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Ø CEvNS as a probe of neutrino sources

Ø ImplicaBons from recent CEvNS data

Ø Coherent scattering in new processes



Coherent Elastic 𝜈-Nucleus Scattering
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Route to the discovery of CEvNS
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Global efforts
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Adapted from M. VIVIER@Magnificent CEvNS 2020
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Current measurements
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) < 𝑚J/2
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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)
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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)



Physics potential of CEvNS
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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, light mediators, 
generalized interactions, light dark 
matter, sterile neutrinos;

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

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

O’Hare, PRL [2109.03116]

1910.11878
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Cadeddu, Giunti, Li, Zhang PRL[1710.02730]JL, Marfatia, PLB [1708.04255]
Coloma, et.al.,  PRD [1708.02899 ]

Nonstandard interactions Light mediators Neutron radius 

Photon Portal DM

Ge, Shoemaker, PRD [1710.10889 ]

Nuclear form factor

Ciuffoli, Evslin, Fu, Tang , PRD 
[1801.02166 ]

Aristizabal Sierra et.al., JHEP 
[1806.07424]

Generalized Interactions



Recent studies in CEvNS theory
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Ø CEvNS as a probe of neutrino sources

Ø Implications from recent CEvNS data

Ø Coherent scattering in new processes
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SM tests: Weak mixing angle

De Romeri, Papoulias, Sanchez Garcia, PRD [2501.17843]

See also, Atzori Corona et.al., PRD [2501.18550] 

Ø CEvNS provides low-Q2 test of sin,𝜃O; complementary to 
atomic parity violation and electron scattering. 
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SM tests: N2 dependence

JL, Marfatia, Zhang, PRD [2408.06255]

See also, Kerman et.al., PRD [1603. 08786] 

Ø Introduced parameter 𝑥: 𝑥 = 2 → full coherence; 𝑥 = 1 → total decoherence.
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BSM constraints: 𝜈 magneBc moment

Ø µRSTT is an effective neutrino magnetic moment depending on the 
neutrino beam (SNS, reactor, solar, etc.)

De Romeri, Papoulias, Sanchez Garcia, PRD [2501.17843]

See also, Atzori Corona et.al., PRD [2501.18550] 

Ø Sensitivity to µRSTT is enhanced at low-energy recoil spectrum.
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BSM constraints: Nonstandard interacBons

JL, Marfatia, Zhang, PRD [2408.06255] Li, Song, Tang, Yu, PRD [2409.04703]

See also De Romeri, Papoulias, Sanchez Garcia, PRD [2501.17843]

Ø different materials have different slopes, 
combination will break degeneracies

Ø DM DD experiments provide an 
new probe to 𝜏-flavor NSI
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BSM constraints: Generalized interactions

Aristizabal Sierra et.al., JHEP [1806.07424]; 
Han, JL, Liu, Marfatia, JHEP [2004.13869]; 
Li, Ma, Schmidt, JHEP [2005.01543]; 
Flores,et.al.,PRD [2112.05103]; 
Majumda et. al., PRD [2112.03309];        
De Romeri, et.al. JHEP [2211.11905], ...

Lindner, Rodejohann, Xu, JHEP [1612.04150]

Ø Earlier studies use the same spin-independent (SI) weak form factor for all GNI.
Ø Axial-vector and tensor operators induce spin-dependent (SD) contributions.
Ø The standard weak SI form factor → nuclear response functions

Altmannshofer, et.al., JHEP [1812.02778];
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];

V𝑆X, V𝑆Y are spin structure functions 
to account for the longitudinal and 
transverse multipoles calculated by 
the nuclear shell model.
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Tensor interactions: Coherence strikes back

Ø Previous studies only consider nuclear response funcBons for P-even spin operator 𝜎⃗[, 
and the momentum suppressed P-odd operators are ignored due to |]|

^_
~𝑂(0.01).

Ø Momentum suppressed P-odd terms can be coherently enhanced, i.e.,  

JL, Tang, Zhang, PRD [2502.10702]

NR expansion
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Ø ImplicaBons from recent CEvNS data

Ø Coherent scattering in new processes



CEvNS as a probe of muon decay
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Bresi-Pla, et.al., PRL [2502.18175]

Ø 𝑃7a and 𝜔7a are the analogue of the Michel 
parameters for the electron energy distribution.



Suffers from unknown branching raBos 
due to the Pandemonium effect. 

IBD threshold

CEvNS as a probe of reactor flux
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JL, Liu, Marfatia, PRD [2302.10460]

Ø NUCLEUS and similar cryogenic detectors 
can reach extremely low threshold. 

Ø CEvNS provides model-independent flux 
measurement below the IBD threshold.
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Ø Coherent scattering in new processes
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Coherent scattering of CvB with NS

Ø Due to the huge number density of neutrons in 
neutron star (NS), the cross section can be 
coherently enhanced by a factor of

Ø The anomalous cooling can be observable if there exists a local CvB overdensity
η ≳ 10e, which is sBll allowed by laboratory constraints (10ff) at KATRIN.

Das, Dev, Okawa, Soni, PRD[2408.01484]

See also Chauhan, PRD[2408.01489]
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Coherent scattering of CvB with CR
Ø Pierre Auger data suggests heavy nuclei dominate (>90%) at cosmic ray 

(CR) energy ≳ 10 EeV.

Ø For iron CRs (~10 EeV) scaxering on CvB (~ 0.1 eV), the relic neutrino energy 
is ~20 MeV in the nucleus rest frame, exactly within the CEvNS regime. 

Zhang, Sandrock, JL, Yue, [2505.04791]

Pierre Auger, JCAP [2211.02857 ]

η = 10g



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

Ø CEvNS at SNS has entered the precision era. 

Ø New measurement from the DM and reactor experiments offer 
complementary approaches.

Ø CEvNS can be useful to probe neutrino sources, and coherent concepts 
can be extended into new environments.

Ø Both experimental and theoreBcal studies are undergoing rapid 
development, and new ideas are conBnually emerging in this field.

Stay tuned!
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Thanks for your attention!


