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. Coherent Elastic Neutrino-Nucleus Scattering: CEVNS
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Physics; Opportunities: ChallengeS°
B weak mixing angle within B Cross section proportional to the B low nuclear recoil energy
Low-momentum transfer square of the number of nucleons

B Energy ROI for RELICS: [0.3,1]keV .

B Smaller neutrino detectors




. RELICS Experimental Design

.
Sanmen Nuclear Power Plant Taizhou , China
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low energy region :

Energy ROI : [0.3,1] keV,,
S2 ROI: [120, 240] PE
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. Technology of RELICS Experimental :LLXe TPC
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Advantages of LXe TPC : O Energy ROI: [0.3,1] keV,, S T N ' =
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detection efficiency

A [PE]

SZ -only analysis :

S1 signal is too weak to detect

Low-threshold detection :

O Single PE trigger rate > 90%
O Further reduce the energy threshold O Single-Electron detection gain > 30 PE

O XY position reconstruction

0 low threshold
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. Challenges: Background Sources on ground
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. ER Background Sources and Suppression
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. Delayed Electrons (DE) Background

.
Large S2 energy deposition
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Delayed electron background: by Yang Lei

Delayed electron sources:

O Observed by large LXeTPCs experiments and prototype O ~10 Hz muon flux

O Emission of electron following large energy deposition O Pile-up DE events rate higher than CEVNS events

O Pile-up of single electrons distorts the physical signal
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. Delayed Electrons Background Suppression :
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. Physical Potential for Axion-like Particles
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. Progress and Future Outlook - construction in 20235

|
water shielding:

Shielding layer from outside to inside:

10 cm outer PE
10 cm lead
30 cm inner PE

Cosmic Muon induced Neutron

CEwNS ROI
1073+

107! 10° 10t
Nuclear Recoil Energy [keV.,]

[0.3,1] keVyg :

solid shielding : (7.0 0.4) X 10 -1kg -1-day -

solid shielding:
s water shielding : (7.7£ 0.7) X 10 2kg -1-day -!
Preliminary attempt :
s O Background Model Validation (Cosmic background, Delayed Electron...)

O Technical Testing (Cryogenic System, Data Acquisition System...)

1
107! 10° 10"

Nuclear Recoil Energy [keVi,,] D Physics Me asurement




. Summary

RELICS : detect CEUNS from reactor neutrinos using LXe-TPC in energy ROI [0.3,1] keV

1.RELICS will find ~4600 CEvINS events in 32 kg sensitive volume one year of exposure

sufficent signal obsevation

2.Delayed-electrons pile-up events will be the dominant background, but can be suppressed by waveform and
pattern-spacetime cuts

low background (shielding & cut selection......)

2.The prototype has verified the feasibility of each sub-system for the RELICS experiment and the capability
to detect single-electron signals and signals from calibration sources in the low-energy region.

low threshold (single PE trigger rate& single-electron detection gain......)
The RELICS detector is scheduled for construction this year and will begin taking data in 2026

s .



other report and poster for RELICS

Prototype test - report
Lingfeng Xie 2025.8.27 17:00
Underground Laboratories

Delayed Electron - poster
number : 299 Yang Lei

Purification Control - poster
number : 290 Jiangfan Gu et.

TAUP 44

XICHANG

TAUP 44

XICHANG

TAUP 2025 TAUP 2025

Purity Control and Measurement in

Liquid Xenon Detectors
Jingfan Gu, Kaihang Li, Jiachen Yu

REL2CS

Study of delayed electron background in
liquid and gaseous xenon detectors

Yang Lei

RELZCS

Tsinghua University, University of Science and Technology of China Tsinghua University
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ing measurement system

milliseconds aftera high-energy event.

Development, Construction, Operation

Lingfeng Xie, Tsinghua University
On behalf of RELICS Collaboration
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Prototype TPC design

Goal 1: Technology Validation
Feasibility of hardware technology {
achieve an low detection threshold
Goal 2: Calibration Development
R&D of calibration sources
Detector response calibration
Goal 3: Software Framework
Monte Carlo for Light Collect Efficiency map
CNN for position reconstruction
FEM for electric field modeling
strax-based data analysis framework
& studying the delayed electron background

signals from reactor neutrinos.
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Limiting detector sensitivity

Purification Model

“To predict and monitar the xenon purily (oxygen concentration) evolution,
we developed a purification mode

Material Outgassing Comparison

‘We tesicd the outgassing characteristics of three main matcrials in TPC:
Teflon, Kapton and Peck.

* Teflon isthe dominant source of oulgassing in our TPC

Baking Test

Baking is cxpectcd o suppress ougassing, sowe measured the outgassing ratc of
Teflons withdifferent baking durations,

+ Baking for about 200k can reduce the outgassing ate by nealy
Zarders of magnitude effectively

Bibliography
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Conclusions

& The purification model can be used to predict the purity evolution of RELICS
® Baking s an effective method to reduce outgassing rate.
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Fig6: DE rate change with Extraction Voltage.
After taking extraction cffciency into consideration, it is

found tha the exiraction field s a rebtively minor
influence on delayed electrons,
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FigS: DE emission intensity change with driff time
drift time of ionized clectrons shaws a positive
comelation with delayed clectron emission,
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Data selection method to reduce DE background
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. Collaboration meeting 2024 @ GuangZhou

RELICS:REACTOR NEUTRINO LIQUID XENON COHERENT SCATTERING EXPERIMENT
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. Back up - Site design for RELICS

Cleanroom

Data Acquisition System

Server

LXe-TPC

solid shielding




