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Neutrino oscillations in matter
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The Boltzmann equation: νe → νs
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Cosmological bounds
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The abundance of sterile neutrinos today
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Experimental bounds on θαs
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An instant phase transition at Th,c = ξTc
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The overall abundance of νs today
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The absolute minimum of sterile neutrino abundance today

h2ΩN,min ' h2ΩN,osc + h2ΩN,in ' 0.9× 10−3θ2
(

M

keV

)11/5

Anton Chudaykin (INR RAS) INR RAS
Wednesday 13th December, 2017 10 /

27



The momentum distribution of νs [F.Bezrukov et. al,2017]
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The numerical results for ΩN/Ωdm [F.Bezrukov et. al,2017]
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The numerical results for Tc,max [F.Bezrukov et. al,2017]
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Phenomenology of the dark sector
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The main assumptions

The condition f φ0 < M can be consistent with Tosc > 100 eV which allows sterile

neutrinos to compose all dark matter today!

(
Tosc

100 eV

)(
2.73K

T0

)
&

(
Mi

1TeV

)2/3(
1 keV

M

)2/3

Assumptions.

MN,i > TEW suppresses the active-sterile oscillations in the region T . TEW .
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Di�erent production mechanisms

T > TEW : generation by thermal Higgs boson decay
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θ2 = 10−3, M = 0.3 keV, εφ = 1

-20 -15 -10 -5 0
-15

-10

-5

0

Log10[m, eV]

Lo
g 1

0
[f]

θ2=10-3

M=0.3 keV

ϵϕ=1

X-ray bound for ΩN,ϕ

Tc>M

Cosmobounds for

ΩN,osc in T<Tc

MN,i<TEW

Cosmobounds for

ΩN,osc in MN,i<T<TEW

Γϕ→νa νa
/H>1

MN,i<Tosc

fϕ0>M

Anton Chudaykin (INR RAS) INR RAS
Wednesday 13th December, 2017 19 /

27



θ2 = 10−3, M = 3 keV, εφ = 1
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θ2 = 10−3, M = 20 keV, εφ = 1
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εφ = 1/2, f = 0.2
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Conclusion

The model with phase transition let us simply alleviate di�erent cosmological

and astrophysical bounds by shifting the onset of oscillations to later times.

The model with the feebly interacting scalar is able to suppress the sterile

neutrino production in the early Universe to the level which makes the direct

laboratory searches the strongest ones in the scalar dominated Universe.

Super-cool sterile neutrinos produced by the oscillating background

contributing signi�cantly to DM help to escape the bounds of M > 8 keV

from the structure formation in the Lyman-α forest and of M > 5.7 keV from

phase space density.

keV sterile neutrinos can naturally explain small masses of active neutrinos

within di�erent hierarchies via the See-Saw mechanism.
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Thank you for your attention
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Bounds from the "Troitsk nu-mass" spectrometer
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Expectations of the KATRIN
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