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Coherent Elastic neutrino Nucleus Scattering (CEvNS)
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CEvVNS is an SM interaction b OCEUNS = 4—;F2(q2)Q%VE§

etween neutrinos and matter .
Qw =N — Z(1 — 4sin® 6y ) ~ N Detectable energy is 4 orders

of magnitude lower!
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CEvVNS and Dark Matter Direct Detection

1974: CEvNS predicted 1985: the birth of dark matter detection

PHYSICAL REVIEW D VOLUME 9, NUMBER 5 1 MARCH 1974

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 15 JUNE 1985
Coherent effects of a weak neutral current

Detectability of certain dark-matter candidates
Daniel Z. Freedmant
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If there is a weak neutral current, then the elastic scattering process v + A —v + A should (Received 7 January 1985)
have a sharp coherent forward peak just as ¢ + A —e + A does. Experiments to observe this g
peak can give important information on the isospin structure of the neutral current. The We consider the possibility that the neutral-current neutrino detector recently proposed by
experiments are very difficult, although the estimated cross sections (about 10™* cm? on Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost H A 2 : A 2 5 .
energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi- tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
coherent nuclear excitation processes v + A — v + A* provide possible tests of the conservation of teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
the weak neutral current. Because of strong coherent effects at very low energies, the i . : : . —101? A%
nuclear elastic scattering process may be important in inhibiting cooling by neutrino strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10"* GeV.

emission in stellar collapse and neutron stars.
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What can we learn from CEvNS

e Interaction of neutrinos with

matter:
* Cross—section
e Nuclear form factor
e Weak mixing angle
« Non—standard interactions

e Reactor Physics
e Reactor monitoring

e Astrophysical neutrinos
e Solar neutrino
e Supernova nheutrino
e Neutrino fog in DM search
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Status of CEVNS detection/measurement
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1974 —D. Freedman: coherent scattering of neutrinos on the whole nucleus (CEvVNS)
2017 — observation by COHERENT in stopped n-beams €= F(q?) - not fully coherent
2024 — solar ®B neutrinos by XENONnT and PandaX

2025 — CONUS+ with reactor neutrinos



Experiments with positive CEVNS signals

Neutrino Data Data/ | Significance
energy [counts] SM of null
prediction | hypothesis
rejection
COHERENT  Cs Accelerator  10-50 5*10’ 306458 0901012 11.60
MeV
COHERENT  Ar Accelerator  10-50 5*1( 14018 12288 350
MeV
COHERENT  Ge Accelerator ~ 10-50 5107 21 0.59192 390
MeV
XENONNT ~ Xe Sun (°B) <15MeV  5*1(8 1145 09070%  273¢
PandaX-4T  Xe Sun (°B) <15MeV  5*10° 4t 1254 % 2640

CONUS+  Ge Reactor 1.5%108 @ 114186 37



Status of CEVNS Measurements
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CEvNS with Spallation Neutron Source

Hg TARGET e Provides neutrons for materials science,
a LiNac life science, basic physics research

* Proton beam strikes liquid Hg target at
~1 GeV
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COHERENT: Observation with CsI+Ar+Ge
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COHERENT: Future Plan and CryoCslI

* Goal: use cryoCsl detector to precisely measure CEVNS process at SNS (3.3 kg Csl x2 from SICCAS)

60Hz and 380ns FWHM

>

CryoCsl

Detector | Light yield | Quenching | Afterglow
Beam Energy: 1.3GeV
Beam Power: 1.8MW (PE/keveE) factor (% (US)

CryoCsl

Csl(Na) 13 8 16

4

Threshold < 1keV,,,

Project Status:

* Main detector R&D finished
e Csl performance verified

e Stable long-term operation

Where we are ...
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COHERENT: CryoCsl by UCAS

Counts/year/NPE/6.6kg
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CSNS and CICENNS Experiemnt

Power (MW) | Proton Energy | Beam Type | Repetition
(GeV) Rate (Hz)

1.4->2 1->1.3 Pulse
J-PARC 0.6 ->0.95 3 Pulse 25
CSNS 0.14->0.5 1.6 Pulse 25
CiADS 03->3 0.6 Continuous

» Accelerator-driven sub-critical system to study the transmutation
of spent fuel

» Continuous beam
» 600 MeV @300 kW (2027) -> @3 MW (2030)
» Possibly convert to pulsed beam

Monochromatic: 29.9MeV v,

+ + 3-body p--decay:
ut —e —|— Delayed (2.2usec)
0-53MeV Vp y Ve

71-"‘ — /_ﬁ' _|_@ 2-body mr*-decay: Prompt (26nsec)
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CICENNS Sensitivity

» CICENNS: CslI detector for Coherent Elastic Neutrino Nucleus Scattering
» Development of a 300-kg CsI(Na) detector for precise CEVNS measurement
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Solar

Neutrinos

pp chain
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Measurements with XENONnT
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Measurements with PandaX
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CEvVNS Measurements with XENONnT and PandaX
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“Neutrino Fog” and dark matter
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cS2 [90-500 PE] quantile

