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A veryrichCEvNS
phenomenology

NUCLEAR FORM FACTORS

NEW INTERACTIONS

NEW ’PROPERTIES

EW PRECISION TESTS

NEW DETECTORS

STERILE ’ί

AXION

SUPERNOVAE

DARK MATTER

Disclaimer: not a 
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Χmy personal «taste»
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SeewŜŜŘΩǎtalk

0Â

Parityviolationin electron scattering

Whatwe (ŘƻƴΩǘ) know aboutnuclei 
Most of the information we haveon the nuclearsize and 
ƴǳŎƭŜƻƴΩǎdistribution inside the nuclei are mainlyrelated
to the electricchargeand thusthe protons. 

ὙḙρȢςσὃȾ fm 

Thisisbecausetheseinformation are extractedusingthe 
electron-nuclei scattering data that are sensitive only to 
the chargedistribution. 

Electron scattering and 
muonicspectroscopycan 

probe only the proton
distribution

PREX-II
Measuring the elastic differential cross sections for incident 
electrons of +/- helicity we are able toάǎŜƭŜŎǘέ ǘƘŜ ½ ŎƻǳǇƭƛƴƎ 
to neutron. 

It is sensitive to the parity-violating term induced 
by the weak interaction.

Ὑ Ὑ

πȢςχψπȢπχψÆÍ
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CEvNSprocessis
mediatedby Z

[Phys. Rev. D30, 2295 (1984); JHEP 0512, 021 (2005); Phys. Rev. C86, 024612 (2012), 

Phys. Rev. Lett.120(2018)7,072501; JHEP 1906:141 (2019) é]

Two different form factors, one for the 
neutrondistributionand one for the proton.

ρ τÓÉÎ— πͯȢπυmoreover
Z<N so the contributionof the 
proton form factor isnegligible!!

Hence, measurements of the process give information on the nuclear neutron form 
factor which is more difficult to obtain in a model independent way.

ü CEvNSnaturallyconstitutesa processin 
whicha Z bosonis involved. 

V The Z bosoncouplesmostlywith neutrons, so 
information on the neutrondistributioncan 
be obtained.  
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CsIneutrondensitydistributionmeasurements

[arXiv:1908.06045v3]

Official quenching factor

[arXiv:1907.11644v1]

Theoretical values in [fm] with Skyrme-
Hartree-Fock(SHF) and relativistic 
mean field (RMF) nuclear models. 
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[Colomaet al. arXiv:2006.08624v2]

Caveat: Klein-Nystrandform factor and
quenching factor was assumed to be 
constant with a small uncertainty.

[Khan et al. arXiv:1907.12444v2]

CsIneutrondensitydistributionmeasurement(2)

Compatible with what found in arXiv:1908.06045v3 and 
arXiv:1907.11644v1. 
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[O. G. Miranda et al. arXiv:2003.12050v3]

@90 % CL

[M. C. et al. arXiv:2005.01645v2]

These bounds are in agreementwith the nuclear 
model predictions, but unfortunatelythey are too 
weak to allow us a selection of the models.

First argon constraintson neutronradius

Single energy bin analysisfor LAr

Theoretical values for Ar in [fm] 
with Skyrme-Hartree-Fock(SHF) 
and relativistic mean field (RMF) 
nuclear models. 

Using COHERENT CENNS-10 [arXiv:2003.10630]

[arXiv:2005.01645v2] 10



They perform microscopic many-body nuclear structure physics calculations of charge and weak nuclear form factors and 
CE˄NScross sections ondifferent nuclei, including Ar.
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SeetŀƴŘŜȅΩǎ
talk

V After validatingAr chargeform factor calculation,they make predictions
for the Ar weakform factor.

ü Theycalculatedifferential crosssectionand compareit with widely used
phenomenologicalform factor predictions and recent measurementsof
the COHERENTcollaboration. Futureprecisemeasurementsof CE˄NSwill
aid in constrainingneutrondensities. SeealsoC. G. Payne, et al Phys. Rev. C 100, 061304 (2019) 11
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They provide weak form factor calculated using the large-scale 
nuclear shell model for a wide range of nuclei including Cs, I and Ar.

SeeIƻŦŜǊƛŎƘǘŜǊΩǎtalk

Weak form factor of 40Ar

BSM: impact on weak FF

Both the weak charge AND 
the form factor are affected 

by BSM effects!

EFT motivation: CEvNSspans very 
large range of energy scales
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Heavy vs light NSI

Effective four fermion interaction
Lagrangian. The parameters‐describe
the size of NSI relative to standard
neutral-currentweakinteractions.

ή Ḻὓ ή ḻὓ
One can assume the existenceƻŦ ¦Ωόмύ 

with an additionalvector½Ω ƻǊ ŀ ǎŎŀƭŀǊ ‰.
One has also an explicit  dependence on 

momentum transfer and Q charges.

