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Australian	Synthesis	Telescope	(AST)	

•  Proposed	1975,	1978	
•  Parkes	64m			
•  4-6	x	25m	dishes,	1.2km	baselines	
•  $6m	
•  Not	funded	
•  not	sufficiently	ambiOous!	
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Beginning	of	the	ATNF	
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Heliograph	at	Narrabri	(closed	1984)		
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The	AT	Compact	Array	

•  6	antennas	
•  22	m	diameter		
•  6km	E-W	track	
•  200m	N-S	track	
•  frequency	range	
•  1.3	–	10	GHz	
•  16	–	26	GHz	(2002)	
•  30	–	50	GHz	(2007)	
•  80	–	100	GHz	(2002)	
•  Correlator	
•  4	x	2GHz		(2005)	
•  Polyphase	FX	
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ATCA	proposed	science	case	1982	
•  GalacOc	Centre	
•  ConOnuum	and	interstellar	molecules	

•  Dense	Molecular	Clouds	and	HII	regions		
•  Can	access	those	not	accessible	from	the	NH	

•  Supernovae	Remnants	only	visible	from	the	SH	
•  Large	and	Small	Magellanic	Clouds	
•  This	was	a	major	success	for	ATCA	

•  HI	in	nearby	southern	galaxies	
•  Centaurus	A	and	the	other	nearby	AGN	
•  	AGN	and	Quasars	
•  Other	topics	menOoned	
•  ExtragalacOc	astrometry	&	violent	galacOc	stars	



AT	wavelength	coverage	
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Australia	Telescope	Visibility	
•  Opened	by	the	Prime	Minister		
•  Sep	1988	at	a	cost	of	$50m	

•  PresOge	
•  High	impact	showpiece	for	
Australian	science	and		
technology	
•  	85%	local	content	
•  Impressive	facility	
•  InternaOonal	credibility	

A	new	era	in	Australian	scien.fic	research.	
Bob	Hawke,	Prime	Minister	
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at ATNF is now used by more than 30
astronomical institutions.

Miriad data reduction software, jointly
written at the ATNF and BIMA, is in
routine use at radio astronomy
institutions around the world. 

ATNF digital correlator hardware and
control software are in use at the
Tidbinbilla, Hobart, SEST, Ceduna,
Hartebeesthoek and Jodrell Bank
observatories.

Multibeam observing techniques and
data management systems developed
for the Parkes Observatory have been
adopted by Jodrell Bank (UK).

Components of aips++ software,
including visualization routines and
fundamental measures, written at
ATNF, are being used by several
institutions including the Herzberg
Institute for Astrophysics (Canada),
Jodrell Bank and the Joint Institute for
VLBI in Europe (JIVE).

A correlator, built at the ATNF for the
Swedish ESO Submillimetre Telescope
(SEST) was delivered in March 2000.

ATNF staff provided scientific and
technical support for the Taiwanese
AMiBA project in three ways: as
consultants for the receiver
construction and MMIC development;
the construction of a prototype wide-
band correlator; and providing support
for system specifications, observing
strategies, science and data-reduction
issues.

4 Time allocation on ATNF facilities

In 2000 a total of 168 proposals were
allocated time on ATNF facilities (each
proposal is counted once only per
calendar year although some proposals are
submitted two or three times). Of these,
112 were for the Australia Telescope
Compact Array, 36 were for the Parkes
telescope, 10 were for the Mopra telescope
and 10 were for the Long Baseline Array.
Figures 3 and 4 show the time allocated to
observing teams on the Compact Array
and Parkes radio telescope as a percentage
of the total allocated time, by affiliation of
the team leader.

Performance indicators

Figure 3 Compact Array time allocation, 1990–2000

Figure 4 Parkes time allocation, 1990–2000

ATCA	Qme	allocaQon	
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InternaQonal	linkages	
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14 Performance indicators

4  Teaching, measured by the number of postgraduate students supervised by 
ATNF staff

In December 2004 there were 28 PhD students affi liated with the ATNF as well as an Australian or overseas 
university. Their affi liations and project titles are given in Appendix H. Seven students were awarded PhDs 
during the year. Their theses are listed in Appendix G. 

