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Heavy Neutral Leptons

◆ Best-known description of fundamental particles 
and their interactions (expect gravity)

◆ Neutrino oscillations suggest 𝑚𝜈 > 0
◆ Non-zero neutrino mass is not included in SM

◆ Introduce right-handed states known as 
heavy neutral leptons (HNLs)

◆ Seesaw mechanism explains light 
neutrino masses Seesaw mechanism
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Lagrangian

SSB 
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Current Constraints

arXiv: 2105.09699

◆ Collider searches
◆ Beam-dump experiments
◆ Neutrino experiments
◆ Dark matter detection
◆ Astrophysical
◆ ……
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Mono-𝛾 Signature at Electron Collider

𝑒+𝑒− → 𝛾∗ → 𝑁(→ 𝛾𝜐) ҧ𝜐
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Decay Length
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𝑒+𝑒− → 𝜈𝜈𝛾

Backgrounds For Mono-𝛾

Irreducible Backgrounds

Reducible Backgrounds 𝑒+𝑒− → 𝑒+𝑒−𝛾

𝑒+𝑒− → 𝛾𝛾(𝛾)
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SuperKEKB/Belle-II
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SuperKEKB/Belle-II

𝑒+𝑒− → 𝑒+𝑒−𝛾

𝑒+𝑒− → 𝛾𝛾(𝛾)
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collinear singularity in the t-channel 

𝑒+𝑒− → 𝑒+𝑒−𝛾

13



张宇（合肥工业大学） Neutrino dipole portal  at electron colliders 14

|cos𝜃𝑒±| > 0.95

× 108

Only basic cuts, the reducible backgrounds are huge.

Mono-𝛾 Searches
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From Christopher Hearty

arXiv: 1808.10567 
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𝛾 𝑧

𝐸1𝐸2
𝜃1𝜋 − 𝜃2

bBG Cuts at Belle-II



张宇（合肥工业大学） Neutrino dipole portal  at electron colliders 17

Belle II, 1808.10567

Cuts at Belle-II



张宇（合肥工业大学） Neutrino dipole portal  at electron colliders 

𝜒2 (𝜀) ≡
𝑆2

𝑆 + 𝐵

𝜒tot
2 (𝑑) = 𝜒2(0) + 2.71

◆The“low-mass cut” is always 
better than the “high-mass cut”

◆The“bBG cut”can improve 
about 4 times 

Results at Belle-II
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BEPCII/BESIII
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主漂移室（MDC）： |cos𝜃| < 0.93

飞行时间计数器（TOF）： |cos𝜃| < 0.83 0.85 < |cos𝜃| < 0.95

电磁量能器（EMC）： |cos𝜃| < 0.83 0.85 < |cos𝜃| < 0.93

BESIII
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From H. Peng @CHARM18 

STCF
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STCF



张宇（合肥工业大学） Neutrino dipole portal  at electron colliders 23

𝑒+𝑒− → 𝑒+𝑒−𝛾, |cos𝜃𝑒±| > 0.95

Advanced cuts:

𝐸𝛾 >

𝑒+𝑒− → 𝑒+𝑒−𝛾 𝑒+𝑒− → 𝜈𝜈𝛾

Advanced Cuts at BESIII and STCF
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Results at BESIII and STCF

2012-2021
2.125 GeV to 4.95 GeV

𝜒𝑖
2(𝜀) ≡

𝑆𝑖
2

𝑆𝑖 + 𝐵𝑖

𝜒tot
2 (𝜀) = ∑

𝑖
𝜒𝑖
2(𝜀)

𝜒tot
2 (𝜀95) = 𝜒2(0) + 2.71

At lower energy, STCF has better 
sensitivity in probing the low-mass 
region.
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Results

⚫ Gray regions for all 3 
lepton flavors

⚫ Orange regions only for 
electron-neutrino (𝑑𝑒)

⚫ Skyblue regions only for 
muon-neutrino (𝑑𝜇)

⚫ Pink regions only for 
tau-neutrino (𝑑𝜏)




