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An ~ 1021 for the optical wavelength range
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Cosmic Neutrino Background (CNB)

e One the most abundant particles in the Universe

ny, = 112 em ™3 per flavour
e CNB decoupled around BBN
Tigee ~ 2MeV ~ 2,3 x 10°K

e Nowadays “temperature” of CNB

Thow =~ 19K ~ 1.7 x 1071V

e CNB-spectra
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- remains the same after decoupling up to the redshift of momentum due to the universe expansion

[1] Looking for cosmic neutrino background - C. Yanagisawa
[2] Massive Fermi Gas in the Expanding Universe - A. Trautner



Effective coupling of neutrinos with photon and
Dirac neutrino magnetic moment
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- Standard Model prediction for neutrino
magnetic moment

po, <2.9x107Hup

- experimental restriction for neutrino
magnetic moment

[3] Electromagnetic Properties of Neutrinos - C. Broggini, C. Giunti, A. Studenikin



Modified propagator of fermion in matter in real
time formalism of thermal QFT
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The calculation of transverse function for

polarization tensor
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e For typical values of neutrino magnetic moment given by Standard
model or experiments there is no non-trivial solution

e No effect to the refractive index from CNB

e This s in contrast to electrically charged medium where the effect
is present for arbitrarily weak coupling or density

e K2—0 and p =1



Conclusion

We considered the question of the neutrino magnetic moment
impact to the photon propagation in the medium of CNB in the
small photon polarization mass regime, which is dictated by the
frame of the task

The result for the transverse polarization function tells us that
there is no non-trivial solution for the photon polarization mass in
physical range of magnetic moment of neutrino, so that there is no
effect on phase velocity of light propagating through CNB.
However we do not deny the existence of the critical value of some
combination of parameters for other regimes or various other
media (characterized by high density, high temperature, high
magnetic moment, ...), above which the effect is non-zero, for
example in early universe.






Herrlx) = j,(iff(fﬂ)A’L(-f’f)

; k2
i () = T(x) A (x)v(z) u2 = —0.136 x 1012(?V_2A—,2
A(%) =—ij1,, 0, K" 2
. KKK, /.L,Q, = —1.36 m
P[LI/ = Guv & T .[ 3 ]\

Quy = ———(Ku, + wK,) (k*u, + wk,).

K2k

H/u/ e Hva( + H'mat

[72% [72%

vac __ vac __ 21TV0C
1925 = TITee— FATTS



v, N o) )W o
‘Corrections to the photon

mdex of refraction due to -

the relic neutrinos with -
magnetlc moment

Petropavlova Marla/ Adam Smetana

> c @\ Institute of E erlmental and Applied Physics 2 o €
w i zec Technical University w
Z = g

w@ ..