5  Publications
Figure 3 shows the number of publications in refereed journals which include data obtained with the Australia 
Telescope. The publication counts include papers dealing with operations or data reduction but do not 
include IAU telegrams, abstracts, reports, historical papers, articles for popular magazines, or other papers 
by ATNF authors. In 2004, 111 papers with ATNF data were published in refereed journals. These are listed 
in Appendix G, which also lists 65 conference papers with ATNF data and 79 other papers by ATNF staff. 

Figure 3 Publications from data obtained with the Australia Telescope, published in refereed journals.

Figure 4 Publications from data obtained with the ATCA, Parkes, VLBI and Mopra, 1989 - 2004.

Figure 4 shows ATNF publication numbers for papers that include Compact Array, Parkes, VLBI and Mopra 
data. A small number of papers with data from more than one facility are counted more than once.  For the 
Compact Array, the number of publications is still rising, after 15 years of operations.
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MNRF	ca.	2000	High	Frequency	Upgrade	
•  New	12/3mm	receivers	
•  Antenna	surface	upgrade	
• MMIC	developments	within	CSIRO	
•  North-South spur
•  12 mm Prototype 
•  First fringes Dec 1999
•  3 mm Prototype
•  First fringes Nov 30 2000
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Panel	replacement	
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Ca.	2010	receiver	&	correlator	replacements	

•  New	4	GHz	correlator		
•  New	broadband	“LS”	
and	“CX”	receivers	
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ATCA	success	factors		
People	
	•  Bob	Frater	appointed	Chief	of		CSIRO	Division	of	Radiophysics	
•  CSIRO	DRP	already	had	world	class		
antenna	experOse	
•  Bob	head	hunted	expert	(mostly	expat)		
Australian	engineers	and	astronomers	to		
cover	other	areas	
• Warwick	Wilson	(MPIfRA,	Germany)	
•  John	O’Sullivan	(ASTRON,	Netherlands)	
•  Alan	Young	(Caltech)	
•  Mike	Kesteven	(Queens,	Canada)	
•  Ray	Norris	(Manchester,	UK)	
•  Ron	Ekers	(VLA)	
•  Expert	external	advisory	commiqee	
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NaQonal	Facility	under	ASTEC	guidelines		
(1990	-	2012)	
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S.	Kim,	1998,	LMC	in	HI,		
1344	poinOngs	
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ATCA	success	factors	
LocaQon	

•  Southern	Hemisphere	Sky	
•  Galaxy	overhead	
•  Closest	AGN	(Centaurus	A)	
•  Less	compeOOon	(good	and	bad)	
•  Use	SH	locaOon	to	leverage	opportuniOes		
for	Australian	involvement	in	InternaOonal		
programs	

•  Used	an	extremely	high	fracOon	of		
Australian	content	
•  85%	
•  Had	to	train	some	companies	to	use	new	technologies	
•  Necessary	to	be	self	sufficient	in	Australia	
•  Few	high	tech	companies	to	solve	problems	



ATCA	success	factors	
InnovaQve	technology	

•  Wideband	feeds	and	antenna	opOcs	
•  Two	simultaneous	frequencies,	octave	separaOon	
•  Shaped	reflector	for	high	efficiency	

•  Wide	bandwidth	backend	
•  2	x	256MHz	dual	polarizaOon	(VLA	was	2	x	50MHz)	

•  PolarizaOon	quality	
• Wideband	performance	(feed	and	OMT	design)	
•  On	axis	rotaOng	turret	design	
•  Injected	calibraOon	signal	

•  Fibre	OpOc	data	transmission	
•  Correlator	-	well	beyond	exisOng	correlator	design	
•  Parallel	VLSI	processing	(frequency	channelizaOon)	16	x	16	MHz	
•  128	–	8192	frequency	channels		for	128	–	2	MHz	bandwidth	(recirculaOon)	
•  Special	purpose	chip	designed	in	house	and	fabricated	in	Australia	
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Antenna control computersAntenna control computersAntenna control computersAntenna control computersAntenna control computers

The stringent demands of  high-frequency
observing, the expansion of  Compact Array
control and monitoring requirements, and concerns
about the reliability of the present antenna control
computers (ACCs) have combined to make
delivery of  new-generation ACCs a priority.

