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The Square Kilometre Array (SKA) 
HQ in UK; telescopes in AUS and RSA

• SKA1-LOW:	50	– 350	MHz
• Phase	1:	~130,000	antennas	
• across	65km	

SKA1-Mid: 350 MHz – 24 GHz
Phase 1: 197 dishes across 150 km 
(including 64 MeerKAT dishes)



MeerKAT in the Karoo: SKA precursor under construction

64	x	13.5-metre	highly	efficient	offset	Gregorian	dishes	spread	over	8	km	(~75%	within	~1km	diameter);	
superb	L-band	receivers	(0.9–1.67	GHz);	also	UHF	(0.58–1.0	GHz)	and	S-band	(1.75–3.5	GHz	– by	MPIfR).
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The view through an ordinary telescope…

Visible	light	image	of	
“Centaurus A”	galaxy
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Unblocked	Aperture,	high	effective	
aperture

Large	volume	for	multiple	 receivers	
and	associated	services

Low	ground	spillover

The receptors
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Superb cryogenic receivers (built at EMSS, South Africa)



Extremely good L-band performance

SEFD	comparable	to	that	of	a	VLA	25m	antenna!
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The SKA South Africa Karoo site: ever improving radio telescopes

600 m
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KAT-7 (engineering testbed) image in 2012
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4-dish MeerKAT in May 2016 (commissioning)
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16-dish MeerKAT in June 2016 (“Array Release 1”)

1%	of	First	Light	image
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Best image of this patch of sky before MeerKAT
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The MeerKAT sky

10%	of	First	Light	image
(radio	frequency	range:
0.9–1.67	GHz)	



MeerKAT First	Light

FR1	radio	galaxy

FR2	radio	galaxyStar	forming	galaxy

?
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• 2010:	call	for	scientific	proposals	by	SKA	SA	results	in	10	approved	“Large	Survey	Projects”	
(LSPs,	requiring	more	than	1000	hours	of	MeerKAT observing	time	over	5	years)

• Leads	to	strong	support	 and	interest	in	MeerKAT,	including	international	investment

• 2016:	MeerKAT is	a	different	telescope	than	planned	in	2010,	and	science	has	evolved

• SKA	SA	requested	8	approved	LSPs	to	submit	revised	project	plans;	reviewed	in	2017

• ~2/3	of	telescope	time	to	be	used	by	LSPs,	remaining	“open	time”	for	other	programmes;	
strong	focus	on	South	 African	participation	at	all	levels	(starting	in	early	2019)

• 64	dishes	operational	as	of	April	2018 (plus	continued	 development	of	capabilities)

• Eventually,	MeerKAT will	be	integrated	into	the	SKA	telescope

The MeerKAT science programme



MeerKAT science: LSPs approved in 2010
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! 17,200	(rank-ordered)	hours	approved	for	
scheduling (highest	priority	science	objectives)

! (28,000	hours	submitted	for	review;	SKA	SA	
Chief	Scientist	and	Science	Committee	
managed	review	process)	

! External	review	panel	emphasized	that	most	of	
these	are	key	science	projects	on	the	way	to	
SKA1	– these	are	the	science	projects	that	this	
mid-frequency	SKA1	precursor	was	built	for

Approved MeerKAT LSP program



MeerKAT Data Rates



MeerKAT SDP Hardware Landscape

1.6 PFLOPs
(GPU)

23 PBytes 
(Disk - CEPH)

40 PBytes
(Tape)
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! 32	dishes	available	(square	surrounding	
core	is	1.2	km	on	the	side)

! Commissioning	continues	 concurrently	
with	construction

Array configuration
in April 2017
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(but only 32 inputs into ROACH2 correlator; each antenna provides Horizontal + Vertical polarizations, so that 
commissioning observations typically continue with 16 dishes, selected from 32 available)

Commissioning in April 2017, up to 32 antennas
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! 32K	channels	(140	imaged)

