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Coherent Elastic v-Nucleus Scattering (CEVNS)

dar = 2E2

- Standard Model weak interaction do  G*M (1 MT
dTl dr

) [N — (1 — 4sin” 0y)Z*F*(Q?)
- Neutral-current, no interaction threshold

2

+ QRnua «1, Q: momentum transfer, T < 213 F(Q) = 1at 02 = 0
Rnucl: Nucleus size

I/a I/a
nteract coherently with entire
nucleus

- Large o at E, = 50MeV A

- 0 « N2, N: neutrons

- Small uncertainties in the SM prediction
Predicted In 1974 by D.Z. Freedman
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Measuring CEVNS: Precision Test of the SM
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Measuring CEVNS: Probing BSM
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Astrophysical Neutrinos and Others
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Understand astrophysics: supernova, sun,

Core-collapse supernova: 99% of its
gravitational binding energy releases in
neutrinos with tens-of-MeV
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Neutrino Sources for CEVNS Measurements

Neutrinos per MeV per cm? per second

Artificial v sources:
stopped 11, reactor
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CEVNS Detection

Recoll hucleus energy: O(10eVNR)-O(10keVNR) Typical detector technologies: ionization, light,
heat

Background and noise dominated, requires
scintillating crystals: Csl, Nal

Radiopure materials, shielding

| - semiconductor ionization detectors: high-purity
L.ow noise level Ge (H DGG), Si CCDs
Quenching factor = detected/deposited energy - noble liquids: LAr, LXe
Similar consideration to the direct-detection dark +cryogenic bolometers: Al2O3, CaWO4, Ge, /i,
Matter detectors etc.
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Stopped m: COHERENT

Spallation neutron source (SNS) at ORNL, US:
1.3 GeV proton beam striking Hg at 60Hz, 2MW

zt =yt

U, (orompt)
+ v, + Dﬂ (delayed)

Hg TARGET

SHIELDING MONOLITH

CONCRETE AND GRAVEL

P J 7 —

[ | ¢ | ¢

,\

D20 M1 D20 M2

7

COH-Ar-750 NEP-ton NalvETe NuThor

Ge-Mini

S N

arb. units

Simulated neutrino timing Simulated neutrino energy

[72]
s | | Prompt (v,) = Y
B 2 106 u
L = 10 5
B —— Delayed (v, + v,) VM
201 10 oy
B —— Example POT trace A~
B 10* +Ve
15—
103 E
10
B 10% &
5 10 :
ol AL R BT AR v — ANt E H L EIN

0 1000 2000 3000 4000 5000 6000 7000
Creation Time (ns since pulse onset)

200 250 300
Energy (MeV)

Well-understood neutrino energy spectrum, 10%
uncertainty on the scale

Pulsed beam, good for background rejection
Shielding for cosmic rays and beam neutrons
Multiple detector targets: Csl, Ar, Ge, Nal, D20

First CEVNS observation: Csl scintillating crystal at
room temperature by COHERENT (2017)



COHERENT Results: Csl and Ar

Csl full data analysis: PRL 129, 081801 (2022) First Ar result: PRL 126, 012002 (2021)
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COHERENT Results: Ge
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New result, second Ge measurement with active Flux-averaged cross section/SM prediction:
mass 8.53+0.08kg: PRL 137, 171801 (2026) 0.98+0.1(stat.)+0.1(syst.)

+ Increased exposure: 3 = 4 months (4.69x1022P0OT)
- Lowered threshold: 1.5 keVee—0.5 keVee
- ML to identify cross-talks

Neutrino time structure (prompt U, VS delayed v, Dﬂ)
allows flavor-dependent CEVNS

Result interpreted in terms of NS
First systematics-limited data sample


https://doi.org/10.1103/999m-b763

COHERENT Ongoing Efforts

CryoCSl CryoCsl: to be deployed in late 2026/2027

- Threshold: 5 keVNr— 0.5 keVnR

(+)

