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CEuNS Interaction Process RELSCS W) &%
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CEvNS: Worldwide Campaign BELSCS W) &%
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Theoretical Proposal
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 An intense neutrino source
* Low energy thresholds o
* Very low background rate |

Experimental
Conditions
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RELICS Experiment Location RELECS W) #2:4
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 Sanmen Nuclear Power Plant, Taizhou, China
e Reactor Power ~3.4GW , Distance to Core ~25m

* Neutrino flux ~103v/cm?/s
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RELICS Collaboration BELSCS W) &%
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The Two-Phase Liquid Xenon TPC RELSCS W) &2A%

Gamma
electron recol * Energy, 3D position reconstruction

[ @) e Particle interaction identification
\®)

et * Low isotope background

CEuNS . . . .

~nucearrecll e [ ow 1o0nization energy threshold
(@) . :
\ . Used 1n dark matter searches

Dark matter: nuclear recoil v background: electron

(NR) recoil (ER)

g1 _Drifttime o5 g1 _Drifttimg g3
(S2/S1)g<<(S2/S1)gr
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RELICS Detector BELSCS W) &%
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(depth)

Vo PMIS o drift field
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N ; Anode 3 3
Gate

Diving bell

Top PMT array

64 Hamamatsu
R&520-406

PTFE reflector

52top Szbottom

51 bottom

Copper ﬁeld !

opmernes § 128cm : irtXeveto o Fiducial Mass 32 kg, 62kg LXe in total
8 diameter} — Cathode

Bottom PMT H----=%2 * ROI Recoil energy: 0.3~1 keV

array : S \eto PMTs

* S2 only-analysis( low energy threshold)

64 Hamamatsu
R&520-406
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RELICS Background Source RELSCS W) 2244

Cosmic u O(10Hz)

<o o0 Y\ Cosmic neutron

N = heavy
nuckeus

K= Kaon
=+ = Plon
v~ meutrino
n = neutron
P~ proton
e clectron
et = positron
¥ gamma
. mys

" pE = muon

* Water shielding

Material (y,n) * Muon veto, 99% efficiency
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RELICS Background Budget
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Phys. Rev. D 110 (2024) 7, 072011
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* NR background [0.63,1.36]keV,; :
(6.0+0.6) x10 * kg™t day™?

I
1

e (Cosmic neutron dominant
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_ Phys. Rev. D 110 (2024) 7, 072011
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ER Background Suppression Stratdgy | 2CS W) 2%

o Phys. Rev.D 110 (2024) 7, 072011 Phys. Rev. D 110 (2024) 7, 072011
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* Most of the ER background i1s at the top due to absence of LXe shielding
» Utilizing S2 width cut of 0.22us, rejection 94% , 86% CEUNS survived
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Delay Electron(DE) Background RELECS W
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* Up to the second ~s level
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Combined Model

{  Data

* Recolil positions related

32kg. year exposure

Challenge !
i

Phys. Rev. D 110 (2024) 7, 072011

‘ Ne CEvNS DE &e—uE
3 3.5x10 9.8x10
4 1.5x10 7.3x10"
5 6.9x10° 6.9%x10°
6 3.2x103 7.5x10%
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DE Suppression Strategy
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Phys. Rev. D 110 (2024) 7, 072011
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DE Suppression Strategy
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Phys. Rev. D 110 (2024) 7, 072011
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Dynamic Readout Technique RELECS W) =424
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Dynamic Readout Range RELECS W) =424
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* Expanded readout range to ~1000 PE/ns  « Multi-physical detection capacity

* Anode saturated at ~40 PE/ns « Both low and high-energy detection
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Westlake test System BELSCS W) 27t
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Dynamic Technique Verification onIfcilS W) &A%
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Plans * Verification of dynamic readout, plastic veto system

* Track reconstruction algorithm
2025/8/22
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Total Background BELSCS W) &%

10-1 B NS Total signal and background budget
—— Neutron
- —— ER Event Tvpe Events
n 1072 —— Delayed electrons yP (32kg - year exposure)
3 = ROI
TQ“ 10-3 CEvVNS 4639.7
S
3 Total background 1687.8
T 1077
2 Pileup DE 1325.1
O 10—5 .
E Cosmic Ray Neutron 339.9
10-6 ER 21.1
pu-induced neutrons 1.7
1 -7 1
00 150 200 250 300 350 « CEvVNS ROI: [120, 300] PE

S2 [PE]
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Sensitivity Estimation

