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Neutrinos are elementary particles with zero charge,
tiny mass, and weak interaction.

Standard Model of Elementary Particles
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Neutrinos are produced both naturally and from
artificial sources.

arXiv:1305.7513v1
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https://arxiv.org/abs/1305.7513v1
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Coherent Elastic neutrino-Nucleus Scattering (CEvVNS)

Incoming neutrino

Outgoing neutrino 7
0

Neutrino interacts with
the entire nucleus instead
of individual nucleons v+A->v4+A



CEVNS was first predicted in 1973 and is well known
theoretically within the Standard Model.

CEVNS Interaction cross section
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Interaction probability of CEVNS is higher at lower
energies
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though CEVNS cross-section is

What would be helpful

* High flux neutrino source
 Background rejection
 Deploy close to the source
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Measuring CEVNS has applications that ranges from
testing the Standard Model to applications.
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The Spallation Neutron Source at ORNL produces
neutrinos through pion decay at rest.

Spallation Neutron Source

Decay at rest
7~ 0.03 us

1.3 GeV proton linac Pion decay at rest Deca)éezit rest
1.8 MW beam power Tt ot + v, r~2.2 us
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Neutrino Alley at the SNS is a perfect location for
CEVNS measurements.

—Hg TARGET

"/~ SHIELDING MONOLITH

CONCRETE AND GRAVEL

=

 m—

SNS Basement = Neutrino Alley
Good shielding
20-30 m from the target

A ”
7 ]
Tt = e s | :
COH-Ar- 750 NalvETe 2




COHERENT first detected CEVNS in 2017 using a
Csl[Na] detector deployed at the Neutrino Alley.
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In 2020, COHERENT measured CEVNS in Ar using the
CENNS-10 (LAr) detector

PRL 126, 012002 (2021)
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In 2024, COHERENT detected CEVNS on Ge with the
Ge-Mini detector.
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The COHERENT measurements are in agreement with
the Standard Model within one sigma.
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Heavy water detector has been deployed to reduce
systematic uncertainty of the SNS neutrino flux.
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The second module for measuring charged-current
interaction in oxygen is being commissioned.
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The COHERENT NalvE detector measured the electron-
neutrino charged-current cross section on 14/].
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A tonne-scale sodium iodide detector is being
installed to measure CEVNS on sodium.

Measure CEVNS on %3Na and CC on ?/| NalvETe (2.4t Nal)
Three modules installed and taking data Two more modules will be deployed soon
Analysis underway



COH-Ar-750 with 480 kg fiducial volume will replace
CENNS-10 (24 kg) detector for precision measurements.

arXiv:2204.04575

—y
[+2]

v.-Ar

-k
-
T

~ NCYArm,+w) | [

'y
n
T

Events / MeV
® )

|
5 10 15 20 E2:ergy (M ::)/ ) 35 40 45 50 i\
~5000 CEVNS per SNS-year |
~500 inelastics per SNS-year

Commissioning at ORNL



Cryogenic Csl detector will significantly improve the
CEVNS measurement in Csl.
> Lower threshold

» High light yield
» Good timing resolution

Shielding

« 10cm HDPE
« 5cm Lead

o Steel frame

Will also study
*¢* Neutrino nonstandard

interaction
+** Accelerator produced dark

matter

6.6 kg Cryo-Csl



Detectors have been deployec

and are being
developed to study inelastic ir

teractions.
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Summary

¢ CEVNS:
» Neutrino interaction with the entire nucleus, predicted in 1973
» Higher interaction probability at low energies but difficult to detect due to tiny
nuclear recoil.
** COHERENT Experimental Milestones:
» First CEVNS detection in 2017 (Csl[Na]), followed by Ar (2020) and Ge (2024) using
beam neutrinos at SNS.
» All measurements are in agreement with the Standard Model.
> Inelastic cross-section measurement on 1%7I.
** Advancements & Future Prospects:
» COHERENT expanding detector network and collecting more data at SNS for higher
precision CEVNS and inelastic measurements
» Neutrino nonstandard interaction and dark matter searches
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