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What is EMU?

EMU is a radio sky survey project which will use the new ASKAP telescope to make a deep (10µJy rms) 
radio continuum survey covering the entire Southern Sky as far North as 30°. It can be characterised as a 
“Southern NVSS”, except that it will have about 40 times the sensitivity, six times the resolution and will 
detect 70 million galaxies.  As a result, it will be able to probe star forming galaxies up to z=1,  AGNs to 
the edge of the Universe, and will undoubtedly uncover new classes of object. 

http://www.terrastro.com/
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From the Editor

Dear	EMU	team	members,	

Welcome	to	the	Eirst	issue	of	the	revamped	EMU	Newsletter!	It’s	been	a	while	since	the	last	issue	in	February	2015.		

It	has	been	a	busy	and	exciting	few	months	for	members	of	the	EMU	team	and	for	the	ASKAP	project,	with	four	Mk-II	PAFS	now	
installed	at	the	MRO	and	the	Eirst	image	made	in	September	using	three	of	these	PAFs,	plus	several	excellent	early	science	results	
and	papers	published	and	submitted	using	ASKAP	data.	The	2015	ASKAP	Early	Science	workshop	was	also	held	on	8	October,	
with	over	70	attendees,	and	included	updates	from	various	people	on	the	project,	the	software	and	everything	about	ASKAP	
(more	details	are	provided	on	Page	5).		

I	would	encourage	you	to	send	in	submissions	for	future	issues.	Small	snippets	or	images	are	most	welcome	as	are	proEiles	of	
team	members.	This	newsletter	is	only	as	useful	as	the	contributions	received	from	team	members.	It	serves	as	both	a	record	of	
the	development	of	the	project	and	a	means	to	promote	ideas	and	issues	that	can	then	be	followed	up	through	discussion	on	the	
project	Wiki	http://www.askap.pbworks.com.	

If	you	have	any	suggestions	as	to	what	you	would	like	to	see	included	in	the	newsletter	please	let	me	know.	

Submissions	for	the	next	issue	are	due:	8	April	2016.	Email	reminders	will	be	sent	close	to	the	date.		

Happy	reading!	

Kate	Chow  
Editor	

CONTENTS	

1	FROM	THE	EDITOR	
 
2	PROJECT	UPDATES  
From	the	Project	Leader	(including	an	ASKAP	Update) 
EMU	Early	Science	Update	

3	EMU	KEY	SCIENCE	PROJECT	UPDATES	
3.1	EMU	Value-Added	Catalogue 
3,2	Characterising	the	Radio	Sky 
3.3	EMU	Cosmology 
3.4	Cosmic	Web  
3.5	Clusters	of	Galaxies 
3.6	EMU	cosmic	star	formation	history	and	stellar	mass	growth	for	galaxies 
3.7	Evolution	of	radio-loud	AGN 
3.8	Radio	AGN	in	the	EoR 
3.9	Radio-quiet	AGN 
3.10	Local	Universe 
3.11	The	Galactic	Plane 
3.12	SCORPIO:	Cataloguing	the	radio	stars	in	our	Galaxy 
3.13	WTF:	Discovering	the	Unexpected	

4	POSITIONS	VACANT	

5	MEETINGS	AND	CONFERENCES	

6	NEWSLETTERS	AND	PAPERS	  
Newsletters 
Papers

EMU NEWSLETTER ISSUE 9 OCTOBER 2015                                                                                                                           

Credit:	CSIRO

http://www.askap.pbworks.com
http://www.askap.pbworks.com
http://www.askap.pbworks.com


http://www.askap.pbworks.com	 "                                                                                                                                                                    3

First,	 it	 gives	 me	 great	 pleasure	 to	 welcome	 Dr.	 Kate	
Chow	 to	 her	 new	 position	 as	 Editor	 of	 the	 EMU	
newsletter,	which	 she	 is	 somehow	 Eitting	 in	 alongside	
her	 duties	 in	 the	 CSIRO	 SKA	 OfEice,	 resulting	 in	 this	
revamped	 EMU	 newsletter	 which	 is	 deEinitely	 an	
upgrade	 on	 my	 rather	 minimalist	 newsletter	 in	
February	this	year.	

