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group overview

• oldest radio astronomy group in South Africa

• has always had a strong technical grounding

• major growth point in 2012 (Oleg Smirnov’s SKA Research Chair)

• group split between Grahamstown and SKA SA office in Cape Town

• excellent representation from across the African continent (Ghana, 
Nigeria, Cameroon, Madagascar, Mauritius, Kenya, Zambia)



group members
• 4 academic staff

• 9 honorary research associates

• 6 postdocs

• 23 graduate students

• 3 honours students

• 2 visiting professors

• 1 honorary professor



research overview
• interferometric data post-processing (novel 

calibration algorithms, wide-field and high-dynamic range 
imaging, source finding & modelling, etc.)

• radio continuum science (radio galaxies, cluster halos 
and relics, AGN variability)

• neutral hydrogen in individual galaxies (nearby 
Universe, high-redshift lensed systems)

• 21 cm cosmology (EoR, Cosmic Dawn, intensity mapping)

• VLBI (wide-field surveys, binary supermassive black holes, black 
hole shadow detection with the Event Horizon telescope)
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 S. Makhathini, R. Perley & RATT 2016
 JVLA L-band 640 MHz, BnA+C+D config
 2.87 uJy rms, DR: ~8 million
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 MeerKAT First Light Image
 16 antennas (AR1)
 900-1670 MHz band
 7.5h
 ~7” resolution
 1300+ sources!0+ sources at 5s

towards MeerKAT automated pipelines
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 Data courtesy of E. Murphy (NRAO)
 JVLA 2-4 GHz ~28h A+C config
 506 channels
 16k×16k image
 0.5'' resolution
 0.65 uJy rms
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Radio emission from galaxy clusters

• Bernardi et al. survey of mass-selected clusters
• understanding re-acceleration of particles in merging clusters
• KAT-7 calibration pipeline

Radio emission from galaxy clusters

(together with ORA-INAF collaborators)

Radio halos are rare in small, more relaxed massive

systems → support the scenario that are connected with

cluster mergers



21 cm cosmology

time



HERA 
21 cm Cosmology

MeerKAT core 

PAPER/HERA 

KAT-7



Galactic foregrounds



Rhodes/HartRAO 2.3 GHz survey
710 G. Giardino et al.: The angular power spectrum of radio emission at 2.3 GHz

Fig. 1. Mollweide projection of the raw data from the Rhodes/HartRAO survey by Jonas et al. (1998), re-sampled into an
HEALPix map. The temperature scale has been histogram-equalised

Fig. 2. Histogram-equalised Mollweide projection of the Rhodes/HartRAO survey, after median filtering

The flattening of the spectrum at intermediate values
of l is due to the presence of point sources in the map. In
fact, the APS of a population of point sources randomly
distributed in the sky is Poissonian, that is a spectrum
with constant power at all l. As the fluctuation ampli-
tude of the diffuse emission diminishes at small angular
scales, the Poissonian component due to the point sources
becomes dominant.

Therefore, in order to analyse the angular power spec-
trum of the Galactic diffuse emission the point sources
should be removed from the maps. Each point source in
the map has a profile reflecting the point-spread function
(PSF) of the observing beam. On a sufficiently resolved
map one could attempt to remove the sources by fitting
the pixel temperatures with the PSF. However at this low

resolution several sources may be present in any given
pixel, thus precluding this treatment. As a way of sup-
pressing the point sources from the data we have made
use of a median filter, that is, a convolution of the map
with a median box of 9 × 9 pixels. A box of size 9 pix-
els corresponds to the telescope beam size just over 3σb.
Median filtering, is an effective and easy-to-implement
method to remove point sources and suppress random in-
strumental noise (e.g. Pratt 1991), without losing informa-
tion at scales greater than three times the beam FWHM.
The image of the Rhodes/HartRAO survey after being
filtered is displayed in Fig. 2.

