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For neutrinos however, possibly large chemical potentials: 

“Asymmetry”
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• 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

Describing neutrino evolution
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• Standard Model: 3 species of massless neutrinos  

• Experimental evidence in the second half of the 20th century                                                            
 massive neutrinos 
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• Classical neutrino transport:

Classical and quantum transport

12
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• Classical neutrino transport:

• Quantum neutrino transport:

Classical and quantum transport
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• Large lepton numbers are needed for some 
nonstandard scenarios, e.g., the resonant 
production of sterile neutrino dark matter  
(Shi-Fuller mechanism).

• Nonzero asymmetries leave an imprint on the 
equation of state (EoS) of the Universe, which in 
turn affect the production of primordial black 
holes.
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3. Lepton asymmetries and 
primordial black hole formation
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Based on: M. Gonin, JF, A. Escrivà, A. Magaraggia, 
G. Hasinger and F. Kühnel, [2608.22240]
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Asymmetry evolution from  to T = 10 GeV T = 10 keV
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EoS from  to T = 10 GeV T = 10 keV
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PBH mass spectrum
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GW signal
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Julien Froustey

• We combined a full quantum kinetic transport code for neutrinos with a BBN network to connect primordial 
asymmetries to cosmological observables. 

• Large primordial neutrino asymmetries are allowed in some directions. 
 complicated landscape of allowed asymmetries 

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

• This (re-)opens the parameter space for resonant production of sterile neutrino dark matter (Shi-Fuller 
mechanism). 

• Importance of future X-ray observatories in the ~ 20 keV range! 
• Limitations of the sterile neutrino production code for very large lepton numbers: future study! 

• A modified thermal history leaves an imprint on the PBH mass spectrum. 
 connection between PBH mass spectra and fundamental cosmic parameters

⟶

⟶

Summary
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Constraints on primordial asymmetries…

… consequences on sterile neutrino dark matter models…

… and PBH formation
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Quantum Kinetic Equation
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Connection with thermal warm dark matter
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Threshold values for PBH formation
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