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JUNO experiment
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A multi-purpose experiment

Great potential to detect invisible nucleon decay 

20 kton LS, low backgrounds,  low threshold

Energy resolution: 3%@1 MeV

LS Component: 88% C ( 99% 12C) and 12% 1H
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Physical motivation  
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Invisible nucleon decays 
𝐧 → 𝝂′𝐬 𝐧𝐧 → 𝝂′𝐬

Baryon number violation

Matter-antimatter asymmetry GUTs

Predicted byBasic ingredients 

Experiment 𝜏 𝑛 → 𝑖𝑛𝑣 𝟗𝟎% 𝑪. 𝑳. 𝜏 𝑛𝑛 → 𝑖𝑛𝑣 𝟗𝟎% 𝑪. 𝑳. reference

Borexino - > 4.9 × 1025𝑦 Nucl.Phys.B.Proc.Suppl. 118(2003) 499-499

SNO+ > 𝟗. 𝟎 × 𝟏𝟎𝟐𝟗𝒚 > 1.5 × 1028𝑦 Phys.Rev.D 105 (2022) 11, 112012

KamLAND > 5.8 × 1029𝑦 > 𝟏. 𝟒 × 𝟏𝟎𝟑𝟎𝒚 PRL 96, 101802 (2006)
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Signals signature
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Two Invisible decay modes of neutron in 12C

𝑛 → 𝑖𝑛𝑣 (12C  11C*)

𝑛𝑛 → 𝑖𝑛𝑣 (12C  10C*)

Detect de-excitation products of 11C∗, 10C∗

De-excitation modes have triple coincidence feature

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%

Yuri Kamyshkov, Edwin Kolbe PRD 67, 076007 (2003)
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Signals vs backgrounds
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Signal

Basic event selection

Designed Muon veto strategies

Muon rate 28 Hz

Reduce isotopes  

Backgrounds sources

IBD(Inverse Beta decay) ~ 52 cpd

Muon induced Long-lived isotopes  

Radioactivity

Atm − 𝑣 NC

Fast neutron 

𝒏 → 𝒊𝒏𝒗 𝒏𝒏 → 𝒊𝒏𝒗

Fiducial 
volume

𝑟 < 16.7 m 𝑟 < 16.7 m

Selection 
criteria

∆𝑇12 < 1ms
∆𝑇23 ∈ [0.002, 100] 𝑠

∆𝑅12 < 1.5 m
∆𝑅23 < 1.5 m
∆𝑅13 < 1.0 m

𝐸1 ∈ 0.7, 12 MeV
𝐸2 ∈ 1.9, 2.5 MeV
𝐸3 ∈ 1.5, 3.5 MeV

∆𝑇12 < 1ms
∆𝑇23 ∈ [0.002, 3.0] 𝑠

∆𝑅12 < 1.5 𝑚
∆𝑅23 < 1.5 m
∆𝑅13 < 1.0 m

𝐸1 ∈ 0.7, 30 MeV
𝐸2 ∈ 1.9, 2.5 MeV
𝐸3 ∈ 3.0, 16 MeV
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Signal (𝒏 → 𝒊𝒏𝒗) vs backgrounds
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𝐸1 𝐸2 𝐸3 Δ𝑅12

Δ𝑅13Δ𝑅23 Δ𝑇12 Δ𝑇23

Total efficiency (%) 𝟏𝟏𝐂∗ → 𝒏 + 𝟏𝟎𝐂 𝟏𝟏𝐂∗ → 𝒏 + 𝜸 + 𝟏𝟎𝐂

38.8 ± 𝟎. 𝟐 45.6 ± 𝟎. 𝟐

Dominant backgrounds
IBD + Singles (Radioactivity, isotope)
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Signal (𝒏𝒏 → 𝒊𝒏𝒗) vs backgrounds
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𝐸1 𝐸2 𝐸3

Δ𝑅23 Δ𝑅13
Δ𝑅12

Total efficiency (%) 𝟏𝟎𝐂∗ → 𝒏 + 𝟗𝐂 𝟏𝟎𝐂∗ → 𝒏 + 𝒑 + 𝟖𝐂

59.7 ± 𝟎. 𝟑 54.3 ± 𝟎. 𝟐

Dominant backgrounds
IBD + Singles (Radioactivity, isotope)

Atm-𝜈 NC

Δ𝑇12

Δ𝑇23
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Backgrounds suppression
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PSD(Pulse Shape Discrimination) 

Different particles give rise to different photon emission time profiles

Choose a PSD value (blue dash line)

MVA(Multi-Variate-Analysis)-BDT/BDTG

Combine multidimensional features

Combine PSD + MVA

factor of 100 reduction for backgrounds of 𝑛→𝑖𝑛𝑣

factor of 10 reduction for backgrounds of 𝑛𝑛→𝑖𝑛𝑣
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Summary and outlook
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More target neutron number/pairs

Signal efficiencies are acceptable

Lower backgrounds than SNO+, 

comparable backgrounds with KamLAND

Introduce ML to suppress backgrounds 

Before ML, 
𝜖𝑠𝑖𝑔

𝑏𝑘𝑔𝑡𝑜𝑡

~ 0.01 (𝑛 → 𝑖𝑛𝑣) ,  ~ 0.2 (𝑛𝑛 → 𝑖𝑛𝑣 ) 

After ML, 
𝜖𝑠𝑖𝑔

𝑏𝑘𝑔𝑡𝑜𝑡

~ 0.06 (𝑛 → 𝑖𝑛𝑣), ~ 0.6 (𝑛𝑛 → 𝑖𝑛𝑣 ) 

JUNO has a great potential to search for neutron’s invisible decays !!!

SNO+ KamLAND JUNO

Life time limit
𝜏 𝑛 → 𝑖𝑛𝑣
> 9.0 × 1029𝑦

𝜏 𝑛𝑛 → 𝑖𝑛𝑣
> 1.4 × 1030𝑦

𝑛 → 𝑖𝑛𝑣 𝑛𝑛 → 𝑖𝑛𝑣

Fiducial volume cut -- < 5.5 m < 16.7 m

Target mass ~ 0.9 kt H2O ~ 0.5 kt  LS 16.8 kt LS 

Target neutron 
number/pairs

1.2 × 𝟏𝟎𝟑𝟐 2.3 × 𝟏𝟎𝟑𝟏 1.5 × 𝟏𝟎𝟑𝟑 7.4 × 𝟏𝟎𝟑𝟐

Br. ϵ𝐧 Br1. ϵ𝐧𝐧𝟏
Br2. ϵ𝐧𝐧𝟐

~ 0.26
~ 0.04

~ 0.023
~ 0.03

~ 0.04 ~ 0.03

Expected 
backgrounds 

(𝒚𝒓−𝟏𝒌𝒕𝒐𝒏−𝟏)

~ 200 ~ 0.02 ~ 7.4 ~ 0.03

𝐍 ∙ 𝐁𝐫. 𝛜𝒔𝒊𝒈/ 𝒃𝒌𝒈 2.3 × 𝟏𝟎𝟑𝟎 1.8 × 𝟏𝟎𝟑𝟏 3.1 × 𝟏𝟎𝟑𝟎 6.3 × 𝟏𝟎𝟑𝟏

Dominant background 
combination 

8B solar 𝜈
Atmospheric 𝜈

IBD + singles
9Li + singles

…

IBD + singles
9Li + singles

…