Work has continued for some time to develop
object-oriented software to run in the new
computers. Development work has also begun on
the hardware interfaces between antenna systems
and input/output devices in the new computers.
In 2001, three prototype ACCs were installed in
antennas 2, 3 and 4 in parallel with the original
PDP11/73 machines. The new units are connected
via the new fibre-based ethernet to the control
computer network and are providing monitoring
services for the new millimetre receiver packages.
The ACCs are capable of  driving an antenna and
controlling the receivers and down conversion
system to the point where autocorrelation spectra
can be measured. It is envisaged that the old ACCs
will be replaced in mid-2002.

Millimetre weatherMillimetre weatherMillimetre weatherMillimetre weatherMillimetre weather

At 3-mm wavelength, the atmosphere will be a
significant consideration in observing at the

Compact Array. The first winter of  using the
millimetre system tended to confirm the old adage
that it is not possible to judge observing
conditions simply by looking out the window.
During the September term, 15% of  scheduled
millimetre observing time was replaced with
centimetre projects because of  unsuitable weather.

In addition to phase errors, opacity and wind-
related pointing errors, large fluctuations in both
single-dish power and in interferometer amplitude
have been identified with “anomalous refraction”,
the effective wandering of  the antenna primary
beam caused by phase gradients across the 22-m
aperture. The characteristics of  this effect are
being investigated.

A form of  flexible scheduling, whereby millimetre
and centimetre observing proposals can be
interchanged depending on the weather, will be
trialed in 2002.

AAAAAtmospheric phasetmospheric phasetmospheric phasetmospheric phasetmospheric phase
corcorcorcorcorrectionrectionrectionrectionrection

At millimetre wavelengths, water vapour present in
the atmosphere can cause significant distortion to
the radio wavefront. A phase correction system is
being developed to sense and correct the
distortion. The phase correction system will use a
room-temperature four-channel radiometer on each
antenna, designed to detect water vapour emission
while rejecting spurious emission from clouds or
other sources. Each radiometer uses a separate horn
which is mounted close to the astronomy horn; the
offset between radiometer and astronomy horns is
approximately five arcminutes.

In 2001, testing of  two prototypes, using simple
calibration of the radiometer output, has enabled
the atmospheric phase to be reduced to the equiva-
lent of  350 microns of  path length. The aim had
been to correct to about 100 microns. The
dominant residual error is from 1/f  noise
originating in the radio frequency amplifiers of the
radiometer. Errors with time scales greater than
about three to five minutes dominate the error
power. Work is progressing on switching schemes
to reduce the 1/f noise of the system.

One of the new prototype receivers, in the upper vertex
room of antenna 2, installed next to a large white 20-cm
feed horn.  The feed horn for the 12-mm waveband is in
front of the 3-mm waveband (installed inside a vacuum
dewar).  A radio frequency absorber paddle can be seen
above the two horns.
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SMC	(388	poinQngs)	

dirty	image	 linear	mosaic	of	
deconvolved	images	

joint	deconvoluOon	

Stanimirovic	et	al	(2002)	
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SGPS+Parkes	(McClure-Griffiths	et	al.)	

Parkes	

ATCA	+Parkes	

ATCA	



ATCA	success	factors	
Science	
•  Radio/X-ray	variability	(5	papers	in	top	25)	
•  Established	the	low/hard	state	correlaOon	
•  5	top	cited	papers,	1264	citaOons	
•  Gamma	Ray	Burst	follow-up	(3	in	top	25)	
•  Nature	1998	is	top	cited:	GRB	–	supernovae	associaOon	
•  HI	aperture	synthesis	of	the	Magellanic	Clouds	(3	in	top	25)		
•  Also	the	first	large	scale	mosaic	observaOons		
•  Included	Parkes	for	short	spacings	
•  Pulsars	and	magnetars	(2	in	top	25)	
•  PKS1259-63	pulsar	with	Be	star	companion	
•  Radio	galaxy	surveys	(	2	in	top	25)	
•  2Jy	sample		
•  AT20G	survey	
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Black	=	included	in	the	Science	case	(1983)	
Based	on	the	25	most	highly	cited		