«Heavy» mediator «Light» mediator

«AboveḐ10MeV»«AboveḐ1 GeV» 14



New COHERENT CsIresults
SeetŜǊǎƘŜȅΩǎtalk

«Heavy» mediator scenario

15



a
rX

iv
:2

0
0

8
.0

5
0

2
2

v
2

See/ŀǊƎƛƻƭƛΩǎtalk

Improved limits for 
20<ὓ <200 MeV

B-L

Degeneracystrip due to 
cancellationin the cross 
section

Universal

ὒ ὒ

Promisingopportunity to 
excludeg-2 with future data

V Limits on three different light mediator models 
combiningCsIand argon COHERENT data

CONNIE best limit for 
ὓ <5 MeVSeeaƻǘŀΩǎtalk

«light» 
mediator scenario
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See.ŀƴŜǊƧŜŜΩǎtalk
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MOTIVATION: obtain the opposite sign for Ç ς and Ç ς
V They fitted both CsIan Ar COHERENT data for the 

SUSY ὒ ὒmodel finding that the current data 

do not exclude Ç ς bound. 

ü Projection limits for a future 3x1022 POT CEvNSdetector very 
promising in probing Ç ς space. 17



SeeTóǊǘƻƭŀΩǎtalk
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Allowingtwo NSI parameters. 

One NSI parameter fitted at a time.
Single energy bin analysisfor LAr
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«light» 

«heavy» 

«heavy» 
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See¢ƘƻƳǇǎƻƴΩǎ
talk
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Å NSI with the first generation of SM fermions exhibits degeneracies that cannot be broken by a single class of experiments.
Å The authors combined neutrino-electron and neutrino-nucleus scattering from Borexinoand COHERENT and projection 

for CENNS-10 (argon). In addition they also considered projections for DUNE and multi ton DM detectors.    

1d marginalsand 95 % CL 2d contours. 

Big computational effort made
possible by a new approach
utilized to combine information
from different experiments.

SeealsoC. Giunti arXiv:1909.00466

SeeDŜƘǊƭŜƛƴΩǎtalk
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V A careful treatment of the statistical methods is essential 
to derive correct constraints on new physics parameters. 

V Due to the low statistics of the CsIdata ²ƛƭƪǎΩ ǘƘŜƻǊŜƳ 
is not fulfilled in general and a calculation of the p 
values and confidence regions via Monte Carlo 
simulations is necessary.

V Correct treatment of PE smearing 
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Electromagneticinteractions

üEffective Hamiltonian

üThe electromagnetic properties of neutrinos are embedded by the vertex function 

[C. Giunti,A. Studenikin,Neutrino
electromagnetic interactions:
A window to new physics,Rev
Mod Phys, 87, 531 (2015),
Arxiv:1403.6344]

For neutrinosthe electric charge is zero and there are no electromagnetic interactions at tree level. 
However, such interactions can arise at the quantum level from loop diagrams at higher order of the 
perturbative expansion of the interaction. 

ü We are interested in the neutrino part of the amplitude which is given by the 
following matrix element

Magnetic and electric dipole momentsCharge and anapole moment
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Neutrino chargeradius
ü In the SM the effective vertex reduces to ɾ&Ñ since

the contribution Ñɾ ϳÑ Ñ vanishes in the coupling with a conserved 

current
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üIn the Standard Model

[Bernabeu et al, PRD 62 (2000) 113012, NPB 680 (2004) 450]

ὶ ψȢς ρπ ὧά

ὶ τȢψ ρπ ὧά

ὶ σȢπ ρπ ὧά

άA charge radius that is gauge-independent, 
finite is achieved by including additional 
diagrams in the calculation of Ὂή έ



See½ƘŀƴƎΩǎtalk
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Å Argon data more sensitive to the 
neutrino electric charges because of 
the lower nuclear mass.

Å Improvement of the only existing 
laboratorybound of ή .

Å Muon neutrino magneticmoment 
onlyabout five times largerthan
the best current laboratorylimit.

’charge radii ’millicharge ’magnetic moments
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SeeTóǊǘƻƭŀΩǎtalk
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Single energy bin analysisfor LAr
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CEvNScross sectiondependson ÓÉÎ—

Quitebig uncertainty
due to the 

suppressionof the 
proton contribution! 

Neutron& proton form
factorsand radii

NOT suppressed Verysuppressed

SeetŜǊǎƘŜȅΩǎtalk

New                           CsI
result

CEvNSweakmixing angle dependence
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Physics potential of an experiment like
vIOLETA: a 1kg Skipper CCD detector 12 
meters away from a commercial nuclear 
reactor core.

Two different
quenching 
factorsfor Silicon

See{ƻƭŜǊΩǎtalk
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Combination of 
COHERENT CsI+ APV Cs

arXiv:1908.06045v3
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