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New physics

The Standard Model is successful but incomplete:

• neutrino masses

• baryon asymmetry

• dark matter

• strong CP problem

• flavor structure

• ....

quark

?
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lepton = ℓ, �

Indirect probes of new physics via 
precise measurements of lepton 
interactions
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Neutrino physics

•  Origin of Neutrino Masses

Open questions:

credit: Shun Zhou

✔
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Charged lepton physics

Open questions:

• muon anomalous magnetic moment (g-2) 

• electron electric dipole moment (EDM)

• charged lepton flavor violation (CLFV) 

• ...
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✔

Bernstein, Cooper, Phys.Rept. 
532 (2013) 27-64 
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Outline

• Neutrino non-standard interactions (NSI): charged currents and 
neutral currents

• Constraints on neutrino neutral-current NSIs using the first 
measurements of solar 8B neutrinos

• UV completion of neutrino charged-current NSI and CLFV 
interaction with dark matter
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Neutrino Interactions

Neutrino Non-Standard Interactions:

李刚（中山大学）

or other contributions 
from BSM particles 

(W’, Z’, new scalar, 
leptoquark )

semileptonic four-fermion 
operators
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Neutrino Interactions

In neutrino oscillation experiments:

• Neutrino charged-current NSIs affect the source (production) 
and detection (scattering) of neutrinos

• Neutrino neutral-current NSIs affect the propagation of neutrinos

李刚（中山大学）

propagation
source detection
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Neutrino Interactions

Future neutrino oscillation experiments:

李刚（中山大学）

chirality-flip operator Y. Du, H.-L. Li, J. Tang, S. Vihonen, J.-
H. Yu 2106.15800 (PRD)
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Neutrino Interactions

In neutrino scattering experiments:

李刚（中山大学）

propagation
source detection

• Neutrino neutral-current NSIs can affect both the propagation 
and detection (scattering) of neutrinos
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Neutrino NC Interactions

Science 357 (2017) 6356, 1123

Coherent Neutrino-nucleus scattering (CEvNS):
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D. Z. Freedman, Phys. Rev. D 9, 1389 (1974)
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Neutrino source: spallation 
neutron source



Neutrino NC Interactions

From neutrino to DM: neutrino floor/frog

C. A. J. O’Hare, 2109.03116 (PRL)
J. Tang, B.-L. Zhang, 2304.13665 (PRD)
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Neutrino source: sun



Neutrino NC Interactions

First measurements of solar 8B neutrinos via CEvNS:

XENONnT, 2408.02877 (PRL) 
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PandaX, 2407.10892 (PRL)

Number of signal events

= solar 8B neutrino flux ⨂ CEvNS cross section
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Neutrino NC Interactions

First measurements of solar 8B neutrinos via CEvNS:
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Differential event rate:

• The neutrino NC NSIs have impact on the solar matter effects 
(propagation) and CEvNS cross section (scattering)

• We find that the NSI impact on the neutrino propagation is milder 
than that on the scattering

Number of signal events:
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Neutrino NC Interactions

Neutral-current interactions:

李刚（中山大学）

GL, C.-Q. Song, F.-J. Tang, J.-H. Yu, 2409.04703
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Outline

• Neutrino non-standard interactions (NSI): charged currents and 
neutral currents

• Constraints on neutrino neutral-current NSIs using the first 
measurements of solar 8B neutrinos

• UV completion of neutrino charged-current NSI and CLFV 
interaction with dark matter
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✔

The unbroken SU(2)L symmetry relates neutrino physics to 
charged lepton physics

Semileptonic four-fermion operator:
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CLFV Interactions

� → � conversion: 

✔

New experiments to start: COMET, Mu2e
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CLFV Interactions

� → � conversion to probe semileptonic four-fermion operators 

✔

Chirality-flip four-fermion 
operator:

Fernández-Martínez, et al., 2403.09772 (EPJC)
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CLFV Interactions

• Considering the stringent CLFV constraints, is there a plausible 
scenario where new physics is anticipated?

The dark symmetry guarantees that CLFV is naturally suppressed, 
which is forbidden at tree-level

Cepedello, Esser, Hirsch, Sanz, 2302.03485 (JHEP)

• Dark loop paradigm: 

dark particles 
in the boxes
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Fermion portal dark matter

One-loop realization of the semileptonic four-fermion operator:

Majorana DM: 
mediators:
lepton:

Cepedello, Esser, Hirsch, Sanz, 2302.03485 (JHEP)
An, Wang and Zhang, 1308.0592 (PRD)
Bai, Berger, 1308.0612 (JHEP); 1402.6696 (JHEP)
DiFranzo, Nagao, Rajaraman, Tait, 1308.2679 (JHEP)
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Fermion portal dark matter

Indirect probes of dark matter with the NSIs of leptons:

Red: Neutrino CC NSI Red: CLFV interaction

Y. He, GL, J.Liu, X.-P. Wang, X. Zhao, 2407.06523
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Exclude the compressed region that is beyond the reach of the LHC



Summary

• Non-standard interactions (NSIs) of leptons are sensitive to 
new physics 

• We investigate constraint on the neutrino NC NSI using the 
first measurements of solar 8B neutrinos via CEvNS by PandaX 
and XENONnT

• We show that both the neutrino CC NSI and charged-lepton-
flavor-violation interaction can effectively probe dark matter
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Neutrino CC Interactions

Future neutrino oscillation experiments:

李刚（中山大学）

Y. Du, H.-L. Li, J. Tang, S. Vihonen, J.-
H. Yu 2106.15800 (PRD)
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Neutrino NC Interactions

From neutrino to DM: detection 
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credit: Jiajun Liao



Neutrino NC Interactions

Neutral-current interactions:

GL, C.-Q. Song, F.-J. Tang, J.-H. Yu, 2409.04703

李刚（中山大学）

quadratic polynomial of the 
NSI parameter
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