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vi Overviews and aims of the research project:

How the first stars formed and lit up the universe is unkown. From Cosmic Microwave Back-
ground data, we know that a significant fraction of the universe had reionized by redshift
∼ 8 − 9, which means the first ionizing sources in the universe had to have formed before
then. These sources have to leave imprints on the neutral hydrogen 21-cm line, which there-
fore provides a way to study them. There are two main ways to see their impact - either via
intensity fluctuations, or through a change in the mean global brightness of the sky as a func-
tion of frequency. This project will search for the signature of the very first stars via the global
signal, using data from the SCI-HI experiment.

SCI-HI (http://arxiv.org/abs/1311.0014) is a single-antenna experiment sensitive to the mean
sky brightness across the range of frequencies ( 100 MHz) where the global signal is expected to
reside. One of the challenges in making a global measurement is radio frequency interference
(RFI), which can be extremely bright since the signal sits in or near the FM radio band. There-
fore, we deploy SCI-HI to remote locations. Its initial deployment was to Guadalupe Island,
200 km off the coast of Mexico, where RFI from the mainland was still found to be a prob-
lem. Since RFI was still a problem there, we applied to the South African National Antarctic
Programme to deploy SCI-HI to Marion Island, 2,000 km south of South Africa. The proposal
was successful, and so we have been funded to deploy SCI-HI to Marion, with the first voyage
taking place in April/May 2016. Marion’s southerly latitude provides an additional benefit.
Fluctuations in the Earth’s ionosphere can make it hard to remove the (much larger) galac-
tic signal from the EoR one. The ionosphere is driven by solar ionization, so polar locations
should have more stable ionospheres. Nights on Marion look to have particularly good iono-
spheric conditions, with Maximum Usable Frequencies (the frequency at which radio waves
reflect of the ionosphere) regularly as low as 5-6 MHz.

This project will analyze data from SCI-HI looking for the signal from the first stars. The stu-
dent will work closeley with other members of the SCI-HI collaboration. Initially, the student
will use the pipeline developed for the Guadalupe run, but will expand it. Data both from
Guadalupe, a test run we carried out at the SKA site in the Karoo, and the initial Marion de-
ployment will be used as test cases. The 2017 Marion deployment will gather significantly
more data, so repeat observations can be used to search for and remove more possible system-
atic errors in the data. The student will process the data from the upcoming Marion run and
publish results. The student will also spend time looking at ionospheric effects, models for



Milky Way emission, and how the two couple together. We expect this to lead to either a more
sensitive detection or significantly improved limits on the global signal.

vii Relevance of Research This project is relevant for RFI studies (since Marion looks to be one of
the cleanest sites in the world), and for epoch of reionization science.

viii Work breakdown structure:

– Year 1: Learn the basics of cosmic dawn and reionization. Familiarize themselves with SCI-
HI pipeline and how instrumental effects show up in the data. Carry out first analysis of
Marion Island data.
– Year 2: Investigate models for Milky Way removal. Carry out extensive systematic checks
on data using repeated observations. Place constraints on/make detection of first stars. Write
up and publish initial results.
– Year 3: Continue detailed studies of the data. If available, analyze data from after the 2017
relief voyage. Look into more systematic effects in the data, and how ionospheric fluctuations
couple to galactic signal. Write up and publish improved measurement of global EoR signal.

ix Data availability and other resources required:

We have a 1,000 core cluster that has sufficient horsepower for any likely SCI-HI analysis. We
have data from Guadalupe, Karoo, and preliminary Marion data in-hand. The 2017 Marion
expedition has been funded, so further data will be available by late May 2017. SKA Postdoc
Tabitha Voytek deisgned and built SCI-HI; she is now at UKZN and will work closely with the
student on the analysis.
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