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Cosmology: Concordance Model    

Outstanding questions:  
•  initial conditions (inflation?, fnl) 
•  nature of the dark matter 
•  nature of the dark energy 
•  value of the neutrino mass 

Heavy elements 0.03% 
 
Neutrinos 0.3% 
 
Stars 0.5% 
 
H + He gas 4% 
 
Dark matter 20% 
 
Dark Energy 75% 

•  There are fluctuations at all scales 
but there is a preferred scale of 
around 1 deg. 



The Cosmology science 
case back in 2004 

•  Galaxy surveys for BAO 
•  Weak Lensing surveys  

–  BAO & WL for dark energy 

•  H0 with Masers 
 
•  Much has been done in 

the above three areas and 
many others since... Carilli and Rawlings 2004 



What to look forward to: 

•  Three arrays in SKA1, SKA-
Low, SKA-Mid and SKA-SUR, 
all of which can do some 
cosmology, with he 
specifications aside (~2019+): 

•  This baseline design can be 
very powerful if utilised 
properly but can also be 
optimised and this has been 
the topic of intense discussion 
over the last ~6 months 

•  SKA2 will follow having close 
to the original presumed 
capabilities of the SKA 



Outline of cosmological science that can be 
done with the SKA 

•  Cosmology with HI line surveys 
•  Cosmology with continuum surveys 
•  Cosmology with the EoR 
•  Cosmology with other probes 



 

 
SPECTRAL domain   
0.5  to 1.4 GHz                             

21cm: a Hydrogen Detector 



What can we expect from an SKA phase1 
counts? 



Full SKA Predictions now! 
What can we expect? 
SKA1->~10% SKA2- > full 

The new corresponds to a ~10% full SKA but 
can be up to over 20000-30000 sq degs, 
which most other surveys will not perform.  



Systematic effects! 
If done in the Radio: 
•  Better handle over the larger scales (extragalactic sky is 

larger in terms of area) 
•  Different issues with respect to contamination of stars (cf, 

photometric surveys) 
•  Different issues cf. Calibration, flux calibration, radio 

calibration 
•  No detection of the BAOs have been done outside the optical! 
•  Line misidentification, if one line, is more likely in the optical 

(only HI, cf. OII, Halpha,....) 
•  Statistics might well not be the most important thing when we 

come to future surveys such as Eucld/SKA/LSST... 





Intensity mapping results to date: 

•  Cross correlations with optical 
galaixes (Masui et al.) 

•  Auto correlations also detected 
(Switzer et al.) 

•  Foreground subtraction and 
polarisation purity are issues! 

•  Projects are planning to map 
this better in the advent of the 
SKA: Chimes, Tianlai, Bingo... 

•  The SKA could (depending on 
configuration) do a huge 
amount of such studies (see 
M. Santos talk) 



If we degrade the resolution to the binning we 
will do anyway: 

•  Collect signal from all HI 
in that bin, obtain a 
spectrum. 

•  Mean signal will be from 
the mean HI content of 
that shell 

•  Fluctuations will be 
related to the large scale 
structure.  

•  Wolz et al. To be 
submitted 



Wolz et al. To be submitted 



Intensity mapping 

•  Theoretical Model of the power 
spectrum Cl 

•  Statistically speaking SKA w 
intensity mapping can measure fnl/
Modified gravity to a greet 
accuracy, see M. Santos talk. 

•  Depends on cosmological 
parameters like (Omegam;w0; b; 
fnl) 

•  Contours are biased towards a 
different best fit when systematics 
are included 

•  BAO fit is not biased. (Wolz et al.) 
•  Statistically speaking SKA1 can be 

competitive with DESI/optical 



Continuum counts 

•  ISW 
•  Magnification/Weak lensing 
•  Galaxy correlations (potentially 

adding optical information with 
photo-z) 



Continuum counts 

•  Continuum surveys will find a 
wealth of galaxies in high number 
density compared to line emission 
surveys. 

•  Several probes can be used: 
galaxy correlations, ISW, cosmic 
magnifiction.  

