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

The South African MeerKAT array is leading a new generation of telescopes that will observe the 
radio emission from distant galaxies to unprecedented depths. By combining many observations 
and using statistical techniques, information can be obtained that is beyond the detection limit of 
the individual observations themselves. This allows us to probe the properties of the very faintest 
galaxies.

One such technique is known as P(D), or probability of deflection. The name comes the time when 
radio astronomy relied on chart recorders, and the probability that the pen would deflect by a 
certain amount due to noise fluctuations was a useful indication as to whether a signal was real or 
not. The modern use of this technique still relies on measuring fluctuations, however the 
fluctuations are pixel values in an image. We also make use of a phenomenon called ‘classical 
confusion’ where the angular resolution of the instrument is no longer high enough to separate 
individual sources from one another. This occurs for MeerKAT at a depth of about 2 microJy/beam. 
We turn this limitation to our advantage. By driving the noise down to the level of the confusion 
limit, and studying the distribution of the pixel brightnesses in the image (the ‘deflections’) we can 
use a model of both the instrumental noise and the radio source population and constrain the 
properties of the latter.

This technique has been used in the past to constrain the properties of the faint radio source 
population, however the novel aspect of this project is that we stack up multiple observations over 
different regions of the sky. Using our knowledge of the instrumental response allows us to apply 
the P(D) test at very faint levels, circumventing the need to spend many hours of telescope 
observing time on a single deep observation.

7. Relevance of the research proposed to the priority areas of MeerKAT / SKA (74 words)

This project is relevant to research areas 5 and 7. It should lead to a rapid early science publication 
from MeerKAT, which will be led by the masters student, as well as at least one additional 
publication further along. The results have relevance for the optimisation of the MIGHTEE large 
survey project (and indeed all deep continuum imaging projects for SKA-MID). The project will 
make use of interferometric calibration and imaging techniques to produce high-quality images on 
which to perform the measurement, activities that are directly relevant to MeerKAT data pipeline 
development.

8. Research work breakdown

Year 1 (120 words)

The student will familiarise themselves with radio interferometry techniques, including relevant 
software packages and data formats, and understand the scientific motivation for the project. 
Suitable datasets will be identified, processed and combined in an appropriate way, with the goal of 
refining an automated data processing pipeline. Once the first science-grade images are produced 
(estimated 3-6 months) development of P(D) code (likely in Python) can be initiated and tested. 
The latter half of year 1 should see a publication-worthy result based on data that are already in-



hand. Viability of the method can be demonstrated by comparison with other experiments. 
Interpretation and publication of the initial result will take place in the latter half of year 1. 

Year 2 (165 words)

Additional data will be made use of in two ways: (1) addition of suitable observations to the stack to 
push the depth limits; and (2) using direct (not statistical) estimates of the confusion noise from any 
early ‘deep field’ single pointing observations made with MeerKAT. Note that (1) may require 
reprocessing of older data in order to optimise the angular resolution, which is optimally achieved 
via the pipeline development in year 1, and with enough data in the stack the average array 
primary beam shape can be probed as a bonus result. The first half of year 2 will focus on these 
aspects, namely quantifying the viability of the statistical technique, refining the results it produces, 
and providing forecasts for the use of the techniques developed in this project for using wide SKA-
MID surveys to probe depths that they otherwise could not. The latter half of year 2 will be spent 
finalising results and producing the thesis, and at least one additional scientific publication. 

9. Availability of required data / access to required equipment / availability of research 
facilities (192 words)

The aim is to conduct this research using data from Array Releases 1 and 2 of the MeerKAT array. 
At the time of writing a viable data set from this machine is already in-hand, and it is expected that 
further data can be gathered and made available over the course of the project to improve the 
result and demonstrate the validity of the technique. (If no MeerKAT data is forthcoming then a 
backup plan is to use an existing VLA survey published by the primary supervisor, although that 
would be a poorer quality result, aside from the fact that it would be desirable for as many aspects 
of this project to make use of South African data.) Equipment requirements are solely 
computational. This is adequately covered by machines at Rhodes, and the IDIA facilities for data 
pipelining purposes. Since the primary supervisor is based mainly in the UK, travel support for one 
or more annual trips from South Africa will be desirable, and presenting work abroad would be 
good experience for the student. We note that external funding for at least one such trip is likely to 
be available each year.
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