
1. Title of research project: Calibration of Quasi-Redundant Arrays

2. Academic level: MSc

3. Supervisor’s title and full name: Prof. J. L. Sievers

4. Co-supervisor’s title and full name: N/A

5. Supervisor’s university: University of KwaZulu–Natal

6. Overviews and aims of the research project:

Several current or upcoming radio arrays are laid out on regular grids, such as PAPER,
HERA, CHIME, HIRAX, and Tianlai. These arrays are searching for neutral hydrogen sig-
nals at high redshift such as those from the Epoch of Reionization (EoR), or intensity map-
ping at intermediate redshifts (z ∼ 1 − 2) searching for the evolution of dark energy. These
signals are faint, especially in comparison to the bright foreground emission of the Milky
Way. The calibration requirements for these arrays are incredibly strict, since errors of 0.1%
can lead to foreground emission leaking into the desired HI signal. Calibration techniques
relying on the regular spacing of the array have been very successful, allowing PAPER to
place stringent limits on the EoR signal. However, no physical array will ever be perfectly
redundant, and so going forward we will need to account for array non-idealities in order
for these projects to realize their full potential.

One new technique to calibrate more realistic arrays is calibration via the correlation
function (Sievers 2017), which provides a natural framework for incorporating more realis-
tic array properties into the calibration. In simulations, corrcal makes significant improve-
ments on the calibration of arrays with realistic non-idealities, but several natural extensions
have yet to be tested. This project will apply corrcal to existing datasets, possibly including
PAPER, HERA, or the currently-operating HIRAX prototype, and extend it so that it can be
used to characterize important information about these arrays.

7. Relevance of the research proposed to the priority areas of MeerKAT and/or SKA: This

project is directly relevant to the research priority areas of “Epoch of Reionization and In-
tensity Mapping data reduction and analysis” and “ Interferometric Data Processing and
Analysis, including calibration and imaging.” It will develop new calibration techniques
and apply them to EoR/intensity mapping data.

8. Work breakdown structure:

– Year 1: Build expertise in radio astronomy and calibration. Carry out simulations of imper-
fect arrays, and refine estimates of the impact of non-idealities using traditional redundant
calibration. Learn the theory of calibrating quasi-redundant arrays and apply to the same
simulations.

– Year 2: Extend corrcal to run on real data from SA-based telescopes. Develop pipeline to
measure array non-idealities such as pointing errors, antenna placement errors, and primary
beam variations. If time permits, extend formalism to polarization. Complete MSc thesis.

9. Availability of required data / access to required equipment / availability of research fa-
cilities and other resources required:
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Corrcal code, written by the proposed supervisor, is publicly available. Data from several
relevant telescopes is hosted at UKZN’s 1,000-core compute cluster, which will be available
to the student to use in processing.

10. Signature of supervisor and date of proposal submission:

The subsidiary for postgraduate degrees from the Department of Higher Education is op-
timized for a Masters degree to be completed in two years, and a Doctoral degree to be
completed in three years. SKA SA bursaries are aligned with this framework. In signing this
proposal, I am confirming that there is a reasonable chance that a student will complete the
work of the proposed project within the prescribed time.

In addition, as per Section 9 above, in signing this proposal, I am confirming that all the
required resources for the project will be available at the start of the project.

Prof. J. L. Sievers
University of KwaZulu–Natal
15 August 2017
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