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Coherent Elastic Neutrino-Nucleus Scattering (CEVNS)
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RELICS Collaboration

RELICS: REACTOR NEUTRINO LIQUID XENON COHERENT SCATTERING EXPERIMENT
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RELICS Experiment - LXe TPC
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O XY position reconstruction O Energy ROI : [0.63, 1.36] keV\gx
O Low threshold O S2 only analysis: S1 signal is too weak
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Challenges: Background Sources

Cosmic Ray Particles | Reactor | Detector Material
I | ’
i ]
- | I
I l
I ]
¥ |
\ :
] I
O Cosmic p | O Reactor Neutron ] .
O Cosmic neutron I O Reactor y 1 O Material v, 0 Delayed Electrons
O Others... I O Others... I O Others... O Others...
Data-driven Modeling of
Physics Background Simulation with Geant4 Delayed Electron

Backgrounds °
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Nucleus Recoil (NR) Background

Neutron Sources:

O Reactor & Environment Neutron

With Water Shielding

10°

O Cosmic Ray Neutron

O Muon induced Neutron Tubes 107 W
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Electron Recoil (ER) Background
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Delayed Electrons (DE) Background

Large Energy deposition
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Time [ms] see poster by Yifei Zhao

Delayed Electrons phenomenon: Delayed Electrons background:

O Observed by large LXeTPC experiments and prototype O Related to muon rate ~ 10 Hz
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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Background Rejection
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Physical Potential for CEvNS
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CEvNS ROI: [120, 240] PE

Name Events / (32kg-year)
CEvVNS 4639.7
Cosmic Ray Neutron 339.9
Muon Induced Neutron 1.7
ER 21.1
DE Pile-ups 1325.1

OPEN ACCESS

Reactor neutrino liquid xenon coherent elastic scattering experiment

Chang_Cai', Guocai Chen?, Jiangyu Chen?, Rundong_Fang?, Fei Gao'", Xiaoran Guo®®, Jiheng Guo?, Tingyi He”, Chengjie Jia'+

et al. (RELICS Collaboration)

Show more v

Phys. Rev. D 110, 072011 — Published 18 October, 2024

DOI: https://doi.org/10.1103/PhysRevD.110.072011
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Progress and Future Outlook - Prototype

CRY
Cold compressor H E h
RELICS Prototype: y—-—\ /eat B
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Prototype Purification
Low-Threshold Measurement

DE background Analysis
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Progress and Future Outlook - Prototype
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2024

Count

Amplitude [PE/sample]

RELICS Prototype:

S2-only analysis

v' Detector Design and Installation O Achieved Sub-keV Detection

v’ System Commissioning
v Low-Threshold Measurement

v" DE background Analysis

250000
—— Data w/ stat err
Fit result
200000 - SEG = 34.355 + 0.004 PE/e
region for fitting
150000 A
100000 A
50000 A
0 T T T T T
0 20 40 60 80 100
Area [PE]
0.0 0.2 0.4 0.6 0.8
Time [ps]

Single-electron gain ~ 35 PE/e

O Validated CEvNS-Ready Threshold
O Validated Background Selections

S2 area ~ rise time distribution
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Delayed Electron - Poster
Yifei Zhao
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Analysis and suppression of delay photon and st €ae2

delay electron backgrounds of liquid xenon TPCs
for ultra-low energy detection

Yifei Zhao *, Chang Cai, Fei Gao, Kaihang Li, Jingfan Gu, Yang Lei and Lingfeng Xie
Tsinghua University, Beijing, China

. LXeTPCs for low energy detection

LXeTPC (Liquid xenon time projection chambers):

Time and space Correlations .

[3) Delay photons and delay electrons
o feature ultra-low energy threshold (sub-keV) and

decay as power-law distribution.

ultra-low background characteristics
o are widely used in dark matter and neutrino detection
o detect both scintillation light (S1) and ionization
electrons (S2) of the incident particles.

