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CMB after Planck satellite 
•  Polarization anisotropy  
    (ground & balloon, space missions, Moon-base): 
     - E mode; TE mode: very accurate measures 
     - B mode: detection? accurate measures? 

•  Spectral distortions  
    (ground & balloon, space missions, Moon-base): 
      - Early & late processes: detection? measures? 

•  Very small scales (ground): 
      - Secondary anisotropies / foregrounds 
      - Statistical studies?  
      - Detailed mapping 
       SKA will observe the very long wavelength tail  
           of these CMB related themes 
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– Statistical analysis of Th. & Kin. SZ effect?  
– SZ effect in AGN & protogalaxies (z up to ≈ 5) 
– Free-Free emitters (z ≈ 10) 
– Contribution to studies of                                        

CMB spectral distortions (z up to ≈ 107) 
– Analysis of Galactic foregrounds 
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Thermal Sunyaev-Zeldovich effect 
•  Scattering of CMB photons with hot electrons  
•  Kompaneets equation formalisms but with   
   ∫ c dt  ∫ dl  L 
 The effect is then proportional to the cluster 

(or hot gas halo) linear size 
 The spectrum is exactly that of the   

Comptonization distortion (or small distortions 
in the case of warm gas) discussed above at 
least in the non relativistic limit 

 Slightly different formalisms have been 
developed to deal with relativistic effects 
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Kinetic Sunyaev-Zeldovich effect 

from Sunyaev-Zeldovich 1972 
Carlo Burigana, ”CMB & SKA” 
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Radiosources in clusters - 1 

from Massardi & De Zotti 2004 
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Radiosources in clusters - 2 

from Massardi & De Zotti 2004 
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Angular Power Spectrum of thermal SZ effects 
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 Models exist for profiles of of temperature, density, …  
 (ex: virial equilibrium) 

  Models for the mass function: 
 Press & Schechter ’74 
 Lee & Shandarin ’99 
 Sheth & Tormen ‘99  

Cl * l * (l+1)/2π has a bump 
@ l ≈ 103 - 104 

The power critically depends on σ8 :  
change of factor 2-3 for on σ8  = 0.68 - 1.32    
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SKA 
sensitivity 

to APS 
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SZ effect at galactic scales is also related to physical 
processes responsible of cosmological reionization 
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WMAP 7 yr results on τ  
 According to the seven-year WMAP analysis, the current 
68%  uncertainty on τ is ≃ ±0.015, almost independently 

on the specific model considered.  
 Under various hypotheses  

(simple ΛCDM model with six parameters, inclusion of 
curvature and dark energy, of different kinds of isocurvature 

modes, of neutrino properties, of primordial helium mass 
fraction, or of a re-ionization width)  

the best fit of τ lies in the range 0.086–0.089.  
 On the other hand, allowing for the presence of 

primordial tensor perturbations or (and) of a running in 
the power spectrum of primordial perturbations the best fit 

of τ goes to 0.091–0.092 (0.096). 
Carlo Burigana, ”CMB & SKA” 
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PIXIE (Kogut et al. 2011) perspectives to combine CMB 
polarization mission with absolute calibration 
 Include in new COrE-like mission idea? 



30 Carlo Burigana, ”CMB & SKA” 
Rome, 19-20 June 2012 



31 Carlo Burigana, ”CMB & SKA” 
Rome, 19-20 June 2012 



32 Carlo Burigana, ”CMB & SKA” 
Rome, 19-20 June 2012 



Constraints or 
detection on/of 

spectral 
distortions 
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Also: ARCADE II results: questionable excess at 3 GHz interpreted 
as possible signature by integrated contribution from  

ultra-faint (high-z?) sources  
 SKA observations could certainly definitively solve this issue 
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•  The SKA sensitivity @ 20 GHz will allow the detection 
•   (to 5 σ) of sources down to a flux level of: 
    ≅ 200           (60,  20,    6)        nJy  
    in  1             (10,  100, 1000)   hours(s) of integration over 

the ≅ 1 mas (FWHM) resolution element. 

•  Similar numbers  
    (from  250 to 8       nJy     in an integration time  
     from    1   to 1000 hours,  respectively)  
    but on a resolution element about 10 times larger    will 

be achieved @ ≅ GHz frequencies                                  
    by using a frequency bandwidth of ≅ 25 %. 

•   the SKA accurate determination of  source number 
counts down to very faint fluxes can directly help the 
solution of one fundamental problem of the future 
generation of CMB spectrum space experiments  

    @ λ ≥ 1 cm. Carlo Burigana, ”CMB & SKA” 
Rome, 19-20 June 2012 



Analysis of Galactic foregrounds 
•  Synchrotron emission, Faraday depolarization, 3D 

Galactic models 
•    
•  Ex: see “Simulated SKA maps from Galactic 3D-emission 

models”, by Sun & Reich 2009  
    (see also Fauvet et al 2011, 2012) 

 Regular large scale magnetic field 
 Random small scale magnetic field 

 Synergy with refined analyses of Planck data 
 Synergy with next generation CMB polarization missions 

(COrE) 
 Galactic foreground modelling & separation from CMB 

maps   Carlo Burigana, ”CMB & SKA” 
Rome, 19-20 June 2012 
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CONCLUSION 
•  SKA is not specifically devoted to the CMB because of its high 

resolution and the limited high frequency coverage  
     … but … 

•  The extreme sensitivity & resolution of SKA                                          
 detailed mapping of the thermal plasma properties in the 
intergalactic and intracluster medium and at galaxy (including 
Milky Way) scale: 

     -  Detailed mapping of the SZ effect towards cluster of galaxies 
     -  Number counts & imaging possibilities of the SZ effect from 

early quasars and protogalactic gas 
     -  Number counts & imaging possibilities of the free-free emission 

from early ionized halos 
     -  Contribution to the future CMB spectrum experiments devoted 

to the comprehension of the plasma thermal history at early 
epochs, through the extremely accurate control of the 
extragalactic radio source counts at very faint fluxes & to CMB 
polarization projects through better understanding of foreground 
emissions Carlo Burigana, ”CMB & SKA” 

Rome, 19-20 June 2012 


