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ASKAP	–	Overview	
Mul8-beam	survey	instrument	
Wide	instantaneous	field	of	view	
Phased	array	feed	+	3-axis	mount	
Petascale	data	transport	&	compu8ng	
Radio-quiet	environment		
Large	interna8onal	science	teams	



ASKAP	-	Details	
36x	12-meter	antennas	
300	MHz	instantaneous	bandwidth	
Frequency	range:	700	–	1800	MHz	
Spectral	resolu8on:	18.4	kHz	
Baseline	lengths:	23m	–	6km	
188	single-pol	receivers	
Up	to	36	electronically	formed	beams	



ASKAP Science 
38 proposals submitted 
to ASKAP 
 
2 selected as being 
highest priority 
 
 
 
8 others supported at a 
lower priority 

•  EMU all-sky continuum 
   (PI Norris) 

•  WALLABY all-sky HI 
(PI Koribalski & Staveley-Smith) 
 
•  COAST pulsars etc 
•  CRAFT fast variability 
•  DINGO deep HI 
•  FLASH HI absorption 
•  GASKAP Galactic 
•  POSSUM polarisation 
•  VAST slow variability 
•  VLBI 



Observe	75%	of	the	sky	(to	dec	+30)	

Frequency	range:	1130-1430	MHz	

40x	deeper	than	NVSS	—	10	uJy	across	the	sky	

5x	beLer	resoluNon	than	NVSS	(10	arcseconds)	

Improved	sensiNvity	to	extended	structures	

Will	detect	and	image	70	million	galaxies	at	20	cm	

Overview 



Trace	the	evoluNon	of	SF	galaxies	from	z=2	to	the	present	

Trace	the	evoluNon	of	massive	black	holes	over	cosmic	Nme		

Explore	large-scale	structure	and	cosmological	parameters	

Generate	an	atlas	of	the	GalacNc	plane	

InvesNgate	clusters	and	low	surface	brightness	emission	

Explore	uncharted	parameter	space	-	discover	the	unknown	

Science 



•  Ingest	pipeline	–	operaNonal	at	Pawsey	centre	since	August	
•  The	main	goal	now	is	extending	the	bandwidth	–	performance	issues	

–  Disk	I/O	was	found	to	be	the	main	concern:	produce	more	files,	MS	
per	beam	

–  Logging	can	be	an	obstacle	in	the	parallel	environment	

Key	technical	aspects	of	ASKAP	
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Phased	Array	Feed	–	188	single	pol	receivers	



Beamforming	from	the	PAF’s	perspec8ve	

Credit:	Aidan	Hotan	



Maximum	sensi8vity	beam	weights	

Credit:	Aidan	Hotan	



Beamforming	for	ASKAP		
		

336		x		2			x		36		beamformers	

Beamformers	currently	have	hardware	for	336	MHz,	upgradable	to	384	MHz	

Credit:	Max	Voronkov	



Max-SNR	Beamforming	on	the	Sun	

• Weight	is	the	dominant	Eigenvector	of	the	difference	above.	
•  The	Sun	dominates	the	noise	in	this	example.	Weaker	sources	
have	proven	less	effecNve.	

•  To	make	offset	beams,	point	the	antenna	off-axis.	Need	one	
observaNon	for	each	beam.	

​​! ↓$+% ​− ​! ↓% 	​​! ↓$+% 	

Credit:	Aidan	Hotan	

​​! ↓$+% ​− ​! ↓% 	



Shape	of	maximum	sensi8vity	beams	

• Maximum	sensiNvity	beam-forming	does	not	constrain	the	shape	
of	the	beam,	its	symmetry,	side-lobe	levels,	etc.	
•  Good	for	detecNng	point	sources,	but	may	not	be	opNmal	for	
mosaicking.	

•  Holography	measurements	can	be	used	to	study	the	beam	
shape.	
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Phase	

Asymmetry	due	to	feed	
support	structure	

Credit:	Aidan	Hotan	



Beamforming	is	an	ac8ve	area	of	research	
	
	 Max	S/N	

Shape	constrained	

•  Shape	constrained	beams	and	other	
beamforming	algorithms	

•  Instrumental	polarisaNon	
•  Interferometric	beamforming	
•  On-dish	radiators	to	stabilise	beams	
•  Beam	longevity	(limited	by	hardware	

resets	so	far)	
•  Beam	cross-talk	
•  Advanced	topics,	e.g.	bad	ports,	RFI	

•  More	efficient	approaches	(observaNon	
to	form	36	max	S/N	beams	takes	about	
2	hours)	

Credit:	Sarah	Hegarty	and	Aidan	Hotan	



Axes:	
±	4	Degrees	

Holographic Beam Measurements - 3x3 Square Footprint 



ASKAP’s	3-axis	Antenna	



Beam	footprint:	

Geometry	
Pitch	

Posi8on	Angle	

Square	

PA	



Beam	footprint:	

Trapezoid!

