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At present 112               cm-3 per flavour 

Contribution to the energy density of the Universe 
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From present evidences of oscillations from experiments measuring 

atmospheric, solar, reactor and accelerator neutrinos 

Evidence for Particle Physics  
beyond the Standard Model ! 

From present evidences of oscillations from experiments measuring 

atmospheric, solar, reactor and accelerator neutrinos 

Mixing matrix U 



Mixing Parameters... 
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... and neutrino masses 

Possible neutrino mass hierarchy patterns 
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What is the value of m0 ? 
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At present 112               cm-3 per flavour 

Contribution to the energy  
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Non-relativistic? 
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Ωi = ρi/ρcrit
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93.2 eV
Ων < 1 →
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mi � 46 eV
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from J. Lesgourgues 

Photon density fluctuations 

 before decoupling  

CMB primary anisotropy 

spectrum (temp+pol) 

Photon momentum  

after decoupling 

CMB secondary anisotropy 

spectrum 

matter density fluctuations 

LSS [ galaxy / cosmic shear / 

Ly  ] spectrum 

Recombination 

Hubble constant H0 & cosmic distances 

measurements: SN Ia and Baryon 
Acoustic Oscillations (BAO) 
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from Olga Mena
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Neff = 3.29+0.67
−0.64

Neff = 3.32+0.54
−0.52



Absolute mass scale searches

< 0.2-0.8 eV 

2.2 eV 
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Summary of future sensitivities 



 

 

 
 

 

 

 

 
 
 

 
 

 

 

 
 

 

 

 

 
 
 

 
 




