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Neutrino electromagnetic properties

Massive neutrinos in the Standard Model can couple to
photons at the loop level [1]:
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The EM interaction changing the helicity of neutrino is
characterized by the magnetic moment
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Magnetic moments of mass and flavor
eigenstates
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where µij are elements of neutrino electromagnetic
moments matrix, Aj(Eν , L) is the amplitude of j-mass state
at the interaction point.

I Dirac neutrinos: µij = 0 for i , j (GIM mechanism [2])
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I Majorana neutrinos: µij = 0 for i = j (CPT conservation)
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I Initially electron neutrinos:
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where the electron neutrino survival probability
P3ν
ee = sin4 θ13 + cos4 θ13P2ν

ee , P2ν
ee = 0.55 in the region of

interest. Oscillation parameters from [3].

Borexino experiment [4]

Location Laboratori Nazionali del Gran Sasso (Italy)
Main goal real-time solar neutrino detection in sub-MeV

region
Detection technique ν − e sca�ering
Scintillator pseudocumene + PPO (1.5 g/l)
Mass 278 t (71.3 t fiducial)
Number of PMTs nominally 2212
Abundance of 238U and 232Th < 10−19 g/g
Energy resolution @ 1MeV ∼ 5%
Spatial resolution @ 1MeV ∼ 10 cm
Energy threshold on recoil electrons ∼ 200 keV

Magnetic moment of solar neutrinos

Neutrino magnetic moment can contribute to
ν − e elastic sca�ering with a corresponding
cross-section (not interfering with weak
interaction):
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where Te is the electron recoil energy, and Eν is
the neutrino energy, and µe� is defined by µij
and neutrino mixing parameters.
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Data analysis

Data set: Dec 2011 – May 2016
(1291.5 days livetime)
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I Spectral analysis is based on the technique
developed for the solar neutrino fluxes
measurement [5]

I Energy estimator: N dt1(dt2)
p — number of PMTs

triggered within 230 (400) ns a�er cluster start time
I Analytical description of detector’s response allows

to adjust non-linearity and resolution parameters
(scintillation light yield, non-uniformity of light
collection etc.) during the fit

I Weak contribution to pp and 7Be spectra are
constrained with the measurements of Gallium
experiments [6]

E�ective magnetic moment of solar neutrinos

µe� < 2.8 × 10−11µB (90% C.L.)
Magnetic moments of mass and flavor
eigenstates

Dirac neutrinos :
��µD

11
�� < 3.4;

��µD
22
�� < 5.1;

��µD
33
�� < 18.7;

Majorana neutrinos :
��µM

12
�� < 2.8;

��µM
13
�� < 3.4;

��µM
23
�� < 5.0;

Flavor eigenstates : |µe | < 3.9;
��µµ�� < 5.8; |µτ | < 5.8.

×10−11µB (90% C.L.)
Check out [7] for more details!
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