The LXeTPC detector used in this research,

containing 0.56 kg liquid xenon in sensitive volume 14x R8520-406 1-inch

Photomultiplier tubes it

(3] Delay electrons show space correlation

with the previous large S2.

. Delay photons & delay electrons

© Continuous single photon and 2 [ 2 phowionmton | S2 S2

single electron signals are observed
after high energy S2 signals.

© primary backgroundinthekeVand ..
sub-keV energy region! 2

{2 Delay photons = fake S1
Delay electrons = fake 52

. Suppression algorithm

High energy veto algorithm

PTFE reflector

Using time correlation PEEK +’AI reflector

to define time veto region
(2] Replacing the material of

reflectors did not result in B
significant change in the i
power-law decay trends.

(®) These correlation suggests that *

delay electrons originate from
impurity absorption.

(1) Delay photon and electron background .
has been observed in our LXeTPC detector.

() Delay electrons are related with impurities in liquid xenon.

(3] Material of reflectors may not be the primary influencing factor
of these backgrounds.

(%) Effective high energy veto algorithm has been tested for low energy region.

o

Delay electron background is
suppressed by ~ 103 at 4e~ energy
o 37Ar0.27 keV signals are detected!

o
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2024

2026

2028

N
X

RELICS Prototype:
O No Shielding

O Ar and Kr Sources
O LXe Mass ~ 0.55kg
O PMT Number ~ 14

RELICS 5:

O Solid Shielding

0 Reactor Neutrino
O 99% Muon Veto
O LXe Mass ~ 5kg

O PMT Number ~ 38

RELICS 50:

OO0 Water Shielding

0 Reactor Neutrino
O 99% Muon Veto

O LXe Mass ~ 50kg

O PMT Number ~ 128

Solid Shielding
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Summary

RELICS : Measuring Coherent Neutrino-Nucleus Scattering Utilizing Dual-Phase Xenon TPC
1.RELICS will find ~4600 CEvINS events in 32 kg sensitive volume one year of exposure
sufficient signal observation

2.Delayed Electron pile-up events will be the dominant background, but can be suppressed by waveform and

pattern-spacetime cuts

low background (shielding & cut selection)
3.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

14



A%+ %

Tsinghua University

Back Up

peak area ~ rise time distribution
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Amplitude [PE/sample]

Back Up
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32.1 1.83 h
Kr-83m
9.4 154 ns
K-shell 2.82
Ar-37 35d
L-shell 0.27

Ar37 waveform example

20 1

15 A

i S2 2058.7 PE

3 519.8 PE

Time [us]

Amplitude [PE/sample]
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104

Counts

cS2 area [PE]

103_: g o

10°

S1 area [PE]
Kr83m waveform example
80 -
60 -
S2 16386 PE

40 -

Sla 169.6 PE
20 -

S1b 70.2 PE
D [ T T Uy L S SR ———
0 5 10 15 20 16

Time [ps]



Back Up

Electron Extraction Efficiency neyia = ~93.9 % E

Scintillation Light Detection Efficiency g1 = 10.28 %

Total Electron Gain g2 = 28.96 PE

Kr83m events S1 area Kr83m events cS2 area

—— S1 Data S1 fit result —— S2 Data S2 fit result
i i ) - +
0.007 4 S1Fit Mean area = (238.28 + 0.36) PE 0.05 52 Fit I(\’/I/ﬁag ?{gazzo/g,148-5($gg%£)l9) PE
—— ¢S1 Data o/u = (10.69% + 0.15%) —— ¢S2 Data ' -
—— ¢S1 Fit —— CcS2 Fit
0.006 1 S1fit it 0.04 1 €S2 fit result
c itresu : Mean area = (20161 + 52) PE
- Mean area = (237.73 + 0.33) PE — o/ = (17.63% = 0.27%)
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m m
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Back Up

Pattern Coefficient Calculation:
pile_up_pe_by_area recon_pattern
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