! 16	core	antennas

! 9	hour	track,	2017-04-05

! Mosaic: 7	pointings

! ~50 minutes	per	pointing

! Min	baseline	(projected):	16	m

! Max	baseline:	711	m

! Beam	90x70	arcsec

! Measured	 rms 2.9 mJy	(emission-free	channel)	vs 2.1 theoretical (40%	off;	
looking	into	this)

! Reached	this	depth	is	much	less	time	than	with	previous	telescopes

(Spiral galaxy at 5 Mpc discovered in Cape Town in 1752 by Louis de La Caille)

HI (neutral atomic hydrogen) emission in M83
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M83
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! Hint	of	extended	source	in	
SUMSS	survey

! 7-point	MeerKAT mosaic

! Radio	source	(blue)	angular	
size	=	0.8	deg;	elliptical	
galaxy	(red/IR)	at	z	=	0.02;	
linear	size	=	1.2	Mpc:	GRG

A MeerKAT discovery: newly identified Giant Radio Galaxy



Antennas:
All	hardware	on	site, 64	dishes	lifted,
>57	L-band	receivers	installed

Two	receptors	with	UHF	receivers	and	
digitisers.	Two	being	used	for	S-band	
receiver	qualification

All	antennas	planned	to	be	integrated	
by	March	2018

Update	as	of	November	2017



Lifting	of	the	64th dish	
(October	2017)



Correlator:
• ROACH2	correlator:	available

16	antennas	(32-inputs)
Known	bugs	in	channeliser	affect	RFI,	narrow	line	imaging	and	
timing	of	fast,	dispersed	pulsars

• SKARAB	correlator:	in	progress
• Full	set	of	SKARAB	boards	installed,	for	64	antenna	correlator
• 4-antenna	correlator	with	beamformer	available	for	tests
• 8- 16- 32-antenna	X-engines	compiled,	but	waiting	for	bug	fixes	

in	the	smaller	system	first



Science	Data	Processor:
• Scaling	up	for	64	antenna	data	

rates	is	mostly	complete
• Ingest	nodes	installed	and	tested
• Imaging	pipeline	GPU	hardware	

installed
• Tape	and	disk	storage,	computing	

hardware	deployed	at	CHPC



SDP: 1.1 PFLOPS in Karoo (+0.4 PFLOPS @CHPC)



Timing:
• 2	hydrogen	masers	commissioned,	MeerKAT	now	using	these	

for	frequency	reference.
Stability	measurement	of	2x10-16	at	104 s

• Two	iono-free	GPS	receivers	installed.
Time	transfer	by	CV	from	UTC(NMISA)
Travelling	absolute-time	calibrator	system	in	progress

• Two	L2	GPS/Rb	clocks	for	PTP	and	maser	monitoring

• Final	TFR	transmit	system	installed	for	L-band

• Round-trip	measurement	for	precise	time	available	early	2018

• Precise	Time	Manager	software	in	progress
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First science publications using MeerKAT data

Published April 2018: ApJ, 856, 180
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More science, and interesting challenges… MeerKAT and GW170817
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GW170817 field with MeerKAT after a lot of work
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~4 sigma (100 uJy) detection 11” NE of NGC 4993 (day 107)
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Finally, in April 2018: first ever MeerKAT-64 observation!
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64 dishes pointing in the same direction
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Fringes from 64 MeerKAT antennas!
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• Two	Large	Survey	Projects	have	started	collecting	science	data

• Additional	correlatormodes	are	being	developed	(pulsar	timing,	32K	
wideband	and	“zoom”)

• Development	continues	on	a	variety	of	“guest	instruments”

• Telescope	will	be	officially	inaugurated	later	in	2018

• First	call	for	“Open	Time”	observing	projects	is	expected	in	late	2018

MeerKAT status as of June 2018



Thanks

SKA	South	Africa,	a	Business	Unit	of	the	National	Research	Foundation,	is	supervising	South	
Africa’s	involvement	in	the	SKA	on	behalf	of	the	Department	of	Science	 &	Technology.
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