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Telescopes in Southern Africa

MeerKAT/SKA Radio Telescope

SALT Optical Telescope
10m class

HESS (Namibia)
(gamma)

African mm telescope

HERA 
(EOR)

HIRAX
(BAO HI intensity mapping)





Kaiser 1987



Clustering Concepts 

Tshililo, Cress & February

( k, K,



HI bias

SKAbook from Carrucci 2020i

Pan et al 2020

Jolicoeur et al, Cunnington, Villaescusa-Navarro et al

See also Sarkar et al
Penin et al



HI depleted in clusters and groups 

“One-sixth of the sample within the Virgo 5-degree core have lost more than 90 percent by mass of their
original neutral hydrogen, and three quarters of the galaxies found within 2.5 degrees of M87 are H I poor by 
more than a factor of three.” Haynes & Giovanelli

Clusters and groups hold up to 10% of dark matter – in places where dark matter is densely clumped, very
little HI to trace the dark matter

Bias is scale dependent



HI simulations
(Villaescusa- Navarro 2018)

No turn-over at high-mass end?

Simulation box too small to 
sample groups/clusters



HI simulations 
Ronconi et al 2026 SKAbook

Huge variation in predicted HI-Hhalo relation
And in ΩHI(z)

Foreman talk



HI depleted in clusters and groups 

“One-sixth of the sample within the Virgo 5-degree core have lost more than 90 percent by mass of their
original neutral hydrogen, and three quarters of the galaxies found within 2.5 degrees of M87 are H I poor by 
more than a factor of three.” Haynes & Giovanelli

Clusters and groups hold up to 10% of dark matter – in places where dark matter is densely clumped, very
little HI to trace the dark matter

Bias is scale dependent



Simulate HI using N-body + MHI-MDM Halo relation
HI flux projection – all halos 



Simulate HI using N-body + MHI-MDM Halo relation
HI flux projection (for cluster and group sized halos) 



Simulate HI using N-body + MHI-MDM Halo relation
(Can also use HI outputs in semi-analytical models) 



Simulate HI using N-body + MHI-MDM Halo relation

BAO experiments: 

What happens when you are 
missing tracers of most massive
halos



Simulate HI using N-body + MHI-MDM Halo relation

Angular correlation



Measurements of HI-clustering

Passmoor, Cress & Faltenbacher 2011



BONUS SLIDE Bias of radio continuum  sources

C

Many papers measuring angular
clustering of radio continuum sources
(eg Hale et al x10)

Heterogenous population of star-forming 
galaxies and AGN 

Care needed with interpretation of bias in 
these survey Malefahlo et al , in prep

Cress et al 1996



Summary

Forecasting for intensity mapping uses simple assumptions about bias.

HI depleted in groups and clusters => scale dependence
In relationship between halo mass and HI mass in eg Villaescusa-Navarro, little evidence 
of HI depletion in high mass halos  (box too small?) 

Need forecasting/data interpretation to include scale-dependent bias

Bonus:

Radio continuum sources can be used for cosmology but need to be careful of bias
±
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