16 T | 7

—— PDG(2023)
14 —— RELICS

=== RELICS, w/o @y uncertainty
12 5

Axs =1
10 F —— Dresden — 11, 2022
<

0 k= ] I | ]
0.10 0.15 020 025 030 0.35  0.40
sin? 0y,
Weak Mixing Angle :

* (Can measure the weak mixing angle at low

momentum transfers down to the MeV scale.
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RELECS W) 2#4
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0.5
2% 0.0F
W
05 XENON1T(2021)
COHERENT(2022)
B RELICS
A L L
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6dV

Non - Standard Neutrino Interactions :

* More competitive constraints than the
COHERENT experiment.
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Time Schedule of RELICS
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B Circulation&Purificati MR
o on System |

—. MR Yifei @COUSP24

——
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& i < A

WESTLAKE UNIVERSITY

RELSCSW

e 2023

M Detector MC simulation
M Sensitivity calculation
M Prototype development

2024
M Prototype testing
M Detector system design optimization

« 2025

O Shielding and detector fabrication
O Detection system on-site

* 2026

O On-site detection system commissioning
O First-batch physical data acquisition.

e 2027
O Physical analysis

v O Release of first-batch results
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Summary BELSCS W) 27t

2025/8/22

RELICS 1s a low-threshold, low background, LXe TPC detector planned
for reactor neutrinos.

The main background sources in RELICS are delayed electrons, cosmic-
ray neutrons, and detector material.

R
R

ELICS will find ~4600 CEUNS events 1n one year of exposure

ELICS has multi-physics potential: probing weak mixing angle, NSI,

reactor axions

21
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Westlake University

THANKS!
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The Significance of CEUNS ReseardhELZCS W) 2724

* Particle physics:
* Weak mixing angle in low-
momentum transfer
* Non-standard neutrino interactions
* Anomalous magnetic moments

e Sterile neutrinos

factors

* Astrophysics:
* Background for dark matter
detection

* core-collapse supernova
explosions

* Nuclear Physics:
« Form factor and atomic structure E. Lis1i @Neutrino 2018



Detector Response BELSCS W) 27t

O F :
Light production S :

or [w,f uncertainty] :
- — 6} i
T> !
ey Z L |
— ' — . '
£ o, e analysis threshold I
< 3 G4 |
I

[w /o uncertainty Low NR recoil energy i

1

border ~0.3 keV

[W /o uncertainty
| )

-

PR R |
10°
Nuclear recoil energy Ey; [keV]

L |
1 ik
107
Nuclear recoil energy F,. keV]

* Low light production with low * 4 electron detection threshold

energy recoill F — 13.7¢V (CS_I + CS_Q) * 91~0.115 PE /photon
g 92/ . 52~30PE/e;
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Spacetime Correlation Score BELSCS W) 27t

10729 e o "« Based on the spacetime
3 : ", correlation, distinguish CEUNS
gm _ ~0.0 ‘gé from the DE background
ET 107" —0.4;;0 * Reduced by 4 orders of DE
— _0.2_ background, with a 33% loss of
| 0.0 CEUNS.

—200 —100 0 100
Pattern Classifier Score
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Verification of Dynode Readout

BELSCS W) 27t

70000 A
60000 -
< 50000 -
40000 -

—— dynode output (scaled)
—— anode output

Dynode waveform of cosmic muon
(scaled by anode/dynode gain ratio)

* Muon waveform observed on the prototype

detector on the dynode readout

2025/8/22
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Anode/dynode ratio fixed



Axion-Like Particle Search BELSCS W) &%

Dent et al., PRL 124, 211804 (2020) Compton-like scattering & ..
e- Shielding

10 . . i i
0 —— Primakoff, m, = 10 keV ’T _____ {1
1[)9 ==== Primakoff, m, = 1 MeV
* Produced 1n the reactor cores due to . T Commten =0y E.ry v
. . 10° \ Gaee =107 ]
copious photons from the fission - | =10 Cev 1 N N
' 7 i d=22m
= 10 ' ]
I 1 r
processes. - P =34GW
= 100F
» Reactors produce MeV photons RN
(gamma), which allow for probing ol
ALPs with M ! ' Flux @Sanmexq Site
B
s with MeV mass! W 22m 3.4GW .
& Li-7, p(n, y)d

2 ) . . NN
10 2 4 6 8 10

2025/8/21 E,[MeV] 28



Axion-Like Particle Search

&y

Inverse Primakoff

Axion decay - photon

RELSCS W) 2%

WESTLAKE UNIVERSITY

10[]

d=-=-=-===-= Y
gﬂ}‘?’
Z »-

Photon interaction in matter
100

Photoelectric effect

Compton effect
Pair production

2 -1
Hiass [€M° g ]
=

Total

0.

