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The phenomena of neutrino oscillations can proceed only in the case of the coherent superpo-
sition of neutrino mass states. An external environment can modify a neutrino evolution in a
way that conditions for the coherent superposition of neutrino mass states are violated. Such a
violation results in quantum decoherence of neutrino states and leads to suppression of flavor
neutrino oscillations. We consider the influence of the neutrino radioactive decay in dense media
and an external electromagnetic field on neutrino oscillations, and the corresponding damping of
neutrino oscillations in the presence of an electron media and electromagnetic field is calculated.
The formalism of quantum electrodynamics of open systems is used in the performed evaluations.
The studied phenomena can be significant for description of neutrino oscillations in extreme con-
ditions of astrophysical environments peculiar to supernovae, neutron stars or quasars.

The 39th International Conference on High Energy Physics (ICHEP2018)
4-11 July, 2018
Seoul, Korea

∗Speaker.

c© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). http://pos.sissa.it/

mailto:kl.stankevich@physics.msu.ru
mailto:studenik@srd.sinp.msu.ru


P
o
S
(
I
C
H
E
P
2
0
1
8
)
9
2
5

Neutrino decoherence due to radiative decay Konstantin Stankevich

We continue our studies [1] of neutrino quantum decoherence in extreme environments. Now
consider the influence of the neutrino radioactive decay in dense media on neutrino oscillations.
We consider the influence of the neutrino radioactive decay in dense media and an external electro-
magnetic field on neutrino oscillations, and the corresponding damping of neutrino oscillations in
the presence of an electron media and electromagnetic field is calculated. We start with the quan-
tum Liouville’s equation for density matrix of a system composed of neutrino and electromagnetic
field:

∂

∂ t
ρ =−i

∫
d3x [H(x),ρ] , (1)

where H(x) = Hν(x)+H f (x)+Hint(x) is the Hamiltonian density of the system. Hν(x) and H f (x)
are the Hamiltonian densities of neutrino system and the electromagnetic field respectively, and
Hint(x) describes interaction between neutrino and the field

Hint(x) = jα(x)Aα(x), (2)

where Aα is the electromagnetic field and jα(x) is a current density of neutrino jα(x)= ν ′(x)Γαν(x),
ν(x) is the neutrino field and Γα =U∗eνUeν ′ταβ γαL is an effective electromagnetic vertex

Equation (1) can be formally solved (integrated). Since we are not interested in the evolution
of the electromagnetic field its degrees of freedom should be traced out

ρν(t f ) = tr f

(
Texp

[∫ t f

ti
d4x [H(x),ρ(t)]

])
, (3)

where ρν(t) = tr f ρ(t) is a density matrix which describes the evolution of a neutrino system.
Below we will omit the index "ν" in order not to overload formulas. Equation (3) can be reduced
to the form of the quantum optical master equation

∂

∂ t
ρ(t) =−i [Hν ,ρ(t)]+κ

(
σ−ρ(t)σ+−

1
2

σ+σ−ρ(t)− 1
2

ρ(t)σ+σ−

)
+

+κ

(
σ+ρ(t)σ−−

1
2

σ−σ+ρ(t)− 1
2

ρ(t)σ−σ+

)
, (4)

where Hν = diag(Ẽ1, Ẽ2) and the decoherence parameter κ = sin2 2̃θτ2 ∆

4π2 (N(2∆)+1) . The de-
coherence parameter depends on sin2

θ̃ that means that the parameter undergoes the MSW-effect.
The solution of equation (4) gives the probability of neutrino flavour oscillations:

Pνe→νµ
= sin2 2θ̃ sin2 (∆t)e−κt/2 +

1
2

(
1− sin2 2θ̃e−κt/2− cos2 2θ̃e−κt

)
. (5)
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