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Coherent Elastic v Nucleus Scattering (CEVNS)
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Motivation: why CEvVNS?

4+ Our current knowledge of the neutrino sector:

v Neutrino oscillation parameters: rather well known from global fits

Mass ordering:
NO or IO?
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de Salas et al, JHEP 02 (2021) 071 https://globalfit.astroparticles.es/
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Motivation: why CEvVNS?

4+ Our current knowledge of the neutrino sector:

v Neutrino oscillation parameters: rather well known from global fits

v Neutrino mass scale: below eV (cosmology + B decay + Ovp3p decay)
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de Salas et al, JHEP 02 (2021) 071
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Motivation: why CEvVINS?

4+ Our current knowledge of the neutrino sectoxr:

v Neutrino oscillation parameters: rather well known from global fits

v Neutrino mass scale: below eV (cosmology + B decay + Ovp3p decay)
v Neutrino BSM properties (not observed so far): can affect current picture
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Physics potential of CEVNS

4+ CEvVNS provide a powerful tool to search for SIMI and BSIM physics:

v EW and nuclear physics: weak mixing angle, neutron radius

v New neutrino interactions with matter: NSI, NGI, new mediators

v Neutrino electromagnetic properties: magnetic moment, charge radius
v Light and heavy sterile neutrinos

[Neutrino sources: accelerator, reactor, solar, supernova]
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ABSTRACT: The observation of coherent elastic neutrino nucleus scattering has opened the
window to many physics opportunities. This process has been measured by the COHER-
ENT Collaboration using two different targets, first CsI and then argon. Recently, the
COHERENT Collaboration has updated the CsI data analysis with a higher statistics and
an improved understanding of systematics. Here we perform a detailed statistical analysis
of the full CsI data and combine it with the previous argon result. We discuss a vast array
of implications, from tests of the Standard Model to new physics probes. In our analyses
we take into account experimental uncertainties associated to the efficiency as well as the
timing distribution of neutrino fluxes, making our results rather robust. In particular, we
update previous measurements of the weak mixing angle and the neutron root mean square
charge radius for CsI and argon. We also update the constraints on new physics scenarios
including neutrino nonstandard interactions and the most general case of neutrino gen-
eralized interactions, as well as the possibility of light mediators. Finally, constraints on
neutrino electromagnetic properties are also examined, including the conversion to sterile
neutrino states. In many cases, the inclusion of the recent CsI data leads to a dramatic
improvement of bounds.
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4+ SM precision tests: weak mixing angle
4+ Nuclear physics: neutron radius
4+ New neutrino interactions
. Neutrino Nonstandard interactions (INSI)
. Neutrino Generalized interactions (NGI)
. Light Mediators
4+ Neutrino electromagnetic properties
. Neutrino magnetic moment
. Neutrino charge radius
. Neutrino millicharge
4 Conversion to sterile neutrinos
. Active-sterile oscillations
. Active-sterile EM interactions
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CEvVNS data from COHERENT

Akimov et al, PRL 129 (2022) 081801
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Results
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Nonstandard interactions (NSI)
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Neutrino generalized interactions (NGI)

G .

NGI F X q Lindner et al, 2017

ZN NG Z 7T (g1 <C iysDy ) 4 Aristizabal Sierra et al, 2018
S,P,V.AT

with T" = {1, iys, ¥, y"vs, 6"}
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New light mediators
Light vector mediator Light scalar mediator

SM
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See also: Coloma et al. 2202.10829, Atzori-Corona et al. 2205.09484
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Neutrino (effective) magnetic moment

my

. . . , L~ 3% 1019 (_) = larger
+ Minimal SM extension (with m,) predicts Y eV KB in BSM

4+ The (effective) neutrino magnetic moment gives extra contribution to

CEvNS and ES cross section: A
M 5 Effective MM are process-
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Neutrino charge radius

+ In the SM, it arises from radiactive corrections to the vectorial coupling:
(<7“3 ), (r2 ), (rz >) = (—0.83, —0.48, —0.30) x 107°? cm? Bernabeu et al NPB 2004

