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It is well known that massive neutrinos have nontrivial electromagnetic properties and at least
magnetic moments of neutrinos should be nonzero. For many years, until 2004, it was believed
that neutrino helicity precession and the corresponding spin oscillations can be induced by the
neutrino magnetic moment interactions with the transversal magnetic field. A new and very in-
teresting possibility for neutrino spin (and spin-flavour) oscillations engendered by the neutrino
interaction with matter background was proposed and investigated in [1] (also mentioned in [2]).
The origin of the new type neutrino spin oscillations ν− ⇔ ν+ in the background matter is the
neutrino weak interactions with the transversal matter current j⊥ (determined by the contribution
GF j⊥ to the neutrino evolution Hamiltonian) that generates the corresponding mixing between
neutrino states ν−

e and ν+
e . The existence of this effect has been confirmed recently by other au-

thors (see, for instance, [3]). For historical notes reviewing studies and derivation of the discussed
effect see also [4]. In these notes below we give a short flash on the quantum treatment of the
effect that, as an example, result with the exact probability of the spin oscillations between the
electron neutrino states ν−

e and ν+
e in the transversal matter current j⊥.
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Neutrino evolution accounting for the matter currents Alexander Studenikin

1. Neutrino spin oscillations in mass and flavor bases

Consider [5, 6] two flavour neutrinos with two possible helicities ν f = (ν+
e ,ν−

e ,ν+
µ ,ν−

µ )T in

moving media composed of neutrons. The interaction Hamiltonian reads Hint = f µ ∑l

(
ν̄γµ

1+γ5

2 ν
)

,

where l = e, µ , f µ = GF jµ/
√

2, jµ = nn(1,vvv)/
√

1− v2 is the matter current and GF is Fermi
constant of weak interaction. For typical term ∆ss′

αα ′ = ⟨νs
α |Hint |νs′

α ′⟩, that by fixing proper values of
α , s, α ′ and s′ can reproduce all of the elements of the neutrino evolution Hamiltonian ∆He f f that
accounts for the effect of matter motion, we obtain

∆s,s′
α,α ′ = nG̃usT

α

{
(1− v∥)

(
0 0
0 2

)
+ v⊥

(
0 γ−1

αα
γ−1

α ′α ′ 0

)}
us′

α ′δα ,α ′ .

Here, as an example, we consider a particular case of two electron neutrino states (ν+
e and ν−

e ).
The evolution of this system is given by the equation

i
d
dt

(
ν+

e

ν−
e

)
=

(
−∆m2

4E cos2θ nG̃v⊥(
η
γ )ee

nG̃v⊥(
η
γ )ee −∆m2

4E cos2θ +2nG̃(1− v∥)

)(
ν+

e

ν−
e

)
,
(η

γ

)
ee
=

cos2 θ
γ11

+
sin2 θ

γ22
,

where G̃ = GF√
2

and we have to consider an obvious condition ∆m2 = 0. In the adiabatic case for the
probability of the neutrino spin oscillation ν−

e ⇔ ν+
e we get

Pν+
e →ν−

e
=

v2
⊥(

η
γ )

2
ee

(1− v∥)2 + v2
⊥(

η
γ )

2
ee

sin2

(
nG̃
√

(1− v∥)2 + v2
⊥
(η

γ
)2

eex

)
.

It follows that the transversal matter current j⊥ generates mixing between two neutrino states
whereas the the effect of the longitudinal matter current j∥ can produce the resonance amplification
of the corresponding oscillations.
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