. OvB

* detector suitable for dark matter is also suitable for Ov3(3 (?)

Dark Matter experiment O0vB[3 experiment

low background  at <~ keV at ~2 MeV
good resolution

low threshold noise edge reduction not needed

needed
“Ge : least could reduce cosmogenic reduce cosmogenic
cosmogenic Induced background. induced background,
Isotope and 33 sources.
underground Ge crucial for ~1 keV crucial for ~2 MeV
growth

 CDEX-50 will use natural Ge (mostly) ~102 cpkkd (control transportation & fabrication).
» explore: underground Ge growth and manufacturing ~10“- 10~ cpkkd.

15
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== summary

* low threshold Ge detector dark matter searches.

* CDEX-1 + CDEX-10 results.

 CDEX-50 with 50 kg Ge immersed in LN2: installing.
 CDEX-300v for Ov(3(3 (+DM ?): soon.

 CDEX-1000 for dark matter and Ovp[3: future plan.

Thanks

16
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CDEX stages

Light WIMP mass searches on Ge

CDEX-1: Development of pPC-HPGe detector, its
background understanding, annual modulation results.

CDEX-10: Ge immersed on LN2, various DM results.
CDEX-50: Ge immersed on LN2 array for DM, plan.
CDEX-300v: 6Ge enriched array for OvB, plan.

CDEX-1000: Multi-purpose experiment for dark matter
and double beta decay.




S PN PN ONININISINININN

< R
e WL q‘l-‘.’". o
@ P OO0 0%
S B S LT Ve e e S b e
ﬂ.".n_v ..ni.,,_..,l-i.i. ot ’ eSele ™, 2
H =5 e

Jxﬂ

’...’.,..lr A A




CDEX 1B data < 0.85 keV

* run-1 to run-2: change
of shielding.

*0.25-0.85keV:
most important region
for low mass WIMP

* x? test consistent with

null-hypothesis.
— 18 —
16} +
14_— '
12 - fa
10% H‘ fre
s S 2
EME H’Hﬁmﬁ%ﬁ; §
;1 ) f: E’fiﬁi*ﬁ'ﬂﬂ %
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T (keVee)



CDEX- 1B experiment

Run-1 " Run-2 —— Fllled with Cu

=

A

2014/09 - 2017/08 2017/08 - 2018/12 -
671 kg-days 340 kg-days
* 1 kg-scale-mass HPGe detector, cooled by cold finger.
* A Nal(Tl) detector is used as active shielding to veto the gamma-ray
Induced background events.
* The detector has been under stable data taking conditions since March
27", 2014.
* Threshold ~ 160 eVee. For modulation analysis, threshold ~ 250 eVee.
* Largest analysis uncertainties: bulk/surface separation at low energy.
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CDEX 1B: annual modulation
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|

Direct detection Xq: k

CDEX Ge array
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Halo Model
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0 e >
Energy

* not exclude I-recoil of DAMA/LIBRA

s

DAMA/LIBRA 90% (phase-1, Na-recoil)

CoGeNT 90%
m  CDMS-II

Count (keV kg day™)

= CDEX-1B

oo e by e ey by b e by g
1 2 3 4

Phys. Rev. Lett. 123, 221301 (2019)

Energy (keVee)
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os._at fixed/best-fit phase
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* The results consistent with null-hypothesis at
any phases (within 2-g) up to 100 GeV.

1-0 region
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Migdal effect

nuclear recoil — electrons cloud move, except one e- — ionization

Counts [evts/keV/kg/day]

°
DM\,?
’\é_
a) No Mlgdal effect,
m, = 1 GeV/c® ---NR
: s Cj?’l\l = 10_36 cm?2 — (n=2)+(n=3)
‘ . n=2 L-shell
3 ‘Threshold & ]
_______ - 1160 eVee n=3 M-shell

n=4

E,.: [keVee]
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Typical Migdal effect spectrum
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Count(kg' keVee™ day™

Cosmogenic Background of Ge detector

* Long-time ground preparation of detector induces high cosmogenic
background level (~2cpkkd @2-4keV);

* Based on simulation, 2 months ground fabrication and transportation
could decrease the H continuous background level to ~10_chkkd @

2-4 keV.

Ge

EneravikeVee)

CDEX-10 background spectrum

Counts [keV kg day”]

T 68Ge
TsGe 3Ga
. 65Zn
— ®Ni
57C0
“Co
SSFe
P 54Mn
I 49V
‘H

|I —— Total bkg
e

——

TR TR TR TR T
Energy [keV]

Simulation spectrum

arXiv:1802.09327




Cosmogenic Background of U-Ge detector

* Underground germanium crystal growth and detector fabrication could
dramatically decrease the cosmogenic backgrounds from non-Ge

. 3 65
Isotopes, such as He, Zn;

* "°Ge Enriched germanium material could help to decrease 68Ge(BSGa)
cosmogenic backgrounds too. (2nu background ~ 10~cpkkd at 1keV)

= 10 — e = 101 — e
,:; — %8QGa P é — %8Ga
_f.:n 1 u — Total bkg _.iﬂ 1= — Total bkg
% 101 | undergroyfid Ge gl undergrounfi °Ge
z growth & fabrication = ] growth & fafrication
S ~10“opkic = s
S E P S b <10 cpk
10° u 103}
107 %- P oy i 10 i
10} ﬂ 1075 “
10-6:| -|.||.|||I|.|.|...I. | b b v b by a1 lo-ﬁzul L oo b o b e Bl v by v b by
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Energy |[keV] Energy [keV]

CirL=— arXiv:1802.09327
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