The angular power spectra of the Rhodes/HartRAO
survey for different latitude cut-off, after applying median
filtering, are plotted in Fig. 4. For all the observed data,

Jonas+1998



HI in galaxies



neutral hydrogen in galaxies: 
fuel for star formation



neutral hydrogen in nearby galaxies

total intensity velocity field



unlensed lensed

gravitationally lensed HI



Very Long Baseline Interferometry

Measuring the Hubble Constant 
 With Water Vapor Megamasers�

Jim Braatz (NRAO)�
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future: African VLBI Network
Nkutunse - Ghana





deep
wide

VLBA ‘FoV’

GOODS-North 1.6 GHz VLBA survey

8 μJy/beam, 160 arcmin2  

deep Hubble Space Telescope legacy field 

4 Terabytes of raw data  

205 phase centres 

~1 Terapixel image  (205 x 64k x 64k)

Team:  
Roger Deane (PI, Rhodes)  
Alexander Akoto-Danso (Rhodes) 
Oleg Smirnov (Rhodes) 
Gianni Bernardi (Rhodes) 
Matt Jarvis (Oxford/UWC)  
Zsolt Paragi (JIVE) 
Mike Garrett (JBCA) 
Tom Mauch (SKA-SA) 
Stephen Bourke (Caltech) 
Ian Heywood (ATNF/Rhodes) 
Peter Barthel (Groningen)
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survey area  approximately 1 quarter of the moon 
final image size ~ 1 Terapixels (125 000 iPhone 6 photos)
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survey science and search for exotic objects





Chandra

HST

VLBI

size of a galaxy

distance to nearest 
star from the Sun

VLBI

VLBI

strong binary supermassive black hole candidates 
confirmed with direct imaging



VLBI and pulsar timing array 
gravitational wave complementarity 

 

Fig. 3.   Illustrative evolutionary paths for a pair of 109 solar-mass SMBHs in a galaxy 
merger.  The figure shows the pair separation and the GW emission frequency fGW, assuming the 
binary is in a circular orbit.   The blue curve shows the evolution of the separation of the SMBHs 
using fiducial assumptions, which results in a GWB that is inconsistent with our data.  The cyan 
curve labeled Fiducial,GW  is the portion of the evolution when GW-emission dominates orbital 
decay.  We also show scenarios that could explain our GWB limit.  First, the galaxy merger rate 
could be lower, as represented by the slow merger curve (green curve). Alternatively, after the 
SMBHs form a binary (red circle), the orbital evolution may stall prior before emitting GWs (red 
curve).  The gray curve shows a scenario in which a dense binary SMBH environment drives 
orbital decay through the GW frequency band at which we are sensitive.  In this case, GW 
emission dominates only for fGW > 0.5 yr-1  (pink curve, labeled Env,GW). Finally, it is possible 
that the post-coalescence SMBH could undergo gravitational recoil and escape its host galaxy 
(purple dashed curve), negating the possibility of it again forming a binary SMBH.   
  

binary SMBH evolution

Shannon+2015

Gravitational waves from binary SMBHs 5

Figure 1. Probabilities, P (e0), of obtaining different values of
e0 (indicated by stars) for three initial eccentricity distributions
defined by w0 = 0.1, 0.35, 0.93 and Equation (7) (top three pan-
els), and for a thermal eccentricity distribution (bottom panel).
The values of e0 correspond to those considered by Sesana et al.
(2006); see text for details.

are shown in Figure 1. For comparison, we also show in the
bottom panel of Figure 1 a ‘thermal’ probability mass func-
tion for e0, derived from the probability density function
fe0 = 2e0 for 0 ! e0 ! 1. This would be expected if binary
systems followed a purely Maxwell-Boltzmann distribution
of energies (e.g., Ambartsumian 1937), as is roughly the case
for galactic stellar binaries (Duquennoy & Mayor 1991).

In Figure 2, we plot the characteristic strain spectra
for each initial eccentricity distribution. Also depicted is the
prediction in the circular (i.e., w0 = 0), GW-driven case
(i.e., for da

dtr
including only GW-driven orbital decay for

all a). This latter prediction corresponds to the standard
hc(f) ∝ f−2/3 power-law. In order to help highlight the
physical effects at work, Figure 3 shows the characteristic
strain spectra for each assumed w0 contributed by binaries
with combined masses in the ranges 106.5M⊙−1010M⊙ and
1010M⊙ − 1011M⊙ respectively.

