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Introduction
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Only three renormalizable portals in the 
Standard Model Ballet, Hostert, Pascoli, 1903.07589

Portal to New Physics
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Nonstandard Interactions (NSI)

Wolfenstein, Phys. Rev., D17, 2369 (1978) 

Neutrino mass

P. Minkowski 1977, T. Yanagida
1979, Weinberg  1979, S.L. Glashow 
1980

𝜈𝐿

𝑁𝑅

Seesaw mechanism

Nonstandard Interactions 
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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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Altarelli-Parisi radiator function 

+

Nicrosini, Trentadue, PLB 231, 487 (1989) 

NSI@electron collider
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𝑒+𝑒− → 𝛾∗ → 𝑁(→ 𝛾𝜐) ҧ𝜐

Neutrino dipole portal @electron collider
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Mono-𝛾 signature at electron colliders
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e+ e- colliders 

𝑠 ≪ 𝑀𝑍

𝑠 ≥ 𝑀𝑍
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Mono-γ @ e+ e- colliders 

11

Undetected 

Monophoton

𝑒+𝑒− → 𝜈𝜈𝛾Irreducible Backgrounds

Reducible Backgrounds
𝑒+𝑒− → 𝑒+𝑒−𝛾

𝑒+𝑒− → 𝛾𝛾(𝛾)
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𝑒+𝑒− → 𝑒+𝑒−𝛾

主漂移室（MDC）： |cos𝜃| < 0.93

飞行时间计数器（TOF）： 0.85 < |cos𝜃| < 0.95

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

|cos𝜃| < 0.83

Reducible Backgrounds
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collinear singularity in the t-channel 

𝑒+𝑒− → 𝑒+𝑒−𝛾

13

× 108
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𝛾 𝑧

𝐸1𝐸2
𝜃1𝜋 − 𝜃2

𝑒+𝑒− → 𝑒+𝑒−𝛾, |cos𝜃𝑒±| > 0.95

Reducible Backgrounds

YZ, et. al., arXiv: 1907.07046
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2 → 2 + 𝛾 @ 𝐶𝐸𝑃𝐶
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𝑒+𝑒− → 𝑒+𝑒−𝛾

𝑒+𝑒− → 𝛾𝛾(𝛾)

不对称的正负电子对撞机实验
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𝑒+𝑒− → 𝑒+𝑒−𝛾

𝑒+𝑒− → 𝛾𝛾(𝛾)

不对称的正负电子对撞机实验

Beam BG

Gap BG
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From Christopher Hearty
Belle II, 1808.10567
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Belle II, 1808.10567

Cuts at Belle-II

J. Liang, Z. Liu, Y. Ma and YZ, Phys.Rev.D 102 (2020), 015002. 
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NSI at electron colliders
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Iso-𝜎 contours form concentric circles with 
center at 

the SM point Only bBG

high mass cut

low mass cut

NSI@Belle II&STCF
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Allowed regions lie between two concentric circles with the center:

is a function of 𝑠

𝑠=160 GeV

𝑠=240 GeV

𝑠=91.2 GeV

NSI@CEPC
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𝑠=160 GeV

𝑠=240 GeV

𝑠=91.2 GeV

𝑠=125 GeV

Include 125 GeV

Constraints of NSI 
parameters by 
varying only one 
parameter at a time.
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Neutrino dipole portal at electron colliders
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SSB 

Neutrino dipole portal
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HNL Decays
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• 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

OPAL collaboration, Z. Phys. C 65 (1995) 47

DELPHI collaboration, Eur. Phys. J. C 38 (2005) 395

L3 collaboration, Phys. Lett. B 412 (1997) 201

Phys.Rept. 427 (2006) 257

Searches at LEP

LEP2
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Comments

Comparison between our results (solid lines) and that of  [arXiv:1803.03262] for the 95% CL upper bounds at LEP.

• Wrong numerical results.

• Unreasonable experiment limits of LEP used. 
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Four typical scenarios

a𝑎 → ∞
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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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Summary
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• Both Belle II and STCF can provide competitive and complementary bounds 
on 𝜀𝑒𝑒

𝑒𝐿,𝑅 as compared to current global analysis, and strong improvements in 
the constraints on 𝜀𝜏𝜏

𝑒𝐿,𝑅 . 

• Electron colliers running with three CM energies 𝑠 = 240, 160, 91.2 GeV will 
break the degeneracy between the left- and right-handed NSI, and can 
reach a sub-percent level sensitivity for all electron NSI.

Summary

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

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



Thank you!
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