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 MeerKAT in the Karoo:           SKA precursor


64	x	13.5-metre	highly	efficient	offset	Gregorian	dishes	spread	over	8	km	(~75%	within	~1	km	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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Neuchâtel technology: key role in ;ming science – Karoo Telescope Timescale (KTT)  


•  Atomic	clock	ensemble:	used	to	Sme		
events	over	10+	years	to	ns	level,		
and	give	pure	sinewave	to	digiSsers	
	

•  T4Science	maser	clocks:		low	vibraSon	
temperature	controlled	units	–	

									predictable	driY,	lowest	phase	noise		
clocks	in	the	world?	



Possibili;es for SKA-MID era

KTT	timescale	uses	2	masers:	
•  Space	for	4	masers	
•  Two	fully	redundant	Smescales?	
•  (Minimum	of	3	called	for	in	SKA-MID	design)	
•  T4	designs	compaSble	with	infrastructure	constraints	

 
 
 
 

Specialized	infrastructure	for	housing	atomic	clocks;	
Sme	and	radio	frequency	transmiang	apparatus	

•  SKA-MID	design	calls	for	antennas	to	receive	approximaSon	
of	UTC	(Coordinated	Universal	Time)	

•  Swiss	femtostepping	technology	can	be	used	to	provide	
simplest	realizaSon	of	~UTC	to	telescope	

•  CompaSble	with	10	MHz	used	in	KTT/MeerKAT		



MeerKAT data rates




•  RealSme	DSP:	fully	reconfigurable	SoYware	Defined	Radio	(capable	of	
concurrent	full-band	+	‘zoom’	correlaSon	+	beamforming	on	mulSple	subarrays)	

•  Uses	288	Xilinx	690T	Virtex-7	FPGAs:	processing	elements	(‘network	aQached	
accelerators’)	reprogrammed	and	chained	dynamically	to	form	pipelines	as	
required	by	science	needs	

•  Processing	elements	interconnected	using	40	Gb	Ethernet	(648-port	full-mesh	
Mellanox	crossbar	switch;	Clos	architecture	with	1U	units)	

•  All	data	mul2cast	on	network:	any	device	can	subscribe	to	any	product	
•  MeerKAT	invites	users	to	supply	their	own	processing	hardware,	and	interface	

to	our	Ethernet	network	(e.g.,	pulsar	/	transient	searches,	SETI)	

The MeerKAT correlator 
(SKARAB)




Scale Challenge – Storage money




Scale Challenge – Storage humans


	5,760	screws	to	install	
	3	tons	of	drives	

Storage	
				Visibility	data	+	Science	products	

	 	Object	store	(CEPH):	20	PiB	
	 	Tape:	19	PiB	

							24	TiB	image	every	8	hours	



16 Node CEPH Cluster – Production until Nov 2018 



Future Challenge – Power


Tegra	Xavier	–	2.5	TFLOPS	FP16	/	100	GbE	/	26	W	



Future Challenge - Convergence


	4	x	100GbE	+	FPGA	=	NIC	is	the	Correlator	

2	x	100GbE	+	GPU	=	NIC	is	the	Imager	

 +	
(?)	



•  2010:	Call	for	scienSfic	proposals	by	SKA	South	Africa	results	in	10	approved	“Large	
Survey	Projects”	(LSPs,	requiring	>1000	hours	of	MeerKAT	observing	Sme	over	5	years)	

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

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

•  64	dishes	operaSonal	since	April	2018	(plus	conSnued	development	of	capabiliSes)	

•  2/3	of	telescope	Sme	to	be	used	by	LSPs,	remaining	“open	Sme”	for	other	projects	
(2019:	1st	Open	Time	call	resulted	in	38	approved	SA-led	proposals)	

•  Eventually,	MeerKAT	will	be	integrated	into	the	SKA-MID	telescope	

The MeerKAT science programme




Approved MeerKAT LSP programme


•  Pulsar	Sming	

•  Deep	neutral	hydrogen	(HI)	studies	in	30	
isolated	nearby	galaxies;	and	in	Fornax	cluster	

•  Ultra-deep	HI	survey	

•  Pulsar	searches	

•  Explosive	/	accreSng	transient	studies	

•  Deep	conSnuum	/	polarimetry	survey	in	4	fields	

•  AbsorpSon	line	survey	



 
MeerKAT DEEP2 
𝜎 = 550 nJy beam-1 






Galaxy clusters 



Galac;c plane survey


•  4th	quadrant,	|b|<1.5	deg	
•  9-point	mosaic	observing	
•  ~1	hour	on	source	per	posiSon	
•  SStched	in	3x3	deg2	images	
•  Excellent	to	develop	imaging	s/w	

and	also	for	Galac2c	science	



MOST	Supernova	Remnant	



Another	Mouse?	 What’s	going	on	here?	

?	



•  MeerKAT	is	operaSonal,	doing	iniSal	science		
•  Lots	of	work	remains	to	be	done,	to	develop	new	capabiliSes	
•  MeerKAT	has	significant	Swiss	content	
•  OpportuniSes	for	increased	interacSons,	both	technical	(Sming,	

DSP	/	storage,	SRCs)	and	scienSfic	(mulS-wavelength	observing	
projects,	data	science)	

•  All	of	this	on	the	way	to	SKA…	

In conclusion
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