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Neutrino Science

The discovery of neutrino oscillation in 1998 
is a strong indication of new physics beyond 
SM.

Studies of neutrino properties: the forefront 
in particle physics, and intensely pursued by 
the major research groups. 

One of the fundamental nature of neutrinos 
is: They are Majorana or Dirac particles? 
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0νββ experiment 

 0νββ experiment: the most sensitive way to probe 
the Majorana-Dirac nature of the neutrinos.

 ν mass ordering measured by 0νββ experiment if 
the sensitivity of mββ reaches ~10meV.

 If there is a positive signature of 0νββ event, it will 
be a lepton number violation process. A scientific 
discovery of historical importance if it is true.
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0νββ experiment 

 0νββ experiment: the most sensitive way to probe 
the Majorana-Dirac nature of the neutrinos.

 ν mass ordering measured by 0νββ experiment if 
the sensitivity of mββ reaches ~10meV. (If achieved)

 If there is a positive signature of 0νββ event, it will 
be a lepton number violation process. A scientific 
discovery of historical importance if it is true.

5

 0νββ exp need to focus on 
the far future to scan the 
whole NO region and find  
0νββ events, NOT just the 
near target to reach the 
~10meV sensitivity.  0ββ2ββ
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0νββ experiment 

 0νββ experiment: the most sensitive way to probe 
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0νββ experiment principle

In order to get mββ, need to experimentally measure 𝑇1/2
0ν .

The recent sensitivities: mββ  <100meV.

Next sensitivity target: mββ  ~10meV.

Scan almost the whole NO region: mββ  <1meV.

0νββ Half-life 𝑇1/2
0ν should be measured to >1030yr.

7



0νββ experiment principle

 Nuclear matrix elements can be calculated based on some models which describe 
many-body interactions of  nucleons in nuclei.  

 Since different models focus on different aspects of nuclear physics, large 
uncertainties (a factor of 2 or 3) are unavoidable. 
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0νββ experiment principle

 In order to get mββ, need to experimentally measure 𝑇1/2
0ν .

The recent sensitivities: mββ  <100meV.

BI,  E, M, t, A,  are important parameters for 0νββ experiments.

Signature: Energy peak at known Q value.
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0νββ experiment Principle
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𝑇 Τ1 2
0𝜈 ∝ 𝜀 · 𝐴 ·

𝑀 · 𝑇

𝐵𝐼 · Δ𝐸

𝑇 Τ1 2
0𝜈 ∝ 𝜀 · 𝐴 · 𝑀 · 𝑇

Non-Zero Background：

Zero Background： ΔE· BI· M· T < 1 

Zero Background situation: 𝑇1/2
0ν changes with M·T linearly. 

Under any circumstances, controlling the background and maintaining a high 
energy resolution are of utmost importance, the challenge to keep the zero-
background condition is much difficult for large-scale experiments.



0νββ experiment Principle
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𝑇 Τ1 2
0𝜈 ∝ 𝜀 · 𝐴 · 𝑀 · 𝑇

 Zero Background： ΔE· BI· M· T < 1 

Ref: MJD: PRL 120 132502 (2018) CUORE: PRL 124 122501 (2020) CUPID-Mo: EPJC 80 44 (2020)
CUPID-0: EPJC 78 734 (2018) EXO-200: PRL 123 161802 (2019)

 Excellent ER with high Qββ value:

✓ Precisely measured Energy peak at 
known Qββ value：smoking-gun 
signature;

✓ no irreducible 2νββ background 
contamination;

✓ suppress ambient background within 
narrow ROI energy window.



