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CMS constraints  





Thermal history in the νMSM 
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Test solution of KB equations 



Contribution of oscillations 



Toy model 



Effective masses (runaway) 



Effective masses (crossing) 



“Translation” to Boltzmann 
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Boltzmann approximation 



“Translation” to density matrix 



Density matrix approximation 



Kadanoff-Baym (effective M & Γ) 



Spectral function 



Spectral function 



Additional off-shell effects 



Summary 

1. Possible direct detection only for M ~ 1 TeV 

and a few GeV 

2. With two neutrinos need resonance in both 

cases  

3. Boltzmann is a questionable approximation  

4. Density matrix is a very good approximation  

5. Want precise CP-violating and washout 

rates 


