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Neutrino properties from Cosmology

Disclaimer: 
this talk will be  by no 
means a complete  and 
unbiased review of 
the literature!



The standard cosmological model (LCDM)

Only  6 parameters, fits  observations of
the Universe from z=1100 to today.

Extremely successful model

Spatially flat, made of baryonic matter,
 cold dark matter, cosmological constant,
radiation-unimportant today-,

 inflationary scenario generated perturbations:
 amplitude and slope of the power spectrum of primordial
perturbations

Optical depth (reionization)

 present-day expansion rate

Cosmic Pie



State of the art of data then…



State of the art of data now…



LCDM model survives!



CDM density

Neutrino mass

WMAP II
WMAP+high l experiments

2dFGRS

SDSS main

LRG SDSS

CMB+SDSS LRG 0.9eV (95% CL)

Tegmark et al ‘07

Spergel et al ‘07

2dFGRS SDSS main

WMAP II



Fogli et al., Phys. Rev. D 75, 053001 (2007)

(assuming 3 Active Neutrino model)



Why CMB?

Lesgorges & Pastor 06

Verde et al 03



Why large scale structure?

The effect is z dependent!



Hannestad &Wong 07



Beware of degeneracies….

Hamman et al 2007



And more importantly beware of systematics… example….

Hamman et al 2007
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See also Sanchez & Cole 2007

CMB+SDSS LRG 0.9eV (95% CL)

Tegmark et al ‘07

Spergel et al ‘07

Recommended:
Use a Combination 
of approaches



Neutrinos and H(z)
F. de Bernardis, A. Melchiorri, L. Verde, R. Jimenez

arXiv:0707.4170

Not only neutrinos…



Age of the Universe
CMB data are able to tightly constrain the age of the Universe (and
expansion history) for a LCDM model

Direct
and “model
independent”
age estimates
have much
larger
error bars !

…however the WMAP constrain is model dependent. 
Key parameter: energy density in relativistic particles.
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Dating galaxies

(Simon Verde Jimenez 2005
Jimenez, Verde, Treu, Stern 2003)

If galaxies are standard clocks then we should see a red envelop:
i.e. an age- redshift relation 
(-> expansion history, dark energy etc.)
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And break this degeneracy….

WMAP+SDSS+HST+SVJWMAP+ALL+HST+SVJ

1.17.3 ±=
effN!

99%CL





Degeneracies?

What about the future? CMB: 
lensing

Small scales CMB and polarization

Relative changes for Nnu 2.5 to 3.5

On large scale structure:
Any experiment for BAO will do
ν very well….



Hannestad &Wong 07



Conclusions:

The statistical power of cosmological data means that cosmology can
now constrain neutrino properties.

Example: Dodelson et al 2006 ms<0.23 eV at 95% c.l.
4th sterile neutrino

Butts on the line
"The implications were staggering," says Scott Dodelson at Fermilab. "Cosmologically, we decided there should not be a

sterile neutrino, so to some extent, our butts were on the line."

New Scientist, April 2007, (immediately after MiniBOONE press release)

Beware of systematic effects!

The future is bright….


