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Neutrino magnetic moment

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

➢ 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)     



4

Neutrino magnetic and electric moment

➢ After the discovery of neutrino oscillation (and thus neutrino mass), 
neutrino can have nonzero magnetic moment !
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Neutrino Electromagnetic Interactions
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Neutrino Electromagnetic Interactions
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Neutrino charge radius
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Constraints on magnetic moments
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Laboratory tests

➢ 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
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➢ Magnetic moment contribute could be much enhanced at lower recoils. 

➢ Going to smaller!

Laboratory tests



12

Laboratory tests (Short baseline)
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Laboratory tests (Long baseline)
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Astrophysical & Cosmological bounds 

➢ Astrophysical bound: 
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 



16

Constraints on other electromagnetic properties
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Constraints on the neutrino charge radius
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Constraints on neutrino electric charges
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Future prospects

➢ Low threshold + giant detectors for scattering processes: 
solar neutrinos at dark matter direct detection & JUNO  

➢ Dedicated detection with controlled beam
(1) semiconductor detectors (reactors) → enhancement of screening effect

YFL & Xia, JHEP 10:021 (2023)

(2) Coherent elastic neutrino-atom scattering (SATURNE project)
Cadeddu et al. Phys. Rev. D 100:073014 (2019)

➢ Atomic & molecular probes (e.g., neutrino pair production in atom)
Ge & Pasquini, JHEP 12:083 (2023)

➢ Astrophysical & Cosmological bounds with better control
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Conclusion

➢ Neutrino electromagnetic (EM) properties and interactions are 
fundamental for massive neutrinos and physics beyond the 
Standard Model.

➢ An effective neutrino charge radius could be generated in SM.

➢ There could be three effective EM properties: magnetic moment, 
charge radius, & electric charges in BSM.

➢ Promising Laboratory tests & Astrophysical & Cosmological 
bounds 

More details see Annu. Rev. Nucl. Part. Sci. (submitted)

Thank you !


