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Neutrino Scattering: Theory, Experiment, Phenomenology (vSTEP 2025)
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Coherent elastic neutrino nucleusscattering (CEνNS)

D. Freedman, PRD 9 1389 (1974)
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Coherent elastic neutrino nucleusscattering (CEνNS)

D. Freedman, PRD 9 1389 (1974) D. Akimov et al, Science 357 (2017)
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Coherent elastic neutrino nucleusscattering (CEνNS)

Neutrino wavelength larger 
than size of nucleus: qR<1 
‣ q: momentum transfer
‣ R: nucleus size

Z-exchange of a neutrino with 
nucleus:
‣ nucleus recoils as whole
‣ coherent up to Ev ~50MeV

Janina Hakenmüller @HFIR workshop, 4/23/2024, ORNL

Standard Model prediction for 
CEvNS differential cross section

!

What is CEvNS？
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Coherent elastic neutrino nucleusscattering (CEνNS)
Particle Physics:

Weak mixing angle at low momentum transfer
Non-standard effective neutrino interactions
Anomalous neutrino magnetic moments
Sterile neutrinos, etc.

Astrophysics:
Novel methods for detecting solar neutrinos and 
supernova neutrinos
Important background for dark matter detection

Nuclear Physics:
Nuclear form factors

Reactor Physics:
Miniaturization of neutrino detectors
reactor monitoring
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3.7σ

Nature volume 643,  pages 1229–1233 (2025)

REACTOR
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Sanmen Nuclear Power Plant, Zhejiang Province  
Thermal Power ~3.4GW, baseline ~25m 
Neutrino flux >1e13 𝛎/cm2/s 

The reactor site of RELICS Experiment

AP1000

RECODE
(LiTao’s Talk)
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RELICS Collaboration
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Liquid Xenon Time Projection Chamber (LXeTPC)

Same as the PandaX, XENON, LZ Dark Matter Experiments..

RELICS detection technology

Low-threshold  
Low-background 
Large-mass

Credit to XENON
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Liquid Xenon Time Projection Chamber (LXeTPC)

Same as the PandaX, XENON, LZ Dark Matter Experiments..

RELICS detection technology

Low-threshold  
Low-background 
Large-mass

～1 keVNR

Credit to XENON

魏⽉环 / 中⼭⼤学 vSTEP 2025 @ 北京



12

Neutrino CEvNS Neutral current for Dark Matter detection 
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2.64σ 

2.73σ 

First detection of CEvNS of astrophysical neutrinos! 
First astrophysical signal measured by a dark matter experiment!
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RELICS detector
 7x7x7m3 water shield to suppress cosmic-ray neutrons induced background  
 4π plastic scintillator muon veto detector with veto efficiency of 99%

RELICS-50

 TPC: 24 cm H  28cm D 

 64 1-inch PMTs on top 

and bottom, respectively  

×
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Challenges & Suppression
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RELICS Background
Challenges
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RELICS Background
Challenges & Suppression
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RELICS background summary and sensitivity
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Search for New Physics in Electronic Recoil from  RELICS

Neutrino Magnetic Moment 

Reactor Axion 

Dark Photon 

Millicharged particles 

…
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Reactor axion: production and detection

Primako! photon-ALP conversion

Compton-like scattering

Nuclear de-excitation

Inverse Primako!
Inverse Compton-like

Nuclear excitation

Axio-electric process

e-pair production

Axion decay 
(photon, electrons-positron pairs)

Axion can interact with SM particles with weakly  , ,   couplings…gaγγ gaee gann

gaγγ

gaγγ

gaee

gaee
gaee

gaee

gann

Search for New Physics in Electronic Recoil from  RELICS
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RELICS sensitivity on axion-photon coupling

20 kg year exposure⋅
Exploring / Closing 

the Cosmological Triangle

which was previously 
accessible only through 
model-dependent 
cosmological arguments!

Search for New Physics in Electronic Recoil from  RELICS
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R&D of the RELICS detector development

RELICS-50
TPC
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Summary & Outlook
RELICS is a reactor neutrino experiment with rich physics, including both CEvNS and a few ER channels. 

RELICS holds significant practical value for nuclear reactor monitoring applications.
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