keV sterile neutrino with large mixing angle is still alive
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Neutrino oscillations in matter

_2E _2E
T Am2 T m2
A = Doy /sin?(2680) + (cos(260) — Va /Do)’

sin”(26)
sin?(20p) + (cos(200) — Vi /Ap)?

Ao

sin®(20,,) =

Sterile neutrino production rate v, — v

s2( b ) 2
sin®(5—) sin”(20m))¢,, 1
Fua—njs _ < (2tm) ( )>t 12 _ fsin2(29m)
2tecon 2

T
2

tm < tcoll < tczp = Am > Fa > H
6]
—_— 1
Am S

Fedor Bezrukov, Anton Chudaykin, Dmitry G Quarks 2018 Tuesday 29" May, 2018 4 /22



Boltzmann equation: v, — v
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Cosmological bounds
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Cosmological bounds on 6,
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Direct searches: "Troitsk nu-mass" spectrometer
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Instant phase transition at T}, . = {1
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Overall abundance of v, today
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Momentum distribution of v
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Numerical results: Qn/Qpas
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Numerical results: T
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Dark sector structure
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Scalar dark matter: isocurvature constraint
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Other assumptions

Condition f¢o < M is consistent with T,s. > 100 €V which allows sterile neutrinos
to compose all dark matter today!
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mg < M forbids perturbative decays ¢ — ¢ N and ¢ — NN kinematically.

me > (1 —2) x 107" eV is consistent with the Ly-c clumping.
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Different production mechanisms

T > 3Tgpw: generation by thermal Higgs boson decay
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Conclusion

o Models with phase transition and feebly interacting scalar field let us simply alleviate
different cosmological and astrophysical bounds by shifting the onset of oscillations
to later times.

keV sterile neutrino with the mixing 6% ~ 107° — 1072 is still alive! J

@ keV sterile neutrinos with large mixing
— naturally explain small masses of active neutrinos within different 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 the
structure formation in the Lyman-c forest (M > 8keV) and from phase space
density (M > 5.7keV)

o Light scalar field dark matter
— can compose all DM today in case mg > 1072t eV
- in case of mass 10722eV < mg < 1072* eV can address some small-scale problems
of cold DM. But this range is already excluded by the structure formation in the
Lyman-« forest.

Composite dark matter J

Fedor Bezrukov, Anton Chudaykin, Dmitry G Quarks 2018 Tuesday 29" May, 2018 20 / 22



Thank you for your attention
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Expectations of the KATRIN
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