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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
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Neutrino dipole portal

arXiv: 2105.09699

 Collider searches
 Beam-dump experiments
 Neutrino telescope searches
 Dark matter detection
 Astrophysical
 ……
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SSB 

Neutrino dipole portal
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HNL Decays
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e+ e- colliders 

𝑠 ≪ 𝑀𝑍

𝑠 ≥ 𝑀𝑍



Neutrino dipole portal at collidersYu Zhang（HFUT）

• With 𝑠 ≪ 𝑀𝑍 the contribution from 
Z or W can be neglected comparing 
with γ.

• 𝜎𝛾 has little to do with the CM 
energy when 𝑚𝑁 ≪ 𝑠� .

• 𝜎𝑊 dominants when 𝑠 ≫ 𝑀𝑍 while 
can be ignored around Z-pole 

Negative with 𝑠 > 𝑀𝑍

Production at electron colliders 
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Decay Length
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LEP1
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Searches at LEP

LEP2



Neutrino dipole portal at collidersYu Zhang（HFUT）

Four typical scenarios
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• A characteristic “U” shape.

• The measurements of Z decay will 
derive same sensitivity for all the 
three lepton flavors, so almost do the 
monophoton searches at LEP1.

• the constraints on electron will be 
stricter than mu or tau from 
monophoton searches at LEP2.

• The constraints from the 
measurement of the branching ratio 
for Z → γ + invisible are always 
found to be most stringent.

Results at LEP
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Results at CEPC

• Z-mode has the best sensitivity in all 
four scenarios for the HNL with small 
mass.

• Z-mode can give about two orders 
of magnitude of improvement over 
the other three running modes at 
CEPC in the sensitivity on d_mu/tau.
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 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)

• The current constraints basically do 
not dependent on the ratio a, since 
the typical scattering energies are far 
less than the electroweak scale.

Results at electron colliders
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Production at LHC
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LLP detectors at LHC
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universal coupling case
Scenario A

universal coupling case
Scenario B

Only tau 
Scenario A

Only tau 
Scenario B

Results at LHC
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Summary

The more general dipole couplings to HNL which respect the full 
gauge symmetries of the SM are considering.

We present the constraints on various electron colliders and LHC by 
Long-lived Particle Detectors.

The constraints on active-sterile neutrino transition magnetic 
moments dependent on the model at high energy colliders.

The current constraints basically do not dependent on the ratio a, 
since the typical scattering energies are far less than the electroweak 
scale.



Thank you!


