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WMAP 



Komatsu et al, 2010, 1001.4538 

New WMAP results from 7 years of observations 



How to get a bound (measurement) of a 
cosmological parameter from CMB or Galaxy 

Survey data 

DATA 

Fiducial cosmological model: 
(Ωbh2 , Ωmh2 , h , ns , τ, Σmν ) 

PARAMETER 
ESTIMATES 



Komatsu et al, 2010, 1001.4538 

WMAP constraints didn’t change much in the past 2 years 



South Pole Telescope- SPT 



Atacama Cosmology Telescope ACT 



New small-scale CMB measurements by ACT and SPT 

Flowler et al (ACT collaboration), 2010 

These experiments 
sample small scale 
anisotropies were 
th contribution from 
the local universe plays 
an important role 
(point sources, SZ, Lensing). 
Measuring the 
damping tail of primary 
CMB helps in constraining 
the parameters. 
Multifrequency is needed. 



New Results: ACT 

S. Das et al, http://arxiv.org/abs/1009.0847 
J. Dunkley et al., http://arxiv.org/abs/1009.0866 

http://arxiv.org/abs/1009.0847
http://arxiv.org/abs/1009.0866


• Neutrino masses  

 

• Neutrino effective number 

 

• Primordial Helium 
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These new measurements improve the constraints also  
on «new» parameters: 



Cosmological (Active) Neutrinos 
Neutrinos are in equilibrium with the primeval plasma through weak  
interaction reactions. They decouple from the plasma at a temperature 

MeVTdec 1

We then have today a Cosmological Neutrino Background at a temperature: 
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That, for a massive neutrino translates in: 
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Testing the neutrino hierarchy 

Inverted Hierarchy predicts: 

 𝑚𝑣 > 0.10 𝑒𝑉 

Normal Hierarchy predicts: 

 𝑚𝑣 > 0.05 𝑒𝑉 

Degenerate Hierarchy predicts: 

 𝑚𝑣 > 0.15 𝑒𝑉 

we assume                                      𝑚2 = 0.0025𝑒𝑉2 



Current constraints on active neutrino mass from Cosmology  
Fogli et al, 2011 in preparation 

Blue: WMAP-7 
Red:   w7+SN+Bao+H0 
Green: w7+CMBsuborb+SN+LRG+H0 

See also: 
M. C. Gonzalez-Garcia, Michele Maltoni, Jordi Salvado, arXiv:1006.3795 
Toyokazu Sekiguchi, Kazuhide Ichikawa, Tomo Takahashi, Lincoln Greenhill, arXiv:0911.0976 
Extreme (sub 0.3 eV limits): 
F. De Bernardis et al, Phys.Rev.D78:083535,2008, Thomas et al. Phys. Rev. Lett. 105, 031301 (2010) 
 

[eV] 

Current constraints (assuming LCDM): 
 
mn<1.3 [eV]  CMB  
 

mn<0.7-0.5 [eV] CMB+other 
 

mn<0.3 [eV] CMB+LSS (extreme) 
 

http://arxiv.org/find/hep-ph/1/au:+Gonzalez_Garcia_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Gonzalez_Garcia_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Gonzalez_Garcia_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Maltoni_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Salvado_J/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Salvado_J/0/1/0/all/0/1
http://arxiv.org/abs/1006.3795
http://arxiv.org/find/astro-ph/1/au:+Sekiguchi_T/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Ichikawa_K/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Takahashi_T/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Greenhill_L/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Greenhill_L/0/1/0/all/0/1


New ACT data improves CMB Bound 
on neutrino mass 

Blue: WMAP-7 
Red:   w7+ACT 



Gianpiero Mangano, Alessandro Melchiorri, Olga Mena, Gennaro Miele, Anze 
Slosar 
Journal-ref: JCAP0703:006,2007 

Hints for sterile neutrinos from 
cosmology ? 

http://arxiv.org/find/astro-ph/1/au:+Mangano_G/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Melchiorri_A/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Mena_O/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Miele_G/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Slosar_A/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Slosar_A/0/1/0/all/0/1


Komatsu et al, 2010, 1001.4538 



Latest results from ACT, Dunkley et al. 2010 
(95 % c.l.) 

𝑁𝑒𝑓𝑓 = 5.3 ± 1.3 

𝑁𝑒𝑓𝑓 = 4.8 ± 0.8 

ACT confirms indication for extra neutrinos 
but still at about two standard deviations 

ACT+WMAP 
ACT+WMAP+BAO+H0 



Effect of Extra Massless Neutrinos in the 
CMB: Early ISW 

Changing the number of neutrinos (assuming them as massless) shifts 
the epoch of equivalence, increasing the Early ISW:  



Caveat: CMB is NOT sensitive just to Neutrinos But to ANY extra relativistic contribution 
at recombination (extra dimensions, axions…dark energy). 



Extra Neutrinos or Early Dark Energy ? 
An «Early» dark energy component could be present in the early universe at recombination 
and nucleosynthesis. This component could behave like radiation (tracking properties) and  
fully mimic the presence of an extra relativistic background ! 

E. Calabrese et al, arXiv:1103.4132 
E. Calabrese et al, Phys.Rev.D83:023011,2011 



J. Hamann et al, arXiv:1006.5276 

3 Active massless neutrinos+ 
Ns massive neutrinos 

3 Active massive neutrinos + 
Ns massless neutrinos 

http://arxiv.org/abs/1006.5276


Latest analysis 

Giusarma et al., 2011 http://arxiv.org/abs/1102.4774 
includes masses both in active and sterile Neutrinos. 

Blue: CMB+HST+SDSS 
Red:   CMB+HST+SDSS+SN-Ia 

http://arxiv.org/abs/1102.4774
http://arxiv.org/abs/1102.4774


Archidiacono, Fornengo, Giunti, Melchiorri in preparation (2011 ?). 