COH-Ar-750: 750-kg LAr scintillation detector being
commissioned

Expect ~5000 CEVNS events per year

NalvETE: 1.4/2.4 tons Nal deployed

- Light target: 23Na, upgrading with low-noise high-gain

D20O: 549kg deployed, analysis underway

-xpected to constrain v flux scale to 3-5%
- The 2nd module with H20

Liquid Neon: lightest target under consideration
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Stopped-tt Facilities and their Future CEVNS Plans

Spallation

Neutron Source

LANSC

European China Spallation

2
Spallation Source  Neutron Source JONS

ocation

Status

Proton Energy

Power

Beam Width

Target

CEVNS Program

Oak Ridge, US  Los Alamos, US = Lund, Sweden Dongguan, China  Tokai, Japan

scintillator

pressure TPC: Ar, Kr, Xe this year

1st n production Upgrade to be
planned in 2027 | complete this year

CryoCsl, HPGe, high | Csl, commissioning

No explicit plan
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Reactor CEVNS

Ratio to Standard Model
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CONUS+

First measurement of reactor CEVNS: Nature 643,

1229-1233 (2029),

M. Meler’s talk on Wednesday

CONUS—CONUS+
Threshold: 210—160-180 eVee

Trigger efficiency at low energies improved to

~100%

2.83+0.02 kg active mass, 327 kg-days reactor on

CEVNS cross sect
significance 3.7 S.

ion measured/SM:; 1.14+0.36,

D.

Upgrade: larger mass, lower threshold, longer data

collection

a go

B Data

- Signal prediction

C3 C5 C2
60

40

20

Excess events (kg‘1 (10 eV)‘1)

=20
[l 1 1 1 | | | | | | | | | |
150 200 250 300 350
lonization energy (eV)
b c

— 30 —

] N 7 k C .
3 200 Data - 1 Gaussian fit
g 20 : - 6 E &8 — u=-0.01+0.34
= : o=1.26+0.42
~— 10 5 F .-

| - B2 B =

(®)] -

=3 4 ¢

§2) -

o B 3 -

2 —10¢ ’ + :

2 E 2 -

8 —20F 1 F

(@) L N

< N C .

L I Yo ) e I I P P I B S B ot T i 68 . § e

350 400 450 500 550 600 650 700 750 800 -5 -4 5

lonization energy (eV)

Data/signal prediction (0 44,)


https://doi.org/10.1038/s41586-025-09322-2
https://doi.org/10.1038/s41586-025-09322-2
https://doi.org/10.1038/s41586-025-09322-2
https://doi.org/10.1038/s41586-025-09322-2
https://indico.neutrino.or.kr/event/514/contributions/2354/

Other Operating and Future Experiments for Reactor CEVNS
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Solar CEVNS

Underground, massive dual-phase L XeTPCs for

direct dark-matter detection, threshold at ~1keVnNR

Understand more solar v prod

Jction and

oscillation, vt couplings, detector calibration
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NZ-dependence

Flux-averaged cross section (1074% cm?)
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Supernova Neutrino Measurements

99% of the binding energy of a core-collapse
supernova is carried by neutrinos of all the flavors

-t data spectra to the pinched-thermal form
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Supernova v Cross Sections
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107 A Sy e iBD ESRERRE Desire to know the spectra of

all the v flavors,
I/ealje9vx (D/,pDT)QDx (DI[,pDT)

-lavor-blind: CEVNS

v,: Inverse beta decay (IBD)
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Supernova CEVNS Glow

-lavor-blind CEVNS to constrain and disentangle v flavor transitions owing to matter
effects and collective effects

Xe TPCs for DM direct detection or Ov33 search: similar to solar CEVNS

RES-NOVA: cryogenic bolometers with ancient Pb, with threshold ~1keVnr
First prototype expected to operate at LNGS at the end of 2026
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Impact from ve-Ar Charged-Current Cross Section

Ve-Ar charged-current (CC) interaction cross section with Ev<100 MeV has never been
measured

+ Theoretical models vary > O(10%)

Highly significant impacts on DUNE supernova v measurements, particularly on €, biased from
-94% to 1400% in extreme scenarios (PRD 107, 112012 (2023))

