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Describing neutrino evolution

 We need to follow the evolution of neutrino distribution functions, including a lot of physics:

» Expansion of the Universe

»  Weak interactions of neutrinos

»  Thermodynamics of the electromagnetic plasma
» Neutrino oscillations
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Neutrino transport in the early Universe

» Calculation of standard neutrino decoupling: N ;= 3.044
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Constraining primordial neutrino asymmetries
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Constraining primordial neutrino asymmetries
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Constraining primordial neutrino asymmetries
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Constraining primordial neutrino asymmetries

 Large lepton asymmetries are allowed, with a complicated landscape due to the dynamics of
flavor oscillations.
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_arge lepton numbers are needed for some
nonstandard scenarios, e.g., the resonant
production of sterile neutrino dark matter
(Shi-Fuller mechanism).

D. Gorbunov, D. Kalashnikov and G. Krugan [2502.17374]
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P C. Vogel, H. Escudero, JF and K. Abazajian [2507.18752]
K. Akita, K. Hamaguchi and M. Ovchynnikov [2507.20659]
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Summary

Constraints

on primordial asymmetries...

 We combined a full guantum kinetic transport code for neutrinos with a
asymmetries to cosmological observables.

BN network to connect primordial

e Large primordial neutrino asymmetries are allowed.

e Asymme

ries are mixed, but not perfectly equilibrated in general

— comp

icated landscape of allowed asymmetries

* Future CMB experiments will have a much larger constraining power!

... and steri

le neutrino dark matter models

» JF, C. Pitrou [2110.11889]
JF, C. Pitrou [2405.06509]

V. Domcke et al.
[2502.14960, 2510.02438]

* This (re-)opens the parameter space tor resonant production of sterile neutrino dark matter via the Shi-

Fuller me

chanism.

* Importance of future X-ray observatories in the ~ 20 keV range!

W@ C. Vogel et al. [2507.18752)
K. Akita ef al. [2507.20659)

e Limitations of the sterile neutrino production code for very large lepton numbers: future study!

Julien Froustey
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Quantum Kinetic Equation
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Neutrinos in the MeV age

Weak interactions
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Neutrinos in the MeV age

NEUTRINO DECOUPLING
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Neutrinos in the MeV age

NEUTRINO DECOUPLING
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Neutrinos in the MeV age

NEUTRINO DECOUPLING

| 4 De
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Difference of initial
e flavor asymmetry — average

Output of neutrino + BBN calculation N = 1r
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Connection with thermal warm dark matter
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