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✦ Our current knowledge of the neutrino sector:

✓ Neutrino oscillation parameters: rather well known from global fits

de Salas et al, JHEP 02 (2021) 071 https://globalfit.astroparticles.es/

Mass ordering: 

NO or IO?NO

IO

CP violation: 

maximal?

Octant of  

θ23 ?

Motivation: why CEvNS?
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✦ Our current knowledge of the neutrino sector:

✓ Neutrino oscillation parameters: rather well known from global fits


✓ Neutrino mass scale:  below eV (cosmology + β decay + 0νββ decay)

From oscillations:
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de Salas et al, JHEP 02 (2021) 071

Motivation: why CEvNS?
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✦ Our current knowledge of the neutrino sector:

✓ Neutrino oscillation parameters: rather well known from global fits


✓ Neutrino mass scale:  below eV (cosmology + β decay + 0νββ decay)


✓ Neutrino BSM properties (not observed so far): can affect current picture

Miranda et al, JHEP 2006

Solar data (with NSI) Solar + CEvNS

Coloma et al, PRD 2017

new solution

Motivation: why CEvNS?
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✓ EW and nuclear physics: weak mixing angle, neutron radius


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


✓ Neutrino electromagnetic properties: magnetic moment, charge radius


✓ Light and heavy sterile neutrinos


✓ Dark matter


✓ Solar neutrinos


✓ Supernova neutrinos

No introduction on CEvNS:

see plenary talk by M. Vignati 
and other talks in the session
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✦  CEvNS provide a powerful tool to search for SM and BSM physics: 

✦ Our current knowledge of the neutrino sector:

Motivation: why CEvNS?

✓ Neutrino oscillation parameters: rather well known from global fits


✓ Neutrino mass scale:  below eV (cosmology + β decay + 0νββ decay)


✓ Neutrino BSM properties (not observed so far): can affect current picture
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Based on

JHEP 04 (2023) 035 [arXiv:2211.11905]

In collaboration with  V. De Romeri, 

O. G. Miranda, D. K. Papoulias, 


G. Sanchez Garcia and  J. W. F. Valle 

Neutrino electromagnetic properties

This talk :

✦ Neutrino magnetic moment

✦ Neutrino millicharge 

✦ Neutrino charge radius

https://doi.org/10.1007/JHEP04(2023)035
https://arxiv.org/pdf/2211.11905.pdf
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Based on

Other results presented in TAUP-2023: 

NGI, light mediators

NSI

JHEP 04 (2023) 035 [arXiv:2211.11905]

In collaboration with  V. De Romeri, 

O. G. Miranda, D. K. Papoulias, 


G. Sanchez Garcia and  J. W. F. Valle 

This talk :

See also talk by T. Rink (light VB & θw with CONUS)

Neutrino electromagnetic properties

https://doi.org/10.1007/JHEP04(2023)035
https://arxiv.org/pdf/2211.11905.pdf
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Akimov et al, PRL  129 (2022) 081801

CEvNS data from COHERENT

Akimov et al, PRL 126 (2021) 012002

CsI (2021)

LAr (2020)
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Statistical analysis

CsI (2021)

LAr (2020)

with:
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Atzori-Corona et al, JHEP05 (2022) 109

Akimov et al, PRL 126 (2021) 012002

Akimov et al, PRL  129 (2022) 081801

We include ES background which 
could mimic a CEνNS signal. 
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Neutrino (effective) magnetic moment

✦ The (effective) neutrino magnetic moment gives extra contribution to 
CEvNS and ES cross section:
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Effective MM are process-
dependent quantities:


For full Transition Magnetic 
Moment parameterization see 


Grimus et al, NPB2003

Miranda et al, JHEP 2019
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µ⌫e < 3.6 (3.8)⇥ 10�9 µB

µ⌫µ < 2.4 (2.6)⇥ 10�9 µB

90% C.L. limits 
with (without) ES
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✦ Minimal SM extension (with mν) predicts ➡ larger 
in BSM

CEvNS +ES 
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Neutrino electric (milli) charge

✦ In BSM models, neutrinos can acquire small electric charges: millicharges


✦ This electric charge would generate a new contribution to the CEνNS and 
ES cross section, proportional to
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neutrino 
millicharge

CEvNS only

CEvNS +ES 

momentum transfered
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q⌫ee 2 [�6.9, 5.6]⇥ 10�8 e

q⌫µµ 2 [�3.3, 2.5]⇥ 10�8 e

(1σ)

(1σ)
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Neutrino charge radius
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✦ It is the only EM neutrino parameter that is different from zero in the SM: 
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✦ New contribution to the CEνNS and ES cross section, proportional to

Bernabeu et al NPB 2004
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i Here: only diagonal CR, but transition CR (l≠l’) 
can be generated via  mixing and/or physics BSM

CEvNS only

ES contribution negligible
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Comparison with previous results
D. Papoulias, Magnificent CEvNS workshop 2023

Different effective parameters!! 

Better use TMM parameterization for 

comparisons!

In general not very competitive but 
they complement other searches

[-61.2, -48.2] ∪ [-4.7, 2.2]

DM exp: very low E-threshold!
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✦ CEvNS provide a powerful tool to search for new physics BSM.


✦ From the global analysis of COHERENT data we have derived 
constraints on neutrino electromagnetic properties:


✓ Neutrino magnetic moment


✓ Neutrino charge radius


✓ Neutrino millicharge


➡ The last CsI data (2021) dominate the sensitivity of the combined 
CsI + LAr analysis.


➡ Analysis with ES events improves the constraints obtained for 
neutrino magnetic moment and neutrino millicharge.


➡ Although some of the limits derived are not competitive with 
existing searches, they provide complementary and relevant 
information.

Summary


