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1. Title of the research project:
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2. Broad area of research:
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3. Academic level of research project:
Doctoral

4. Primary supervisor’s details:
a. Dr Sinenhlanhla Precious Sikhosana

b. sikhosanas@ukzn.ac.za
c. University of KwaZulu-Natal

5. Abstract of the project:
The MeerKAT Massive Distant Cluster Survey (MMDCS) is a focused MeerKAT survey
at 1.28 GHz targeting a comprehensive sample of thirty of the most massive galaxy
clusters at z > 1. The clusters are selected from the ACT DRS5 catalogue, restricted to the
portion of the sky overlapping with the DECaLS Data Release 9 optical and infrared
footprint. The prime focus of the survey is to characterise cluster-scale diffuse emission
and probe star formation rates in extreme environments. However, the observed fields are
densely populated with intricate extended sources that are not necessarily cluster-bound.
The aim of this project is to catalogue and characterise extended radio sources in the
MMDCS fields. The main focus will be on the morphology, spectra, and polarisation
properties of these sources. The project's findings will yield new results; hence,
publications are anticipated.
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Details of Research Project
1. Scientific merit:

Extended radio galaxies have been traditionally classified using the Fanaroff-Riley (FR;
Fanaroff & Riley 1974) scheme as FRI and FRII sources. There also exist extended radio
galaxies with far more complex jet morphologies in comparison to the traditional classes;
these are labelled as wide-angled tails, narrow-angled tails, and bent tails. Studying the
morphologies of radio lobes can give insights into the interaction between the beamed
plasma emanating from active galactic nuclei and the surrounding ambient medium
(Subrahmanyan, Saripalli & Hunstead 1996). The interaction between the jets and the
intracluster medium (ICM) surrounding their host galaxy determines the subsequent
evolution.

A study by Rudnick et al. (2022) showed a direct interaction between a magnetic
filament, a radio jet, and a dense ICM clump in a galaxy cluster. Improved sensitivities of
radio interferometers are continuously revealing extended emission that is not obviously
linked to radio galaxies (Rubeis et al. 2026). These filamentary structures have sparked
interest in theories of their formation mechanisms. Overall, they are characterised by
projected lengths of 10s to 100s kpc, widths ranging from hundreds of pc to a few kpc,
and steep spectral indices (o > 1.3). In some cases, significant spectral variations were
observed along the filaments’ length (Rudnick et al. 2022; Velovi'c et al. 2023), although
this is not ubiquitous (e.g., Giacintucci et al. 2022; Brienza et al. 2025; Bushi et al. 2025).
These phenomena provide new opportunities to study the physical processes occurring in
the ICM, such as magnetic field amplification and cosmic ray acceleration and
propagation (Bell et al. 2019).

The MeerKAT Massive Distant Cluster Survey (MMDCS) is a MeerKAT L/UHF-band
survey specifically designed to study a selection of 30 massive galaxy clusters at z > 1.
The survey aims to study various aspects of these high-redshift clusters, including radio
emission, star formation, active galactic nucleus (AGN) activity, and environmental
effects within the cluster environments. The MMDCS sample comprises 30 of the most
massive clusters selected from the Atacama Cosmology Telescope (ACT; Swetz et al.
2011) Data Release 5 catalogue (Hilton et al. 2021). This catalogue contains over 4000
clusters, of which 222 are located at z > 1. The MMDCS cluster sample covers redshift
range 1.00 < z < 1.31 and mass range 4.5 < Ms,,/10" M. < 9.7. These observed fields
have rich environments comprising extended radio sources with complex morphologies.
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2. Feasibility:
The student will be given access to the Ilifu platform for all the data processing and will
have access to Hippo (the UKZN supercomputer) for storage purposes. The MMDCS
fields already fall within the DECaLS field; hence, students will have access to
photometric redshifts for the study.

3. Availability of required data:
All the 30 MMDCS fields have been observed and processed to at least 2GC. The survey
has a project under Ilifu enabling the swift sharing of raw data and calibrated data
products. Auxiliary X-ray (XMM) and DECaLS images available on the relative archival
platforms.

4. Expected milestones and timelines:
Below is an overview of the estimated timelines for the duration of the PhD

[J Months 1 - 3: Project onboarding, literature review, and setting up user
environments on Ilifu.

[J Months 4 - 12: Data processing for fields that need 3GC and ensuring coherent
data reduction methods for all the fields.

[J Months 13 - 20: Producing spectral index maps and polarisation products for all
the observed fields.

[J Months 21 - 31: Analysis of the spectromolarimetric results and preparation of
manuscript for pilot catalogue results.

[J Months 32 - 36: Completing analysing and compiling thesis for submission.

5. Specific requirements:
The candidate should have sufficient background of radio intereferometry. They should
have experience using Linux based operating systems and be comfortable with coding in
Python. Experience with MeerKAT data reduction will be advantegeous.
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Hi Precious,
There's nothing exactly like that in the project doc at the moment:

https://docs.google.com/document/d/1K27RcJ4yN1znIn5C2wiOgQKg_YYp68RaQWO01bAfjaqc/edit?usp=sharing

| know Dakalo is interested in looking at polarization, but that would be a postdoc kind of project, not for PhD.

Obakeng / Nceba here are looking at GRGs in the MMDCS fields - Obakeng will work on that when he starts PhD (wai
that requires / uses polarization though. Mostly | think they were going to look at spectral age type stuff.

Certainly it would be great for someone to be looking at the polarization data!

Cheers
Matt
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e Poster presentation, SnowCluster - The Physics of Galaxy Clusters conference, Snow
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Knowles, K., Hilton, M., Hughes, J.P., Makhathini, S., Moodley, K., Ramaila, A.,
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Hilton, J. Hughes, H. Intema, K. Moodley, E. Reese, C. Sifon, J. Sievers

PID: 33 010 — Low frequency radio study of a complete mass-selected sample of SZ
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