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CEvNS Milestones

A fundamental interaction between neut
rinos and matter

CEvNS milestones：
• Theoretical prediction-1974
• Experimental validation-2017

D. Akimov et al, Science 357 (2017) 



3

Strategy in Studying CEvNS
• Low energy threshold
• Low background
• Large exposure
• High neutrino flux

RELICS

Figure: Kate Scholberg
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The RELICS Collaboration
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The RELICS Experiment

ü Power ~3GW; 
ü  Distance to Core ~ 25m;
ü  Expected 𝛎 flux ~ 1e13 𝛎/cm2/s.

Proposed operation location 
for RELICS, right outside of 
containment building.
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RELICS Detector Design

Fiducial Volume ~30kg

4𝛑 LXe veto

Muon veto (Plastic scintillator 
+ SiPM): 2 cm x 4

Polyethylene (outer): 30 cm     

Polyethylene (inner): 30 cm

Lead: 15cm

Oxygen-free copper: 3cm

LXe TPC

muon
Tagging eff > 99%

gamma

neutron

neutron
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RELICS Time Projection Chamber

Credit: XENON Collaboration

Sensitivity to single electrons:
• Optimal position resolution

S2-only analysis to
lower the energy threshold

Optimal background to search for other
Types of exotic signals from reactor
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Backgrounds

Muon veto (Plastic scintillator 
+ SiPM): 2 cm x 4

Polyethylene (outer): 30 cm     

Polyethylene (inner): 30 cm

Lead: 15cm

Oxygen-free copper: 3cm

LXe TPC

• Material
• Cosmogenic:

• Xe127、Ar137
• Muon Induced
• Reactor induced
• …
• Instrumental
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Material and Cosmogenic Background

Ar37
L-shell 0.27keV

Xe127
N-shell 0.186keV

source shield TPC &
Cryostat Xe127 Ar37

Rate[10-2
/kg/day] 0.2 0.2 0.3 <0.2

Ar37:
Ø Proton bombard
Ø Neutron bombard

Xe127:
Ø Muon bombard
Ø Neutron capture

XENON100 Reference Values
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Reactor and Environmental Neutrons

Using CONUS measured spectrum

1.2x10-2 evts/kg/day 1x10-3 evts/kg/day

Reactor nEnvironmental n

The European Physical Journal C, 2019, 79(8). 
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Muon Induced Background

𝛍-induced nuclear recoils

1.4e-2/kg/day

9.6e-2/kg/day

n

n

Copper is the dominant source 
of muon-induced neutron in the
base design.
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Total Background Budget

NR: <0.3 event/kg/day
ER: <0.01 event/kg/day/keV

Assuming 99% tagging efficiency for muons
in the muon-veto detectors
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Total Background Budget

@4 ionization electron, signal rate is 1 order
of magnitude higher than background

B. Lenardo et al., PRL 123, 231106 (2019)
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Instrumental Background

XENON Collaboration, PRD 106, 024328, 2022
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Instrumental Background Suppression

Signal Acceptance Background Rejection

90.0± 0.1 % 83.96±0.03%
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Instrumental Background Suppression
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RELICS Sensitivity

Provide leading constraints on non-st
andard neutrino interactions

A precise measurement：
• CEvNS cross-section
• Weak mixing angle

• Statistical uncertainty down
to percent level
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RELICS Demonstrator

Cryostat
DAQ

Cryogenics

Purification
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RELICS Demonstrator

Kg-scale LXeTPC

To demonstrate single electron
sensitivity

To study how to suppress instru
mental background
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RELICS Demonstrator
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RELICS Timeline

2022 2023 2024 2025 2026

Simulation & Sensi. Calc.

Detector Design and Optimization

On-site bkg measurement

Detector manufacture

On-site construction

Detector commissioning

Data taking of first data

Data analysis
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Summary

• Rich physics and application potentials with CEvNS
measurements.

• RELICS is a liquid xenon time projection chamber
dedicated for CEvNS detection at reactor.

• Background budget has been studied for the RELICS
experiment, showing great potential for a precise
measurement.

• RELICS demonstrator has been built to study
performance of such detector at sea level.