4+ New contribution to the CEVNS and ES cross section, proportional to_
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Neutrino electric (milli) charge

4+ In BSM models, neutrinos can acquire small electric charges: millicharges
Giunti and Studenikin, Rev. Mod. Phys 2015

+ This electric charge would generate a new contribution to the CEvVNS and

ES cross section, proportional to ECc  2V2mag v neutrino
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Probing nuclear physics & NSI

4+ Uncertainties in the determination of nuclear parameters relevant for CEvVNS
(e.g. Rn) can hide new physics effects (e.g. NSI)
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Summary

4+ CEvNS provide a powerful tool to search for new physics BSM.

4 From the global analysis of COHERENT CsI + LAr data we have
derived constraints on different BSIVI neutrino scenarios:

v New neutrino interactions
v Exotic neutrino electromagnetic properties

= The last Csl data (2021) dominate the sensitivity of the combined
Csl + LAr analysis.

= Analysis with ES bg improves the constraints for light vector
mediator, neutrino magnetic moment and neutrino millicharge.

= Although some of the limits derived are not competitive with
existing searches, they provide complementary and relevant
information.
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CEvVNS and ES cross sections
_ SM weak charge:

M = g2+ gyN

J CEvVNS G2 r
OuN FIMN o < — 2) MLy, SM) 2 D _ )
— F 1 — g, = (1 —4sm"06y)/2
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dEer — Zeff(Eer) 2 <gv + gA ) + (gv o gA ) 1 — Ey o (gv> o <gA ) Eg
SM \ /
v, —escattering  gie = (4sin*0y +1)/2  gc=1/2
. . b= —1/2
v, ,— escattering gy = (4sin* 0y, —1)/2 54

Mariam Tértola (IFIC-CSIC/UValencia) 20 CATCH22+2, Dublin, May 2024



Statistical analysis

9 11 T NP 4(5) 2
D] ] g =220 5 5 05 ()| 32 ()
with: NCSLCEVNSES _ (1 4 0y a5)NSENS (0 a6, a7) + (14 ag) NES (ag, ar)
+ (14 an) N2 (ag) + (1 + ao) NS (a) + (14 ag) NP
i We include ES background which
could mimic a CEvNS signal. Akimov et al, PRL 129 (2022) 081801
LAr (2020)
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Comparison with other results

D. Papoulias, Magnificent CEvNS workshop 2023

Flavor | [10™ " pup] g [10~ %¢] (ry) [10~*cm?]
Ve <14 (LZ) [—0.3,0.6] (LZ) [—121,37.5] (LZ)
<0.9 (XENONnT) (—0.1,0.6] (XENONnT) (—93.4,9.5] (XENONnT)
< 3.7 (Borexino) < 1 (Reactor) [—4.2,6.6] (TEXONO)
< 2.9 (GEMMA) (—9.3,9.5] (Dresden-II) [—5.94, 8.28] (LSND)
< 360 (COHERENT) | [—260,260] (COHERENT) | [-61.2,-482]U[-4.7,2.2] (COHERENT)
v, <2.3 (L) [—0.7,0.7] (LZ) [—109, 112.3] (LZ)
< 1.5 (XENONnT) (—0.6,0.6] (XENONnT) (—50.2,54] (XENONnT)
< 5 (Borexino) < 11 (XMASS-I) [—1.2,1.2] (CHARM-II)
< 240 (COHERENT) | [—140,140] (COHERENT) [—58.2, —52.1] (COHERENT)
v, <2 (LZ) [—0.6,0.6] (LZ) (—93.7,97] (LZ)
< 1.3 (XENONT) (~0.5,0.5] (XENONnT) (—43,46.8] (XENONNT)
< 5.9 (Borexino) <11 (XMASS-I)

A\

Different effective parameters!!

DM exp: very low E-threshold!

In general not very competitive but

Better use TMM parameterization for

comparisons!

they complement other searches

Mariam Tértola (IFIC-CSIC/UValencia)
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