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Science	&	Educa>on	

ASTRONOMYUCT 

ASTROATUCT 

ASTRONOMY AT UCT: 
 
 
-  LARGEST UNIVERSITY-BASED ASTRONOMY GROUP IN SOUTH AFRICA 
 
-  10 YEARS OF UNDERGRADUATE MAJOR IN ASTROPHYSICS (SINCE 2006) 
 
-  2 ANNUAL OPEN DAYS AND TEACHING TELESCOPES ON CAMPUS 

-  HOST OF THE NATIONAL ASTROPHYSICS AND SPACE SCIENCE PROGRAM 
 
-  CURRENTLY 34 POSTGRADUATE STUDENTS (MSC AND PHD) 
 
-  LEADING 40% OF THE MEERKAT LEGACY SURVEYS (2018-2023) 

-  INTER-UNIVERSITY INSTITUTE FOR DATA INTENSIVE ASTRONOMY (IDIA) 

-  LARGE INTERNATIONAL PARTNERSHIPS (UK, NL,  USA, AUS) 
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MeerKAT and the Large Survey Projects 

MEERKAT LARGE SURVEY PROJECTS (70% of all available time in the first 5 years) 
Radio Pulsar Timing Bailes (AU) 7860 h 
Testing Einstein's theory of gravity and gravitational radiation - Investigating the physics of enigmatic neutron stars through observations of pulsars 

LADUMA Blyth, Holwerda, Baker (UCT,NL,US) 5000 h 
An ultra-deep survey of neutral hydrogen gas in the early universe 

MESMER Heywood (UK) 6500 h 
Searching for CO at high red-shift (z>7) to investigate the role of molecular hydrogen in the early universe 

MeerKAT Absorption Line Survey Gupta, Srianand (NL, IN) 4000 h 
Survey for H and OH lines in absorption against distant continuum sources; OH line ratios may give clues about changes in the fundamental constants 
in the early universe). 

MHONGOOSE de Blok (NL,UCT) 6000 h 
Investigations of different types of galaxies; dark matter and the cosmic web 

MeerKAT HI Survey of Fornax Serra (NL) 2450 h 
Galaxy formation and evolution in the cluster environment 

MeerGAL Thompson, Goedhart (UK,SA) 3300 h 
Galactic structure and dynamics, distribution of ionised gas, recombination lines, interstellar molecular gas and masers 

MIGHTEE Jarvis, van der Heyden (UK,UCT) 1950 h 
Deep continuum observations of the earliest radio galaxies 

TRAPUM Stappers, Kramer (UK, DE) 3080 h  
Searching for, and investigating new and exotic pulsars 

ThunderKAT Woudt, Fender (UCT,UK) 3000 h  
Study of explosive radio transients with MeerKAT; accretion-induced outflow from compact stellar remnants, e.g. relativistic jets and (super)novae 



THUNDERKAT: 
 
EXPLOSIVE  
TRANSIENTS, 
RELATIVISTIC 
JETS & 
UNKNOWN  
PHENOMENA 

MHONGOOSE: 
 
GALAXY EVOLUTION 
IN THE NEARBY 
UNIVERSE 
& DARK MATTER 

MeerKAT	Large	Survey	Programs	(LSPs	with	
SA	(UCT)	PIs)	

ASTROATUCT 

MIGHTEE: 
 
GALAXY EVOLUTION, 
STAR FORMATION 
& SUPERMASSIVE 
BLACK HOLES 

LADUMA: 
 
DEEPEST VIEW 
OF THE RADIO  
UNIVERSE: 
GALAXY  
EVOLUTION OVER 
COSMIC TIME 
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KAT-7 HI Science Verification 
Projects Completed 

Ø NGC 3109 (C. Carignan, B. Frank, K. Hess, D. Lucero, T. Randriamampandry, 
S. Goedhart, S. Passmoor 2013, AJ, 146, 48) 

Ø NGC 253 (D. Lucero, C. Carignan, E. C. Elson, T. Randriamampandry, T. H. 
Jarrett,  T. A. Oosterloo, G. H. Heald 2015, MNRAS, 450, 3935) 

Ø Antlia Cluster (K. M. Hess,  T. H. Jarrett, C. Carignan, S. Passmoor, S. 
Goedhart 2015, MNRAS, 452, 1617) 

