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6. 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 uni-
verse. These maps encode a faint imprint, known as baryon acoustic oscillations (BAOs),
that correspond 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 precision, opening new views into structure formation and the universe’s expan-
sion 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 Hydro-
gen Intensity and Real-time Analysis eXperiment (HIRAX)1. HIRAX will measure BAOs by
mapping the entire southern sky over a frequency range of 400–800 MHz, and the experi-
ment 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 an eight-element prototype array is currently
under construction at HartRAO (Figure 1). The student who takes on this project will focus
on the assembly and characterisation of this eight-element array. This prototype is a critical
milestone along the path to constructing the full science array, consisting of 1024 elements.
The student will characterise various receiver elements on the eight-element array, including
active feeds, RF over optical fibre modules, and other subsystems that are currently under
development. The work will include a combination of instrumentation assembly and test-
ing, as well as data analysis. The results will be used to refine HIRAX subsystem design in
preparation for the final science array.

7. Relevance of the research proposed to the priority areas of MeerKAT and/or SKA:

HIRAX will target the BAO signal using intensity mapping, which is one of the SKA research
priority areas. This project will also address the priority area of radio astronomy antennas
and receivers.

8. Work breakdown structure:

– Year 1: Build expertise in radio interferometry, and participate in the continued integration
of the eight-element prototype. Learn about the receiver chain elements, and test compo-
nents both in the lab and on the dishes. The designs of the receiver elements are still being
finalised, so testing will be an iterative process.
– Year 2: Analyse data from RF over optical fibre modules mounted on the 6-m dishes to
assess their performance in comparison to coax-only receivers. Probe for any other instru-
mental systematic errors related to new receiver elements. 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 eight-element HIRAX prototype array is under construction at HartRAO. The stu-
dent on this project will play a major role in testing receiver instrumentation on this array.

9. Availability of required data / access to required equipment / availability of research fa-
cilities and other resources required:

The HIRAX project has been granted seed funding for constructing a 128-element prototype,
and the installation of the eight-element prototype is well underway. We are working closely
with colleagues at the Durban University of Technology, who have a well established radio
instrumentation laboratory. Data analysis will be performed using UKZN’s 1000-core HPC
cluster.

10. Signature of supervisor and date of proposal submission:

The subsidiary for postgraduate degrees from the Department of Higher Education is op-
timized for a Masters degree to be completed in two years, and a Doctoral degree to be
completed in three years. SKA SA bursaries are aligned with this framework. In signing this
proposal, I am confirming that there is a reasonable chance that a student will complete the
work of the proposed project within the prescribed time.

In addition, as per Section 9 above, in signing this proposal, I am confirming that all the
required resources for the project will be available at the start of the project.

Dr. H. Cynthia Chiang
University of KwaZulu–Natal
13 August 2017
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