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Neutrino Electromagnetic Interactions
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Neutrino magnetic and electric moments
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CEνNS with ν magnetic moments
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Experimental Bounds
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COHERENT constraints on ν magnetic moment

A combined analysis of DM direct detection experiments (see 2309.17380)

More details in Corona, … YFL, et al, 
2205.09484
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Active-sterile ν magnetic moment: dipole portal  

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

2007.15563
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NDP from low-Energy ν-nucleus scattering data

➢ We consider Dresden-II, full set of 
CsI, and Xe-based low threshold 
data (PandaX-4t and Xenon-1t)  

➢ All enhance the energy spectra:
low mass scenario have more 

distortion at low energies;
while, high mass case will be more 
significant at high energies.

Li, YFL, Xia, 2406.07477
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NDP: e-flavor scenario

Li, YFL, Xia, 2406.07477

➢ Dresten-II provides the leading constraints for the MeV range, 
but the quenching factor matters at lower energies.

➢ COHERENT data present weaker constraints, but can extend to 
tens of MeV, comparable to the limits from LSND and SK 
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NDP: μ-flavor scenario

Li, YFL, Xia, 2406.07477

➢ COHERENT data provide leading constraints for 10—50 MeV, and 
extend to MeV range at the level of 10-7 GeV-1

➢ Our limit is around one order of magnitude better than previous works, 
because of additional time information, more stats., better systematics.
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NDP: τ-flavor scenario

Li, YFL, Xia, 2406.07477

➢ The solar ν-nucleus scattering in DM direct detection exp. provides 
independent constraints up to 10 MeV, compared to the electron 
scattering at Borexino & SuperK.

➢ Our constraints are a factor of three better than previous work because 
of low threshold data are employed.

Nature sources, such 
as solar and 
atmospheric νs, have 
abundant τ-flavor 
fluxes at detectors. 
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Conclusion

➢The low energy coherent neutrino nucleus data are 
unique probe of the neutrino magnetic moment!

➢Active neutrino magnetic moment: 

➢Active-sterile neutrino magnetic moment:

(a) leading constraints at the MeV mass range (e-flavor) 
(b) leading constraints at the 10 MeV mass range (μ-flavor) 
(c) independent constraints for the τ-flavor scenario

➢ A window for new physics beyond the standard model: 
promising prospects with future measurements
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Thanks!
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Backup
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Electromagnetic Vertex Function



16

Neutrino scattering with magnetic moments
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CEνNS with solar neutrinos

2201.05015

2203.16525

➢ Active neutrino magnetic moment:

limited by the threshold

➢ Active-sterile magnetic moment (dipole portal)

promising prospect !