Ø Pisces A & B (C. Carignan, Y. Libert, D. Lucero, T. Randriamampandry, T. H. 
Jarrett, T. A. Oosterloo, Tollerud, E. J. 2016, A&A, 587, L3) 

Ø M 83 (G. Heald, E. de Blok, D. Lucero, N., C. Carignan, T. Jarrett, E. Elson, N. 
Oozeer, T. Randriamampandry, L. van Zee 2016, MNRAS, 462, 1238) 

Ø Virgo Cluster HI (A. Sorgho, K. Hess, C. Carignan, T. A. Oosterloo 2017, 
MNRAS, 464, 530) 

Ø HCG44 (K. Hess, M.E. Cluver, S. Yahya, L. Leisman, P. Serra, D. Lucero, S. 
Passmoor, C. Carignan 2017, MNRAS, 464, 957) 

Ø Engineering and Science Highlights of the KAT-7 Radio Telescope 
(Foley, A. R. et al 2016, MNRAS, 460, 1664) 

	















Typical	MIGHTEE	Footprint:	COSMOS	Field	

Ian	Heywood	



MIGHTEE	
•  MeerKAT	Interna>onal	GigaHertz	Tuned	Extragalac>c	Explora>on	

(Jarvis	&	Taylor).	

–  L-band	
•  Broad	Band,	Full	Polarisa>on.	
•  High	Spectral	Line	Resolu>on	(HI).	

–  Survey	Area:	~20	sq.	deg.,	over	~4	fields.	
–  ~1500	hrs.	
–  Radio	Con>nuum	—	SF	and	AGN	ac>vity.	

–  MIGHTEE-HI	(Frank	&	Maddox)—	comprehensive	study	of	HI	in	
a	variety	environments.	







HI	and	MIGHTEE	

•  Hundreds	of	resolved	galaxies	out	to	z~0.1	
•  Expect	to	see	a	few	MHI	~	1x108M⊙	galaxies	
•  MIGHTEE/LADUMA	Commensality:	MIGHTEE	
explores	the	high	mass	end	of	the	HI	distribu>on	

•  Large	census	of	HI	proper>es	as	a	func>on	of	
environment:	
– HI	vs	SF/AGN-ac>vity	in	voids,	groups	and	clusters	



•  LADUMA + MIGHTEE are 
very complementary 

• MIGHTEE explores the 
high mass end of the HI 
distribution 

•  Further commensalities are 
investigated in Maddox, 
Jarvis & Oosterloo, 2016  

Figure from Natasha Maddox 

MIGHTEE HI: MIGHTEE+LADUMA 



















Reaching the Cosmic Web  
with MeerKAT + FAST 

FAST:	“Five-hundred-meter	Aperture	Spherical	Telescope”	
In	China’s	Guizhou	province	

Ar>st	impression	 Real	photograph	



Galaxy – IGM Connection 

To	reach	the	Cosmic	web,	need	to	go	down	to	1016	–	1017	cm-2	

See	also	sim.s	by	Powers	&	Davé)	



Sensitivities prospects 
in the SKA era 

Carignan	2016	
~2018:	MeerKAT	+	FAST	
@30”		<	5.0x1017	cm-2			



Reaching the Cosmic Web  
with MeerKAT + FAST 

Ø  THINGS	(VLA):	10h	5σ	over	5	km/s	@30”:										
5x1019	cm-2	

Ø  KAT-7	:	100h	5σ	over	5	km/s	@3’:																							
5x1018	cm-2	

Ø  HALOGAS	(WSRT):	120h	5σ	over	5	km/s	@30”:	
5x1018	cm-2	

Ø  KAT-7	+	WSRT	100h	5σ	over	16	km/s	@3’:																							
1x1018	cm-2	

Ø  MeerKAT:	200h	5σ	over	16	km/s	@90”:												
5.0x1017	cm-2	

	
	

Ø  MeerKAT	+	FAST	s	@30”		<	5.0x1017	cm-2			

	 	 			2018-19	
	
	

Ø  SKA1-mid:	100h	5σ	over	5	km/s	@30”:						7.5x1017	
cm-2																																																																												2023		

Ø  SKA2:	10h	5σ	over	5	km/s	@30”:																	2.5x1017	
cm-2																																																																												2030	

Ø  SKA2:	100h	5σ	over	5	km/s	@30”:																
9.0x1016	cm-22																																																																										2030	




