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Outline

• Nuclear physics
• Weak mixing angle

• Neutrino magnetic moment
• Neutrino millicharge
• Neutrino charge radius

Electroweak physics

Electromagnetic neutrino properties



SM CEvNS cross section
Particle physicsNuclear physics

• Observable: nuclear rms radius 
• Largest theoretical uncertainty 
• Affects the shape of CEvNS spectra • Observable:   

• poorly measured at low energies 
• Affects the normalization of CEvNS spectra

sin2 θW



Probing the nuclear rms radius

Proton rms radii are fixed
 

 
 

Rp(I) = 4.766 fm
Rp(Cs) = 4.824 fm
Rp(Ar) = 3.448 fm

Neutron rms radii float freely
Rn = 1.23 A1/3 (1 + a4)

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

Credit M. Cadeddu

Klein-Nystrand form factor



Rn(CsI) = 5.62+0.41
−0.40 fm

Rn(CsI) = 5.80+0.89
−0.93 fm

CsI (2021) analysis

CsI (2017) analysis

P. Coloma, I. Esteban, M. C. Gonzalez-Garcia, and J. Menendez, JHEP 08, (2020) 030

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

Probing the nuclear rms radius

Tomorrow’s talk  by  
M. Cadeddu 

The full-CsI data with  statistics  
and an improved understanding of the error budget  
lead to a by factor 2 reduction of  uncertainty 

2 ×

Rn



Probing the weak mixing angle

sin2 θW = 0.237+0.029
−0.029 (1σ)

sin2 θW = 0.26+0.04
−0.03 (1σ)

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

M. Cadeddu,  Dordei, Giunti, Li, Picciau, Zhang: PRD 102, 015030 (2020) 

CsI (2021) +  LAr (2020)

CsI (2017) +  LAr (2020)

The combined fit yields:

Tomorrow’s talk  by  
A. Majumdar for the 
Dresden-II analysis
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Combining sin2 θW and Rn

Atzori Corona et al. arXiv: 2303.09360De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905



Electromagnetic neutrino properties

taken from M. Cadeddu, Magnificent CEvNS 2020 
Tomorrow’s talk by F. Dordei



Neutrino (effective) magnetic moment

CEvNS

EvES 
(for CsI only)



Neutrino (effective) magnetic moment

CEvNS

EvES 
(for CsI only)

The effective neutrino magnetic 
moment is a process-dependent 
quantity which is expressed in 
terms of the fundamental 
transition magnetic moments



Neutrino (effective) magnetic moment

Combined CsI + LAr fit
90% C.L.

CEvNS

EvES 
(for CsI only)

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

The effective neutrino magnetic 
moment is a process-dependent 
quantity which is expressed in 
terms of the fundamental 
transition magnetic moments



CEvNS

ES 
(for CsI only)

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

Neutrino (milli)charge
New contribution to SM cross section



Combined CsI + LAr fit (1σ)
De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

CEvNS only

CEvNS + ES

CEvNS only

CEvNS + ES

Neutrino (milli)charge



Neutrino charge radius
• Neutrino charge radius (CR) is the only EM neutrino 

parameter that is different from zero within the SM framework

• Radiative corrections generate an effective electromagnetic 
interaction vertex

The SM values are

Bernabeu,  Papavassiliou, Vidal, Nucl. Phys. B 680 (2004) 450–478

0

⇒

SM: only flavor diagonal CR are possible 
due to lepton number conservation

Charge radius



Combined CsI + LAr fit (1σ)

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

Neutrino charge radius
New contribution to SM cross section

CEvNS

ES



Combined CsI + LAr fit (1σ)

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

CEvNS

ES

Neutrino charge radius
New contribution to SM cross section

ES contribution is negligible

CEvNS only



Comparison with existing results

De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905



De Romeri, Miranda, DKP, Sanchez, Tortola, Valle: arXiv: 2211.11905

Summary

Electroweak physics

Electromagnetic Neutrino properties

• Efficiency and timing uncertainty  play key role 
in the analysis of CsI data 

• CsI data dominate the combined CsI+LAr fit  

• A factor 2 improvement is obtained regarding 
the uncertainty on  

• The new CsI data improve the agreement 
between the RGE extrapolation and extracted 
constraint on  

• ES events become relevant for the analysis of 
CsI, especially for the extraction of millicharge 
constraints

Rn

sin2 θW



Thank you for your attention
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