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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 ¢ + 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 107® em? 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

51 years since first proposed by Freedman!
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8 years since first detection by COHERENT!



CEvVNS as a Standard Model prediction

A neutral

current process
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Neutrino Energy (MeV)

Diana Parno’s Talk at Magnificent CEVNS 2024

The good news

* Large cross section.

 Small detectors needed.
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The not so good news

* Very low energy thresholds
needed.



CEvVNS from different sources
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Different sources for CEVNS measurements

Current experiments and prospects.

Source

Status 2023

Status 2025
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Summary of current measurements with

different sources:
Prospects for the near and far future run:
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The COHERENT experiment
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D. Akimov et al. Science, 357(6356) 1123-1126 (2017).

1 Decay of muons and pions at rest

1 Detector at 19 m (Csl) and 27 m (LAr) from source
1 Csl detector of 14 kg and LAr detector of 24 kg.

1 Order of 1023 POT.
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The CONUS+ Experiment
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@ Standard Model tests at low energies
Weak mixing angle
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e Beyond the Standard Model physics
Non-Standard Interactions

The Model

Neutral current Lagrangian introduced to allow for
non-universal and flavor changing interactions.

Va VB
qX

g; non—universal
qX .
@ g, flavor changing
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The Model

Neutral current Lagrangian introduced to allow for

non-universal and flavor changing interactions.

Va VB

e,u,d e, u,d
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Barranco, Miranda, and Rashba JHEP 12 (2005) 021
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e Beyond the Standard Model physics
Non-Standard Interactions

Non-Universal NSI
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The Model

NSI CONUS+ (This Work) COHERENT (CsI+LAr) [89])
evy [—0.037,0.026] U [0.348,0.411] [—0.024,0.045] U [0.34, 0.43]
edV [—0.034,0.024] U [0.322, 0.380] [—0.027,0.048] U [0.30, 0.39)
euy [—0.123,0.123] [—0.081, 0.081]

edV [—0.114,0.114] [-0.071,0.071]

gLV [—0.123,0.123] [—0.13,0.13]

gdV [—0.114,0.114] [—0.12,0.12]

) CONUS+ provides better bounds for 33;’

] COHERENT has better sensitivity to ¢

qv .qV
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e Beyond the Standard Model physics
Non-Standard Interactions

Non-Universal NSI
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Beyond the Standard Model physics

e Non-Standard Interactions — COHERENT

1 Future COHERENT detectors are expected to break degeneracies in the parameter space.
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(Q%)° = [ZF4(®) g% + NFn(q%) 6]

Depends on neutron J

rms radius

Cadeddu’s Talk at NuFact
2018

1 We either do not know the nuclear structure or
indeed have the presence of NSI.

G. Sdnchez Garcia ICHEP 2024

Interplay between SM and new physics

NSI and neutron rms radius — Current COHERENT — Future reactor
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Interplay between SM and new physics

NSI and neutron rms radius — Current COHERENT — Future reactor
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Cadeddu’s Talk at NuFact
2018

1 Reactor neutrinos are not sensitive to the
nuclear structure.
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Neutrino Magnetic Moment — CONUS+

The Model

Massive neutrinos can induce a neutrino coupling
to the photon at loop level

vi(p;) Vy (Pf )
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Beyond the Standard Model physics
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Beyond the Standard Model physics

Neutrino Magnetic Moment — CONUS+

o

Other bounds Neutrino Magnetic Moment

Experiment ﬂﬁif (10—11 ”B) PI‘OCESS 10 B | T Ty | I T 11 III| [ T 11 Tll | | I_
CONUS+ <11 CEvNS+EVES | —— CEvNS only | -
COHERENT (CsI+LAr) <360  |CEVNS+EVES - —-- CEwNS + EvES | -
DRESDEN-II <19 CEVNS+EVES 8 ' i
XENONnT + PandaX-4T (combined) <190 CEWNS - | .
CONUS <75 EVES 6 C ! ]
Borexino <3.7 EvES C\1>< » ll -
TEXONO <74 EVES e - i .
GEMMA <29 EVES 1 kB h _
LZ <14 EVES = ! -
XENONnT <0.9 EVES - 0% C.L.___________ LIRSS S
XENONnT+PandaX-4T+LZ (combined) <1.03 EVES 92 |- ! _
i ; _
- 7/ —
A comparison with other limits should be done N S o o
carefully. 1012 10~1 10-10
Aristizabal, Miranda, Papoulias, GSG. Mf [#B]
Phys.Rev.D 105 (2022) 3 De Romeri, Papoulias, GSG. arXiv:2501.17843
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Conclusions

®» CEvNS i1s 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 light mediators.

® Further experiments can enhance current bounds.

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

G. Sdnchez Garcia
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Conclusions Thank you!

®» CEvNS i1s 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 light mediators.

® Further experiments can enhance current bounds.

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

G. Sdnchez Garcia
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We promote GNI to the case where the
interaction is driven by a light mediator
compared to the energy scale.
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v' Complementary results to other existing
bounds.
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@ Beyond the Standard Model physics
Light Mediators — CONUS+
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