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CE𝝊NS Interaction Process
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Coherent Elastic Neutrino-

Nucleus Scattering, CE𝝊NS

• Proportional to  𝑁𝑛𝑒𝑢𝑡𝑟𝑜𝑛
2

• Neutrino 𝐸𝜈~ 50𝑀𝑒𝑉

• Recoil energy < 5𝑘𝑒𝑉



CE𝒗NS: Worldwide Campaign
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Theoretical Proposal 
D. Freedman, PRD 9 1389 (1974)

Ge-2025

N.Ackermann et al, Nature 643 (2025) 1229-1233

Experimental Evidence
CsI-2017

D. Akimov et al, Science 357 (2017)

CR: Edgar@3rd IAEA TM on NDA

• An intense neutrino source

• Low energy thresholds 

• Very low background rate

Experimental 

Conditions

Preparation

Operational

Terminated



RELICS Experiment Location
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• Sanmen Nuclear Power Plant, Taizhou, China

• Reactor Power ~3.4GW , Distance to Core ~25m

• Neutrino flux ~𝟏𝟎𝟏𝟑𝝂/𝒄𝒎𝟐/𝒔



RELICS Collaboration
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Collaboration meeting 2024 @ GuangZhou

REactor neutrino LIquid xenon Coherent Scattering experiment (RELICS)



The Two-Phase Liquid Xenon TPC
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• Energy, 3D position reconstruction

• Particle interaction identification

• Low isotope background 

• Low ionization energy threshold

• Used in dark matter searches

CE𝝊NS



RELICS Detector
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• Fiducial Mass 32 kg, 62kg LXe in total

• ROI Recoil energy: 0.3~1 𝑘𝑒𝑉

• S2 only-analysis( low energy threshold)

24cm 

height

28cm 

diameter

64 Hamamatsu

R8520-406

64 Hamamatsu

R8520-406

• Extraction 

field 10kV/cm

• drift field 

500V/cm



RELICS Background Source
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Cosmic 𝜇 𝜪(𝟏𝟎𝑯𝒛)

Cosmic neutron

Reactor(𝛾, 𝑛)

• Water shielding 

• Muon veto, 99% efficiencyMaterial (𝛾, 𝑛)



RELICS Background Budget
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• NR background [0.63,1.36]k𝑒𝑉nr ∶

𝟔. 𝟎 ± 𝟎. 𝟔 × 𝟏𝟎−𝟐 𝑘𝑔−1 ∙ 𝑑𝑎𝑦−1

• Cosmic neutron dominant

• ER background 0, 20 k𝑒𝑉𝑒r ∶

310 ± 𝟏𝟎 × 𝟏𝟎−𝟑𝑘𝑔−1 ∙ 𝑑𝑎𝑦−1 ∙ 𝑘𝑒𝑉−1

• Detector material dominant

Phys. Rev. D 110 (2024) 7, 072011 Phys. Rev. D 110 (2024) 7, 072011



ER Background Suppression Strategy
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• Most of the ER background is at the top due to absence of LXe shielding

• Utilizing S2 width cut of 0.22us, rejection 94% , 86% CE𝝊NS survived

Phys. Rev. D 110 (2024) 7, 072011 Phys. Rev. D 110 (2024) 7, 072011



Delay Electron(DE) Background
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Phys. Rev. D 106, 022001(2020)

• Exponential power law decay in time

• Up to the second ~𝒔 level

• Recoil positions related

Phys. Rev. D 110 (2024) 7, 072011

32𝒌𝒈. 𝒚𝒆𝒂𝒓 exposure

Challenge !



DE Suppression Strategy
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CE𝝊NS : Clustered

DE: More dispersed

Waveform selection 

reduced by 1 order

Phys. Rev. D 110 (2024) 7, 072011

Point-like

Track related

Muon scattering in TPC



DE Suppression Strategy
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Related to last muon? No Yes
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CE𝝊NS : Clustered

DE: More dispersed

Waveform selection 

reduced by 1 order

Spacetime correlation selection reduced by 4 orders

Phys. Rev. D 110 (2024) 7, 072011Phys. Rev. D 110 (2024) 7, 072011



Dynamic Readout Technique
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• Energy deposition at  ~MeV saturates the PMT

• The 7th dynode readout, anode/dynode ratio ~110

• Muon S1: average ~500 PE/ns

• Muon S2: average ~10 PE/ns

anodedynode

parallel capacitors

damping resistors



Dynamic Readout Range
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• Expanded readout range to ~1000 PE/ns

