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Deep seek for new physics

What Deepseek says:



Neutrino Non-standard Interactions

Origin of neutrino-quark NSIs:

other contributions from 
BSM particles (W’, Z’, 
new scalar, leptoquark )

four-fermion interactions

+

Note: neutrino-electron interactions in elastic scattering 
process (water Cherenkov solar neutrino detectors)



Neutrino Non-standard Interactions

Parameterization of neutrino NSIs:

• neutral current:

• charged current:

matched to dimension-6 operators in LEFT or SMEFT                



Neutrino Non-standard Interactions

Measurements of neutrino NSIs in oscillation experiments:

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

• Neutrino neutral-current NSIs affect the propagation of neutrinos

propagation
source detection



Neutrino Non-standard Interactions

Global fits in the SMEFT using long-baseline expts:

Yong Du, Hao-Lin Li, Jian Tang, Sampsa Vihonen, 
Jiang-Hao Yu 2106.15800 (PRD)



Neutrino Non-standard Interactions

Measurements of neutrino NSIs in scattering experiments:

propagation
source detection

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

Neutrino source: Spallation Neutron Source



Neutrino Non-standard Interactions

Coherent elastic neutrino-nucleus scattering (CEvNS):

D. Z. Freedman, Phys.Rev.D 9 (1974) 1389

Drukier, Stodolsky, Phys.Rev.D 30 (1984) 2295



Neutrino Non-standard Interactions

Coherent elastic neutrino-nucleus scattering (CEvNS):

Science 357 (2017) 6356, 1123



理论协同



Neutrino Non-standard Interactions

Global fits in the SMEFT using long-baseline expts:

Yong Du, Hao-Lin Li, Jian Tang, Sampsa Vihonen, 
Jiang-Hao Yu 2106.15800 (PRD)

The most tightly constrained
lepton-flavor-conserving operator



Neutrino Non-standard Interactions

Neutrino charged-current NSI arising from chirality-flip operator:

The �� term modifies the neutrino source:



Theoretical Synergy

Dark-loop paradigm:

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

Majorana DM: 
mediators:
lepton:

 one-loop realization of four-fermion operators with dark particles

�2-odd



Fermion portal dark matter

Constraints from LHC and direct detection



Fermion portal dark matter

Constraints from LHC and relic density



Fermion portal dark matter

Constraint from neutrino NSI

Note: sensitivity of direct detection via DM-
nucleus scattering, which is suppressed by 
the relic density for ��� = 2, is rather weak



实验协同



Neutrino Non-standard Interactions

Measurements of neutrino NSIs in scattering experiments:

propagation
source detection

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

Neutrino source: sun



Experimental Synergy

From neutrino neutral current to DM detection 

credit: Jiajun Liao



Solar 8B neutrinos

Neutrino floor/frog:

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

Neutrino source: sun



Solar 8B neutrinos

First measurements of solar 8B neutrinos via CEvNS:

XENONnT, 2408.02877 (PRL) 

PandaX-4T, 2407.10892 (PRL)

Number of signal events

= solar 8B neutrino flux ⨂ CEvNS cross section

经过多年无果的探索，暗物质搜寻实验可能终于捕捉到了一个真实信号……2024年，PandaX和XENON
实验组独立报告称，他们的探测器很可能已初步观测到这一“中微子迷雾”。尽管长期来看，中微
子迷雾可能对暗物质探测构成干扰，但学界普遍认为，其影响至少要到十年后下一代实验启动时才
会显现。更重要的是，暗物质实验装置或可转型为多功能探测器，用于探索中微子物理的诸多奥秘。
来源：https://physics.aps.org/articles/v17/181



Neutrino neutral-current NSIs 

First measurements of solar 8B neutrinos via CEvNS:

Differential event rate:

The neutrino neutral-current NSIs have impact on the solar matter 
effects (propagation) and CEvNS cross section (scattering)

Number of signal events:



Neutrino neutral-current NSIs 

quadratic polynomial of the 
NSI parameter

The impact on neutrino propagation is milder than that on scattering

GL, Chuan-Qiang Song, Feng-Jie Tang, Jiang-Hao Yu, 
2409.04703 (PRD)



Neutrino neutral-current NSIs 

Neutral-current interactions:

GL, Chuan-Qiang Song, Feng-Jie Tang, Jiang-Hao Yu, 
2409.04703 (PRD)



Summary

• We investigate the synergies between searches for neutrino NSIs and 
dark matter from both theoretical and experimental perspectives.

• From theoretical aspect, the neutrino charged-current NSI constraint 
can effectively probe fermion portal dark matter model beyond 
collider searches as well as direct/indirect detection.

• From experimental aspect, constraint on the neutrino neutral-current 
NSI using the first measurements of the solar 8B neutrinos via CEvNS 
by PandaX-4T and XENONnT is derived.


