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Fundamental Properties of Neutrinos

➢ Neutrino properties include mass, lifetime, electric and magnetic 
moment or electromagnetic properties in general 

➢ From the PDG quotation, this number is for the effective electron 
flavor neutrinos at the long-baseline limit.  
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Neutrino Magnetic Moment: History

➢ The neutrino magnetic moment (MM) was introduced by Pauli in his 
famous letter (1930)
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Neutrino Magnetic Moment: History

➢ The neutrino magnetic moment (MM) was introduced by Pauli in his 
famous letter (1930)

➢ Carlson and Oppenheimer (1932): 
Neutrino propagation in matter with nonzero magnetic moment

➢ Bethe (1935): The neutrino-electron cross section with MM could be larger 
than that of IBD (Bethe & Peierls, Nature 1934)

➢ First limit by Nahmias (1935): 

➢ Limits by Cowan and Reines (neutrino detection with IBD in 1956)
(1954);                         (1957)     
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A: Fundamental Theory

of Magnetic and Electric Moments of Neutrinos
Based on the Review Article:

Ann. Rev. Nucl. Part. Sci. 75 (2025) 1-33 and updates
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Neutrino Electromagnetic Interactions
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Electromagnetic Vertex Function
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Neutrino Magnetic and Electric Moment
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Dirac Neutrinos
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Dirac Neutrinos

➢ After the discovery of neutrino oscillation (and thus neutrino mass), 
neutrino can have nonzero magnetic moment !
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Majorana Neutrinos

➢ After the discovery of neutrino oscillation (and thus neutrino mass), 
neutrino can have nonzero magnetic moment !
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How large the MMs could be ?

➢ Problem: The same diagrams without the photon line contribute to the 
neutrino masses → ad hoc symmetry (Voloshin 1988), vector leptons, etc.

➢ General EFT Approach to Neutrino Magnetic Moments:

Shrock, 1982
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B: Constraints of the Magnetic Dipole Moment
Based on the Review Article:

Ann. Rev. Nucl. Part. Sci. 75 (2025) 1-33 and updates  
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➢ Magnetic moment contribution could be much enhanced at lower recoils. 

→Going to smaller values of recoiled energies.

➢ EνES of low energy neutrinos is among the best choices!

Laboratory tests-I
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Laboratory tests-II

➢ Short baseline test: intensive beam + low threshold sensitive detectors by 
the electron or nucleus scattering process

➢ Long baseline test: solar neutrino beam + large sensitive detectors

➢ Short and long baseline tests are probing different combinations of MMs!
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Laboratory limits at short baseline

➢ The most stringent laboratory bounds come from the GEMMA：
→ EvES with the lowest energy threshold (2.8 keV)

➢ Conus (2605.22815): intensive reactor antineutrinos + low-threshold 
Ge detectors (160 eV) by electron and nucleus scattering
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Laboratory tests (long baseline)

➢ Low threshold DM exps. are the most sensitive probes.
➢ LS detectors with large exposure are also with great potentials.
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Astrophysical & Cosmological bounds 

➢ Astrophysical bounds: 
large uncertainty, model dependence, & flavor universal

(1) Supernova bound: energy loss from MM-induced scattering from left-
handed to right handed (sterile) neutrinos (escape from environment)

(2) Bounds from TRGB, Solar Cooling, Cepheid Stars, and White Dwarfs: 
energy loss from plasmon decay into a neutrino-antineutrino pair

(3) Cosmological bounds: constraints on the production of right-handed 
neutrinos by in the primordial plasma (from the scattering of neutrinos and 
charged particles)

Depending on the evolution history and production time
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Astrophysical & Cosmological bounds 
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Spin-Flavor Precession
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C: Constraints on Other Electromagnetic 
Properties
Based on the Review Article:

Ann. Rev. Nucl. Part. Sci. 75 (2025) 1-33 and updates
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Neutrino Charge and Charge Radii
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Neutrino Electron Charges

➢ Enhanced at low recoiled energy with 1 / T2

→ Similar to EvES

U(1) symmetry and charge dequantization, see Das et al, 2005.12304 
and 2504.20044 
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Constraints on Neutrino Electron Charges
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Constraints on Neutrino Electron Charges

➢ Astrophysical bounds 
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Neutrino Charge Radii from CEvNS

→ Similar to EvES
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Constraints on the Neutrino Charge Radii
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Constraints on the Neutrino Charge Radii

➢ New limits on neutrino charge radii after recent measurements:
+ Reactor CEνNS data from CONUS+ [arXiv:2501.05206]

+ COHERENT Ge 2026 dataset [2603.17951]

arXiv:2501.05206

➢ Most precision constraints from 
CEνNS data [2605.07975]

➢ See also 2605.27121 and 2605.22815

➢ CEνNS is one of the most powerful 
probes of neutrino charge radii !
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An important portal to 
the dark sector

➢ Above GeV: 
LEP/LHC with 10-3 GeV-1

➢ Below MeV: 
strong BBN bound

➢ Sub GeV: SN1987A

➢ MeV — GeV:
ν scattering plays an 
important role!
Borexino, CHARM-II etc.

CEvNS: MeV to 50 MeV
Li, YFL, Xia, 2406.07477

Brdar et al 2007.15563

Neutrino Dipole Portal
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Conclusion

➢ Limits on the neutrino charges and charge radii. 

More details see Ann.Rev.Nucl.Part.Sci. 75 (2025) 1-33 Thank you !


