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 RELATIVISTIC EXCESS 

Ø wmap7+BAO+Ho  
Ø wmap7+DR7  
Ø wmap7+ACT  
Ø wmap7+SPT  

Total radiation density : 

 Neff is the effective number of neutrinos . 

In the standard model Neff describes 3 massless neutrinos.  
Considering then the entropy transfer with the thermal 
bath it reduces to : 



Left: The 3 + Ns scheme, in 
which ordinary neutrinos 
are massless.  
Right: The Ns +3 scheme, 
where the sterile state is 
massless  and 3.046 species 
of ordinary neutrinos have 
a common mass. 

Hamann et al., PRL ,105, 181301 (2010) 
  arXiv:1006.5276v2 

 EVIDENCES FOR A  
STERILE NEUTRINO 

The empty (filled) contours denote 
the 68%, 95% and 99.73% c.l. 
regions for Planck plus BOSS 
(Euclid) data. 
 
The neutrino parameters in the 
fiducial model are Nνs = 1, mνs = 
0.3 eV and mν = 0.1 eV. 

Giusarma  et al. Phys.Rev.D83:115023,2011	  	  
arXiv:1102.4774 



EARLY DARK ENERGY 

The dark energy contribution is 
assumed to be represented by a 
scalar field whose evolution tracks 
that of the dominant component of 
the cosmic fluid at a given time! 

See Zlatev et al, arXiv:9807002v2 [astro-ph.CO] 
Ferreira and Joyce,  PRD , 58, 023503 (1998) 
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BAROTROPIC DARK ENERGY 

See Sherrer R.J. PRD, 73, (2006), arXiv:0509890 [astro-ph] 
Linder & Sherrer, PRD, 80 (2009), arXiv:0811.2797 [astro-ph] 
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RELATIVISTIC DEGREES  
OF FREEDOM 

,
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CMB INFORMATIONS 
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Since the early dark energy enhances 
the expansion rate during the BBN, it 
allows for a higher primordial 
Helium mass fraction according to 
ΔYp ≃ 0.013(Neff − 3) 

Current measurements seems to prefer a 
larger value for Yp, Yp=0.2561±0.0108  or 
Yp=0.2565±0.0010(stat.)±0.0050(syst.). 
These results are off by ∼1.5 sigma from the 
expectations of standard BBN but introducing 
EDE acts to alleviate this tension. 
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When also Neff  is varying, the 
constraints on Ωe are practically 
unaffected by the inclusion of extra 
RDOF and vice versa. From our 
analysis we found that sterile 
neutrinos are preferred. 

CONSTRAINTS ON EDE AND Nν
eff 



WMAP7+ACBAR+QUAD	  
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CONSTRAINTS ON  
BAROTROPIC DE AND Nν

eff 

 The barotropic model strongly alters the constraints on Nνeff  and a non-negligible 
presence of the dark radiation part of the barotropic dark energy at recombination 
could not only bring the constraints on Nνeff  back in agreement with the standard 
value of Nνeff  = 3.046 but even erase the current claim for a neutrino background 
from CMB data! 



PLANCK FORECASTS 

[Planck Collaboration], arXiv:astro-ph/0604069. 



PLANCK FORECASTS 
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Stringent limits on relativistic 
degrees of freedom and very 
little impact from EDE. 
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A degeneracy is still present and 
we have weaker bound than in 
the EDE scenario. 



CONCLUSIONS 

ü We have studied the nature of the relativistic 
excess highlighted by current data focusing on an 
interplay between neutrinos and dark energy. 

ü  We have seen that in a EDE scenario we still have 
a preference for a sterile neutrino at about two 
standard deviations. 

ü  In the Barotropic DE scenario, Nνeff can be in 
perfect agreement with the standard value. 

ü  Planck could shed light... 


