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Daniel Z. FreedmanT
National Accelerator Laboratory, Batavia, Illinois 60510
and Institute for Theoreticak Physics, State University of New York, Stony Brook, New York 11790

(Received 15 October 1973; revised manuscript received 19 November 1973)

If there is a weak neutral current, then the elastic scattering process v + A —v + A should
have a sharp coherent forward peak just as e + A —e + A does. Experiments to observe this
peak can give important information on the isospin structure of the neutral current. The
experiments are very difficult, although the estimated cross sections (about 10738 ¢m? on
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. j

50 years since first proposal by Freedman!
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7 years since first detection by COHERENT!
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CEVNS as a Standard Model prediction
A neutral current process
The good news
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The not so good news

* Very low energy thresholds
needed.
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Dominant interaction in
~0(10) MeV range!
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Measuring CEVNS at the Spallation Neutron Source

The COHERENT experiment
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Different sources for CEYNS measurements

Current experiments and future prospects.

Characteristics Collaborations
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Reactor * Nuclear reactions. .
e . ; * Upto~= 8 MeV range. | nukcleus
Xperiments  Very low thresholds. o
* Reactions within the sun. =
@ Solar Neutrinos « 8B contribution. we PANDA H
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Phenomenology of CEVNS

A variety of models can be tested
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Non-Standard Interactions \
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B Present in CEVNS cross section within
the weak charge Qy,.
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Standard Model tests at low energies

Weak mixing angle and neutron rms radius — Current COHERENT

® Present in CEVNS cross section within F(q?).

® F(q?) parametrizes the distribution of neutrons.
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Beyond the Standard Model physics

e Non-Standard Interactions — Current COHERENT

The Model Non-Universal NSI
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e Beyond the Standard Model physics
Non-Standard Interactions — Future ESS

Non-Universal NSI

Neutral current Lagrangian introduced to allow for 0.7
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Interplay between SM and new physics

NSI and neutron rms radius — Current COHERENT

» We either do not know the nuclear structure
or indeed have the presence of NSI.
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Interplay between SM and new physics

NSI and neutron rms radius — Current COHERENT — Future reactor

» We either do not know the nuclear structure #» Reactor neutrinos are not sensitive to
or indeed have the presence of NSI. the nuclear structure.
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Massive neutrinos can induce a neutrino coupling No Interference with SM cross section.
to the photon at loop level

vi(ps) \@/ Vs (Pf )

A (@) = (v — aut/4®) [£5(a®) + (PP

n 174

G. Sdnchez Garcia

v(q)

#i(a®) + €L @]

Beyond the Standard Model physics

Electromagnetic properties of neutrinos — Current COHERENT

Neutrino Magnetic Moment
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Beyond the Standard Model physics

@ Leptoquark scenarios — Future COHERENT

The Model Singlet under SU(2),
0° =

Hypothetical particles that couple to both leptons 1
and quarks in many extensions to the SM.
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Conclusions

®» CEVNS is a powerful tool to perform tests of the SM.

» We can also use CEVNS to constrain new physics scenarios such
as NSI, magnetic moments and leptoquark parameters.

® Combination of detectors can help to reduce degeneracies in
the parameter space.

® Many different experiments are on their way to take more data.

G. Sanchez Garcia ICHEP 2024

13



Thank you!

o

MINISTERIO .
p  DE CIENCIA, INNOVACION
5 Y UNIVERSIDADES

£y VNIVERSITAT % GENERALITAT
€8 DHVALENCIA  VALENCIANA

Conselleria d’Educacid,
Universitats i Ocupacié

IFIC % CSIC

SIC
CORPUSCULA




