
Constraints on neutrino physics and dark matter from 
cosmology

New Directions



Neutrino physics from 
cosmology current status

Signs for neutrino mass from combined cosmological data 
(Beutler et al. 2014):

Hints for extra dark radiation from Planck+BICEP2 (Giusarma 
et al. 2014):

Indication for sterile neutrino from combined cosmological 
data (Dvorkin et al. 2014):



Neutrino Physics from 
cosmology: caveats

- Constraints are model dependent 



- Indications for extra neutrinos coming from 
 "tensions" between datasets



Neutrino physics from 
cosmology: forecasts

Blue: Planck 2014, Red: Planck+ACTpol, Green: Next CMB 
satellite (Galli et al., 2010) 



Neutrino physics from 
cosmology: forecasts

Planck+Euclid 
Kitching et al., 2008



Cosmological constraints 
on Dark Matter



Constraints

CMB needs Dark Matter at more than 40 standard deviations !

Caveat: CDM must be non relativistic at recombination.  


Masses  m>10eV would be OK.



Planck dark matter distribution throught CMB lensing







Cosmological Neutrinos

20% more suppression than in linear 
case, redshift and scale dependent 
feature 

Xia, Granett, Viel, Bird, Guzzo+ 2012  JCAP, 06, 
010

Villaescusa-Navarro, Marulli , Viel, Branchini, 
Castorina, Sefusati, Saito, 2014, JCAP, 03, 011

Bird, Viel, Haehnelt 2012, MNRAS, 420, 1150

Simulations of neutrino clustering (top left) 
allow to extend the neutrino suppression in  the 
non-linear regime (top right) and to appreciate 
the importance of non-linearities on existing 
data (VIPERS+CFHTLS, bottom left).



Present contraints from LSS: Σ Mν < 0.3 eV 
2σ C.L.

Future directions: address this new regime 
with

state-of-the-art tools



Dark Matter Coldness 

EXCLUD
ED

m > 3.3 keV (2σ)

Simulations of the cosmic web in Cold Dark 
Matter and Warm Dark Matter Cosmologies 
(top) can be used to put constraints  on the 
mass  of a thermal candidate or sterile 
neutrino using the High redshift regime 
explored by Lyman-alpha forest data (left).



Constraints: so far the tightest have been 
provided

F u t u r e d i r e c t i o n s : e x p l o r e w i d e r 
implications

for structure formation

Viel et al. 2014, PRD



Dissecting the γ-ray background

Residuals of γ-ray emission from the Fermi 
LAT 

Satellite (top left, E > 1 GeV, 21 months of 
data) can be cross-correlated (bottom left) 
with the LSS (top right, NVSS sample) to 
infer which tracers contribute to the 
background.



Constraints: No obvious cross-correlation 
has been found in 2011 but interesting 
signals are coming up soon.

Future directions: Full characterization of 
the


Xia, Cuoco, Branchini, Fornasa, Viel, 2011, MNRAS, 416, 2247

Xia, Cuoco, Branchini, Viel, 2014, in prep.







The CMB as a laboratory 
to probe new physics

• Cosmic birefringence: standard tracer of parity violation in 
the EM/GW (chiral) sector.


• We look at the photons that achieve the longest possible 
journey.


• Need high quality CMB polarization datasets.

e.g.:

Gruppuso, Natoli, Mandolesi et al JCAP 2012

Gubitosi et al. JCAP 2012

Gluscevic & Kamionkowski PRD 2010

Cabella, Natoli & Silk PRD 2007
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What Next?

• Exciting physics to dig out. However:


• Need data, in particular high quality CMB 
polarization data: Planck (ongoing), balloons + 
ground based, post Planck satellite (ESA/M4 call 
around the corner)


• Need expertise, in particular phenomenological, 
data analysis and interpretation. Benefit from 
Planck experience/legacy.


