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Coherent Elastic 𝜈-Nucleus Scattering
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En route to CE𝜈NS
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Global experimental efforts
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Adapted from M. VIVIER@Magnificent CEvNS 2020
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Physics potential
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Ø SM tests: weak mixing angle, 
electroweak charges;

Ø Neutrino properties: neutrino 
magnetic moment, neutrino charge 
radius, radiative corrections;

Ø New physics: nonstandard 
interactions, generalized interactions, 
light mediators, light dark matter, 
sterile neutrinos;

Ø Nuclear physics: neutron radius, 
quenching factor, reactor neutrino flux;

Ø Astrophysics: supernova, DSNB, 
solar, atmospheric neutrinos, …

O’Hare, PRL [2109.03116]

E. Lisi, Neutrino 2018
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Generalized neutrino interactions

Ø Many previous studies use the same spin-independent (SI)  form factor for all GNI.

Aristizabal Sierra et.al., JHEP [1806.07424] 

Han, et. al., JHEP [2004.13869]; 
Flores,et.al.,PRD [2112.05103]; 
Majumda et. al., PRD [2112.03309];                
De Romeri, et.al. JHEP [2211.11905], ...

Ø The LO operator is 𝜎⃗K in the momentum expansion, since 𝑞/𝑚K~𝑂(0.01).
Ø There is no coherent enhancement due to opposite spin directions cancel each other.

Hoferichter, et.al., JHEP [2007.08529]; 
Candela, et.al, JHEP [2404.12476];
De Romeri, et.al., JCAP [2411.11749];
Chattaraj, et.al., JHEP [2501.12443];...

Ø Tensor interactions induce spin-dependent (SD) nuclear structure effects.
Ø EFT framework →  a set of nuclear response functions
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NLO: Coherence strikes back

Ø Previous EFT results only consider nuclear response functions for P-even operator 𝜎⃗K, 
and the momentum suppressed P-odd operators are ignored due to |O|

PQ
~𝑂(0.01).

Ø However, momentum suppressed P-odd terms can be coherently enhanced.

NR expansion tensor charge tensor anomalous magnetic moment

JL, Tang, Zhang, PRD [2502.10702]
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JL, Tang, Zhang, PRD [2502.10702]

For

Ø In the long-wavelength limit:
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Unified neutrino spectrum



Cosmic Ray boosted C𝜈B
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Composition of UHECR

Ø Hillas models: Pop. 1, Pop. 2, and Pop. 3 define H3a; Pop. 3∗ replaces Pop. 3 in H4a. 

Ø Propagation of UHECR spectra can be simulated by the PriNCe code. 
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Coherent Enhancement

Zhang, Sandrock, JL, Yue, PRD [2505.04791]
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Cross sections

Zhang, JL [2606.18088]
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Diffuse flux of Boosted C𝜈B

PriNCe, SFR

H3a, SFR H4a, SFR

Zhang, JL [2606.18088]
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Comparison with experimental data

Ø The peak of the boosted CνB flux coincides with KM3-230213A event. 

Ø The boosted CνB flux decreases as 𝑚STUVWXYW becomes smaller.

Zhang, Sandrock, JL, Yue, PRD [2505.04791]

PriNCe, SFR

Ø Boosted flux has different energy spectrum than cosmogenic neutrinos.



Constraints on C𝜈B overdensity
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PriNCe, SFR

Zhang, Sandrock, JL, Yue, PRD [2505.04791]



Summary
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Ø Observation of CEvNS opens a new window to test the SM and explore 
new physics. 

Ø Tensor interactions is not entirely spin-suppressed, and NLO terms can be 
coherently enhanced by a few orders of magnitude.

Ø The cross section of UHECR boosted CνB can be coherently enhanced; 
similar to terrestrial CEνNS experiments. 

Ø Both experimental and theoretical studies are still undergoing rapid 
development in CEvNS, and new ideas are continually emerging.

Thank you!
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Backup slides



Current data
v 𝜋DAR source @ SNS 

CEvNS

v Reactor neutrino source

COHERENT first observed in 2017 at 6.7σ, 
improved in 2022 at 11.6σ with a CsI detector

COHERENT, Science 357,1123 (2017)

Later confirmed in 2021 with LAr detector 
and in 2025 with Ge detector

COHERENT, PRL 126, 012002 (2021) 
< 𝑚[/2

0 2 4 6 8
1010

1011

1012

1013

1014

Energy (MeV)

dΦ
/d
E
(N

ν_ /M
eV

/c
m
2
/s
)

CONUS+ first observed at 3.7σ in a Ge detector

Dresden-II see a strong preference in a Ge detector
Colaresi at al. , PRL 129, 211802 (2022)

Jiajun Liao 22

COHERENT, PRL 134, 231801 (2025) 

CONUS+, Nature 643, 8074 (2025)

v Solar 8B neutrino source

XENONnT detected at  2.73σ in a LXe detector

PandaX-4T detected at 2.64σ in a LXe detector
PandaX, PRL 133, 191001 (2024)

XENON, PRL 133, 191002 (2024)

COHERENT, PRL 129 081801 (2022)
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Hillas model

Ø Pop. 1, Pop. 2, and Pop. 3 define H3a, while Pop. 3∗ replaces Pop. 3 in H4a. 


