
1. Title of research project: Understanding the Limits of Interferometric Techniques for 

Extended sources

2. Academic level (Masters or PhD): PhD

3. Supervisor’s title and full name: Dr. Filipe Abdalla

4. Co-supervisor’s title and full name: Prof Oleg Smirnov

5. Supervisor’s university: Rhodes University

6. Overview and aims of the research project (maximum 300 words):

Extended sources can be great sources of astronomical interest such as radio clusters found at 
low frequencies or the emission of our Galaxy, The Epoch of Reionisation (EoR) and intensity 
mappting (IM) are the next frontiers for the cosmologist. The faint signal arising from these epochs 
can be measured by radio interferometers at low frequencies capturing the redshifted signal from 
the 21cm line. However, an outstanding issue not clearly resolved by any current EoR or IM 
experiments is that calibration issues related to extended sources could plague this signal and 
prevent a clear detection from taking place. In particular, it is possible that direction dependent 
effects (DDEs) will change the nature of this signal and smear any possible detection. 

We propose to investigate how DDEs affect these extended sources for the EoR and IM 
experiments and other signals at the low to mid frequencies of Meerkat and SKA1, and whether 
the statistical properties of these signal are maintained after DDEs are calibrated out, and more 
specifically if the magnitude of the fluctuations is maintained. The student would obtain simulations 
of the 21cm signal, pass them through a radio interferometry simulator, and obtain visibilities which 
would be corrupted with a direction dependent signal. This signal would be calibrated with DD-
solution algorithms such as SAGECAL or StefCal, and the signal would be remeasured and 
compared to the original input.

Relevance to MeerKAT and the SKA. MeerKAT and SKA1 will enable wide-band radio 

observations to unprecedented sensitivity. The techniques we will use here will allow us to explore 
extended object emission from MeerKat and SKA1 at the lowest frequencies as well as advanced 
calibration for SKA1. IM and EoR are fundamental key science projects for Meerkat and SKA1.

7. Relevance of the research proposed to the priority areas of MeerKAT and / or SKA – refer 
to the application guide (maximum 200 words):

This work is on the cutting edge of calibration and algorithm development. Both MeerKAT and the 
SKA will have unprecedented extended emission and these techniques will allow us to optimally 
extract signals such as the EoR and for IM.



8. Research work breakdown
Year 1 (100 to 200 words max.)
1) Background study in calibration and IM and EoR studies, literature review in radio 
interferometric imaging.
2) Research visit to UCL, study of the signals in IM and EoR with supervisor at UCL. 
3) Initial implementation of simulation pipeline using the science background obtained.
4) Attend conferences and present the ongoing work as a conference paper

Year 2 (100 to 200 words max.)
5) Implementation of alternatives of DDE calibration from simulations done in the first year.
6) Benchmarking and optimization of pipelines
7) Paper describing the results written up.
8) Validation of techniques on the impact that calibration has on the power spectrum 
measurements for IM and EoR studies.

Year 3 (100 to 200 words max.)
9) Examination of the cosmological implications of the calibration techniques. On IM science as 
well as on Eor science.
10) Second (impact IM) and third (impact on EoR) papers submitted
11) Thesis write-up

9. Availability of required data / access to required equipment / availability of
research facilities and other resources required (max 200 words)
EoR and IM simulations data for algorithm validation is already in hand. All MeerKAT early science 
(imaging) data can be used for validation. Rhodes has computing equipment to support this 
development.
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