•  Pathfinders will be able to provide 
good constraints. SKA coudl be 
very competitive for fnl 
measurements. (For more see D. 
Bacon’s talk) 

•  Good redshift distribution 
knowledge will be very important. 
Photo-z form optical surveys might 
improve further these constraints 

•  Raccanelli et al. 10 



Measuring weak lensing and shapes 
in the radio 

•  ~microJy would yield ~5 gals per 
sq arcmin 

•  Around 5000 sq degs might be 
possible with a psf of 0.5’’ with 
SKA-1 depending on 
configurations 

•  Psf should be well behaved 
depending on tapering of 
visibilities 

Pattel et al. submitted 



Better/Different systematic effects: 
Colour dependent shapes, intrinsic alignments 

•  This is not an issue for radio if 
we have the correct signal to 
noise to check this systematic 

•  If we assume that weighting 
can be tweaked for this to be 
checked, the signal to noise 
might drop enough so that the 
science is at risk 

•  Intrinsic alignments can be 
calibrated with polarisation 
data (see Michael Brown’s 
talk, Brown and Battye 10) or 
with spectroscopic data from 
the HI. 

•  Possible to correlate 
shear_optical with shear_radio 
-> less systematic effects (D. 
Bacon’s talk) 



21 cm basics 

19 

• 21 cm brightness temperature	


• 21 cm spin temperature	


• Use CMB backlight to probe 21cm transition	


z=13 
fobs=100 MHz f21cm=1.4 GHz 

z=0 

TS Tb Tγ 

HI 
TK 

• 3D mapping of HI possible - angles + frequency	


• Coupling mechanisms: 
  Radiative transitions (CMB) 
  Collisions 
  Wouthuysen-Field 

10S1/2	


11S1/2	


n0	


n1	


n1/n0=3 exp(-hν21cm/kTs)	


• HI hyperfine structure	


λ=21cm	




The Epoch of reionization: 

 50 – 200 MHz 
  (z ~ 20 - 6) 

- When did the first objects form? 
- What was the matter distribution like  
at such early times? 
- What reionized the Universe? 
 



21 cm fluctuations 
Baryon 
Density	


      Gas  
Temperature	


   W-F 
Coupling	
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 X-ray 
sources 
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Reionization	
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Returning to reionisation: 
Redshift space distortions: 

Barkana & Leob 10 
Mao et al 08.11. LOFAR EoR  team Yatawatta et al.  



Extraction of the signal with LOFAR & SKA! 
Systematic effects! 

Haslam 408MHz 

Use methods, e.g. the cocktail party 
problem solution, and wavelet 
decomposition in order to separate the 
galaxy from the signal 

The Galaxy is 10000 times 
brighter than the signal sought 
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LOFAR EoR windows. 

Real signal          Reconstruction 



High resolution/high time domain cosmology: 
Masers, measurements of the expansion rate 
•  Measurements of the Hubble constant 

have been historically very difficult, back 
from the 50/100 camps all the way to 
somewhat surprising Planck results 

•  The SKA can measure water maser, likely 
not to be in the realms of SKA1. 

•  Sub milli-arcsec resolution needed plus a 
sq km of collecting area at ~1.3cm 
wavelength to image the water maser 
systems (Greenhill 2004) 

•  Average measurements of the frequency 
of HI for ensemble of galaxies could 
measure the expansion rate directly: high 
timelines are needed, ~0.1cm/s/yr 
accuracy over ~10 yrs. “CODEX like 
experiment ” H. Klockner (German white 
paper). 



Cosmology with galaxy clusters 

•  Not much has been done in terms of cosmology specifically with the 
SKA, but much has been done in terms of property studies (Ferrari) 
might want to be refreshed (Battye, Davies & Weller, 05). 



What will be the headline cosmological probe 
with SKA1? 
 
We should think different, how to combine 
these experiments!!! Statistical constraints will 
be better but increase in incremental ways. 
Systematic effects might be the issues... 

What will be the headline cosmological probe 
with SKA1? 
 



Conclusions 
•  The SKA will be competitive in several probes for 

cosmology.  
•  In the past 9 years several new areas have been 

investigated to enhance potential SKA cosmology 
–  Intensity mapping 
–  Cosmology from weak lensing 
–  Counts, in HI and continuum 
–  Cosmology form the EoR 
–  Other probes 

•  It will be important to have systematic in hand and 
this is where the combination of surveys such as 
Euclid and SKA (and other surveys) will be vital. 


