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Neutrino oscillations in matter
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Boltzmann equation: νe → νs
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Cosmological bounds
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Abundance of sterile neutrinos today
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Cosmological bounds on θαs
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Direct searches: "Troitsk nu-mass" spectrometer
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Instant phase transition at Th,c = ξTc
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Overall abundance of νs today
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Numerical results: ΩN/ΩDM [F.Bezrukov et. al,2017]

0.01 eV ≈
√

∆m2
sol < ma <

∑
mν ≈ 0.2 eV [Planck+BAO]
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Numerical results: Tc [F.Bezrukov et. al,2017]
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Dark sector structure
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Oscillation framework
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Numerical solution
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Analytical approximation

Resonance condition
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Induced parametric resonance
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Conclusion

Phase transition allows to alleviate di�erent cosmological and astrophysical bounds
by shifting the onset of oscillations to later times.

keV sterile neutrino with mixing θ2 ∼ 10−5 − 10−3 is still alive!

keV sterile neutrinos with large mixing

� naturally explain small masses of active neutrinos within di�erent hierarchies via
the See-Saw mechanism
� solve the small-scale problems of cold DM
� are not able to compose all DM today in the light of the bounds from structure
formation in the Lyman-α forest (M > 8 keV) and from phase space density
(M > 5.7 keV)

Feebly interacting scalar �eld provides the induced parametric resonance which
ensures super-e�cient production of keV sterile neutrinos

keV sterile neutrino with mixing θ2 � 10−8 − 10−7 can still produce all DM!

keV sterile neutrinos with extremely small mixing

� can compose all DM today in parametric resonance
� alleviate structure formation constraints since yk,max ≈ 0.5 is necessary to produce
all DM. It also helps to address the small-scale problems of cold DM.
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Thank you for your attention
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Expectations of the KATRIN
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