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i Level of research project: MSc

ii Overviews and aims of the research project:

SCI-HI is an experiment that will study cosmic dawn in the universe using low-frequency
(< 150 MHz) observations of redshifted 21-cm emission from neutral hydrogen. The experi-
ment, which is illustrated in Figures 1 and 2, is unique in that it comprises a single, portable
antenna that observes the signal averaged over a large fraction of the visible sky. Measuring
this global signal as a function of frequency/redshift opens a new window into a part of the
universe’s history that is very poorly understood.

One of the greatest challenges of this measurement is terrestrial radio frequency inter-
ference (RFI), which swamps the cosmological signal even when the nearest RFI sources are
hundreds of kilometres away. SCI-HI has been funded by the South African National Antarctic
Programme (SANAP) for deployments to Marion Island, which lies 2000 km from the nearest
continental land masses and potentially offers an exceptionally clean RFI environment. SCI-HI
has previously deployed to Guadalupe Island (200 km off the cost of Mexico), and the residual
RFI levels were an order of magnitude larger than the expected cosmological signal. We expect
the measurement to improve from Marion Island, which is even more remote than Guadalupe
Island.

Given the small scale of SCI-HI, the student who takes on this project will be able to
contribute to a wide range of work spanning both instrumentation and analysis. The student
will have the opportunity to participate in the second deployment of SCI-HI to Marion Island,
which is scheduled for April 2017. The work will involve on-site operations, post-deployment
lab testing of the hardware, improving the data analysis pipeline, and analysing the science
data.

iii Relevance to research priority areas of MeerKAT and SKA:

SCI-HI is a wide-band single-pixel receiver, which is one of the SKA science themes. Instru-
mentation and data analysis for RFI detection and removal will be an integral component of
this project, as the SCI-HI observing environment must be exceptionally radio-quiet. This
project will therefore contribute directly to the research priority areas.

iv Work breakdown structure:

– Year 1: Build expertise in radio astronomy and 21-cm cosmology. Begin working with the
SCI-HI system, learn about the hardware components, and participate in the second deploy-
ment of SCI-HI to Marion Island. Perform lab tests of SCI-HI hardware after the deployment
in order to debug any potential instrumental issues.

– Year 2: If needed, continue lab tests of SCI-HI hardware. Learn the SCI-HI software tools
and contribute to the analysis of the Marion data. Complete MSc thesis.
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Figure 1: SCI-HI being assembled for RFI qualification tests in the SKA reverberation chamber.
The system is designed to be light-weight and portable for remote deployments.

v Data availability and other resources required:

SCI-HI is a small-scale, self-contained experiment, so data availability is not an issue. All of
the hardware is in South Africa. Dr. Tabitha Voytek, who originally designed and built the
experiment, is at UKZN as an SKA postdoctoral fellow and will work closely with the student
on this project.
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Figure 2: The fully assembled SCI-HI system during the first Marion Island deployment (April
2016). SCI-HI has been approved for a second deployment in 2017.
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