As	you	will	have	seen	over	the	last	few	months	from	the	
various	 announcements,	 ASKAP	 construction	 has	 now	
picked	 up,	 and	 even	 during	 commissioning	 has	
produced	 some	 spectacular	 images	 and	 excellent	
science.	The	Eirst	image	from	the	three	new	Mk-II	PAFs	
at	 the	MRO	has	also	been	released	(of	 the	well-known	
radio	source	PKS	B1934-638,	see	Figure	1	below)	and	
an	150	square	degree	image	of	the	Tucana	constellation	
has	 been	 produced	 by	 ASKAP,	 with	 a	 1-sigma	 noise	
level	below	1mJy,	resulting	in	a	catalogue	of	over	2000	
radio	 sources	 (above	 5-sigma),	 as	 shown	 in	 Figure	 2.	
Two	 early	 science	 papers	 using	 ASKAP	 data	 are	 now	
published,	with	the	Eirst	paper	resolving	HI	emission	in	
eleven	 galaxies	 and	 discovering	 three	 previously	
unknown	 HI	 clouds	 (see	 Figure	 3),	 each	 containing	
approximately	1	billion	solar	masses	of	gas	(Serra	et	al.,	
2015),	 and	 the	 second	 detecting	 HI	 absorption	 in	 a	
distant	 galaxy	 (Allison	 et	 al.,	 2015)	 following	 a	 blind	
search	in	the	redshift	range	z	=	0.4	-	1	(see	Figure	2).			

All	antennas	of	ASKAP	are	now	built	and	working,	and	
by	 the	 end	 of	 this	 year,	 we	 expect	 ASKAP	 to	 be	
equipped	with	twelve	of	the	new	(Mk-II)	phased	array	
feeds,	which	will	then	be	used	for	“Early	Science”	in	the	
middle	of	next	year.		

As	a	result,	much	of	 the	focus	within	EMU	is	currently	
on	 “Early	Science”,	and	we	hope	 that	most	 if	not	all	of	
the	EMU	Key	Science	projects	will	be	able	to	take	their	
Eirst	ASKAP	data	within	the	next	year,	to	enable	them	to	
test	 their	 processes,	 pipelines,	 and	 science.	 This	 is	
described	 below	 by	 Josh	 Marvil,	 who	 is	 leading	 EMU	
Early	Science.	

Beyond	 Early	 Science,	 we	 are	 well	 on	 track	 to	 start	
observing	 the	 main	 EMU	 survey	 to	 its	 original	
speciEications	 in	 2017.	 By	 the	 end	 of	 the	 survey,	 EMU	
will	 have	 generated	 a	 catalogue	 of	 70	 million	 radio	
sources,	 together	 with	 (where	 available)	 optical/IR	
identiEications	 and	 redshifts.	 Comparing	 this	 to	 the	
total	of	2.5	million	radio	sources	currently	known,	it	is	
fair	to	say	that	EMU	will	increase	our	knowledge	of	the	
radio	sky	by	a	factor	of	about	30.	

But	 EMU	 isn’t	 just	 a	 survey	 –	 it	 also	 encompasses	 the	
key	 science	 projects	 that	 will	 deliver	 the	 science,	 and	
the	 techniques	 such	 as	 source	 extraction,	 cross-
identiEication,	and	photometric	redshift	determination,	
that	 are	 necessary	 for	 the	 delivery	 of	 that	 science.	 As	

described	 below,	 several	 of	 these	 key	 science	 projects	
and	development	projects	are	already	up	and	running,	
publishing	 journal	 papers	 and	 delivering	 science	 well	
before	 EMU	 has	 even	 started.	 As	 a	 result,	 these	 key	
science	 projects	 are	 building	 up	 their	 techniques,	
software,	 and	 science	 on	 existing	 data	 sets,	 producing	
innovative	 science	 journal	 papers	 well	 in	 advance	 of	
EMU	data.	When	the	Eirst	EMU	data	becomes	available,	
those	teams	will	hit	the	ground	running.	

