
An introduction to 21cm cosmology 
using HI intensity mapping 



Current state of the Universe 

!   Known matter composes just 
4.9% of the matter-energy 
content of the Universe!  

!   The rest is cold dark matter 
(26.8%) and dark energy in the 
form of a cosmological constant 
(68.3%). [Planck 2013]  

!   We know what DM and DE 
“do”, but we don’t really know 
what they are! 

!   Standard Cosmological Model 
fits the data extremely well.  

 

⇤CDM



Brief history of the Universe and HI 

!   Precision Cosmology 
at z=1100 (CMB) and 
z<2 (galaxy surveys) 

!   21cm cosmology: 
probe previously 
unexplored 
cosmological epochs 

!   Dark Ages/Cosmic 
Dawn/Epoch of 
Reionisation  

!   Also complement 
optical galaxy surveys 



21cm emission temperature fluctuations 

 

 
!   Brightness temperature field 

!    T(θ,φ,z) à 3D mapping of 
structure 

!   Like CMB but extended in 3D 

!   Many statistically independent 
frequency (redshift) slices 

!   Ideal for tomography 

!   Redshift directly given by observing 
frequency: 

        f = 157 MHz à z = 8 

        f = 473 MHz -à z = 2 
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HI Intensity Mapping (IM) 

!   21cm emission is treated like a 
diffuse source without attempting 
to detect individual objects. 

!   Foregrounds are removed by 
filtering in frequency. HI has more 
structure than the foregrounds.  

!   3D map of the HI density.  

!   Single dish experiments: eg GBT, 
BINGO 

!   Radio interferometers: eg 
CHIME, SKA 30 mK 

300 K 



The Square Kilometer Array 

Different Phases: SKA1 (2020+), SKA2 (2030+) 



HI detection using Intensity Mapping 
!   SKA can do precision cosmology with IM but we can/should test and 

explore the science capabilities of the method beforehand. 

!   We need to detect HI (in a range of redshift) in auto and cross 
correlation with galaxies in order to calibrate  

      Past measurements:  HI detected in cross-correlation using GBT    
      and WiggleZ 

⌦HI, bHI



HI detection using IM and SKA pathfinders 
! MeerKAT is an SKA1-Mid pathfinder (64 dishes). Can be used in single 

dish mode and in interferometer mode. Same for SKA1. 

!   First phase: MeerKAT-16 à ready to do science in a year’s time 



HI detection using MeerKAT-16 

T̄ (z) / ⌦HI(z)

PHI(k, z) = T̄ (z)2b2HI(z)P (k, z)

z = 0.1
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⌦HI(z) / (1 + z)0.6

[Crighton et al] 

[Camera et al] bHI(z)



HI detection in cross-correlation using MeerKAT-16 and 
a DES-like survey 

PHI,g = T̄ (z)[bHIbgr]P (k, z)

z = 0.1

[AP, Bacon, Crittenden] 
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[Bull et al 2014] 

BAO measurements with Intensity Mapping 



21cm lensing detection using MeerKAT/SKA1  

IM ⇥ IM

Ø   IM Weak Lensing Estimator [AP & Metcalf 2014, 2015]  

zs = 1.5



21cm lensing detection in cross-correlation using  
MeerKAT/SKA1  

�HI ⇥ IM [AP, Bacon, Crittenden] 



21cm lensing detection in cross-correlation using  
LSST and MeerKAT/SKA1  

g ⇥ IM
[AP, Bacon, Crittenden] 



!   21cm cosmology and HI intensity mapping have great science 
potential. Can give us access to unexplored cosmological epochs, 
and can complement and compete with state-of-the-art optical 
galaxy surveys. 

!   Ongoing and future IM surveys and optical galaxy surveys can be 
combined to perform high precision clustering and lensing 
measurements. 

!   HI detection can be achieved with MeerKAT-16. Test IM 
method, calibrate HI evolution across redshift. 

!   Lensing is better detected in cross-correlation. Plus alleviation of 
systematic effects issues when cross-correlating with optical. 

!   Exploit the method for higher z using the SKA. For example, can 
map the evolution of the growth function at high (z>2) redshifts. 

Conclusions 



Extra Slides 



Results: EoR 
Displacement Field Power Spectrum 
 
•  Current SKA_Low plans: imaging. 
•  With much higher sky area can do precision  
      cosmology! 

•  Source redshift z=8 
•  25 sq. deg. field 
•  1,000 hr integration time 
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21cm observable Universe 
 

Mao et al 2008 

Huge unexplored volume can  
be probed with 21cm!  



21cm Lensing using Intensity Mapping 


