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Oscillations vs cosmology
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The sterile neutrino is coupled to a new light pseudoscalar (m, << 1eV)
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T> ¢ particles are thermally produced
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T~ neutrino oscillations become important



Density matrix
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Sterile neutrino production
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When sterile neutrinos are produced,
they will create non-thermal distortions
in the sterile neutrino distribution, and
the sterile neutrino spectrum end up
being somewhat non-thermal.
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Late time phenomenology
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Expansion in Legendre polynomials of the

Boltzmann equation in Fourier space
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Expansion in Legendre polynomials of the
Boltzmann equation in Fourier space
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Expansion in Legendre polynomials of the
Boltzmann equation in Fourier space
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Active neutrinos must be free streaming after z~5000
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The interaction is confined to the the sterile sector
The pseudoscalar coupling is diagonal in mass basis



Solving the tensién on N_;at CMB
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v. — ¢ annihilations

As soon as sterile neutrinos go non-relativistic, they start annihilating into

pseudoscalars vV, ! ¢¢
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Solving the tension on m,

O
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Solving the tension on m
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Coupling to dark matter

O

MA, Hannestad, Hansen, Tram (2014)
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Dwarf Milky Way Cluster
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can accommodate one additional massive sterile state in cosmology without
spoiling CMB measurements and, at the same time, evading mass

constraints

“Secret” interactions might also solve the of the

paradigm
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The condition for having observable consequences on galactic dynamics is that the
scattering time scale of DM self interactions is less than the age of the Universe.
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Sommerfield enhancement

The effect of Sommerfeld enhancement can be safely neglected for all reasonable
values of g,

101 3 MA, Hannestad, Hansen, Tram (2014)
102 H — v=10"" -
101(1) | — v=10""
10 1 — wv=10"
. 188 | — =102
5 107: — v=10"
> 100l v=10"
Q 5
o% 104 -
10"
10°
10° }
10'
0
10" = - | 9 N PPV 3
10 10 10 10 10 10 10



