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中微子夏令营，开平
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提纲

• 大气中微子的产生

• 大气中微子的探测历史

• 大气中微子实验

• 江门实验上的大气中微子研究潜力
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大气中微子的产生

• 源初宇宙线与大气层中的原子
核相互作用产生大量𝜋介子，少
量K介子

• 𝜋、𝑘衰变产生中微子
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计算大气中微子流强
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中微子流强特征

• 四种味道中微子

• GeV以下

• GeV以上
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方向分布特征

• GeV以下受地磁场影响，上下不对称

• GeV以上能区上下分布更均匀
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大气中微子的历史
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First indication of a possibility to detect atmospheric neutrinos: 

In 1960, M.A.Markov suggested:

upward and horizontal muons are signature of

high energy neutrinos
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First idea for water detectors

Ann. Rev. Nucl. Sci.  10, 63(1960)

K. Greisen described:
water detector for atmospheric nu detection
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大气中微子反常及振荡
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1980年代: 质子衰变实验
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大气中微子是
质子衰变实验
的本底

主要衰变道
𝑝 → 𝑒 + 𝜋0



切伦科夫探测技术
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切伦科夫探测技术
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18T. Kajita, Nobel lecture 2015
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中微子-带电轻子方向
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SN1987A，首次探测到超新星中微子
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The 2002 Nobel Prize in Physics awarded to Prof. Masatoshi 
Koshiba for pioneering contributions to astrophysics, in 
particular for the detection of cosmic neutrinos.



利用大气中微子研究振荡
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Super-Kamiokande实验
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Neutrino 98

• SK实验发现
中微子振荡

• 获2015年诺
贝尔物理学奖
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L/E分析
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探测𝜈𝜏
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当代大气中微子实验
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ICECUBE/DeepCore
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探测事例显示
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IceCube-upgrade
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KM3NET
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Hyper-Kamiokande
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JUNO
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Largest ever LS detector

• 20 kton LS

• 78% photo-coverage

• Designed for low 

radioactivity background

Jiangmen Underground Neutrino Observatory (JUNO)

• Location optimized for neutrino mass ordering with reactor-𝜈
• 700m rock overburden to suppress muon flux   

• Expected to finish detector construction in 2023



26.6 GWth, 53 km

A Multipurpose Neutrino Observatory

From J. Pedro Ochoa-Ricoux 44

~60 / day

Primary physics goal

- NMO with reactor 𝜈
- Precision meas. of osc. 

parameters

Rich program of non-

oscillation physics: 

- Solar 𝜈
- Supernova 𝜈
- Atmospheric 𝜈
- Geo-𝜈
- Nucleon decays

- Indirect DM search

- …

4 mHz/m2, 207 GeV 



ML models

e

𝜇

Atm-𝜈 with large homogenous LS detector
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✓ Large photo-coverage → image for 𝜇 vs 𝑒, 𝜈 vs ҧ𝜈
✓ Hadronic information visible → better 𝐸/𝜃 rec for 

𝝂 (instead of 𝑙±)

✓ Excellent neutron tagging → 𝜈 vs ҧ𝜈
✓ Final state isotopes identifiable → measure 

exclusive channels

Cherenkov 

detector
LS detector

Pros

Cherenkov ring Low E 

threshold

High n-

tagging 

efficiency

large homogenous LS detector like JUNO

→ good potential to reconstruct atm-𝝂



How?

• Scintillation light is isotropic from point sources

• Light from a long track is not

• Hit time distribution is different for PMTs at different angles w.r.t. the track
• Embedded information on direction, vertex, energy, PID …
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Particle Identification 𝜇 vs e

• PMT pattern of slope feature show a ring like pattern for track 
event
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大气中微子实验展望

• 精确测量Δ𝑚31
2 , 𝜃23

• 质量顺序

• 𝜈𝜏反应截面

• …
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总结展望

• 对质子衰变实验的本底研究，发现了大气中微子反常

• 对大气中微子反常的研究导致中微子振荡的发现

• 对大气中微子的研究将继续帮助理解中微子的基本性质
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