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PROBES FOR NEUTRINOS IN COSMOLOGY 

❖ Radiation and Matter equality epoch (zeq > z : no matter 
perturbation can grow) : LSS (both massive and massless 
νs)

❖ Amplitude of matter power spectrum : LSS (massive 
neutrino)

❖ Acoustic angular size at the last scattering surface (zls) : 
CMB T and P anisotropies

❖ Amplitude of primordial gravitational waves : CMB P 
anisotropies + GWs



COSMOLOGICAL PROBES
❖ LSS VS CMB

Y. Wong et.al 11



MASSIVE NEUTRINO IN COSMOLOGY I

❖ For cold dark matter (CDM), perturbations of sub-horizon 
scales (aH << k < knl), δcdm grow uniformly (D(a) no k 
dependence)

❖ Eq for δcdm

❖ Growing mode solution  for δcdm

❖ Matter power spectrum of CDM However this is 
not an observed 
quantity (galaxy 
PS)



MASSIVE NEUTRINO IN COSMOLOGY II

❖ For cold dark matter (CDM) with ν, perturbations of 
sub-horizon scales smaller than free-streaming scale (k > 
kfs), δcdm is suppressed (P > g)

❖ Eq for δcdm with massive ν,  

❖ Growing mode solution  for δcdm

can constrain sum of ν masses



MASSIVE NEUTRINO IN COSMOLOGY III
❖ Suppression factor, (1-fν)2 in the matter power spectrum 

(for k > knr), give the limit on the sum of masses of νs 

❖ Overall suppression factor in CDM PS is 
Lesgourgues & Pastor 06

at z = 0



MASSIVE NEUTRINO IN COSMOLOGY IV

❖ Massive neutrino with mass hierarchy 

❖ Perturbation of massive neutrinos can grow only for  
scale bigger than free-streaming scale (k < kfs) 

❖ If we consider two degenerated neutrinos with 
normal and inverted hierarchy, then PS

Jimenez et.al 10



MASSIVE NEUTRINO IN COSMOLOGY V
❖ Current constraints Huang 15



MASSLESS NEUTRINO IN COSMOLOGY I

❖ Acoustic angular scale (for location of first few peaks) 

❖ Diffusion angular scale (for location of higher peaks)

❖ Degeneracy between # of massless neutrino and other 
parameters (w, h, Yp)

SL 14



MASSLESS NEUTRINO IN COSMOLOGY II
❖ Observationally indistinguishable CMB



MASSLESS NEUTRINO IN COSMOLOGY III
❖ Degeneracies between Neff , w, and Yp



MASSLESS NEUTRINO IN COSMOLOGY IV
❖ Degeneracies between Neff , w, and Yp



MASSLESS NEUTRINO IN COSMOLOGY V
❖ Degeneracies between Neff , h, and As



MASSLESS ν
❖ In CMB Polarization



REALITY I
❖ Both massless and massive neutrinos is degenerated by 

CMB

❖ Theoretically, both massless and massive neutrino can 
be distinguished by LSS

❖ However, what we measure is the galaxy (baryon) 
matter power spectrum not the DM PS (bias factor)

❖ k > 0.1 h/Mpc is non-linear regime (difficulty in handle 
on perturbation)



REALITY II
❖ baryon vs DM perturbation

What we measure

What we calculate

Mode coupling in non-linear regime



CONCLUSION
❖ Massive neutrino mainly affects on LSS

❖ Massless neutrino mainly affects on CMB

❖ However, effects of neutrino mass and number are 
degenerated with other cosmological parameters

❖ LSS with PS are unknown both in theory and in 
observation

❖ Better to use the standard ruler or candle methods 
(distance instead of amplitude) or bias free observation


