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Overview: 

Over the past two decades, strong evidence has emerged that supermassive black holes 
play a critical role in the evolution of their host galaxies. For massive galaxies, the stellar 
assembly appears to be regulated by the energy output associated with accretion onto a 
nuclear black hole. An important research area in galaxy evolution is therefore to characterize 
the accretion history of the Universe, which requires wide-area extragalactic surveys at all 
wavelengths. High angular resolution radio observations hold a unique advantage in their 
ability to disentangle AGN from star formation emission and their insensitivity to dust. Deep, 
high resolution radio observations over large areas have been challenging in the past, 
however, this has been largely overcome through new software correlator developments (the 
multi-phase centre correlation technique). This represents a dramatic shift in the efficiency of 
VLBI observations, and enables surveys of depth and area that will be a unique addition to 
multi-wavelength, wide-field surveys past, present and future. This is timely, given the survey-
driven focus of next-generation radio interferometers such as MeerKAT and SKA-mid.  

While MeerKAT's high sensitivity and wide field-of-view will enable deep surveys over large 
area, these will be limited to >5 arcsec angular resolution (at 1.4 GHz), which is not sufficient 
to discern radio jets from star formation in galaxies beyond the local Universe. This is of key 
importance for a number of MeerKAT science objectives, particularly tracing the star 
formation rate history of the Universe and understanding the role of mechanical feedback in 
galaxy evolution. VLBI will also play an important role in HI emission and absorption 
components of the MIGHTEE and LADUMA surveys, contributing unique morphological 
insights to the interpretation of gas inflows and outflows that have strong complementarity 
with ALMA. But perhaps even more interesting will be wide-field VLBI’s ability to enable the 
discovery of exotic objects such as binary supermassive black holes and strong gravitational 
lenses.  
  
Many MeerKAT extragalactic Large Survey Projects (LSPs) would therefore be significantly 
enhanced by matched sensitivity VLBI observations across a significant fraction of the 
selected fields. This PhD project forms part of the MIGHTEE-VLBI working group (chairs: 
Deane and Agudo) and will perform deep VLBI surveys over the relevant extragalactic fields.  
It will begin with a large VLBA dataset of the GOODS-North extragalactic field, which is 
already in hand. The skills and techniques developed with be directly applied to MeerKAT-
VLBI surveys of LSP extragalactic fields. Additional survey objectives will include multi-epoch 
VLBI imaging in order to select sources based on their milli-arcsecond flux variability; and to 
incorporate e-MERLIN observations where possible to bridge the L-band uv-coverage 
between the MeerKAT and VLBI components, enhancing the interpretation of both. The 



student will actively incorporate the wide range of cutting-edge interferometric calibration and 
imaging algorithms in development within the RATT group.  

Relevance to priority areas: 

This project is directly focussed on the enhancement of MeerKAT LSPs through MeerKAT-
VLBI capability; as well as interferometric data processing and analysis as related to 
MeerKAT-VLBI, the African VLBI Network, and SKA-mid.  

Research work structure: 

	  
 Year 1:  This year will focus on the acquisition of the relevant radio 
interferometric calibration and imaging skills relevant to VLBI. Training will be carried out with 
a deep, wide-field VLBI dataset that is in hand (VLBA GOODS-North field). This will include 
the latest in sophisticated techniques relevant to VLBI (some of which have been developed 
within RATT), including RFI excision, imaging algorithms and source extraction.  

 Year 2:  The primary focus on this year will be on data processing of the 
existing data and designing pilot VLBI surveys over a subset of the MIGHTEE fields. In the 
second half of the year, the student will spend most of their time on the analysis and 
interpretation of VLBI detections, placing them in context of the wealth of multi-wavelength 
data. Commensal MIGHTEE-VLBI observations will be pursued to enhance these datasets.  

 Year 3:  This year will spent on publishing the relevant survey papers that 
result and ensuring the VLBI database is in place for efficient incorporation into MIGHTEE 
ancillary data and cross-identification. The results of this PhD project will also make a direct 
contribution towards SKA-VLBI survey planning.  

Data and equipment availability:  

Rhodes University is well set up to process large datasets with existing clusters. Moreover, 
there is now a large group with significant expertise relevant to the project, specifically in 
pipeline development. Relevant datasets are already in hand and many more are expected to 
be acquired in the near future, particularly given that so few groups around the world are well-
placed to exploit wide-field VLBI science, RATT being one of the few.


