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Overview:

Strong gravitational lensing provides the deepest views of the Universe through its magnification of the solid 
angle of distant galaxies combined with the conservation of surface brightness. It enables studies of high-
redshift galaxies only possible with next-generation facilities without the lensing phenomenon. To date, HI has 
only been detected directly at low redshifts, limited by the sensitivity and frequency range of current radio 
telescopes. MeerKAT and SKA1-MID will dramatically change this picture, pushing out to redshifts of z~1 for the 
several thousand hour surveys proposed.  

However, what has not been considered in the MeerKAT science case, is the ability to detect gravitationally 
lensed HI emission in high-redshift galaxies. The instantaneous bandwidth and sensitivity of MeerKAT will yield 
the potential to produce high-impact early science. In our MNRAS Letter (Deane, Obreschkow & Heywood, 
2015), we demonstrate that SKA precursors have the potential to make the highest redshift HI detections to 
date within a fraction of the total duration of the deep HI surveys, provided the appropriate targeted lensed 
surveys are designed.  

The primary objectives of this PhD project are fourfold: 

1. design and optimise a MeerKAT lensing survey on known lensed systems and galaxy clusters 
2. use current instruments (including MeerKAT early array realeases) to make the highest redshift HI 

detections to date  
3. use our large-scale HI simulation (SAX-Lens) in combination with machine learning techniques to 

determine source prioritisation best practices for multi-wavelength followup of the expected >10,000 
lens candidates in SKA1-MID surveys 

4. investigate the ability of SKA1-LOW to detect the highest redshift HI galaxies  

This ambitious programme is enabled by the significant hardware and software successes within the MeerKAT 
programme and Rhodes University, providing an opportunity to lead this scientific field into the SKA era.  

  
Relevance to priority areas:

Firstly, we note that this is a relatively new idea that was not considered in the original MeerKAT science case. 
Our MNRAS Letter highlights the perceived impact this is likely to make. One of the primary science drivers of 
building MeerKAT and the SKA is to understand the cosmic evolution of neutral hydrogen, from the epoch of 
reionization to present day. This project will directly address that objective by pushing the high redshift HI  galaxy 
envelope. Furthermore, it will explore the ability of SKA1-LOW to probe the z > 3 HI Universe. Since the lensing 
opacity and mean magnification increase dramatically above z~2, SKA1-LOW could in principle bridge the study 
of HI in high-redshift galaxies to the IGM mapping of HI during the Epoch of Reionization. The pathfinder and 
MeerKAT observations to detect known lensed systems will employ and develop calibration methods in the 
presence of continuum sources, directly relevant to the deep HI surveys planned.  



Research work structure:

Year 1: This year will focus on the acquisition of the relevant radio interferometric 
calibration and imaging skills; as well as expertise in gravitational lensing. Training will be performed on low 
redshift observations of lensed systems already undertaken by the supervisors with the GMRT. This will 
include the latest in sophisticated techniques relevant to low-to-mid frequency radio astronomy, including 
RFI excision, direct-dependent calibration, imaging algorithms and source extraction.  

Year 2: This year will shift focus to the design of a MeerKAT targeted lensed HI survey, 
based on the expertise developed in Year 1. A natural extension of this will be to propose an optimal design 
strategy for SKA1-MID wide-field HI surveys from a lensing perspective. Algorithms will then be developed 
to prioritise followup multi-wavelength observations of the tens of thousands of lens candidates expected 
from HI detections in SKA surveys. This prioritisation algorithm will employ deep-learning techniques, based 
on the multi-wavelength properties, the HI mass function and expected lensing statistics from our large-
scale strong lensing simulation. The student’s work would inform design decisions for full-scale MeerKAT 
and SKA survey proposals. 

Year 3: Year 3 will be spent analysing and publishing science results from MeerKAT and 
other observations. Given the high impact of any single detection, each of these could equate to a 
publication in itself. This activity will also lead to final decisions on an optimised HI lensing survey. It is 
expected that the number of detections that result from this project may yield a useful constraint on the 
cosmic HI density at intermediate redshift, a major result in advance of the future blind HI surveys. The final 
component of the project will be focussed on evaluating SKA1-LOW’s potential to detect individual HI 
galaxies at z>3. This is delayed given the significant advances expected in 2017-2019 on the HI cosmic 
density towards higher redshift from both observational and theoretical results.  

Data and equipment availability:   

Rhodes University is well set up to to process large datasets with existing clusters. Moreover, there is now a 
large group with significant expertise relevant to the project. Relevant datasets are already in hand  and 
many more are expected to be acquired in the near future. As stated, the student is expected to make a 
significant effort towards early MeerKAT observations to produce early science. Not only is this project well 
timed to make a contribution to MeerKAT commissioning (particularly in the UHF band), but also to deliver 
high impact science with the earlier MeerKAT array releases in 2017. 