The model we utilise for interactions between bina-

Figure 2. The solid lines depict characteristic strain spectra for
w0 = 0 (green), w0 = 0.1 (blue), w0 = 0.35 (red) and w0 =
0.93 (grey); the w0 values for each line are given at the left of
the plot. All curves were calculated assuming a stellar density
profile index of γ = 1.5. The black dashed line is the characteristic
strain spectrum assuming circular orbits and purely GW-driven
evolution for all SMBH binaries.

ries and their stellar environments results in an attenu-
ation of hc(f) in the PTA frequency band compared to
the f−2/3 power-law obtained in the circular, GW-driven
case. For w0 = 0, the signal is attenuated at frequencies
f " 10−8 Hz. At these frequencies, stellar interactions are
the dominant binary orbital decay process, increasing dforb

dtr
in Equation (12) and reducing the number of binaries ob-
served per unit orbital frequency. For increasing w0, the sig-
nal is further attenuated at low frequencies, although a slight
(∼ 0.01 dex), increasing excess is present at frequencies be-
tween 10−8 Hz and 10−7 Hz. This is caused by two effects:
eccentric binaries evolve faster than circular binaries, and
eccentric binaries radiate GWs at higher harmonics of their
orbital frequencies than circular binaries.

The ‘substructure’, or two bumps, in the character-
istic strain spectra is a direct consequence of the mass-
distribution of the binaries in our model. If Dζ0 [N(ζ0, z)]
were smooth and analytic, the characteristic strain spectra
would have only one clear peak. Here, however, we evaluate
this distribution from the G11 semi-analytic model outputs
(see Equation (8)), which results in the distribution being
incomplete at the high-mass end. These gaps in the distri-
bution lead to the two apparent peaks in the characteristic
strain spectra.

As is evident in Figure 3, the first peaks of the spec-
tra in Figure 2 are dominated by the highest-mass binaries,
whereas the second peaks are dominated by lower-mass bi-
naries. This is because the evolution of the highest-mass
binaries begins to be GW-driven at lower frequencies than
for less massive binaries. There are expected to be very few
binaries in the (combined) mass range 1010M⊙ − 1011M⊙;
only ∼ 50 with forb # 10−12 Hz are expected to be present
in the observable Universe according to the G11 model. In
contrast, ∼ 5 × 106 binaries are expected the the range

c⃝ 2014 RAS, MNRAS 000, 1–15

stochastic gravitational wave 
background spectrum

Ravi+2014

}

}
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tracing combined with an early calculation of the ray-traced image of a thin

accretion disc around a BH [Luminet, 1979]. The circular shadow is apparent

as the silhouette of the lensed emission originating from the far side of the

disc.

Figure 1.1: (Image credit : Shep Doeleman) Cartoon image (left) combined
with the ray-tracing of a thin accretion disc surrounding a BH, first calculated
by Luminet [1979]. The cartoon image shows that both the bottom and
top of the far side of the accretion disc is lensed by the black hole and is
superimposed on the image of the near side of the accretion disc. The dark
area in the centre, known as the black hole shadow is the lensed image of
the photon ring orbiting the BH. A measurement of its precise shape is a
test of general relativity in the strong field regime. Note that the left-right
asymmetry in the image is due to Doppler boosting.

Gravity as described by General Relativity (GR) is consistent with all

observational experiments thus far [e.g. Kramer et al., 2006, and references

therein], however GR has conceptual weaknesses, especially as it is not com-

patible with the quantum description of reality. Various alternatives to GR

have been theorised which do not assume a purely classical description of

matter. To compare GR with the alternatives, we have to compare its pre-

dictions in the strong, non-linear field regime where the largest deviations

from GR would occur if it were an approximate theory.

The space-time within severalRg around a SMBH provides such an oppor-

VLBI at mm wavelengths (230 GHz) 

primary objective: image black hole shadow 

1000x better resolution than Hubble  
(20 micro-arcseconds)

BlackHoleCam exploring construction 
of an African millimetre Telescope





realistic EHT simulations
uv-coverage: 200 sec integrations, 2 hour run interferometric snapshots

understand systematic uncertainties
develop EHT Bayesian toolkit

optimise calibration and imaging algorithms



summary

• diverse radio astronomy research profile
• well-represented, growing group
• highly aligned with, and direct contributor to, 

MeerKAT/SKA science and technical development
• group members share strong scientific and technical 

synergy


