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Introduction of CDEX experiment

⚫CDEX: China Dark matter Experiment.

⚫Physics target: direct searches for dark matter using germanium detectors.

⚫Laboratory: CJPL, China Jinping Underground Laboratory.
⚫ Deepest rock overburden

⚫ Largest available space

⚫ Lowest muon flux
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CDEX Roadmap

⚫CDEX-1: Development of PPC Ge detector, bkg understanding, since 2011;

⚫CDEX-10: Performances of Ge detector array immersed in LN2，since 2016;

⚫CDEX-50: ~50 kg Ge detector array immersed in LN2, under preparing. 
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CDEX-1 CDEX-10 CDEX-50

CJPL-Ⅰ CJPL-Ⅱ



CDEX-50 experiment construction 

⚫Located at CJPL-Ⅱ, hall C1.

⚫𝚽 𝟏𝟑𝐦,𝑯 𝟏𝟑𝐦 LN2 cylinder tank.

⚫5 detector strings, 10 units for each.

⚫𝚽 𝟖𝟎𝐦𝐦,𝑯 𝟒𝟎𝐦𝐦,𝟏 𝐤𝐠 unit.
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Background sources
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such as 𝟔𝟎𝐂𝐨 and 𝟔𝟖𝐆𝐞. 
Ambient radioactivity, 
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Background sources from environment

⚫Muon-induced background

⚫CJPL 2400 m rock overburden.

⚫~𝟏 𝐜𝐦−𝟐𝐦𝐢𝐧−𝟏 at sea level → 𝟐.𝟏 × 𝟏𝟎−𝟖𝐜𝐦−𝟐𝐦𝐢𝐧−𝟏 in CJPL[2].

⚫U, Th series in rocks and concrete

⚫Neutron related effects: spontaneous fission; (𝜶,𝒏).

⚫𝜸 arise from long-lived radionuclides.

⚫6.5 m thick LN2 can lower the sources above to a negligible level.

⚫The 222Rn in LN2 is expected to be 𝟎. 𝟒 𝛍𝐁𝐪/𝐤𝐠 after purification.

2024/4/25 VIEWS2024, Junzheng Wang 7



Cosmogenic radioactivity

⚫CRY (Cosmic-ray Shower Library) is used to generate spectra of cosmic-rays.

⚫Geant4 is used to simulate particle interactions between cosmic-ray and 
target&shield with Shielding physics list.

⚫Background control methods during different processes of detector.
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Fabrication
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Cooling time
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Cosmogenic radioactivity

⚫Specific activities of the cosmogenic radionuclides of the germanium crystal 
as well as copper.
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Radionuclide Activities (𝛍𝐁𝐪/𝐤𝐠)

3H 𝟗. 𝟗𝟑 × 𝟏𝟎−𝟏

65Zn 𝟑. 𝟐𝟔 × 𝟏𝟎−𝟏

68Ge 𝟏. 𝟎𝟔

Germanium crystal

Radionuclide Activities (𝛍𝐁𝐪/𝐤𝐠)

54Mn 𝟐. 𝟑𝟖 × 𝟏𝟎−𝟐

57Co 𝟓. 𝟑𝟐 × 𝟏𝟎−𝟑

60Co 𝟑. 𝟐𝟕

Copper
Radionuclides variation over time[3]



Ambient radioactivity

⚫Primordial radionuclides with long half-lives (238U, 232Th and 40K) introduced 

in the material during manufacturing.

⚫Components of detector and their radionuclides activities:

⚫ Data of copper comes from purity copper samples used in CDEX-50.

⚫ Upper limits are given at  90% C.L.
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Components
Activities (𝛍𝐁𝐪/𝐤𝐠)

238U 232Th 40K

HV-Cable < 𝟐. 𝟒 × 𝟏𝟎𝟐 < 𝟏𝟐 < 𝟑. 𝟐 × 𝟏𝟎𝟑

Signal-Cable < 𝟓𝟏 < 𝟏𝟗 < 𝟐. 𝟗 × 𝟏𝟎𝟑

Electronics < 𝟏. 𝟑 × 𝟏𝟎𝟓 < 𝟑. 𝟎 × 𝟏𝟎𝟑 𝟓. 𝟐 ± 𝟎. 𝟏 × 𝟏𝟎𝟒

Copper < 𝟏. 𝟑 < 𝟎. 𝟓𝟖 < 𝟓. 𝟖

PTFE < 𝟏. 𝟕 × 𝟏𝟎𝟑 < 𝟔𝟎 < 𝟑. 𝟕 × 𝟏𝟎𝟐

Silicon < 𝟑𝟖 < 𝟏𝟗 < 𝟑. 𝟎 × 𝟏𝟎𝟑



SAGE package

⚫SAGE[4] package (Simulation and Analysis for Germanium Experiments).
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Geant4 Simulation of radionuclides

⚫CDEX-50 geometry.

⚫Generate 109 radionuclides for each radionuclide in each component.

⚫Decay chains are assumed to be in secular equilibrium.

⚫Time window representing the response time of Ge detector: 𝟏𝟎 𝛍𝐬.
⚫ Decay chains breaking.

⚫ Cascade radiations.

⚫ Self-anticoincidence.