If	you	are	not	yet	fully	involved	in	EMU	and	would	like	
to	 be,	 try	 some	 of	 the	 following.	 If	 you	 contribute	 to	
EMU,	you	will	be	encouraged	to	publish	journal	papers	
on	your	contributions,	and	you	will	also	earn	the	right	
to	be	on	Key	Science	Papers.	
✦ If	you	are	not	yet	a	member	of	EMU,	join	it	by	

emailing	me	saying	how	you	would	like	to	
participate	

✦ Join	an	EMU	Key	Science	Project	-	just	add	your	
name	to	the	wiki	and	email	the	project	leader	(see	
http://askap.pbworks.com/KeyProjects)	

✦ Propose	your	own	early	science	project	on	http://
askap.pbworks.com/Publications	

✦ Become	the	link	between	EMU	and	another	survey	
project	here	http://askap.pbworks.com/
CollaborationProjects	

✦ Help	develop	the	infrastructure	for	EMU	on	http://
askap.pbworks.com/DevelopmentProjects	

With	best	wishes,	

Ray	Norris	
EMU	Project	Leader	
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From the EMU Project Leader, including an ASKAP Update 

Dear member of the EMU team,

Figure	1:	the	,irst	image	from	the	MK-II	PAFs

http://www.askap.pbworks.com
http://askap.pbworks.com/KeyProjects
http://askap.pbworks.com/Publications
http://askap.pbworks.com/CollaborationProjects
http://askap.pbworks.com/DevelopmentProjects
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ASKAP	Early	Science	Images	
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Figure	3	(left):	ASKAP	HI	contours	(red)	overlaid	on	the	DSS2-red	image	of	galaxy	group	IC	1459.	(Right)	HI	emission	(shown	as	
white	contours	lines)	overlaid	onto	an	RGB	optical	image	of	IC	5270	(top)	and	NGC	7418	(bottom)	–two	members	of	the	IC	1459	
group.	HI	was	detected	within	both	galaxies	as	well	as	in	three	clouds	in	their	proximity	(two	around	IC	5270,	and	one	around	NGC	
7418).	Credit:	Serra,	et	al.,	2015

Figure	 2	 (left):	 The	 above	 image	 of	 the	 Tucana	 constellation	 was	 produced	 during	 commissioning	 activities	 with	 the	 Boolardy	
Engineering	Test	Array	(BETA),	and	is	150	square	degrees	in	size,	with	over	2000	radio	sources	over	5-sigma.	Credit:	Ian	Heywood	
and	Keith	Bannister	for	the	ACES	team.	(Right):	Part	of	the	BETA	spectrum	between	1015	and	905	MHz	(the	full	spectrum	is	from	
711.5	MHz	to	1015.5MHz),	time	averaged	over	three	observation	epochs.	The	absorption	line	is	visible	in	the	spectrum	at	a	redshift	
of	z=0.4413	(the	arrow	above	to	the	right	points	to	the	absorption	line).	Credit:	Allison	et	al.,	2015.	

http://www.askap.pbworks.com
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ASKAP/EMU Early Science Update  
 
Josh Marvil 
Planning	of	the	ASKAP	Early	Science	Program	has	been	ramping	up	recently.		This	is	a	CSIRO	led	effort	to	deliver	high-
impact	science,	demonstrate	ASKAP’s	capabilities,	 	provide	pilot	data	to	the	survey	science	teams	(SSTs),	and		better	
characterize	the	performance	of	the	instrument	and	data	reduction	pipelines.	 	The	ASKAP	Early	Science	Forum	has	
been	 holding	 monthly	 meetings	 since	 February	 2015,	 initially	 focusing	 on	 laying	 out	 the	 requirements	 for	 data	
processing	and	storage.	 	An	application	for	high	performance	computing	resources	is	being	prepared	by	the	ASKAP	
Project	Scientist	to	help	support	the	post-processing	requirements	of	the	early	science	projects.		

