
1. Title of research project: Constraining the epoch of reionization with PAPER observations

2. Academic level: Msc

3. Supervisor's title and full name: Dr. Gianni Bernardi

4. Co-supervisor's title and full name: Prof. O.M. Smirnov

5. Supervisor's university: Rhodes University

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

The Precision Array to Probe the Epoch of Reionization (PAPER) has been a low frequency radio 
interferometer deployed at the Karoo site in order to observe the 21-cm emission from the epoch of 
reionization. Its final, 128-element (PAPER128) observing season was completed at the end of 2014 
and its results will start to be published in 2018. Our group has been heavily involved in the analysis 
(PhD project of C.D. Nunhokee, to be completed at the end of 2017, Msc project of J. Chege, started in 
2017). 

With  the  analysis  of  the  PAPER128  data  well  under  way,  we  are  seeking  for  an  ambitious  Msc 
candidate who is willing to become an observational 21-cm cosmologist. The candidate is expected to 
carry  out  simulations  to  investigate  the  impact  of  foreground and instrumental  systematics  on the 
PAPER128 power spectrum and to use state of the art theoretical codes to constrain the physics of 
reionization with PAPER128 power spectrum.

An ideal candidate will have a good background in physics and mathematics, the willingness to learn 
about  advanced  radio  interferometry,  statistics,  signal  processing  techniques  and  cosmology,  but, 
mostly, the desire to contribute to the 21-cm cosmology revolution.

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

This project is part of the “Epoch of Reionization and Intensity Mapping data reduction and analysis” 
research area and has a significant connection with the “Interferometric Data Processing and Analysis, 
including  calibration  and  imaging”  research  area.  It  uses  data  from one  of  the  Karoo  telescopes 
(PAPER) that has a significant South African partnership through SKA SA.

8. Research work breakdown:

a. Research work structure for Year 1. 



In its  first  year,  the candidate  is  expected  to  learn  and familiarize  with  radio  interferometry,  with 
particular  focus  on  the  specific  21-cm  techniques  relevant  for  PAPER:  redundant  calibration  , 
foreground  subtraction  and  power  spectrum  estimation  using  a  redundant,  drift  scan  array.  The 
candidate is also expected to build a solid knowledge of the EoR physics, familiarizing with publicly 
available codes (i.e. 21cmFAST and SimFast21).

b. Research work structure for Year 2.
During its second year, the candidate is expected to carry out simulations to quantify the impact that 
systematic errors may have on the PAPER128 power spectrum (even in the likely case of an upper 
limit).  In particular the candidate will  use the simulation framework developed in Nunhokee et  al. 
(2017, submitted) in order to update prediction of polarization leakage using the latest PAPER128 all 
sky images (part of Nunhokee's PhD project). The candidate will also be encouraged to use the same 
framework in order to simulate the impact of calibration uncertainties on the power spectrum. 
Finally  the  candidate  will  use  the  state-of-the-art  21-cm  codes  (21cmMCMC,  Greig  et  al.  2016, 
SimFast21, Santos et al. 2011) to explore which reionization physical parameters are constrained by the 
PAPER128 power spectrum.

9. Availability of required data / access to required equipment / availability of research 
facilities and other resources required (maximum 200 words):

The supervisor is a member of the PAPER collaboration. All the PAPER128 data are available at the 
RATT (Radio Astronomy Technologies and Techniques) servers at Rhodes University and the student 
will have access to them.
The Radio Astronomy Technologies and Techniques (RATT) group established at Rhodes has access to 
world class computing and storage facilities that have (also) supported the analysis of PAPER data. The 
student will have access to these resources that are adequate for the proposed project.
The  student  will  be  part  of  a  growing  21-cm  EoR  group  at  Rhodes  that  currently  includes  the 
supervisors, two PhD students and one Msc student. This specific project builds on the SKA SA funded 
PhD project of C.D. Nunhokee (to be completed by the end of 2017) and the Msc project of J. Chege  
(started in 2017).

10. Signature of supervisor and date of proposal submission
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