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New mechanism of electromagnetic
radiation by neutrino in matter
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Recent review of neutrino electromagnetic properties
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Neutrino radiative decay in vacuum
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Neutrinos weak interaction with S
matter is taken into account: we )
use exact wave functions for the D
initial and final neutrinos in
presence of matter

@ X is coupled to neutrinos by transition magnetic moment M v

37 40 -3
@ high density of matter 7~ 10" +10" cm

(neutron stars)
@ relativistic neutrinos



Modified Dirac Equation
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fr= T;(nn ,0,0,0) l&——— for unpolarized and matter at rest
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neutrino energy spectrum Eg — ¢ \/( p—sa m) +m? +am

matter density parameter \ eutrine momentum
— 1 G nn
‘- 22 T m S is neutrino helicity

& =11 defines positive and negative energy solutions

n, is neutron number density
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Exact Solutions: E,—am p
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0 = arctanpa/p1| L is normalization length
E =(p»Ppy.0;) | - neutrino momentum
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Photon Spectrum ‘f _)V Ty ‘
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Initial and final neutrino energies:

_ 2 2
Ef—\/(pi,f—si,fami’f) +m, .~ +am,

Energy and momentum conservation laws: k
E;=E +w |p,=p;+k VAT
Three main parameters: }.
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Useful designations:

:\/(1—Si-1()2+7/2—x; D=s-k—-0;| |x=cos0




Photon Spectrum |Vi 2V 7]

In the most interesting case: ;= —1, \) T

The SLv spectrum (within abovementioned notations):

© —(KD+xi®)++(KD+xk*)* —(K* - *)(D* - £*)
D, - K> -«

Differential Probability of the Process
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Total rate v —)V -I-j/‘
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Total rate ViV, -I—}/‘
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@ Non-relativistic case (in vacuum)
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Conclusions

The theory of spin light of neutrino in matter is now
generalized for the case of neutrino transition between two
different mass states (originally SLv was considered for the
case of equal masses of neutrino in initial and final states)

The rate of the process provided by the transition magnetic
moment is of the same order as provided by the diagonal one

The energy spectrum of SLy for the case of relativistic neutrino
moving in dense matter span up to the range peculiar for gamma-rays

In the case of ultra-relativistic neutrino energies and high
densities of matter (astrophysical applications) the neutrino
mass difference gives subdominant effect

In the case of low neutrino energies and low densities of matter
in the leading order our result is in agreement with

A. De Rujula and S. L. Glashow; G. Zatsepin, A.Smirnov;
S. Petcov; P. Pal, L. Wolfenstein

The rate of SLv is determined by the value of neutrino effective
magnetic (transition) moment
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It is possible to have | 7 = - << age of the Universe ?
For ultra-relativistic \/
With mOmentllm p ~ 1020€v p > mpla‘{?mon
and magnetic moment p ~ 1075
in very dense matter n ~ 10*°cm =2 recently also
£ discussed by
rom L 2 2 2 A.Kuznetsov,
FSL,, = dptatmyp N.Mikheev, 2006
A.Lobanov, A.Studenikin, PLB 2003; PLB 2004 1
A.Grigoriev, A.Studenikin, PLB 2005 am, = —=Gpn(1+ sin*Oy)
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it follows that
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Exact Formula for S
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