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Present status. There is no doubt [1-3] that neutrino electromagnetic properties open a win-
dow to new physics. The most general form [[] of a neutrino electromagnetic vertex function
(@) = (e — aud/ ) [15(@) + 17 ()]~ iouna” [11(a) + i1 (¢)%s] . where Au(g) and
form factors fp.4.m £(q?) are 3 x 3 matrices in the space of massive neutrinos, in the case of cou-
pling with a real photon (¢ = 0) provides four sets of neutrino electromagnetic characteristics: 1)
the dipole magnetic moments f;; = ;‘j(O) 2) the dipole electric moments &;; = g (0), 3) the mil-
licharges g;; = fg (0) and 4) the anapole moments a;; = f/ij (0). The study of the electromagnetic
properties of neutrinos attracts considerable attention.

The most well understood and studied are the dipole magnetic moments. In a minimal ex-
tension of the Standard Model the diagonal magnetic moment of a Dirac neutrino is given [H] by

ub = 38‘*557’;1' ~3.2x 10*19(1'2’\,)/43 (up is the Bohr magneton). Majorana neutrinos can have

only transition (off-diagonal) magnetic moments /,Ll.’;ﬁ i The most stringent constraints on the effec-
tive neutrino magnetic moment are obtained with the reactor antineutrinos: t, < 2.9 x 10~'1up
(GEMMA Collaboration [B]), less stringent constraints were also obtained by the TEXONO Col-
laboration [H]. The study of the solar neutrinos fluxes yield slightly more stringent constraints:
ty, < 2.8 x 107! up (Borexino Collaboration [0]).

An astrophysical bound (for both Dirac and Majorana neutrinos) is provided [B]-[[d] by ob-

servations of the properties of globular cluster stars: (Zi, j ‘ Wi j‘2> 2 < (2.2-2.6) x 107 2up. A
general and termed model-independent upper bound on the Dirac neutrino magnetic moment, that
can be generated by an effective theory beyond a minimal extension of the Standard Model, has
been derived in [[]: u, < 10~'*up. The corresponding limit for transition moments of Majorana
neutrinos is much weaker [[].

Future prospects. The foreseen progress in constraining the neutrino magnetic moments is
related, first of all, with the expected new results from the GEMMA experiment measurements of
the reactor antineutrino cross section on electrons at the Kalinin Power Plant. The new set of data
is expected to arrive next year. The electron energy threshold will be as low as 350 eV ( or even
lower, up to ~ 200 eV). This will provide possibility to test the neutrino magnetic moment on the
level of uy ~ 0.9 x 10~"2up. Note that data on the neutrino scattering obtained by the GEMMA
experiment can be also used [[3] for constraining the neutrino millicharge.

For the future progress in studying (or constraining) the neutrino magnetic moments a rather
promising claim was made in [[[4, [3]. It was shown that even tine values of the Majorana neutrino
transition moments would probably be tested in future high-precision experiments with the astro-
physical neutrinos. In particular, observations of supernova fluxes in the JUNO experiment (see
[16-18] may reveal the effect of collective spin-flavour oscillations due to the Majorana neutrino
transition moment u¥ ~ 102! up.

Recent studies on neutrino magnetic moments. The most interesting and important among
the consequences of nonzero neutrino magnetic moments are the neutrino spin procession in the
transversal magnetic fields [A], [19-21]. In the presence of matter [22-24] the corresponding spin
VJI; & vff and spin-flavour vJI; & vjlf, (f # f7) oscillations can be amplified due to the resonance,
the effect that can have important consequences in different astrophysical settings. Recently, a
thorough study of neutrinos electromagnetic interactions, accounting in particular for magnetic
moments, in the theoretical formulation of low-energy elastic neutrino-electron scattering is pre-
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sented in [Z3]. In [Z8] on the bases of the exact solution of the neutrino evolution equation the
influence of neutrino magnetic moments on the propagation of ultrahigh-energy cosmic neutrinos
in the interstellar space is carried out. Within the developed new approach (see [2d], [27] and refer-
ences therein) to description of neutrino flavour, spin and spin-flavor oscillations the corresponding
probabilities are calculated accounting for the whole set of possible conversions between four neu-
trino states (V5 vy, v, vf
magnetic field: 1) the amplitude of the flavour oscillations v. < vﬁ at the vacuum frequency is

). It has been shown, in particular, that in the presence of the transversal

modulated by the magnetic field frequency wp = v B, 2) the neutrino spin oscillation vt < vE
probability exhibits the dependence on the mass square difference Am?. The discussed interplay of
neutrino oscillations in magnetic fields on different frequencies can have important consequences
in astrophysical environments, in particular in those peculiar for magnetars [ZZ4]. The quantum ap-
proach to neutrino spin and spin-flavour oscillations engendered by the matter transversal current
or polarization, the effect predicted in [ZH], has been developed in [EH].

As it has been shown in [Bd], the most favorable conditions for the spin light of neutrino in
matter (that is another possible manifestations of a nonzero neutrino magnetic moment) is provided
by ultra-dense matter of neutron stars and ultra-high energy of the radiating neutrino, and these
conditions can be met within galaxy clusters.
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