Line!

Square!

Rhombus!

Diamond!

Spirograph!



SensiNvity	(5%	contours)	

Instantaneous	30	deg2	FOV	

36	beams	

Interleaving:	

degrees	



Interleaving:	

Instantaneous	30	deg2	FOV	

36	beams	 2x	interleaving:	

Observe	a	second	field	
center,	shiked	by	beam	
HWHM	in	both	direcNons	

Mosaic	together	all	beams	
from	both	fields	



degrees	

SensiNvity	(5%	contours)	

36	beams	+	4x	interleaving	

Instantaneous	30	deg2	FOV	

Interleaving:	



ASKAP	–	system	architecture	
Beamformer	computes		linear	
combinaNons	of	input	signals	

ACM	=	Array	Covariance	Matrix,	i.e.	correlaNon	of	
every	PAF	element	with	every	element	

Credit:	Max	Voronkov	



ASKAP Data 
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ASKAP Processing 
Cray XC30 Series Supercomputer!
!
472 Compute Nodes:!
 - 2 x 3.0 GHz Intel Xeon CPUs!
 - 10 Cores per CPU!
 - 64 GB DDR3-1866!
 - Cray Aries Interconnect!
 - Cray Dragonfly Topology!
 - 200 TeraFLOPS!
!
1.4 Petabytes Lustre Data Storage!
!
ASKAPsoft Data Pipelines!

Pawsey	SupercompuNng	Center	

ASKAP	Processing	Plalorm	



w	

Credit:	MaLhew	WhiNng	



Credit:	MaLhew	WhiNng	



Credit:	MaLhew	WhiNng	

ASKAPsoi	data	pipelines	



Credit:	MaLhew	WhiNng	



Credit:	MaLhew	WhiNng	



Credit:	MaLhew	WhiNng	



Early	science	with	ASKAP-12+	



Priori8es	for	ASKAP	early	science:	

• DemonstraNng	the	unique	capabiliNes	of	ASKAP	

•  Providing	data	sets	to	the	astronomy	community	to	facilitate	
the	development	of	analysis	and	interpretaNon	techniques	

•  Providing	a	mechanism	for	feedback	to	CASS	on	the	
performance	and	characterisNcs	of	the	system	and	
opportuniNes	for	improvement	

• Achieving	high	scienNfic	impact	



Early	Science	Observa8ons	

•  ConNnuum:		700-1800	MHz,	full	Stokes	

•  Spectral	line:	1150-1450	MHz,	120	hours	per	field	

Two	Primary	‘observing	streams’			∼800	hours	each	

Addi8onal	observa8ons	/	advanced	modes	
• HI	stacking,		zoom	modes,		fast	transients.		

EMU,	POSSUM,	FLASH	

WALLABY,	VAST,	FLASH	

DINGO,	GASKAP,	CRAFT	



EMU’s	early	science	strategy:	

•  Full	frequency	coverage	on	each	field		(700-1800	MHz)	

•  30	hours	per	field	(total	over	all	bands)	
•  Fields	chosen	to	best	align	with	early	science	prioriNes	

•  Fields	of	interest	to	mulNple	teams	

Early Science 



Three	Observing	Bands	

Con8nuum:	700-1800	MHz,	full	Stokes	

Filter	1	

Filter	2	

Filter	3	

700	 1800	

700	 1800	

1000	 1300	 1500	

Band	1	 Band	2	 Band	3	



Band	1	 Band	2	 Band	3	

Frequency	(MHz)	 700-1000	 1000-1300	 1500-1800	

Resolu>on	 32”	 24”	 18”	

Confusion		(uJy)	 44	uJy	 25	uJy	 17	uJy	

Time		 10	hours	 10	hours	 10	hours	

RMS		 51	uJy	 37	uJy	 43	uJy	

Time	 12	hours	 8	hours	 10	hours	

RMS	 47	uJy	 42	uJy	 43	uJy	

Time	 8	hours	 8	hours	 16	hours	

RMS	 57	uJy	 42	uJy	 34	uJy	

EMU-ASKAP	Early	Science	Observa8ons:	
possible	8me	distribu8ons	given	approx.	30	hours	per	field		

Scaled		
Sensi8vity	

Uniform	
Sensi8vity	

Uniform	
Time	 {	

{	
{	



Early	science	fields	include:	

SPARCS	

GAMA	

SPT	

	

ELAIS-S1	

Stripe	82	

SMC	

Scorpio	

Shapley	

LMC	



BETA	 ASKAP-12	 ASKAP-30	

2014-2016	 Present	 2017	

ASKAP	status	and	imaging	performance	



BETA	

2014-2016	

ASKAP	status	and	imaging	performance	

• 6	antennas	
• First-generaNon	PAFs	
• Up	to	9	formed	beams	

• 300	MHz	Bandwidth	



Spirograph Credit:	Ian	Heywood	



Blah	

Blah	
Blah	

Rhombus Credit:	Ian	Heywood	



Square + interleaving + tiling 

12 hours • 150 sq. deg. • 12 fields • <1 mJy RMS • ~2,000 sources >5σ!

