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This work: 
Less extreme 

scenario 2
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• particle decay into neutrinos (e.g. Cuoco et al. 2005, Gonzalez-Garcia et al. 2012)

• non-standard neutrino interactions (Basboll et al. 2009, Starkmann et al. 1994) 

• oscillations to sterile neutrinos (e.g. Hannestad et al. 2012)

Here: only n<3

Model-independent parameterization for non-thermal distributions:
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Impact on CMB and LSS

But that‘s a 
well-known fact…

Eliminate degeneracy by fixing energy density at early times:

Impact on cosmological observables?

Model independent parameterization allows some variation, 
but all distributions still relatively close to Fermi-Dirac... 5



Impact on CMB and LSS

Using CLASS 
(Blas, Lesgourgues, Tram 2011) 6



Impact on CMB and LSS

Using CLASS 
(Blas, Lesgourgues, Tram 2011) 6



Impact on CMB and LSS

Is this a 
unique 

feature of 
the 

distribution 
function???
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Intrinsic degeneracy between 
mν and distribution



MCMC analysis

Around 100% relaxed neutrino mass bounds

Using MontePython
(Audren, Brinckmann, 

Lesgourgues, Benabed, Prunet)

Monte-Carlo-Markov-Chain analysis
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