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i Level of research project: MSc

ii Overviews and aims of the research project:

An exciting frontier of radio astronomy is using the redshifted 21-cm emission of neu-
tral hydrogen to reconstruct a three-dimensional map of large-scale structure in the universe.
These maps encode a faint imprint, known as baryon acoustic oscillations (BAOs), that corre-
spond to remnant ripples left behind by sound waves echoing through the plasma of the early
universe. Measurements from upcoming experiments will constrain BAOs with exquisite pre-
cision, opening new views into structure formation and the universe’s expansion history, and
shedding light on the mystery of dark energy.

We are in the initial stages of building a new radio telescope array called the Hydrogen
Intensity and Real-time Analysis eXperiment (HIRAX)1. HIRAX will measure BAOs by map-
ping the entire southern sky over a frequency range of 400–800 MHz, and the experiment will
be sited in South Africa. The project is complementary to the Canadian Hydrogen Intensity
Mapping Experiment (CHIME), which is about to begin surveying the northern sky. HIRAX
has received seed funding, and prototype construction (Figure 1) is in progress.

The student who takes on this project will focus on the assembly and characterisation of
an eight-element prototype array sited at HartRAO. This prototype is a critical milestone along
the path to constructing the full science array, consisting of 1024 elements. The student will
perform calibration measurements on the eight-element array, including beam mapping with
a drone-based calibration source. The student will analyse the resulting data and will work to
improve the HIRAX design for the following prototype phase.

iii Relevance to research priority areas of MeerKAT and SKA:

HIRAX will target the BAO signal using intensity mapping, which is one of the major SKA
science themes. This project addresses several of the research priority areas, including in-
strumentation for signal processing (we will be using and testing FPGA-based ICE boards),
handling big data, and RFI identification and removal.

iv Work breakdown structure:

– Year 1: Build expertise in radio interferometry, and participate in the integration of the eight-
element prototype. Learn how to operate the drone calibrator and perform initial beam map
measurements at HartRAO.
– Year 2: Analyse beam map data and perform additional field tests as needed. Assess HIRAX
beam systematics and refine the dish and feed mounting design based on the results. Continue
to learn and develop the HIRAX data analysis pipeline. Complete MSc thesis.

1http://www.acru.ukzn.ac.za/˜hirax
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Figure 1: The first prototype HIRAX six-metre dish, which arrived in Durban in late 2015 and was
installed on the roof of the Durban University of Technology. The student on this project will play
a major role in characterising this dish and integrating it with the receiver and readout electronics.

v Data availability and other resources required:

The HIRAX project has been granted seed funding for constructing a 128-element prototype,
and hardware for the eight-element prototype is currently on order. (Four smaller test dishes
have already been installed and instrumented at HartRAO.) We are working closely with col-
leagues at the Durban University of Technology, who have a well established radio instru-
mentation laboratory. Data analysis will be performed using UKZN’s 1000-core HPC cluster.
UKZN already owns the drone-based calibrator that will be used for beam measurements.
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