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Photon Statistics 1665 p.e./MeV

PMT coverage 77%

LS transparency > 20 m

Light yield(anthracene) 45%

Detection Eff.(QECE) 30%

Target mass 20 kt

Jiangmen Underground Neutrino Observatory (JUNO)
Multi-purpose medium baseline reactor neutrino experiment[1]

• Physics goals:
• Neutrino mass ordering
• Solar neutrino, atmospheric neutrino, supernova neutrino…

•  new physics
•  nucleon decay searches

• Visible energy of prompt signal 

𝟏𝟏𝐂∗ → 𝒏 + 𝟏𝟎𝐂 𝟏𝟏𝑪∗ → 𝒏 +  𝜸 + 𝟏𝟎𝑪 𝟏𝟎𝑪∗ → 𝒏 + 𝟗𝐂
𝟏𝟎𝐂∗ → 𝒏 + 𝒑 + 𝟖𝐁• Visible energy of decay signal 

• Consider 10 years’ JUNO data taking

𝝉/𝑩 𝒏 → 𝒊𝒏𝒗 > 𝟓. 𝟎 × 𝟏𝟎𝟑𝟏 year at 90% C.L.
𝝉/𝑩 𝒏𝒏 → 𝒊𝒏𝒗 > 𝟏. 𝟒 × 𝟏𝟎𝟑𝟏 year at 90% C.L.
An order of magnitude improvement to current best limits with 2 years 
data taking
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• Predict the instability of nucleon[2] 

• Nucleon can decay into lighter 
subatomic particles

• Invisible modes of neutron decay
• neutron decay into undetected particles

• Search nucleon decay to test GUTs

• Matter-antimatter is asymmetric 
in universe
• Sakharov conditions[3]

•   explain the asymmetry
• Baryon number violation ∆𝑩 ≠ 𝟎
• C and CP violation
• departure from thermal equilibrium

• Event selection
• Muon veto and Basic event selection

Background source
•  Single
•  Radioactivity, Long-lived isotopes

•  Correlated (Prompt-Delayed)
•  IBD (Inverse Beta decay), Li9/He8, Fast neutron, Alpha-n, 𝐀𝐭𝐦 − 𝝂 NC

•  Triple (Prompt-Delayed-Decay)
•  𝐀𝐭𝐦 − 𝝊 NC

Background suppression
•  Combine two suppression method
•  Pulse Shape Discrimination

•  Particle’s emission photon time are different

•  Multi Variate Analysis

•  Combine multidimensional features
•  Both PSD and MVA have good performance 

•  Effectively suppress background

Triple
• Single + Single + Single
• Correlated + Single

𝒏 → 𝒊𝒏𝒗

PSD MVA

𝒏𝒏 → 𝒊𝒏𝒗

• Bounded neutrons in 12C : two invisible decay modes
• 𝒏 → 𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆 (𝟏𝟐𝐂 → 𝟏𝟏𝐂∗)
• 𝒏𝒏 → 𝒊𝒏𝒗𝒊𝒔𝒊𝒃𝒍𝒆 (𝟏𝟐𝐂 → 𝟏𝟎𝐂∗)

• De-excitation modes in LS
• 𝟏𝟏𝐂∗ → 𝒏 +  𝟏𝟎𝐂 𝑩𝒓𝒏𝟏 = 𝟑. 𝟎%
• 𝟏𝟏𝐂∗ → 𝒏 +  𝜸 + 𝟏𝟎𝐂 𝑩𝒓𝒏𝟐 = 𝟐. 𝟖%
• 𝟏𝟎𝑪∗ → 𝒏 +  𝟗𝐂 𝑩𝒓𝒏𝒏𝟏 = 𝟔. 𝟐%
• 𝟏𝟎𝐂∗ → 𝒏 + 𝒑 +  𝟖𝐁 𝑩𝒓𝒏𝒏𝟐 = 𝟔. 𝟎%

Above modes can form triple coincidence signals[4] 
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