Preliminarly constraints from WMAP7 (only) for Nn=5 case (3 active massless+2 steriles) 



Small scale CMB can probe Helium abundance at recombination.  

See e.g.,  
K. Ichikawa et al., Phys.Rev.D78:043509,2008 
R. Trotta, S. H. Hansen, Phys.Rev. D69 (2004) 023509 



Komatsu et al, 2010, 1001.4538 

WMAP7 Provides indication for 
primordial Helium  



Further indication for primordial 
Helium from ACT 

S. Das et al, http://arxiv.org/abs/1009.0847 
J. Dunkley et al., http://arxiv.org/abs/1009.0866 

http://arxiv.org/abs/1009.0847
http://arxiv.org/abs/1009.0866


Planck 
Satellite launch 
14/5/2009 







The Planck Collaboration 
Released 23 Early Papers last January. 
Results are mostly on astrophysical 
sources (no cosmology). 
Other 30 papers expected to be  
Released on 2012 (but still  
«just» astrophysics). 
Papers on cosmology (and neutrinos)  
WILL be  released in January 2013. 
 







Blue: current data 
Red: Planck 



Galli, Martinelli, Melchiorri, Pagano, Sherwin, Spergel,  Phys.Rev.D82:123504,2010 

Let’s consider not only Planck but also 
ACTpol (From Atacama Cosmology Telescope, 
Ground based, results expected by 2013) 
CMBpol (Next CMB satellite, 2020 ?) 



Constraints on Neutrino Mass 

Blue: Planck              mn0.16 

 
 
Red: Planck+ACTpol mn0.08 
 
 
Green: CMBPol         mn0.05 

Galli, Martinelli, Melchiorri, Pagano, Sherwin, Spergel,  Phys.Rev.D82:123504,2010 



Constraints on Neutrino Number 

Blue: Planck                Nn=0.18 
 
 
Red: Planck+ACTpol  Nn=0.11 
 
 
Green: CMBPol         Nn=0.044 

Galli, Martinelli, Melchiorri, Pagano, Sherwin, Spergel,  Phys.Rev.D82:123504,2010 



Blue: Planck                Yp=0.01 
 
 
Red: Planck+ACTpol  Yp=0.006 
 
 
Green: CMBPol           Yp=0.003 

Constraints on Helium Abundance 

Galli, Martinelli, Melchiorri, Pagano, Sherwin, Spergel,  Phys.Rev.D82:123504,2010 



Constraints on Helium Abundance  
AND  

neutrino number 

Galli, Martinelli, Melchiorri, Pagano, Sherwin, Spergel,  Phys.Rev.D82:123504,2010 



Testing the neutrino hierarchy 

Inverted Hierarchy predicts: 

 𝑚𝑛 > 0.10 𝑒𝑉 

Normal Hierarchy predicts: 

 𝑚𝑛 > 0.05 𝑒𝑉 

Degenerate Hierarchy predicts: 

 𝑚𝑛 > 0.15 𝑒𝑉 

we assume                                      𝑚2 = 0.0025𝑒𝑉2 



Constraints on Neutrino Masses 
from CMB (after Planck) 

[eV] 

Black: Planck  
 
Red: Planck+ 
New exp. 1000 bol.       
 
Blue: Planck+ 
New exp. 5000 bol.    

 𝑚𝑛 < 0.28 𝑒𝑉 

 𝑚𝑛 < 0.098 𝑒𝑉 

 𝑚𝑛 < 0.093 𝑒𝑉 

Limits at 95% c.l.: 

Combining a new CMB experiment to Planck coud improve the bounds on the neutrino 
mass by a factor 3.  This would: 
Falsify Degenerate Hierarchy and Probe the Inverted Hierarchy 



Constraints on Neutrino Masses 
from CMB+Priors  

Red: 1000 riv+ 
         Prior 1% H0+  
          Priori 2% m 

 
              
Blue: 1000 riv+ 
          Prior 1% H0+  
          Priori 2% m 

 
 
Red Dashed: 1000 riv+ 
          Prior 0.5% H0+  
          Priori 1% m 

 
Blue Dashed: 1000 riv+ 
          Prior 0.5% H0+  
          Priori 1% m 

 

Limits at 95% c.l.: 

 𝑚𝑛 < 0.057 𝑒𝑉 

 𝑚𝑛 < 0.054 𝑒𝑉 

 𝑚𝑛 < 0.040 𝑒𝑉 

 𝑚𝑛 < 0.035 𝑒𝑉 

With external priors on the Hubble parameter 
And the matter density also the  Normal 
Hierarchy can be probed: safe detection of 
a neutrino mass. 



Abazajan et al, arXiv:1103.5083 

http://arxiv.org/abs/1103.5083


Future constraints on steriles masses and numbers 
(Planck+Euclid/BOSS) 

Giusarma et al., 2011 http://arxiv.org/abs/1102.4774. 

http://arxiv.org/abs/1102.4774
http://arxiv.org/abs/1102.4774


• Recent CMB measurements fully confirm L-CDM. New bounds on neutrino mass.  
 
• Hints for extra relativistic neutrino background.  
  
• With future measurements constraints on new parameters related to laboratory 
Physics could be achieved. 
 
In early 2013 from Planck we may know:  
 
- If the total neutrino mass is less than 0.4eV. 
- If there is an extra background of relativistic particles. 
- Helium abundance with 0.01 accuracy. 

 
- Combining Planck with a small scale future CMB experiment can reach 0.1 eV sensitivity. 



Scuola di Formazione INFN, «Neutrini in Cosmologia»,  
Padova 16-19 May 2011 
Organizers: Marco Laveder, Alessandro Melchiorri, Mauro Mezzetto. 