=N
[ -}

©
o

o
)

e
o

—_
[N )

o
o

o
ES

= DM m °B = AC Neutron = ER
L ° L ® L
v “:“ \\~‘ /1
- ’ - ® ,‘ B o © —
-~ = \ 7
— ® | € L O L 1
© | | © ] © =
| Je e © [ ° . - © o® i e © S ‘~
L @ e T ° .o""f ) “ iy b
& .. .‘./, , ° o @ ° © ..’." .. 6 © o) . °
_I 1 1 1 Vlkr 1 -I 1 1 1 ‘gl 1 -I 1 1 1 1 1 1 1
0.0 0.2 04 06 0.8 1.00.0 0.2 04 0.6 08 1000 02 04 06 08 100 10 20
S2pre/Atpre quantile Events

S1 BDT score quantile

S2 BDT score quantile

Counts

100}
Run0+Runl S Cathode
+MD
I +3B CEVNS
50 B +SI4GeV/c?
1 L L L 1 1 L
4L == stacevie) Run0
= = LDM (2GeV/c?, heavy mediator) .
g = = LDM (2GeV/c?, light megiator) °® d
[ ) [ ]
:3— . Data b ° o ®e 0‘ C
=
2
(9]
70!
al 8B CEVNS 1o
MD lo . i
— Cathode 1o . o z oo, ."
3-30 LY L= - o'.f... ® .
— - - °
= P am R s
-O '.(‘.. [ ] , LY — () S Sy \\ ~Q.
E »I .oo o’ “.' e (. slete N ¢
j ° LY N~
2R B ko".§“i{ - AN
:'. .o *% 7 See .f ...l —J
e ° 7.—":&_‘ = e - Te °©
.—.’--1'."—"
1 1 1 1
4 5 6 7 8

Number of electrons

18



“Neutrino Fog”

and dark matter
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CEvVNS with Reactor Neutrinos
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CONUS+ Experiment

Preamplifier H
Pumping port i CPS-pius
Stainless steel flange

CP5 Controller

Copper cryostat
CPS cable 3.5m

= Data

Leibstadt nuclear power plant, CH (KKL)
3.6 GW,, , 20.7m = flux: 1.45*1013 v/cm?/s

C3C5C2
60 P

 sophisticated shield = virtual depth” [ signal prediction
e improved veto systems

» extensive bckg measurements (n, p‘s, materials,...)
» 4 X 1kg low bckg point-contact HPGe detectors

e pulse shape discrimination (slow pulses)

40

20

Excess events [kg” (10 eV)]

e ASIC electronics (improved low E trigger efficiency) *E il

L 1 " L " " ! L L L L L L L L
150 200 250 300 350

« reduced point contact size & bonding technology lontzation energy [eV)
Nature 643, 1229 (2025)
e lower threshold: ~250 - 160 eV

- very sophisticated & well tested bckg model 395 = 106 CEVNS events =¥ 3.7¢
. F(Q>=1 - deviations > BSM 15t detection of CEVNS with reactor v’s!

IIIII[III'IIIIIII
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Sanmen Neutrino Experiments: RECODE+RELICS

Measurement of CEVNS with Xe and Ge elements
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Sanmen Neutrino Experiments: RECODE+RELICS

B Combined Search:
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Sanmen and RECODE Progress

» Background measurement

» Ge detectors deployed @35m from core

EC-PCGe
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RELSC'S RELICS Progress
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RELICS Sensitivity

» >~5000 CEVNS events in 1 year of operation with 30kg detector
» Sensitive to weak mixing angle and non-standard interactions
» Sensitive to Axion coupling to gamma
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Summary

CEvVNS has rich science and application
potential

SNS: Observations on CsI, Ar and Ge
detectors, precision to improve in the
next years

Solar: Positive signal of Boron—8 from
XENONnT and PandaX—4T

Reactor: Positive signal by CONUS+

Many new experiments are being
constructed worldwide, and there are
strong contribution from China

Thanks
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Neutrino Flux at Sanmen
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HPGe

HPGe

LXe
HPGe
HPGe
HPGe
HPGe
Si CCDs
Ge/Si

Ge & Zinc

B{E
1-2kg ~160 eVee

10kg ~160 eVee
50kg ~1 keVnr
3.74 kg ~ 210 eVee
3.74 kg ~150 eVee
1.6kg 350 eVee
1kg  ~200 eVee
50g ~ 40 eVee
4kg  ~100eVnr
32g(Ge) 55eVee

2 R HE
Sanmen NPP

Sanmen NPP
Brokdorf (KBR)
Leibstadt (KKL)

Kalinin NPP
Kuo-Sheng NPP
Angra 2 reactor
TRIGA reactor

ILL reactor

WSEE  IhE

NS~ 11m 3.4GWth 5.6*10" v/cm?/s
FS~22m 3.4GWth 1.4*10" v/cm?/s

11.1-12.5m 3.1 GWth 3.4 -4.4*10" v/cm?/s

22m 3.4GWth
17 m 3.9 GWth
20.7m 3.6 GWth
28m 2.9 GWth
30m 3.8 GWth
2~10m 1 MWth
8&m 58 MWth

33l G ok

1.4*¥10% v/cm?/s
2.3*10% v/cm?/s
1.5*%10% v/cm?/s

6.4*10* v/cm?/s
7.8%10% v/cm?/s
~10*2 v/cm?/s

1.6*10% v/cm?/s
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