ATCA	papers	(PGE)	

•  Fermi	detected	AGN	



In	combinaQon	with	other	telescopes	

•  HIPASS	HI	galaxy	survey	follow-up	observaOons	
• With	Parkes	

• mm	properOes	of	sources	in	the	SPT	survey	
• With	South	Pole	Telescope		

•  HI	rotaOon	curves	for	nearby	galaxies	–	the	Dark	Maqer	distribuOon	
• With	opOcal	and	VLA	
•  GenOle	+	4,	MNRAS,	351,	903	(2004)	

•  RelaOvisOc	moOon	in	bright	X-ray	sources		
• With	LBA	
•  Southern	galacOc	plane	HI	survey	
• With	Parkes	for	short	spacings	
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Black	=	included	in	the	Science	case	(1983)	
Based	on	the	25	most	highly	cited		

ATCA	papers	(PGE)	
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CSIRO	Astronomy	and	Space	Science	
Douglas	Bock	
Director	
e 	douglas.bock@csiro.au	
w 	www.csiro.au/cass	

Thank	you	
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25	most	cited	papers	(2017)	
PublicaQons	analysis	by	PG	Edwards	

	
	



Radio	emission	from	the	unusual	supernova	1998bw	and	its	associa.on	with	the	gamma-ray	burst	of	
25	April	1998	 	 	 	Kulkarni	+	8,		Nature,	395,	663	(1998)			 	 	 	 	469	citaOons	

Studies	of	ultracompact	HII	regions	-	II.	High-resolu.on	radio	con.nuum	and	methanol	maser	survey
	 	 	 	 	Walsh	+	3,	MNRAS,	301,	640	(1998)	 	 	 	 	 	379	citaOons	

The	cored	distribu.on	of	dark	maOer	in	spiral	galaxies 	 	 	 	 	 	 	 	 	
	 	 	 	 	GenOle	+	4,	MNRAS,	351,	903	(2004)	 	 	 	 	 	376	citaOons	

The	large-scale	HI	structure	of	the	Small	Magellanic	Cloud 	 	 	 	 	 	 	 	
	 	 	 	 	Stanimirovic	+	4,	MNRAS,	302,	417	(1999)	 	 	 	 	362	citaOons	

An	HI	Aperture	Synthesis	Mosaic	of	the	Large	Magellanic	Cloud 	 	 	 	 	 	 	
	 	 	 	 	Kim	+	6,	ApJ,	503,	674	(1998)	 	 	 	 	 	 	315	citaOons	

Rela.vis.c	mo.on	in	a	nearby	bright	X-ray	source	 	 	 	 	 	 	 	 	 	
	 	 	 	 	Tingay	+	19,		Nature,	374,	141	(1995)	 	 	 	 	 	314	citaOons	

Correlated	X-Ray	Spectral	and	Timing	Behavior	of	the	Black	Hole	Candidate	XTE	J1550-564:	A	New	
Interpreta.on	of	Black	Hole	States 	 	 	 	 	 	 	 	 	 	 	 	

	 	 	 	 	Homan	+	8,	ApJS,	132,	377	(2001)	 	 	 	 	 	304	citaOons		

Radio/X-ray	correla.on	in	the	low/hard	state	of	GX	339-4 	 	 	 	 	 	 	 	
	 	 	 	 	Corbel	+	4,		A&A,	400,	1007	(2003) 	 	 	 	 	287	citaOons	
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The	1000	Brightest	HIPASS	Galaxies:	H	I	Proper.es 	 	 	 	 	 	 	 	 	
	 	 	 	 	Koribalski	+	39,		AJ,	128,	16	(2004)		 	 	 	 	 	274	citaOons	

PSR	1259-63	-	A	binary	radio	pulsar	with	a	Be	star	companion	 	 	 	 	 	 	 	
	 	 	 	 	Johnston	+	7,	ApJ,	387,	L37	(1992) 	 	 	 	 	269	citaOons	

