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Cosmology
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' Too much HDM energy density at CMB (m, ;" N MB)

INg®=n_/n 0 =0 Ldp p*f, (p)

' Too heavy for large scale structures (m, )
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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

T~ (g,~107) !  and # in thermal equilibrium
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one single tightly-coupled fluid

T> the dark sector decouples
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T~ neutrino oscillations become important



Density matrix
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Sterile neutrino production

Resonant production
/ - / To prevent sterile

neutrino
thermalization, we
need to suppress
the mixing angle in

matter, 1.€.
S o m’
Standard S 2p
neutrino prior to standard
decoupling neutrino
&~ decoupling

n/p freeze-out
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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.

MA, Hannestad, Hansen, Tram, PRD (2014)
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' Too much HDM energy density at CMB (m, ;" N MB)
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Late time phenomenology (1):
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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

listenless Boltzmann equation in Fourier space
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Scattering
processes
F=(n(" V)"

Relaxation time

approximation
Hannestad, JCAP (2005)
Hannestad & Scherrer, PRD (2000)
see
Oldengott,Rampf,Wong, JCAP (2015)
for the exact analytical solution




Expansion in Legendre polynomials of the

Boltzmann equation in Fourier space
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Too much HDM energy density at CMB (m, ;" N _4“MP)
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Late time phenomenology (2):
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Late time phenomenology (2):
| —# ar©hllat|ons
As soon as sterile neutrinos go non-relativistic, they start annihilating into
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Sterile neutrino mass and Iss
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Drawback of the MeV-scale
vector boson Mirizzi et al., PRD (2014)
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Too much HDM energy density at CMB (m, ;" N _4“MP)

INg®=n_/nt 0 =05 Ldp p*f, (p)
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Coupling to DM
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Overproduction of ¢ from y-annihilation.
B No effect on Large Scale Structure.
[ Dark Matter is too hot.
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) ., DM-DM (-
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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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Active neutrinos must be free streaming after z~5000
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The interaction is confined to the sterile sector
The pseudoscalar coupling is diagonal in mass basis
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Galactic Dynamics:
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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.

Milky Way:
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It is just a
It requires further
ivestigation



Sommerfield enhancement

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