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i Level of research project: PhD

ii Overviews and aims of the research project:

The C-Band All Sky Survey (C-BASS) is an experiment that will produce high signal-
to-noise maps of Galactic synchrotron emission by measuring the entire sky in temperature
and polarisation at 5 GHz. Synchrotron emission is a primary source of foreground confu-
sion for cosmic microwave background (CMB) experiments that are aiming to characterise the
“B-mode” polarisation imparted by inflationary gravitational waves. A host of experiments
are actively working to make a definitive detection of this signal, and precise removal of fore-
grounds will be one of the greatest analysis challenges. High-fidelity synchrotron templates
from C-BASS will be essential for foreground monitoring and cleaning in these CMB experi-
ments.

C-BASS comprises two telescopes that observe the northern and southern hemispheres.
The southern system is located at the South African SKA site and has just begun science oper-
ations. This telescope in particular will play a critical role for CMB experiments since the vast
majority of CMB observations (including BICEP2) are in the south.

The student who takes on this project will help develop the data analysis pipeline for the
C-BASS southern system and will perform an in-depth study of techniques to separate syn-
chrotron emission from CMB polarisation measurements. UKZN is a collaborating institution
on two dedicated B-mode experiments (SPIDER, ABS) and several other CMB experiments
(Planck, ACTPOL, SPTPOL), and part of this project will entail writing foreground separation
code that is tailored to one of these projects.

iii Relevance to SKA research priority areas:

C-BASS data processing and analysis is one of the SKA research priority areas that has been
identified for 2017. Furthermore, an integral part of the C-BASS analysis pipeline and this stu-
dent project is developing techniques for RFI removal, which is another of the research priority
areas. In contrast to the northern system, the southern C-BASS receiver has fine frequency res-
olution and requires new analysis code to effectively identify RFI contamination.

iv Work breakdown structure:

– Year 1: Build expertise in the C-BASS instrument and operations. Learn the existing data
analysis tools and contribute to the development of the mapmaking pipeline. Use the maps to
assess the quality of C-BASS data and identify potential systematic errors.

– Year 2: Continue refining the C-BASS analysis pipeline and contribute to a commission-
ing or initial results publication. In parallel, learn about foreground separation techniques
(e.g. map-based and spectral methods). Perform simple studies and simulations of these var-
ious techniques to identify the optimal method for combining C-BASS data with degree-scale
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CMB B-mode experiments. Complete census of foreground separation methods.

– Year 3: Work in conjunction with SPIDER, ABS, or one of the other CMB experiments to
implement software that will effectively clean CMB data of the synchrotron template as mea-
sured by C-BASS. Publish a paper describing the results of this foreground cleaning on real
data. Complete PhD thesis.

v Data availability and other resources required:

The C-BASS data are copied daily to a UKZN machine, so there are no barriers to data avail-
ability and analysis pipeline development. UKZN additionally owns and operates a 1000-core
HPC cluster that will greatly facilitate analysis of the C-BASS southern data, which is roughly
ten times the volume of the northern data. UKZN is a collaborating institution on several CMB
experiments, and we have full access to those data sets.
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