Cross Section Models Test spectra for different v_-40Ar CC cross section models
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https://doi.org/10.1103/PhysRevD.107.112012

SNeND using Stopped-tt Facility

SNeND: Supernova Neutrino constrained by Neutrino Data

Measure ve-Ar CC cross sections with well-ur

functional equivalent detector to DUNE far detector, LArTPCs

Supernova v

derstood v flux and

Example case: Propose to build a LArTPC at COHERENT, where SNS i

v flux will be measured at (3-5)%

Events in DUNE
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Artificial v O(10m) SNeND detector
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SNeND Constraints

1.0 -

0.2 =

1.0 -

0.8 -

€ [erg]

0.4 1

0.2 -

1.0 A

0.8 1

€ [erg]
o
(@)

0.4 1

0.2 -

1e53

DUNE FD only

8 10

—0— obs. average

CL=68.3%
CL=95.0%

X  true params.

12 14

(Ev) [MeV]
1e53 SNeND A DUNE FD
—0— obs. average
CL=68.3%
—— CL=95.0%
X true params.
6 8 10 12 14
(Ey) [MeV]
1e53 SNeND + DUNE FD
—0— obs. average
CL=68.3%
—— CL=95.0%
X true params.
6 8 10 12 14

(Ev) [MeV]

€ [erg]

1.0 1

0.2

1.0 -

0.8 A

0.2 -

1.0 -

0.8 -

0.4 A

0.2 -

1le53

DUNE FD only

1le53

T

—— obs. average

CL=68.3%
CL=95.0%

X true params.

SNeND A DUNE FD

—0— obs. average

X true params.

CL=68.3%
CL=95.0%

1le53

SNeND + DUNE FD

—0— obs. average

X  true params.

CL=68.3%
CL=95.0%

(Ey) [MeV]

(Ev) [MeV]

(Ey) [MeV]

14 -

12 A

10 A

14

12 A

10 A

DUNE FD only

—0— obs. average
CL=68.3%

—— CL=95.0%

X true params.

1 2 3 4 5 6

SNeND A DUNE FD

7

—0— obs. average
CL=68.3%

—— CL=95.0%

| X true params.

SNeND + DUNE FD

—0— obs. average
CL=68.3%

— CL=95.0%

X true params.

Measured ve-Ar CC cross
section to 20%

Ve-Ar CC cross section

measured to t
precision in a

detector with the same
DUNE FD;

resolution as

ne 20%
ArTPC

two slightly different
statistic methods to

constrain the

DUN

measurements
(oreliminary results)
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Summary

CEVNS - rapidly growing fie

2017; currently statistically i

d since the first observation In
mited

SM precision testing and BSM probing with artificial
Nneutrino sources: stopped 1 and reactor neutrinos

Astrophysical measurements with solar and supernova

Neutrinos

—Xpanding communities with facilities, experiments,

detector R&D (common with direct DM search)

CEVNS facillities and experiments enable more MeV-scale
Nneutrino cross section measurements for better

constraining astrophysical studies

. Increase inclusion toincrease |  Fluorescent or magnetic

cotton fibers ». 1118

Dinosaur heretic looks

for redemption p. 1088 STEM diversity p. 1101

S n iBSISSEPTEMBER 2017
Cle Ce MAAAS
1| 1 - ‘ i
!
’ I g'l 1

SPOTTING A

GHOST

A compact detector spies
neutrinos scattering from nuclei
pp. 1098 & 1123
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Backup

25



Comparison of Stopped Pion Sources
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NZ-dependence
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Cross section (10™° cm?)

at COHERENT

. SM prediction

FF = unity

Klein-Nystrand FF

COHERENT measurements
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SM Case Study: Weak Mixing Angle
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CEVNS around the World
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SNeND Constraints: SNeND Neutrino Flux
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Measured Ve flux scale to

3% |
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-D data

Ve flux scale meas
the 3% precision |
_Ar
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m

same resolution as

FD; two slightly different

N SNeND, no impact
results using only

red to
a

PG detector with the

DUNE

statistic methods but have
No Impact on ve flux scale



