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Mapping the sky for early Universe science

Supervisors: Cathryn Trott, Jaiden Cook (CSIRO), Nichole Barry (UNSW), Aman Chokshi

M-mode transit interferometry is a novel imaging technique that integrates 24 hours of transit
radio interferometer observations into high quality all-sky maps of the large scale Galactic
structure. These maps, at low radio frequencies (around 100MHz) are important for radio
astronomy because they are used to estimate the sensitivity of instruments. Importantly, these
maps are useful for high priority science cases like the Epoch of Reionisation, where large scale
bright foreground structures are up 100,000 times brighter than the expected 21cm signal from
the first stars and galaxies. Accurate all sky models are therefore paramount for correctly
calibrating and subtracting these features from real data, having potentially high impact for the
detection of the 21cm signal.

Efforts to map these large scale structures, have been difficult using standard radio
interferometry techniques, requiring mosaicking of many snapshot images together, often
leading to spatially dependent systematics that affect the usefulness of these maps for
foreground calibration, leading to current detection methods relying on foreground mitigation.
The m-mode transit interferometry technique requires no mosaicking for large fields of view,
and maps the sky structure directly onto the celestial sphere, precluding a lot of the
systematics present in traditional methods.

Sub-projects:

1. Create a software tool for calculating visibilities from a model of the sky and a model of
the instrument. Use the model to test the validity of calibration of large scale structure
(short spacing baselines) for the MWA, and compare it to the existing method

2. Using existing tools, process real MWA and EDA2 data to create new maps, and/or to
create spectral models across the EoR bands

3. Investigate methods for de-sourcing mmode maps. Look into the Weiner filtering
method (with the correct point source covariance matrix) in the SH-coefficient space for
de-sourcing the map.

The project has the potential for an internship with CSIRO, SKAO, or an industry partner. This
project is open to domestic applicants.
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