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» Neutrino quantum decoherence
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Lindblad equation (1976)

Dy = —diag{l'y,T'1, T2}
[, decoherence parameter
[, relaxation parameter

p, (t) is neutrino density matrix
H is Hamiltonian of the neutrino system

Lindblad equation can be decomposed to Pauli matrices gy, :

Opr (1)
ot

o = 2€;5.Hip;j(t)or + Dripi(t)ok



Lindblad equation (1976)

Dy = —diag{l'y,T'1, T2}
[, decoherence parameter
[, relaxation parameter

1 - - .
P, , = 5 [1 + e 12" cos? 20 + e 1 sin* 20 cos (Aa:') ]




Reactor and solar fluxes
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Interplay of neutrino quantum
decoherence and collective oscillations
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Master equations for neutrino density

Stability equation

matrix , ;
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Figure 1: The survival probability of the electron neutrino in the absence of

quantum decoherence (a) and for the case when the neutrino decoherence pa-

rameter is I'; = 1072 GeV (b). 10
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PART 2

mechanisms of the neutrino quantum decoherence
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Neutrino radiative decay
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Formalism

p — density matrix of the full system

H - Hamiltonian of the full system
H,, — neutrino

H;y: — interaction

H, - electromagnetic field

Based on: H.P. Breuer, F. Petruccione, "The theory of open quantum systems"




Elecromagnetic vertex

Fﬁ(‘?) — ﬂ:Q(qz)}/p _ ﬂ:M(qz)igyvqy + fE(qz)O'ﬂquyS
+84(a) (@7, — 949)75.

Based on: H.P. Breuer, F. Petruccione, "The theory of open quantum systems"
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Formalism
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Neutrino Master Equation

I'(w,) is neutrino decay rates |

eigenoperators of the neutrino
Hamiltonian

(T — —iwt ; 7
N(w) = Bal) is the Planck it k) = Lnén J (wn, k)
¢ [Hv'](wn)] = WnJ ((Un)

wy, is the energy difference
between neutrino states

distribution function
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Results

[ (1] K.Stankevich, A.Studenikin, Phys.Rev.D 101 (2020) |

Supernova environment

T =30 MeV
T, = 100 MeV
n =102 cm™3
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Obtained values of

decoherence parameters
I =~ 107%1GeV for v,v, oscillations

I =~ 10731GeV for v,v, oscillations

Experimental constraints

I < 10723GeV for reactor neutrino fluxes [3] R.L.N.Oliveira et al, Phys.Rev.D 89 (2014)
I; < 10728GeV for solar neutrino fluxes | [4]1 P.C. de Holanda, JCAP 03 (2020) 012
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Neutrino decays

» Neutrino decay to
1) dark photons;

2) massless axions;
3) gravitons.

I'(wy) is neutrino decay rates
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Conclusions

» We considered for the first time the interplay of two effects: neutrino quantum
decoherence and collective neutrino oscillations. We derived new conditions of
the existence of the collective bipolar neutrino oscillations that accounts the
neutrino quantum decoherence.

» A new theoretical framework, based on the quantum field theory of open
systems applied to neutrinos, has been developed to describe the neutrino
evolution in external environments accounting for the effect of the neutrino
quantum decoherence. We have used this approach to consider a new

mechanism of the neutrino quantum decoherence engendered by the neutrino
radiative decay.

» Neutrino quantum decoherence can serve as a signatures of the
electromagnetic neutrino properties and physics beyond Standard Model
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