0.om

0.00m
0.1

0.1 10 100
Photon energy [MeV

gﬂE e

Inverse Compton-like

* Dynamic readout technique is potential on searching Seb-

MeV to MeV energy deposition from ALP particle
2025/8/21

Gamy = 1077 GeV™l m, = 10 keV
== gy = 1074 GeV™lm, =1 MeV
l{'}—:; 1 I - L
10° 10! 10? 10° 104
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lﬂ_} T T T
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=== = 100 keV i
10 E == e =063 MeV \
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]
= 10°¢ _
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Dynamic readout Design

RELSCS W
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cathod

cathode
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~ 1

TERREFAERS

3
U1 Ry § .
hol ’
_100? \ . anode_readout
w‘ I ™y 2%\ -
(5 g 4k
= Cc7 E.‘ T / v/ v/ ¥
Dy5 0% | 1onf S 1R _ Dy8 Dyo Dy10 anode
G Dy1 Dy2 Dy3 Dy4 le Rd7 | A
4. 7 | <" 680 , . 1
y : _ _ : I ) b’ P 3
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= 2 <] R 3 \Rd10 ;': CRER

Mook |

Dynode and anode readout, six parallel capacitors,
Output high impedance, damping resistors
High photoelectron collection efficiency

High secondary electron emission probability

Charge of test PMT using anode(PE)

JINST 15 (2020) 12, T1200

x10%

—e— 5 cap. in parallel (new design) I

«— 3 cap. in parallel
L—E—1capF r -

—— 7 cap. in s (baseline design)

. Ix10°

20 30
Charge of monitor PMT (PE)
P P

T 1 JT: ¥ [500 I{ %5§50[50Q
R1924 R1924
"
o s \—/
s \l ./
>
z \ {
I J:]H'J I I J:JHT
ns)
V TI!%T‘J TB$11
(
1’;@& w]
2 [ns/div] 2 [ns/div]

Hamamatsu handbook
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Batch Test Setup

BELSCS W) 27t

Server

1725SB
Digitizer

External Trigger

PC control

Function
Generator

Attenuator
Attenuator

AT030SP
HV Module

Decoupler

Dynode

Hamamatsu
R8520-406

Anode & HV

VAT Driver ruse
L g

<l

Anode & HV

>

Dark Box | |

Polariser

¢

Hamamatsu
R&520-406

‘--

* Light source: LED with PFTE sphere

* Test PMT: dual readout, monitor PMT: light filter

e Two BNC attenuators to avoid ADC saturation
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1GSa/s 10kpts. r A
H | 1.00ps/ A Fhtom oo [) | 40.00ns T /" 60267mV A

W,

S e e S e T A b S DY

)

==
h N
1 -l.' m,

16:30:34
2024/12/14

* Example waveforms
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Saturation Recovery Test BELSCS W) 27t

Large incident light S obs
' =
S true

Test light pulse

S1 TTT S2 TTT

150ns

I* >

Delay time = 1us

Delay time = 2us
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. & H K &
Saturation 2D Dependence RELECS W) 2258
1.05 I
| 12000 --- y = 7.00e-6(x - 40) b
. 1.00 _1]} """ l """" ijf‘} """ — § Data 4
P _ n 0.08F
5 0.95—] l i v 10000 1, P
-lcj 11 e = ,,}
T 0.90f | U L
o //{ — o } //’,
S 0.85F S 2 —6000 2 2 /}'
2 SR { A @ oo0af o
2 0.80F] | & 4000 9 gl
& L = 7
- - 0.02 L
0.75— .~ 2000 L7 {
0.70 IIII 1 11 IIIIII 1 11 IIIIII 1 1 IIIIIII 1 f//’/
100 10! 102 103 0.00F | | | | |
380 3580 6780 9970 13170
Delay Time At [us
y Lps] Sin [PE-ns—1]
* Linearly related to incident light intensity A
I'(Sin, At) = a(Sin) logyg (—) + T (Sin), 2us < At < 1ms,

 Saturation recovery time ~1ms

* Exponentially related to the delay time

2025/8/22

Hns
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