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Talk Outline

e Partl: My journey into Astronomy

e Partll: Hl intensity mapping: impact of primary beam effects




Part |: My journey into Astronomy
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Astronomer showing school learners how to observe sunspots with an
optical telescope. [courtesy: uwcastro.org]



National Astrophysics and Space Science
Programme (NASSP)

On completion of my bachelor’s degree, | enrolled for my
honors degree in Astrophysics at the University of Cape
Town.

Class of 2012: Attending a radio astronomy
observational techniques workshop at the
Hartebeesthoek Radio Astronomy Observatory
(HartRAO).




Highlights as a radio telescope operator at SARAO

Opportunity to present to the former Deputy President during the launch of the 1st
MeerKAT radio telescope dish in Carnarvon Northern Cape in 2015.

Siyan bongM hwu/ /a and PhD student in UWC'’s Department of Physics and Astronomy, explains his research to Deputy President Cyril
Ramaphosa on a recent UWC

Attending the 2015 World Science Forum at the
UWC astrophysms student to attend CSIR in Tshwane.

prestigious Nobel Laureate meeting

Jan 2016: Appointed as a lecturer at UWC, through the New Generation of Academics Programme
(NGAP) by DHET.
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HIl intensity mapping with
MeerKAT: primary beam effects
on foreground cleaning

In collaboration with Prof Mario Santos, Dr Marta Spinelli, Prof Roy
Maartens.

Centre for Radio Cosmology
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The observational technique: HI intensity mapping

HI IM is an observational technique aimed at measuring the large scale structure of the Universe in 3D without
resolving individual galaxies.

galaxies Intensity map



Advantages of Hl intensity mapping (HI IM)

e Redshift information comes directly from the HI 21 cm line [vobs = v21/(1+z)].

e Large volumes of the sky can be surveyed more efficiently compared to galaxy
surveys, although at low angular resolution.

e Can be used as a tracer of the large scale structure in order to probe various
phenomena in cosmology such as BAO, RSD, and the nature of Dark Energy.



Challenges facing HI IM: Foregrounds vs signal
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Challenges facing HI IM: Foregrounds vs signal
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Foregrounds have a smooth frequency structure = highly correlated along the line
of sight.

e The 21 cm Hl signal (Cosmo signal) fluctuates as a function of frequency.



MeerKAT Large Area Synoptic Survey (MeerKLASS)

e MeerKLASS survey is an HI IM survey to be conducted using the MeerKAT radio telescope
(Santos et.al 2017).

e The survey will be conducted in single dish mode, covering an area ~ 4000 deg? in 4000 hrs.

Courtesy: Asad et al. 2021



based on : https://arxiv.org/abs/2011.10815

Simulating a realistic primary beam:

e Theskyis measured as seen through the beam: be aware of possible systematics (frequency
dependent effect, polarization leakage, 1/f noise, gain fluctuations, etc)

e Foreground cleaning methods often tested under assumption of a Gaussian beam

. H ?
e What s the role played by beam sidelobes? Primary Beam models
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https://arxiv.org/abs/2011.10815

Simulating a realistic primary beam: frequency dependence

e Standard assumption: the beam FWHM scales as A/D
e MeerKAT beam seems to have more frequency structure: see Eidos [Asad et al (2021)]

e Couldsuch anon-trivial frequency dependence alter the foreground removal performances?
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Simulating a realistic primary beam: frequency dependence

e Main features of the frequency dependent FWHM are modelled with an (8th degree)
polynomial and sinusoidal oscillation superimposed.
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Table 1: Values of the parameters required to fit the
smooth polynomial dependence of the FWHM

A [arc-min] T [MHz] an {n=0,...,8}
{6.7¢3, -50.3, 0.16,
0.1 20 -3.0e-4,3.5¢e-7,-2.6e—10,

1.2e—13, -3.0e—17, 3.4e-21}




Simulation and cleaning pipeline

Procedure:
1. Consider various beam models with different
frequency dependence.
2.  Apply blind foreground cleaning methods : ICA & PCA
(we find that results obtained are equivalent).
3. Analyse cleaned maps (via Angular and Line of sight

power spectra).

J

Single dish IM survey with MeerKLASS
specifications (Santos et al. 2019)
4000 deg?, 4000 h

Foreground model constructed with:

Galactic Synchrotron

[Haslam 408 MHz map]

Galactic and extragalactic free-free
emission (Santos, 2005)

New Point Source catalog at 1.4 GHz
based on data from NVSS, SUMSS and S°
catalogs.




Results I: The effect of beam side lobes - A pessimistic case

1072

1 Jinc £
- ; 10 ull PS
full PS Jznc ............ PS < 1Jy
PS<100mlJy A aafeid\MtY,, M @20 1 == N\ PS < 100mJy
. 1°
3
~ N =4
101 5 Ngg =5
HI
107?0’2 10!
102 k” [hMpCil]

14
e We consider the Jinc beam with strong sidelobes, with standard FWHM (A/D)

e Presence of bump due to coupling of the sidelobes with strong point sources.

e Poor performance in recovering the small and large scales [Cls].

e By removing PS > 1Jy, the HI signal can be reconstructed in both angular and line of sight power
spectra.



Results ll: The effect of beam side lobes - realistic beam model
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e We consider the Cosine beam beam model with standard FWHM (A/D)

e HlI signal can be reconstructed at intermediate scales for all cases of point source contamination. Still
problems at large scales.

e With this more realistic MeerKAT beam model, sidelobes seems not to be a challenge to cleaning.



Results lll: Beam convolution with frequency dependent effects
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e FWHM modelled with the non-trivial frequency dependent effect.

In the radial pk, a bump at the intermediate scales is observed. The presence of the bump is related to
the period of theripple.

Reconstruction of Hl is achieved by reducing point source contamination or increasing the number of
modes to be removed in the cleaning process.



Results IV: Impact of diffuse emission

Foreground  model considers  galactic

synchrotron +GFF +EGFF.

Cleaning struggles around the scale of the
FWII—IIM oscillation, although its impact is
smaller.

Interestingly, repeating the same exercise with
Gaussian beam convolution yields similar
results, due to persistent ripple, and
importantly where no sidelobes are present.
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Results V: Reducing effect introduced by FWHM with ripple

Apply a re-smoothing of the
beam convolved maps to
common resolution, considering
some prior knowledge of the
“true beam”

Seems to alleviate the problem,
however with some signal loss.
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Summary and Conclusions

H

Simulated a single dish IM observation to probe the effectiveness of foreground cleaning in
the presence of a realistic primary beam.

Side lobes in the Cosine model (i.e. good approx for MeerKAT beam) pose no major difficulty
in cleaning, even in the case of strong point sources.

Introducing the non-trivial frequency dependence causes a challenge in the cleaning and is
more evident in the line of sight power spectrum.

Re-smoothing the maps to a common resolution offers a way to reduce this effect, however
not perfectly.

More studies are required in order to deal with the non-trivial frequency dependent effect
present in the MeerKAT beam, including quantifying effects due to polarization leakage.




