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i Level of research project: MSc

ii Overviews and aims of the research project:

The redshifted 21-cm emission line of atomic hydrogen provides a unique window on
reionization history and will become one of our most powerful cosmological probes in the
coming decade. Because 21-cm emission maps a volume (rather than a surface), observations
contain a tremendous amount of information and thus hold the potential for vastly improv-
ing cosmological parameter constraints. One of the main goals of current and upcoming ex-
periments is to make a definitive detection of the 21-cm power spectrum from the epoch of
reionization (EoR). Precise characterisation of this signal will allow us to understand how and
when the first stars ignited in our universe.

South Africa already hosts the PAPER telescope, which has published the tightest limits
yet on the EoR signal. The PAPER team is one of several collaborations that are joining forces
to build HERA, a next-generation 21-cm telescope that will comprise over 300 dishes and
will represent a significant leap in sensitivity over existing instruments. A 19-element HERA
pathfinder has already been constructed in South Africa, and buildup of the final array is in
progress. The full HERA array is expected to make the first significant detection of hydrogen
during reionization.

Precise beam characterisation of HERA will be essential for interpreting the science data,
and this measurement is made challenging by HERA’s large (14-m diameter), stationary dishes.
The student who takes on this project will help develop a drone-based calibration system for
mapping HERA beams. The work will involve learning how to use the drone, improving the
drone and calibrator system for measurements that are specific to HERA, taking the actual
beam measurements, and analysing the resulting beam data.

iii Relevance to research priority areas of MeerKAT and SKA:

HERA is designed specifically to probe the epoch of reionization, which is one of the major
SKA science themes.

iv Work breakdown structure:

– Year 1: Build expertise in radio interferometry and learn about the importance of precise
instrument characterisation. Learn how to fly the drone and operate the calibration source,
and develop flight plans and operation modes that are appropriate for HERA. Perform initial
beam mapping measurements.

– Year 2: Analyse beam map data and perform additional on-site measurements. Improve the
drone system where appropriate (e.g. explore the possibility of differential GPS for improved
attitude determination). Complete MSc thesis.
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v Data availability and other resources required:

UKZN already owns the drone that is required for this project. As members of both HERA
and PAPER, we will have access to all data required for this project. UKZN owns and operates
a 1000-core HPC cluster that will be used for HERA analysis. UKZN students and staff have
already performed on-site work for HERA and PAPER, and we have the resources to send
more people in the future.
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