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The case for sterile neutrinos
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The case for sterile neutrinos

Non-standard physics:
Partial thermalization in the early Universe.
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The case for sterile neutrinos

Non-standard physics:
Partial thermalization in the early Universe.

Non-standard physics:
To suppress their contribution to the HDM density

N ¢ & flavour N & (Zm,) (Neg) & Zm,

——

3 C l.,
N, = 2.99 + 0.20 (68%cl) Sm, < 0.13 eV (95%cl) | prs pon,

Phys. Dark Univ (2016)

[eV?]

2
a4

Gariazzo etal., e | | N = 4.0...
Global fit (2017) " w_w  Zm,=1leV

s in22|§)ell




V. secret interactions

The sterile neutrino is coupled to a new light pseudoscalar (Majoron models)
Lint ~ gs¢vsy5vs

Non-cosmological constraints:

E
W v,
Ve
W e
E
BP g.<3x107 SN energy loss g, < 4 x 107
Bernatowicz et al, PRL (1992) g, <10”

Farzan, PRD (2003)



Flavour evolution
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Early time phenomenology:

V,(p)~107'gT,
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N.+at BBN

Archidiacono et al., PRD (2014)
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N.+at CMB

The v, — ¢ fluid becomes strongly interacting before neutrinos go non-relativistic

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

pseudoscalars.

2m, and LSS

Archidiacono et al., JCAP (2015)
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2m, and LSS

Sterile neutrinos disappear from the cosmic neutrino background.
Neutrinoless Universe, Beacom et al., PRL (2004)

Archidiacono et al., JCAP (2015)
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If the mediator is a massive MeV vector boson, then the late time phenomenology is

different.

Hannestad et al., PRL(2013); Bringmann et al., JCAP (2014); Mirizzi et al., PRD (2014); Chu,

Dasgupta, Kopp, JCAP (2015)



Conclusions

“Secret” sterile neutrino self-interactions mediated by a light pseudoscalar can
accommodate one additional massive sterile state in cosmology without spoiling BBN,
CMB and LSS constramts
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WDM limit
m, > 3.3 keV
Viel et al. (2013)

Outlook

Secret interactions might also solve the small
scale problems of cold dark matter.
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The scattering
time scale of DM
self interactions
has to be less than
the age of the
Universe.

Overproduction of ¢ from y-annihilation.
B No effect on Large Scale Structure.
[ Dark Matter is too hot.
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Archidiacono et al., PRD (2014)



Flavour oscillations
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Collisional re-coupling
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Neutrino PDF
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DM-pseudoscalar
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Sommerfeld & pseudoscalar
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Dark matter & pseudoscalar
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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 lower bound

Bellazzini et al., PRD (2013) It requires further
Ackerman et al., PRD (2009) investigation



