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2007 UKZN: Why Join Us?

4. We care about students

* undergraduates and outreach:
over 70 outreach talks
RA funding for >30 undergrads, vacation jobs
Computational Physics Program

* postgrads — 13 postgrads, travel opportunities, NASSP



Astro People at UWG 2011
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Telescopes in Southern Africa

African mm telescope | oo (Namibia)

(gamma)

SALT Optical Telescope
10m class

(BAO HI intensity mapping)



The Square Kilometer Array

radio telescope for 2020+
1000's of dishes over 1500km+
1 km? collecting area
0.1-22GHz?

US$1 billion+

17 countries

will be built in S. Africa or Australia

shes towards the end of
the dish constryction phase

SA demonstrator projects:

KAT, meerkKAT, BigkAT

> Raoomi"ion committed -l' r.mm!vlu 'll!f‘l phase ¢ unfmu:-‘.‘

Number of dshes

Other demonstrators:
XNTD, ATA, LOFAR, etc
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What is bias?

Relationship between dark matter and luminous matter

E,(r) = B*(r)&,,(r)

Gaussian Bias: modulating density background

Kaiser 1987

Modelling Large-scale structure

Dark matter only:




Clustering Concepts

Clustering of SDSS clusters in richness bins vs clustering of Planck clusters

5 = (p(x) = p)/ ,

Ngals>30
Planck_fz

6, (k, z) = b(k, 2)5,,(k, z)

» : s e
E(r,z)=Db ( z)spmlr, Z, s (Mpc ™)

Richness Ngals=30 corresponds to M~1.5x10" Msolar (Simet et al. 2016)

Tshililo, Cress & February

UNISA |~



Hl bias

SKAbook from Carrucci 2020i

dN S o
— = 10"1z"2 exp (—c32)

dz

b(z) = csexp(cs2)

bui(z) =0.3(1+z2)+0.5
Qui(z) =4.0(1+2)*°x 1074

Jolicoeur et al, Cunnington, Villaescusa-Navarro et al

br(z) = bro(1+0.823 2z — 0.0546 2°)  with fiducial value bgo = 0.842.

Pan et al 2020

See also Sarkar et al
Penin et al

logMy,[h~1M;]

be(x,2) = a+b(1+2)° (1+exp[(x—c)d]), U N ] SA pu



Hl 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 | 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

UNISA |~



HI simulations
(Villaescusa- Navarro 2018)

No turn-over at high-mass end?

Simulation box too small to
sample groups/clusters

UNISA =

THE ASTROPHYSICAL JOURNAL, 866:135 (41pp), 2018 October 20 Villaescusa-Navarro et al.
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Figure 4. Halo H I mass function. For each FoF halo of the simulation TNG100, we compute the total H I mass it hosts. The plots show the H I mass vs. halo mass,
color coded by the number of halos in each bin. The blue vertical lines show the mass corresponding to a halo that hosts 50 dark matter particles, which we adopt as a
rough mass resolution threshold for dark matter halos. We take narrow bins in halo mass and compute the total H I mass in each of them. The top part of each panel
shows the ratio between the total HI mass in the bin and the total HI mass in all halos. Our results can be well reproduced by the fitting formula
My (M, 2) = Mgx"e ! 3 “. with x = M/M,;,. The best fits are shown with green lines at each redshift. We emphasize that our results are not converged against
resolution (see Appendix A). This should, however, not be seen as a limitation of our claims, as we present results for TNG100, i.e., at the resolution to which the
model parameters have been tuned to reproduce a set of galaxy properties. For instance, our results for the halo H I mass function at z = 0 are in excellent agreement
with observations (Obuljen et al. 2018b).



Albin Joseph

llustrisTNG

HI simulations 7 o, N

Ronconi et al 2026 SKAbook : O a"}
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Huge variation in predicted HI-H,,, relation j Qoo

And in Qy(z)
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Hl 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 | 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

UNISA |~



Simulate HI using N-body + M,,-Mgy aio F€lation

HI flux projection — all halos

UNISA ~



Simulate HI using N-body + M,,-Mgy aio F€lation

HI flux projection (for cluster and group sized halos)

UNISA ~



UNISA ~

Simulate HI using N-body + M,,-Mgy aio F€lation

(Can also use HI outputs in semi-analytical models)




Simulate HI using N-body + M,,-Mgy aio F€lation

BAO experiments:

What happens when you are
missing tracers of most massive
halos

UNISA ~



Simulate HI using N-body + M,,-Mgy aio F€lation

Angular correlation

UNISA ~



Measurements of Hl-clustering

Passmoor, Cress & Faltenbacher 2011

Dark matter prediction for ALFALFA
Dark matter prediction for HIPASS
ALFALFA ————
H|PASS ...... X-nnon

UNISA



BONUS SLIDE Bias of radio continuum sources

High-Resolution Radio-AGN Bias Evolution (Direct vs HOD)

-#8- T-RECS Direct Bias (All Sources)
%+ T-RECS HOD Bias (Flux Cut)
T-RECS HOD Bias (All Sources)

Hamlett 2025 (AGN)
Hale 2018 (AGN)
T-RECS Direct Bias (Flux Cut)

Cress et al 1996

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 U N ] SA -




Summary

Forecasting for intensity mapping uses simple assumptions about bias.

Hl 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



JOIN US!

cresscm@unisa.ac.za
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