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Our suggestion may be an act of hubris, because
the inevitable constraints of interaction rate, res-
olution, and background pose grave experimental
difficultiels for elastic neutrino-nucleus scattering.
We will discuss these problems at the end of this
note, but first we wish to present the theoretical
ideas relevant to the experiments.
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Coherent elastic neutrino nucleusscattering (CEVNS)

Ezo . j :
/\ What is CEVNS?
A A
. . Standard Model prediction for
Z-exchange of a neutrino with (R < 1)

CEVNS differential cross section
nucleus: v Q Q

> nucleus recolls as whole

carmetl do G2 MT

> coherent up to Ev ~60MeV R e Q%VM(l _ z)F(Qz)z.

o 0 . dl’ 4 2F%

Q\ 0~QR
Neutr length | @09 QQ

eu rlho wavelength larger - “ Qw = N — (1 — 4sin® 0w)Z
than size of nucleus: gR<1 coherence
> . momentum transfer 1 do ;
— x N

> R: nucleus size Qw o N = ar
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Coherent elastic neutrino nucleusscattering (CEVNS)

Particle Physics:
Weak mixing angle at low momentum transfer
Non-standard effective neutrino interactions
Anomalous neutrino magnetic moments
Sterile neutrinos, etc.

Astrophysics:

Novel methods for detecting solar neutrinos and
supernova neutrinos

Important background for dark matter detection
Nuclear Physics:

Nuclear form factors
Reactor Physics:

Miniaturization of neutrino detectors

reactor monitoring
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Particle Physics:

10—38

Weak mixing angle at low momentum transfer o

—h
(@)
w

—
(e}
N

—i
(&)
[T T TTT T TTTT

Non-standard effective neutrino interactions

—
FTITI T 1T

Anomalous neutrino magnetic moments

—
<

ged cross section (107 cm?)

o
Sterile neutrinos, etc. A= 7 B S R S e
, TR : | ¥ CONUS (Ge)
5 107 9 A 6 3 10 12 14 0 T T T T LY conee s [
AStrOp hys [ cs . Neutrino energy E, [MeV]| ¢ L L

Neutron number

Novel methods for detecting solar neutrinos and
supernova neutrinos

Important background for dark matter detection
Nuclear Physics:

Nuclear form factors
Reactor Physics:

Miniaturization of neutrino detectors

reactor monitoring



Coherent elastic neutrino nucleusscattering (CEVNS)

Particle Physics:
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The reactor site of RELICS Experiment

4+ Sanmen Nuclear Power Plant, Zhejiang Province
4+ Thermal Power ~3.4GW, baseline ~25m
4+ Neutrino flux >1el3 v/cm?/s
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QE L2CS RELICS Collaboration

REactor neutrino LlIquid xenon
Coherent elastic Scattering

e 6 institutes
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RELICS collaboration meeting, Dec 2024, SYSU
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RELICS detection technology

Liguid Xenon Time Projection Chamber (LXeTPC)

Credit to XENON
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Same as the PandaX, XENON, LZ Dark Matter Experiments.. 1o
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Neutrino CEVNS <}9€> Neutral current for Dark Matter detection
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Coherent effects of a weak neutral current Detectability of certain dark-matter candidates
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We consider the possibility that the neutral-current neutrino detector recently proposed by

If there is a weak neutral current, then the elastic scattering process v + A v + A should Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
have a sharp coherent forward peak just as ¢ + A —~¢ + A does. Experiments to observe this tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
peak can give important information on the isospin structure of the neutral current. The teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
experiments are very difficult, although the estimated cross sections (about 10™** cm? on strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10" GeV.

carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost
energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi-
coherent nuclear excitation processes v + A — v + A* provide possible tests of the conservation of
the weak neutral current. Because of strong coherent effects at very low energies, the
nuclear elastic scattering process may be important in inhibiting cooling by neutrino
emission in stellar collapse and neutron stars.

: Dark matter
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D. Akimov et al, Science 357 (2017) |2
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PHYSICAL REVIEW LETTERS 133, 191001 (2024)
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RELICS detector

+ 7x7x7m3 water shield to suppress cosmic-ray neutrons induced background

+ 47 plastic scintillator muon veto detector with veto efficiency of 99%
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RELICS-50

+ TPC: 24 cm H X 28cm D
4+ 64 1-inch PMTs on top

and bottom, respectively
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RELICS Background Challenges & Suppression

Cosmic Ray Particles | Reactor |
I ] Muon veto
| | P,
! ]
[ [
j I o 1.
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I | RN " Selection
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O Cosmic p [0 Reactor Neutron
[0 Cosmic neutron | O Reactor y I O Material v, B ' |
O Others... : O Others... : O Others... | S2 Width
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Physics Background Simulation with Geant4

S2 Width [ps]
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RELICS Bac kg round Large Energy deposition
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' omE Delayed Electrons phenomenon:
[0 Delayed Electrons

O Others... [0 Observed by large LXeTPC experiments and prototype
Data-driven Modeling of [0 Emission of electrons following large energy deposition
Delayed Electron
Backgrounds [0 Pile-up of single electrons distorts the physical signal
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RELICS Background

Challenges & Suppression

Spurious Signals
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Backgrounds
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Pattern + Correlation selection:

[0 CEvNS: Closer to single-point events
[0 DE: Linked to the preceding muon track

4 AR / B AS vSTEP 2025 @ dt=

il B CEvNS
3-

2-

I I
< gk~ !
i 3 ‘ B Pile-up DE
5

2- !

b oL 1 \ H

g1 1 o 1

Time[us]
i CEvNS

i (= Pile-up DE
0.4F

0.3F

0.2

0.1

005700 0.25 050  0.75 1.00

Score

Waveform selection:

0 CEvNS: Gaussian
0 DE: More dispersed



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

PHYSICAL REVIEW D 110, 072011 (2024)

Reactor neutrino liquid xenon coherent elastic scattering experiment
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Search for New Physics in Electronic Recoil from RELICS

4+ Neutrino Magnetic Moment
4+ Reactor Axion

4+ Dark Photon

+ Millicharged particles
+ ...
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Search for New Physics in Electronic Recoil from RELICS

4+ Neutrino Magnetic Moment
4+ Reactor Axion

4+ Dark Photon

+ Millicharged particles
+ ...
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Search for New Physics in Electronic Recoil from RELICS

Reactor axion: production and detection

Primakoff photon-ALP conversion e-pair production
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Axion can interact with SM particles with weakly g couplings...
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Search for New Physics in Electronic Recoil from RELICS

RELICS sensitivity on axion-photon coupling
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R&D of the RELICS detector development
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Summary & Outlook

RELICS 1s a reactor neutrino experiment with rich physics, including both CEvNS and a few ER channels.

RELICS holds significant practical value tor nuclear reactor monitoring applications.

RELICS §:

[0 Solid Shielding

0 Reactor Neutrino
0 99% Muon Veto

O LXe Mass ~ Skg

0 PMT Number ~ 38

RELICS 50:

[0 Water Shielding
[0 Reactor Neutrino
0 99% Muon Veto
O LXe Mass ~ 50kg
0 PMT Number ~ 128

Tubes
(xenon, cables)

muon veto detecto
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