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Coherent Elastic Neutrino-Nucleus Scattering (CEvNS)
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⚫ Z-exchange between neutrino and 

entire nucleus, qR < 1

⚫ O(keV) energy transfer

⚫ Prediction 1974, discovery 2017
[COHERENT, Science 357 (2017) ]

~100 σIBD

APS highlight
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Experiment
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Neutrino flux ~ 𝟏𝟎𝟏𝟑 𝐜𝐦−𝟐𝐬−𝟏 

Shengchao Li (Westlake) 3

AP1000 thermal power ~ 3GWTaizhou, Zhejiang, China
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Relics detector design
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• 7m passive water shield

• 32kg fiducial volume TPC

• Two 64 one-inch PMT array

• High E-field for high efficiency

• Low-background materials

• Plastic scintillator muon veto

Hamamatsu

R8520-406
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From underground to near-reactor
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Cosmic Ray

8 orders

low-background high-background

Reactor Generated

Neutron

Gamma

[Bonet+, 2112.09585]

Material/Internal
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Electronic Recoil (ER) backgrounds
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• 85Kr, 222Rn can be further 

reduced with distillation

• Material radioactivity* 

from 238U, 232Th chain, 

80% rejection with xenon 

“self-shielding”

• Neutron capture and muon 

induced backgrounds
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𝟑. 𝟏𝟎 ± 𝟎. 𝟏𝟎 × 𝟏𝟎−𝟏𝒌𝒈−𝟏 ∙ 𝒅𝒂𝒚−𝟏 ∙ 𝒌𝒆𝑽−𝟏 *Based on XENON100, PRD 83 8 (2011): 082001
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ER background reduction
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• Radius cut → XY edge

• Materials from the wall

• Pulse width → diffusion → depth w/o S1

• 14x signal-to-noise after cut 
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From PMT bases
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Nuclear Recoil (NR) backgrounds
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• Cosmic neutron suppressed with 

passive shieldingwith muon veto

• 99% suppression of muon-induced 

neutrons with muon veto detector
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[0.3,1]

7.7 ± 0.7 × 10−2 𝑘𝑔−1 ∙ 𝑑𝑎𝑦−1 
Raw neutron flux
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Delayed electron (DE) background
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cosmic ray neutron 20.1% 

muon induced neutron 0.1% 

delayed electron 78.5%

cosmic & meterial 1.3%

Background budget
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Delayed electron

Prototype

data

Initial S2

• Delayed electrons pollute the low-energy S2 signal

• Position and time correlation with primary large S2s

• Muons contribute >99% of the DE background
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Muon Signal  ~10 Hz

Delayed Electrons

DE background rate
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DE pile-ups dominate CEvNS

without treatment
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DE pattern + correlation selection
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previous muon

DE Pile-ups

Signal BKG

Waveform 80% 10%

S2 Pattern 52% 0.005%
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No       Related to last muon?     Yes
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>4 orders

need: sufficient muon information 
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Cosmic muon veto detection
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Path 1:  Muon Active Veto Boards Path 2:  TPC PMT Dynode Readout
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Plastic scintillator bars w/ SiPM to tag muons Dynode recovers otherwise saturated anode signal

SiPM waveforms

Muon spectra

radiation

arXiv: 2510.24196

Range: keV → MeV 
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Expected signal and background
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Events/(32𝑘𝑔 ∙ 𝑦𝑒𝑎𝑟)

Total background 1687.8

CR neutron 339.9

𝜇-induced neutron 1.7

Beta, gamma 21.1

Delayed electron 1325.1

CEvNS 4639.7
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CEvNS
DE

Neutron

ER

ROI = [120, 300] PE 
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Sensitivity estimation
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Weak mixing
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Reactor ALP in RELICS
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Dent et al., PRL 124, 211804 (2020)

Detection

Primakov photon-

ALP conversion

Compton-like scattering

Nuclear de-excitation

Axio-electric process
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ALP sensitivity

2025/11/19 Shengchao Li (Westlake) 16

20 kg-year exposure Probe MeV ALP at short baseline

Paper in preparation
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Conclusions

• RELICS is a liquid-xenon near-reactor

experiment for CEvNS.

• Delayed electrons, cosmic-ray neutrons, 

and material radioactivity backgrounds, 

and their suppression mechanism.

• 4600 CEvNS expected, probing weak 

mixing angle and NSI. 

• Competitive reactor ALP sensitivity.
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First data expected in 2026, stay tuned! 
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RELICS prototypes
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Tsinghua (10 test runs) Westlake (2 test runs)

Cooling, circulation

DAQ

Calibration

Slow control

Veto system

Liquid level control

System R&D

Prototype TPCs with ~0.5kg mass 

• Test and optimize sub-systems

• Establish data analysis pipeline
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DE waveform selection
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• Use machine-learning to extract waveform features to reduce DE

Signal 

Acceptance

Background

Remaining

Waveform 80% 10%
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SNR x8



Westlake University | DM and neutrino lab
Advantages with
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High cross-section ☺

σ∝N2~6000 for Xe

2 orders

2 orders

Cross-check with CsI experiments ☺

NSIs, form factors…
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Xe-CEvNS

IBD
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NEST (v2.3.6)

Charge yield 

uncertainty 

(2012.02846)

Challenges with 

2025/11/19

Xe light signal

Xe charge signal 13.7eV = 

0.1 S1 or 25 S2

S2-only to lower energy threshold

Reactor CEvNS

Shengchao Li (Westlake) 22
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Tsinghua Prototype
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◼ Active Volume with 0.56 kg LXe

◼ Hamamatsu R8520-406 PMT×14

Run7

~45 PE
@5000V

◼ Single PE trigger rate > 90%

◼ Sufficient Single-Electron

detection efficiency

◼ Ar-37 2.82 keV and Kr-83m 

41.5 keV calibrated

Ar37

2.82 
keV

Kr83m

41.5 
keV

CR: Chang C. 
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Neutrino Non-standard Interaction
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CEvNS Cross-section
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RELICS



Westlake University | DM and neutrino lab
Delayed electron (DE) background
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[XENON, 2112.12116]

• Delayed electrons pollute the low-energy S2 signal

• Position and time correlation

• Muons are a major source of primary events to make DE

Power = -1.1

Space correlation
Time correlation
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Reactor axion
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