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1. Title	of	research	project:	

Component Separation and data analysis for 21-cm intensity mapping	

2. PhD	level	
3. Supervisor:	Dr.	Yin-Zhe	Ma	
4. Co-supervisor:	N/A	
5. Supervisor’s	University:	University	of	KwaZulu-Natal	
6. Overview	and	aim	of	research	project	

A major challenge for all intensity mapping experiments, and Epoch of Re-ionization (EoR) which is a primary 
goal of SKA, is the separation of the cosmological signal from the much brighter foreground emission. 
Foregrounds including diffuse Galactic synchrotron and free-free emission as well as bright extragalactic sources, 
which are several of orders of magnitude brighter than the HI signal. The problem is analogous to component 
separation, which is a key feature of cosmic microwave background (CMB) data analysis, such as for the WMAP 
and Planck space missions. Indeed, many of the algorithms developed within the CMB community are being 
considered for intensity mapping such as parametric fitting, Principal Component Analysis (PCA), Independent 
Component Analysis (ICA) and Generalized Morphological Component Analysis (GMCA) among others.  

The student will develop and test component separation techniques for intensity mapping experiments. This will 
require detailed end-to-end simulations of the data, including real non- idealities such as mis-calibration, 1/f noise 
and beam effects. The first methods will involve using standard techniques (e.g. parametric fitting, PCA) to utilize 
the spectral smoothness of the foregrounds. The impact of systematic effects will be quantified. We will also 
develop new algorithms, that will ideally use both the spectral and spatial information in the data. We will also 
implement and review the other component separation techniques, such as PCA method, ICA method, and GNILC 
method. A key aspect will be the quantification of the separation on the likelihood, and therefore on cosmological 
parameters, using monte carlo simulations. This will have wide applications including SKA EoR studies, CO-
mapping and HI intensity mapping.  

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

Two of the Key science project of SKA are the Epoch of Reionization and Cosmology. The SKA will 
have the capacity to measure the 21 cm signal over a large fraction of the sky. However, the redshifted 
21 cm signal in the respective frequencies is faint compared to the Galactic foregrounds produced by 
synchrotron and free-free electron emission. The key problem of these two research objectives is to 
remove the astrophysical foreground and extract very weak 21-cm signal from the heavily contaminated 
foreground. In this PhD project, we need to study different foreground subtraction methods to 
effectively separate the 21 cm signal from the foregrounds with intensity mapping simulations or data. 
We will simulate an intensity mapping experiment feasible with SKA phase 1 including extragalactic 
and Galactic foregrounds. For each foreground separation method, we will investigate and show 
examples of the residuals of the foreground subtraction with the independent component analysis and 
see how well the angular power spectrum is recovered within the statistical errors on most scales. Then 
we will investigate whether the scale of the Baryon Acoustic Oscillations is unaffected by foreground 
subtraction or not. This project will give PhD student strong training in using MeerKAT and SKA 1 
data. 

8. Research	work	breakdown	

First  Year 1st - 3rd  months: 	

Literature review of the 21-cm cosmology and current development of 21-cm intensity mapping 
technique. Being familiar with Python programming languages. 



 
4th  to 12th  months:  
 
Started to work on the 21-cm intensity mapping pipeline, collaborating with University of Manchester 
(UK) group. Implementing the various cosmology approach, such as BAO constraints, primordial non-
Gaussianity constraints to the code. 
 
Second Year:  
1st –6th month 
Started to work on more independently on different foreground models and template. In particular 
syntrontron emission, extragalactic point sources, and atmospheric contamination. 
 
7th—12th month 
Implementing different existed foreground separation technique in CMB and apply them to the 21-cm  
maps at different frequency bands. Testing the separation methods against different simulation. 
 
Third Year 
 
1st - 6th months:  
 
Carrying on the work of the previous half year. In addition, working on different foreground removal 
maps, and calculate the power spectrum of 21-cm and derive the prospective BAO constrains given the 
different experimental specification (e.g. SKA, BINGO). 
 
7th - 12th months: 
 
Integrating the 3-years work, writing-up a PhD thesis and defense. 

9. Availabilty	of	the	require	equipment.	

We	have	access	to	UKZN	Physics	department’s	HEP	machine	which	has	24	cores.	We	also	
have	access	to	the	UKZN	High	performance	computing	service,	i.e.	Hippos	which	has	1000-
core.	
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