Proposed MSc Project
Detecting the SZE-21cm: mitigating point-source and
synchrotron contamination
Supervisor: Dr Charles Takalana (charlest@saao.ac.za)
The student will be expected to register at Stellenbosch University (SU).
Background: The redshifted 21 cm line of neutral hydrogen is a uniquely sensitive tracer of the Cosmic Dark Ages (DA) and the Epoch of Reionization (EoR), but the cosmological signal sits beneath astrophysical foregrounds that are orders of magnitude brighter, so direct global-signal and interferometric measurements are dominated by systematics and calibration. The Sunyaev–Zel’dovich effect of the 21 cm background (the SZE-21cm) offers a complementary route: Comptonisation of the low-frequency background by hot electrons in galaxy clusters imprints a cluster-localised spectral distortion that is recovered as the difference between a sightline through a cluster and a nearby blank-sky reference. This differential nature makes it naturally compatible with interferometers and largely insensitive to absolute sky calibration. Earlier work produced the first simulated SZE-21cm maps and showed that the effect can be extracted with HERA and SKA1-Low. However, two contaminants remain the principal obstacles to a clean detection: radio point sources hosted by, or projected onto, galaxy clusters, which can fill or dilute the SZE signal; and synchrotron and diffuse radio emission from the host clusters themselves, predicted to be roughly an order of magnitude stronger than the SZE-21cm at the relevant frequencies. Developing a robust strategy to identify, characterise and remove these contaminants is an essential prerequisite for any future SZE-21cm measurement.
Project description: This project aims to develop and test a robust strategy for mitigating point-source and synchrotron contamination in SZE-21cm observations. Using data from low-frequency radio interferometers such as LOFAR, MWA and HERA, ahead of the roll-out of SKA1-Low, the student will study the point sources hosted by, or projected onto, clusters at the relevant frequencies and build a detection-and-subtraction pipeline using established interferometry software such as CASA and PyBDSF. A central goal is to quantify the residual flux error introduced by source subtraction and to establish the regime in which the removed source is small enough that the lost SZE-21cm flux is negligible. The student will then characterise synchrotron and diffuse cluster emission (radio halos, mini-halos and relics), exploiting the fact that synchrotron brightness falls with luminosity distance whereas the SZE does not vary with redshift, which allows the two contributions to be distinguished and separated through multi-frequency, spatially resolved analysis. To identify suitable targets, candidate clusters with strong SZE signal will be drawn from X-ray and microwave catalogues (SPT, Planck, ACT), prioritising clusters observable by HERA and the SKA, and used to derive the electron temperatures and optical depths needed when computing the SZE-21cm. The overall objective is to reduce the errors due to point-source contamination and cluster synchrotron emission, improving the sensitivity and accuracy with which the SZE-21cm can be detected. The depth of the analysis will be tailored to the MSc level.
Special requirements: A background in cosmology, radio astronomy and signal processing, with strong (Python) scientific programming skills and a desire to learn new astronomy software, in particular interferometry packages such as CASA and PyBDSF. Familiarity with interferometry techniques and experience handling data are beneficial but can be developed during the project.
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