SB 1206!

Credit:	Ian	Heywood	



Repeated Observations 

Same SB executed on three different nights • excellent stability!

SB 1206!

02 / 12 / 14 !

SB 1229!

07 / 12 / 14 !

SB 1231!

08 / 12 / 14!

Credit:	Ian	Heywood	



ASKAP	status	and	imaging	performance	

• 12	antennas	
• Second-generaNon	PAFs	
• Up	to	36	formed	beams	

• Current	bandwidth	limitaNons	

	

ASKAP-12	

Present	



36-beam image of the Apus test field !
• 9 antennas with mkII PAFs!
• 36 formed beams (max-SNR)!
• 11 hours on source!
• 939 MHz center frequency !
• 48 MHz bandwidth!
• ~ 300 uJy sensitivity!
• ~ 50” resolution!
• ~ 30 square degrees!

ADE Image of the Apus test field
• 5 antennas with mkII PAFs!
• 25 formed beams (max-SNR)!
• 12 hours on source!
• 939 MHz center frequency !
• 48 MHz bandwidth!
• ~ 1 mJy sensitivity!
• ~ 70” resolution!
• > 30 square degrees



36-beam image of the Apus test field !
• 9 antennas with mkII PAFs!
• 36 formed beams (max-SNR)!
• 11 hours on source!
• 939 MHz center frequency !
• 48 MHz bandwidth!
• ~ 300 uJy sensitivity!
• ~ 50” resolution!
• ~ 30 square degrees!



• 11 antennas with mkII PAFs!
• 30 formed beams (max-SNR)!
• 11 hours on source!
• 939 MHz center frequency !
• 48 MHz bandwidth!

30-beam image of the LMC!



• 11 antennas with mkII PAFs!
• 30 formed beams (max-SNR)!
• 11 hours on source!
• 939 MHz center frequency !
• 48 MHz bandwidth!

30-beam image of the LMC!



• 11 antennas with mkII PAFs!
• 30 formed beams (max-SNR)!
• 11 hours on source!
• 939 MHz center frequency !
• 48 MHz bandwidth!

30-beam image of the LMC!



ASKAP-12 with192 MHz BW!
!

First observations earlier this week!
!

Processed yesterday by Wasim Raja!



ASKAP	status	and	imaging	performance	

• 30	antennas	
• Up	to	36	formed	beams	

• 300	MHz	bandwidth	

• Final	6	PAFs	early	2018	
• EMU/WALLABY	surveys	begin	

	

	

ASKAP-30	

2017	



We acknowledge the Wajarri Yamatji people as 
the traditional owners of the Observatory site. 



Challenges 

•  Survey Strategy 
•  Performance of PAF 

•  uniformity, polarisation, sidelobes, etc. 
•  Image Processing 

•  Dynamic range, calibration, sensitivity as function of scale 
size, etc. 

•  Source Extraction – the Grand Data Challenge 
•  Cross-identification 
•  Redshifts 
•  Data delivery (Value-added catalogue/VO) 



Examples	of	EMU	Development	Projects	
Developers	earn	co-authorship	on	key	science	papers	

• 	Ensure	the	EMU	database	sa8sfies	our	storage	and	access	needs	(both	CASDA	and	
value–added,	and	interac8ons	with	other	data	centres/VO)		
• Develop,	set	up,	and	implement	the	data	quality/valida8on	process		
• Ensure	ASKAPSOFT	imaging	sa8sfies	EMU	needs	
• See	what	special	imaging	is	needed	for	the	Galac8c	Plane		
• Ensure	ASKAPSOFT	source	extrac8on	sa8sfies	EMU	needs		
• Develop	algorithms	for	extrac8on	of	diffuse	emission	
• Develop	the	self-ID	and	cross-ID	algorithms	
• Develop	an	"op8mum	photo-z	algorithm"	for	all	EMU	and	an	op8mum	photo-z	
strategy	for	those	smaller	areas	of	EMU	covered	by	other	surveys	such	as	DES	
• Develop	techniques	for	Sta8s8cal	redshiis	&	Spa8al	Cross-correla8on	redshiis		
• Explore	other	EMU	applica8ons	for	Machine	Learning		
	
		
	

For	Level	6	data	

For	Level	7	data	




