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Early science with KAT-7

Early science with the Karoo Array
Telescope test array KAT-7

One year after the site selection decision of the Square Kilometre Array (SKA)," the first significant scientific results
from South Africa’s Karoo Array Telescope test array KAT-7 have appeared in the astronomical literature.2® This
marks one of the many major milestones on the path to the SKA in Africa and highlights the commencement of
cutting-edge science observations with South Africa’s new radio interferometer.

The SKA project is the largest basic science project ever undertaken in South Africa’ and has been developing
in a number of closely linked phases: (1) the construction (Carnavon) and remote operation (Cape Town) of the
technology demonstrator KAT-7, (2) the highly essential human capacity development programme in South Africa
and associated SKA Africa partner countries (Youth in Science and Engineering), (3) the construction (Carnavon)
and remote operation (Cape Town) of the SKA-precursor array MeerKAT and (4) the integration of the MeerkKAT
array into the first phase of the international SKA project. The potential spin-offs from this project for other areas of
science and industry are tremendous,* not least through the computational requirements for large-scale processing
of ‘big data’ in real time.

The construction of the technology demonstrator KAT-7 — a radio interferometer consisting of seven fully steerable
12-m dishes built on-site in Carnavon — was completed in 2011. Following engineering commissioning of the
new array, science commissioning, focusing on testing a wide range of operational modes required for MeerkKAT
science, started in 2012. Designed as a technology and system demonstrator for MeerKAT, KAT-7 was completed
on time and within budget by a team of young engineers, who, in the process of building KAT-7, have gained much
of the essential experience to construct MeerKAT to full SKA specifications. KAT-7 now moves beyond its initial
role of an engineering test facility to full science operations involving the growing community of radio astronomers,
physicists and engineers in South Africa.

The human capacity development programme of the SKA SA project office, initiated in 2005, is an integral part of the
SKA in Africa. By 2012 this programme delivered scholarships to over 400 students and fellowships to 22 postdoctoral
researchers in astrophysics, physics and engineering."* Given the success of this programme and the long-term
investment by the Department of Science and Technology in the training of skilled SKA scientists and engineers in
South Africa, it is not surprising that SKA SA scholars have fulfilled key roles in the recent KAT-7 publications.

In 2009, the SKA SA project released an international call® for large legacy-style projects on MeerKAT during the
first 5 years of its scientific operation. A total of 21 proposals were received from the international community and
after peer-review 10 projects were selected® — hereafter referred to as the MeerKAT Large Survey Projects (LSP) —
which cover a range of science topics at the very heart of the SKA science case. The MeerKAT LSPs represent large
international teams of astronomers, physicists and engineers combining a broad spectrum of expertise required for
SKA science. Four of the MeerKAT LSPs are co-led by astronomers in South Africa. The South African scientists
involved in the two recent papers are all part of teams preparing for the implementation of the MeerKAT LSPs and
are closely involved in the science commissioning of KAT-7.

In the first of the two recent papers?, the KAT-7 array was used in combination with the 26-m Hartebeeshoek
Radio Astronomy Observatory (HartRAO) radio telescope near Johannesburg to study the energetic outflow of
matter from Circinus X-1, an accreting neutron star in a compact binary system with a highly eccentric orbit.
A daily monitoring campaign over a period in excess of 1 month (13 December 2011 — 16 January 2012) showed
strong repeated flares from this binary system (Figure 1), modelled as relativistic jets originating from the neutron
star every time the companion star reached periastron. After decades of low-level activity, this binary system
has returned to a state of bright flares, presumably as a result of changes in the accretion rate of matter onto the
neutron star. It is an ideal object to study with the KAT-7 array over extended periods of time; the brightness of
the flares is a good match to the sensitivity of the KAT-7 array and the object itself is one of the best laboratories
to study relativistic jet astrophysics on an accessible timescale (hours to days to months). The study of transient
phenomena in the radio sky is one of the niche areas of research for KAT-7, and the scientific focus of two of the
MeerKAT LSPs.

The second paper recently published® reported 120 h of KAT-7 observations of the nearby galaxy NGC 3109
(Figure 2). Mapping the distribution of its neutral hydrogen gas content through a spectral line transition (the spin
flip of the electron in atomic hydrogen), astronomers were able to model the dark matter distribution in this galaxy.
The amount and distribution of dark matter is inferred from the kinematics of the neutral hydrogen gas traced from
the centre of the galaxy out to large radial distances; in the case of NGC 3109, neutral hydrogen was measured
with KAT-7 out to much larger radial distances than observed before. Because of the compact design of the KAT-7
array, it is more sensitive to faint extended emission compared with other radio interferometers. Combined with
a large field of view and good receivers, mapping neutral hydrogen in nearby galaxies is another niche area for
KAT-7. The KAT-7 observations of NGC 3109 put stronger constraints on an alternative explanation for dark matter,
namely Modified Newtonian Dynamics (MOND). MOND cannot represent the observed rotational velocities of the
gas in NGC 3109.

KAT-7 is now at a stage where it is able to respond regularly to requests from the international community for
observations of specific objects. Flexible scheduling in combination with state-of-the-art receivers will make KAT-7
a very attractive radio telescope until MeerKAT comes online. The MeerKAT LSPs will continue to look to KAT-7 to
test new and novel data analysis techniques ultimately designed for MeerkAT.
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Figure 1:  Variable radio emission from Circinus X-1 in images from the KAT-7 interferometer. The left panel shows a fiducial profile image obtained during
the quiescent phase of the binary flare cycle averaged over a 10-day period. Circinus X-1 is located at the centre of the field. The right panel shows

an image taken during the radio flaring phase (23 December 2011) for comparison.

N3109 - Antlia Dwarf — Background Galaxies: DSS+HI Mosaic
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pertinent conclusion of the recent milestone is the rapid coming-of-age
of the SKA community in South Africa and the exposure of the next
generation of African radio astronomers, largely thanks to the successful
human capacity development programme in a joint effort by the
universities involved and the SKA SA project office. In both publications
there are leading contributions from young South African students and
postdoctoral fellows who have completed the scholarship programme.
The success of involving the next generation in novel science during
the earliest phases of a new facility, benchmarked by the international
community, certainly bodes well for the future science commissioning
of MeerKAT and early science with this SKA precursor.
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