⚫Conversion from simulation result to background model:

𝑹
𝐜𝐨𝐮𝐧𝐭𝐬

𝐤𝐠 ⋅ 𝐤𝐞𝐕 ⋅ 𝐝𝐚𝐲
= 𝑨

𝐁𝐪

𝐤𝐠
×𝑴 𝐤𝐠 ×

𝒄𝒐𝒖𝒏𝒕𝒔

𝒑𝒓𝒊𝒎𝒂𝒓𝒊𝒆𝒔
× 𝒖𝒏𝒊𝒕𝒔
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𝜸

Survival probability

Count rate 



Geant4 simulation of radionuclides

⚫Survival probability in ROI (2-2.5 keV) of each radionuclide in each component.
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Radionuclides in crystal

Radionuclide Survival Probability[%]

3H 100.0

49V 100.0

54Mn 82.57

55Fe 100.0

57Co 89.20

60Co 64.62

63Ni 100.0

65Zn 93.91

68Ge 100.0

68Ga 78.32

high energy 𝜸

low energy 𝜸
x-ray

𝜷−



LN2

Geant4 simulation of radionuclides

⚫Survival probability in ROI (2-2.5 keV) of each radionuclide in each component.
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Radionuclides in outer components

Radionuclide Components Survival Probability[%]

60Co
Crystal Support 68.23

Support Pole 71.01

238U

Silicon-Base 71.03

Crystal Support 71.49

Support Pole 74.73

228Th

Silicon-Base 71.27

Crystal Support 74.23

Support Pole 75.52

high energy 𝜸

low energy 𝜸
x-ray

𝜷−



Background from solar neutrino

⚫Solar neutrino induced background above energy threshold (𝓞 𝟏𝟎𝟎 𝐞𝐕) within 

SM mainly comes from CEνNS.

⚫Scattering rate of CEνNS is calculated based on theoretical formula.

⚫Rate in ROI: 𝟏. 𝟑𝟐 × 𝟏𝟎−𝟖 𝐜𝐩𝐤𝐤𝐝.

⚫Mainly from 8B and hep neutrino.

⚫Drop steeply below 2.5 keV.
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CDEX-50 background model

⚫Total spectrum in 0-20 keVee and 0-3000 keVee.

⚫ 0-20 keV: dominated by 3H 𝜷− decay.

⚫ >1.5 MeV: dominated by 68Ga and 60Co in Ge crystal.
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⚫ Contribution in ROI of various sources.

⚫ Total ~0.01 cpkkd.

⚫ Dominated by 3H.
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CDEX-50 background model

⚫ Expected spectrum in 0.16-4.01 keV.

⚫
3H 𝜷− decay.

⚫ X-rays from cosmogenic radionuclides.

⚫ CEνNS.CEνNS in 0.16-0.5 keV



Summary

⚫CDEX-50 is the next generation dark matter project using a 50-kg Ge 
detector array.

⚫Different background sources are analyzed:

⚫Environment.

⚫Detector components.

⚫Solar neutrino.

⚫Several schemes are performed to control the background:

⚫Background control in detector fabrication and transportation; cooling time.

⚫Purified LN2 and copper.

⚫ Self-anticoincidence.

⚫……

⚫Background model of CDEX-50 is obtained through SAGE.

⚫Total background level in ROI is calculated to be ~0.01 cpkkd, dominated by 3H.
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Thank you for listening！
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Appendix1: 3H in SAGE

⚫
3H is treated as  a stable isotope in Geant4.

⚫SAGE make it decay automatically with SAGETritiumPhysics.
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Appendix2: Scattering rate of CEνNS 

⚫Calculation formula:

𝒅𝝈(𝑬𝒓, 𝑬𝝂)

𝒅𝑬𝒓
=
𝑮𝒇
𝟐

𝟒𝝅
𝑸𝝎
𝟐 𝟏−

𝒎𝑵𝑬𝒓

𝟐𝑬𝝂
𝟐

𝑭𝟐 𝑬𝒓

𝒅𝑹

𝒅𝑬𝒓
= 𝑵𝑻න

𝑬𝝂
𝒎𝒊𝒏

∞ 𝒅𝚽

𝒅𝑬𝝂

𝒅𝝈(𝑬𝒓, 𝑬𝝂)

𝒅𝑬𝒓
𝒅𝑬𝝂

⚫
𝒅𝚽

𝒅𝑬𝝂
 comes from the B16-GS98 solar 

model (high-metallicity or HZ mode).
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Appendix3: Calculation of expect spectrum

⚫Differential event rate of 3H decay:

𝑵 𝑬𝒆 = 𝑬𝒆
𝟐 + 𝟐𝑬𝒆𝒎𝒆 𝑸− 𝑬𝒆

𝟐 𝑬𝒆 +𝒎𝒆 𝒇 𝑬𝒆

⚫Background formula:

𝑩 𝜽 = 𝜽𝟏 ⋅ 𝑵 𝑬𝒅𝒆𝒕

+෍

𝒊

𝟐−𝟖

𝜽𝒊 ⋅
𝟏

𝟐𝝅𝝈
𝐞𝐱𝐩(−

𝑬𝒅𝒆𝒕 − 𝑬 𝟐

𝟐𝝈𝟐
)

+෍

𝒊

𝟐−𝟖

𝒓𝑴/𝑳 ⋅ 𝜽𝒊 ⋅
𝟏

𝟐𝝅𝝈
𝒆𝒙𝒑(−

𝑬𝒅𝒆𝒕 − 𝑬 𝟐

𝟐𝝈𝟐
)

+ ෍

𝒊

𝟗−𝟏𝟎

𝜽𝒊 ⋅ 𝑵𝑻 න
𝑬𝝂
𝒎𝒊𝒏

∞ 𝒅𝚽

𝒅𝑬𝝂

𝒅𝝈(𝑬𝒓, 𝑬𝝂)

𝒅𝑬𝒓
𝒅𝑬𝝂
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Appendix4: Spectrum of cosmogenic radionuclides 

⚫Spectrum of cosmogenic radionuclides in 0-20 keVee and 0-3000 keVee.

⚫ 0-20 keVee: 𝜷− decay and x-rays.

⚫ >20 keVee: 𝜸 rays, 𝜷 and EC decay.
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