0νββ experiments



Experiment Isotope

ε

[
𝒎𝒐𝒍 𝒚𝒓

𝒚𝒓
] Livetime[yr]

B

[
𝒆𝒗𝒆𝒏𝒕𝒔

𝒎𝒐𝒍 𝒚𝒓
]

Status effact σ[keV] effROI

HPGe

GERDA-II 76Ge 722 4.20E-04 completed 88 1.4 95

MJD 76Ge 527 2.30E-03 completed 90 1.1 95

LEGEND-200 76Ge 1684 10 1.00E-04 construction 91 1.1 95

LEGEND-1000 76Ge 8763 10 4.90E-06 proposed 92 1.1 95
CDEX-1 76Ge 0.75 1.09 completed 84 1.2 95

CDEX-300n 76Ge 1906 5 5.00E-05 proposed 91 1.1 95

CDEX-1T 76Ge 8763 5 2.50E-06 proposed 92 1.1 95

CDEX-10T 76Ge 87630 10 5.00E-07 proposed 92 1.1 95

Xe TPC

EXO-200 136Xe 1324 4.70E-02 completed 46 31 95

nEXO 136Xe 13700 10 4.00E-05 proposed 64 20 95

NEXT-100 136Xe 167 10 5.90E-03 construction 88 10 80

NEXT-HD 136Xe 1809 10 4.00E-05 proposed 95 7.7 65

PandaX-III-200 136Xe 374 10 3.00E-03 construction 77 31 76

LZ-nat 136Xe 440 10 1.70E-02 construction 14 25 84

LZ-enr 136Xe 4302 10 1.70E-03 proposed 14 25 84

Darwin 136Xe 2312 10 3.50E-04 proposed 13 20 76

Liquid Scintillators

KLZ-400 136Xe 657 9.90E-03 completed 44 114 42

KLZ-800 136Xe 1173 10 1.40E-03 taking data 58 114 42

KL2Z 136Xe 2176 10 3.00E-04 proposed 80 60 42

JUNO-50T 136Xe 235290 5 3.00E-04 proposed 80 48 76

SNO+I 130Te 1232 10 7.80E-03 construction 20 80 62

SNO+II 130Te 8521 10 5.70E-03 proposed 27 57 62

Cryogenic 

calorimeters

CUORE 130Te 1088 10 9.10E-02 taking data 100 3.2 84

CUPID-0 82Se 410 2.80E-02 completed 100 8.5 95

CUPID-Mo 100Mo 150 1.70E-02 completed 100 3.2 95

CROSS 100Mo 31 10 2.50E-02 construction 100 2.1 95

CUPID 100Mo 1717 10 2.30E-04 proposed 100 2.1 95

AMORE 100Mo 760 10 2.20E-04 proposed 100 2.1 95

Tracking calorimeters

NEMO-3 100Mo 3 10 9.30E-01 completed 100 148 42

SuperNEMO-D 82Se 15 10 2.10E-02 construction 100 83 64

SuperNEMO 82Se 185 10 5.40E-03 proposed 100 72 54

0νββ experiments



0νββ experiments

Rev.Mod. Phys. 95, 025002 (2023)



Results from International 0νββ experiments



Results from International 0νββ experiments

实验组 核素 丰度 靶质量
Qββ处

能量分辨率σ
本底水平

[c/ROI·ton·yr]
曝光量
(kg·y)

半衰期
(1025y)

有效中微子质量
(meV)