Op.cal	and	Radio	Observa.ons	of	the	A\erglow	from	GRB	990510:	Evidence	for	a	Jet 	 	 	
	 	 	 	 	Harrison	+	19,	ApJ,	523,	L121	(1999)	 	 	 	 	 	268	citaOons	

Coupling	of	the	X-ray	and	radio	emission	in	the	black	hole	candidate	and	compact	jet	source	GX	339-4
	 	 	 	 	Corbel	+	6,		A&A,	359,	251	(2000) 	 	 	 	 	253	citaOons	

A	common	origin	for	cosmic	explosions	inferred	from	calorimetry	of	GRB030329 	 	 	 	
	 	 	 	 	Berger	+	10,		Nature,	426,	154	(2003) 	 	 	 	 	247	citaOons	

The	Southern	Galac.c	Plane	Survey:	H	I	Observa.ons	and	Analysis 	 	 	 	 	 	 	
	 	 	 	 	McClure-Griffiths	+	5,		ApJS,	158,	178	(2005)			 	 	 	238	citaOons	

Quenching	of	the	Radio	Jet	during	the	X-Ray	High	State	of	GX	339-4 	 	 	 	 	 	
	 	 	 	 	Fender	+	10,		ApJ,	519,	L165	(1999)		 	 	 	 	 	233	citaOons	

H	I	Shells	in	the	Large	Magellanic	Cloud 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	Kim	+	3,		AJ,	118,	2797	(1999)	 	 	 	 	 	 	210	citaOons	

A	Survey	for	OH	(1720	MHz)	Maser	Emission	Toward	Supernova	Remnants 	 	 	 	 	
	 	 	 	 	Frail	+	5,		AJ,	111,	1651		(1996)			 	 	 	 	 	 	210	citaOons	
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1E	1547.0-5408:	A	Radio-emiang	Magnetar	with	a	Rota.on	Period	of	2	Seconds 	 	 	 	
	 	 	 	 	Camilo	+	3,		ApJ,	666,	L93	(2007)		 	 	 	 	 	199	citaOons	

The	Radio	Structures	of	Southern	2	Jy	Radio	Sources 	 	 	 	 	 	 	 	 	
	 	 	 	 	MorganO	+	2,		MNRAS,	263,		1023	(1993)		 	 	 	 	191	citaOons	

The	Australia	Telescope	20	GHz	Survey:	the	source	catalogue	 	 	 	 	 	 	 	
	 	 	 	 	Murphy	+	23,		MNRAS,	402,	2403	(2010)		 				 	 	 	189	citaOons	

A	Long,	Hard	Look	at	the	Low/Hard	State	in	Accre.ng	Black	Holes 	 	 	 	 	 	 	
	 	 	 	 	Miller	+	7,		ApJ,	653,	525	(2006)			 	 	 	 	 	187	citaOons	

The	Deep	X-Ray	Radio	Blazar	Survey.	I.	Methods	and	First	Results 	 	 	 	 	 	 	
	 	 	 	 	Perlman	+	6,		AJ,	115,	1253	(1998)		 	 	 	 	 	184	citaOons	

The	extended	radio	emission	in	the	luminous	X-ray	cluster	A3667 	 	 	 	 	 	 	
	 	 	 	 	Roqgering	+	3,		MNRAS,	290,	577		(1997)			 	 	 	 	181	citaOons	

Extragalac.c	Millimeter-wave	Sources	in	South	Pole	Telescope	Survey	Data:	Source	Counts,	Catalog,	
and	Sta.s.cs	for	an	87	Square-degree	Field 	 	 	 	 	 	 	 	 	 	 	

	 	 	 	 	Vieira	+	54,		ApJ,	719,	763	(2010)	 	 	 	 	 	175	citaOons	

The	Australia	Telescope	Compact	Array	Broad-band	Backend:	descrip.on	and	first	results	 	 	
	 	 	 	 	Wilson	+	32,	MNRAS,	416,	832	(Sep	2011) 	 				 	 	176	citaOons	
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