• Anode saturated at ~40 PE/ns

• Multi-physical detection capacity

• Both low and high-energy detection



Westlake test System
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Electronics and DAQ Gas system and 

Slow control

Cryostat

Cryogenics 

system

Purifier

Gas system



Dynamic Technique Verification on Local
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Plans • Verification of dynamic readout, plastic veto system

• Track reconstruction algorithm



Total Background
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• CEvNS ROI: [120, 300] PE

Event Type
Events

(𝟑𝟐𝒌𝒈 ∙ 𝒚𝒆𝒂𝒓 exposure)

CEvNS 4639.7

Total background 1687.8

Pileup DE 1325.1

Cosmic Ray Neutron 339.9

ER 21.1

𝜇-induced neutrons 1.7

Total signal and background budget



Sensitivity Estimation
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Weak Mixing Angle ：

• Can measure the weak mixing angle at low 

momentum transfers down to the MeV scale.

Non - Standard Neutrino Interactions ：

• More competitive constraints than the 

COHERENT experiment.



Time Schedule of RELICS
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PROTOTYPE

Cryogenic System 

Circulation&Purificati

on System 

TPC DAQ

CR: Yifei@COUSP24

• 2023
 Detector MC simulation

 Sensitivity calculation

 Prototype development

• 2024
 Prototype testing

 Detector system design optimization

• 2025
 Shielding and detector fabrication

 Detection system on-site

• 2026
 On-site detection system commissioning

 First-batch physical data acquisition.

• 2027
 Physical analysis

 Release of first-batch results



Summary
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• RELICS is a low-threshold, low background, LXe TPC detector planned 

for reactor neutrinos.

• The main background sources in RELICS are delayed electrons, cosmic-

ray neutrons, and detector material.

• RELICS will find ~4600 CE𝝊NS events in one year of exposure

• RELICS has multi-physics potential: probing weak mixing angle, NSI, 

reactor axions
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THANKS!

Jijun Yang

yangjijun@westlake.edu.cn

Westlake University 



Backup
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The Significance of CE𝝊NS Research

• Particle physics：
• Weak mixing angle in low-

momentum transfer

• Non-standard neutrino interactions

• Anomalous magnetic moments

• Sterile neutrinos

• Astrophysics：
• Background for dark matter 

detection

• core-collapse supernova 

explosions

• Nuclear Physics：
• Form factor and atomic structure

2025/8/22 24

E. Lisi @Neutrino 2018



Detector Response
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• Low light production with low 

energy recoil

Light production

4𝑒− analysis threshold

Low NR recoil energy 

border ~0.3 keV

• 4 electron detection threshold

• 𝑔1~0.115 𝑃𝐸/𝑝ℎ𝑜𝑡𝑜𝑛

• 𝑔2~30 𝑃𝐸/𝑒；



Spacetime Correlation Score
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• Based on the spacetime 

correlation, distinguish CE𝝊NS 

from the DE background

• Reduced by 4 orders of DE 

background, with a 33% loss of 

CE𝝊NS.



Verification of Dynode Readout
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• Muon waveform observed on the prototype 

detector on the dynode readout • Anode/dynode ratio fixed 

Dynode waveform of cosmic muon

(scaled by anode/dynode gain ratio) 



Axion-Like Particle Search
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Dent et al., PRL 124, 211804 (2020)

• Produced in the reactor cores due to 

copious photons from the fission 

processes.

• Reactors produce MeV photons 

(gamma), which allow for probing 

ALPs with MeV mass!
Flux @Sanmen Site

22m 3.4GW



Axion-Like Particle Search
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• Dynamic readout technique is potential on searching Seb-

MeV to MeV energy deposition from ALP particle



Dynamic readout Design
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• Dynode and anode readout, six parallel capacitors,

• Output high impedance, damping resistors 

• High photoelectron collection efficiency

• High secondary electron emission probability

JINST 15 (2020) 12, T1200

Hamamatsu handbook



Batch Test Setup
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• Light source: LED with PFTE sphere

• Test PMT: dual readout,  monitor PMT: light filter 

• Two BNC attenuators to avoid ADC saturation

• Example waveforms



Saturation Recovery Test
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Γ =
S𝑜𝑏𝑠
𝑆𝑡𝑟𝑢𝑒

Large incident light

Test light pulse



Saturation 2D Dependence
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• Linearly related to incident light intensity 

• Saturation recovery time ~1ms

• Exponentially related to the delay time
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