GERDA 76Ge 87% 44.2 kg 0.05% 2.1 127.2 > 18 < 79-180

Majorana 76Ge 88% 40.4 kg 0.05% 28.2 64.5 > 8.3 < 113-269

Legend-200 76Ge 90% 143 kg 0.05% 2.04 48.3 > 19 < 75-170

KamLAND-Zen 136Xe 90% 745 kg 4.64% 23.8 2097 > 38 < 28-122

EXO-200 136Xe 80.6% 74.7 kg 1.15% 192.0 234.1 > 3.5 < 93-286

CUORE 130Te 34.2% 206 kg 0.31% 470.0 372.5 > 3.2 < 90-305



International 0νββ experiments

 目前多种实验技术方案参与“无双”实验的国际竞争；

 主要核素：锗-76、硒-82、钼-100、碲-130、氙-136、钕-150等。

富集锗阵列
核素：锗-76

欧美联合LEGEND
中国CDEX@CJPL

富集氙或自然氙液体TPC实验
核素：氙-136

富集氙：美国nEXO（高能所参加）
天然氙：欧美XLZD、中国PandaX@CJPL

液闪添加氙-136实验
核素：氙-136

日本Kamland-Zen
中国JUNO-0vbb

液闪添加碲-130实验
核素：碲-130
加拿大SNO+

中国JUNO-0vbb

LEGEND nEXO KamLAND-Zen JUNO-0𝝂𝜷𝜷 SNO+



International 0νββ experiments

 目前多种实验技术方案参与“无双”实验的国际竞争；

 主要核素：锗-76、硒-82、钼-100、碲-130、氙-136、钕-150等。

高气压TPC
核素：硒-82、氙-136

欧洲NEXT
中国NvDEx、PandaX-III

超低温晶体量热器
核素：钼-100

欧洲CUPID、韩国AMoRE
中国CUPID-CJPL

液闪掺杂实验
核素：钕Nd-150…

……
中国JNE

NvDEx PandaX-III CUPID AMoRE JNE
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Sensitivities of international 0νββ experiments



76Ge 0νββ experiments

LAr AC + Enriched Germanium array;

Prototype：

---BEGe（CDEX）、ICPC（LEGEND）、PPC（GERDA）;

PreAMP：

---ASIC（CDEX, L-1000）、JFET（G、M、L-200）.



76Ge 0νββ experiments



76Ge 0νββ experiments



LEGEND-200 new results



LEGEND-200 new results

 BI=5.32.2×10-4 cpkky（数据量少，误差较大，高于预期）

 PPC/ICPC FWHM ΔE=2.500.01 keV @2.039MeV（σ=0.05%）

 BEGe FWHM ΔE=2.060.01 keV @2.039MeV （好于预期）

 𝑇1/2
0𝜈 > 1.9×1026 yr



LEGEND Collaboration

2016年10月，美国亚特兰大，LEGEND成立

2018年7月，西昌会议，并访问锦屏地下实验室 2018年11月,美国诺克斯维尔会议

2016年10月，美国亚特兰大，LEGEND成立

2018年7月，西昌会议，并访问锦屏地下实验室 2018年11月,美国诺克斯维尔会议
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富集锗“无双”实验国际现状

➢ 2016年中欧美联合成立LEGEND合作组，推进富集锗“无双”实验，方案明确。
竞争焦点：建在哪里？

➢ 2020年1月起，本项目组CDEX@中国和LEGEND@意大利分头推进；

➢ 经过多年持续技术创新，本项目组CDEX在富集锗原材料供应、锗探测器全技术链、
地下实验室平台等多方面建立了独特优势，展现出强大的国际竞争力，成为我国
中微子科学前沿。
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2016年10月，美国亚特兰大，LEGEND成立 2018年11月,美国诺克斯维尔会议

2018年7月，西昌会议，并访问锦屏地下实验室



CDEX-50和CDEX-300
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CDEX-1T
Conceptual Layout

65m(L)



136Xe 0νββ experiment 

Detector ：En-LXeTPC, N-LXeTPC, LS-Xe, HPGas-Xe…

0νββ Experiments:

---nEXO, Kamland-Zen，JUNO-0νββ，PandaX-III，NEXT，…

DM+0νββ Experiments: XLZD，PandaX-xT



nEXO



nEXO



nEXO

⚫
137Xe dominant cosmogenic background



KLZ



KLZ



KLZ

 𝑇1/2
0𝜈 > 3.8×1026 yr (Combined KLZ400 and KLZ800)



KLZ
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KLZ



JUNO-0νββ



JUNO-0νββ



SNO+



SNO+



SNO+



100Mo 0νββ experiments

LMO crystal



82Se 0νββ experiments

HP-Gas TPC（SeF6+Topmetal）



Main world-wide UL
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CJPL—The deepest underground laboratory
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CJPL



New Milestone——2023.12.7
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Summary

 Neutrino is the only particle beyond the Standard Model of particle physics..

 0νββ is almost the only way to experimentally confirm: Neutrino is its own anti-

particle. So 0νββ experiment is a long-term activity, not just 10-20 yr.

 CJPL has provided a world-level underground platform to push forward 0νββ

experiments in China. JUNO is also a world-level low-background platform for next

generation 0νββ experiments.

 CDEX、CUPID-China、JUNO-0vbb、NvDEx、PandaX and so on, have shown a very

important start and good progresses comparing with our international colleagues.

It’s realy a long-term job. Work hard and keep aggressive!



Thank you for your attention!

Welcome to CJPL!

CJPL is under this mountain!


