
Yuehuan Wei 
Sun Yat-sen University 

On behalf of the RELICS collaboration 
April 11-14, 2025

Reactor-based Axion Search 
using RELICS Liquid Xenon Detector

1

 Workshop on Multi-front Exotic phenomena in Particle and Astrophysics 
(MEPA 2025) 
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Axions and Axion-like Particles (ALPs)
Proposed to solve the strong CP problem of Quantum Chromodynamics 

Well-motivated and thoroughly-studied dark matter candidate 

ALPs do not solve the strong CP problem.



3

Status of axion searches
https://cajohare.github.io/AxionLimits/

Haloscopes

https://cajohare.github.io/AxionLimits/
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Reactor axion searches
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RELICS Collaboration 6 institutions, ~40 members

Collaboration meeting 2024 @ GuangZhou
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Sanmen Nuclear Power Plant, Zhejiang Province 
Thermal Power ~3.4GW, baseline ~22m 
Neutrino flux ~1e14 𝛎/cm2/s 

The site of RELICS Experiment
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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
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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%
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RELICS experiment and CEvNS study
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Reactor axion searches

Abundant photons are produced and interact with the fuel materials (235U) …
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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
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Reactor axion: production and detection
Only the production and detection processes through the same ALP-SM 
coupling are considered to minimize the ALP assumptions.
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RELICS: axion flux and recoil spectrum

Axion flux @SanMen site Electronic recoil energy spectrum
production detection

gaγγ

gaee

Axion-photon 
coupling

Axion-electron 
coupling
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RELICS background sources

Cosmic muons 
Cosmic neutrons

neutron,  from  
detector materials

γneutron,  from  
Reactor, environment

γ



15

RELICS backgrounds

[0, 20] keV

[0, 20] keV

Geant4 simulations
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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!
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RELICS sensitivity on axion-electron coupling

20 kg year exposure⋅ Ref: PRL 124, 211804 (2020)
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1. RELICS is a low threshold, low 
background LXeTPC detector planned 
to run at sea level. 

2. RELICS has rich physics: 
✦ precise measurement of reactor 

neutrinos 
✦ competitive in the search for axions, 

which can explore or close the 
Cosmological Triangle. 

3. High application value of nuclear safety.

 2025: detector construction 

 2026: data taking …

PMTs

Summary 
Outlook

Engineering 
prototype
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