The	 SSTs	 were	 also	 consulted	 about	 how	 to	 maintain	 optimum	 array	 conEigurations	 as	 the	 Mk.2	 receivers	 are	
deployed.	 EMU	 members	 Ian	 Heywood	 and	 myself	 conducted	 simulations	 of	 different	 array	 conEigurations	 and	
analyzed	their	impact	on	EMU’s	resolution	and	sensitivity	goals.		

The	planning	process	 for	ASKAP	early	 science	 then	shifted	 towards	scientiEic	 impact.	A	community	workshop	was	
organized	for	October	8,	2015	in	Sydney,	to	promote	interaction	between	the	early	science	teams	and	with	the	ASKAP	
commissioning	 team.	The	workshop	hosted	 over	 70	 attendees,	 and	 included	updates	 from	Lisa	Harvey-Smith,	 the	
ASKAP	Project	Scientist,	 the	ACES	 team,	 software	development,	 the	plan	 for	 commissioning	and	 integration	of	 the	
MK-II	PAFS,	and	a	30	minute	update	from	each	Survey	Science	Team	on	their	progress.	The	full	program	(with	links	to	
presentations)	is	now	available	at	www.atnf.csiro.au/research/workshops/2015/ASKAPEarlyScience/Program.html	
and	outcomes	from	this	workshop	can	be	found	at: 
http://www.atnf.csiro.au/research/workshops/2015/ASKAPEarlyScience/ASKAPOutcomes_Oct2015.pdf.	

 
 
Figure	4:	Group	photograph	of	attendees	of	the	ASKAP	Early	Science	Community	Workshop	2015	

Within	EMU,	 the	 early	 science	planning	process	has	 also	been	accelerating.	There	have	been	over	20	EMU-ASKAP	
early	 science	projects	 suggested	on	 the	EMU	wiki	 and,	more	 recently,	 each	project	 has	 started	 to	develop	 its	 own	
project	wiki	page.	Please	spend	a	minute	to	browse	through	these	projects	and	participate	in	discussions	using	the	
wiki	page’s	comments	section.		I	would	also	like	to	encourage	you	to	contact	the	project’s	leader	if	you	are	interested	
in	joining	the	project.	
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EMU Key Science Project Updates 
 
KSP1:	EMU	Value-Added	Catalogue 
Project	Leader:	Nick	Seymour	

The	 aim	of	 KSP1	 is	 to	 provide	 an	 enhanced	 data	 product,	 the	 EMU	Value-Added	Catalogue	 (EVACat)	 for	 scientiEic	
analysis.	In	addition	to	cross-matching	with	other	multi-wavelength	catalogues	to	Eind	optical/IR	identiEications	(and	
those	from	ASKAP	itself	such	as	POSSUM,	FLASH	and	WALLABY),	the	goal	is	to	provide	redshift	estimates	and	galaxy	
classiEication	(SFG	or	AGN).	Furthermore	we	will	provide	sources	for	Radio	Galaxy	Zoo	(http://radio.galaxyzoo.org/)	
that	will	harness	 the	power	of	 citizen	science	 to	 cross-identify	 those	 radio	 sources	on	which	our	automatic	 cross-
matching	 algorithms	 fail.	 While	 the	 EMU	 data	 (images	 and	 catalogues)	 become	 public	 immediately	 after	 Quality	
Control,	EVACat	will	remain	private	for	the	use	of	the	EMU	team	for	a	certain	period	(exact	timelines	TBD).	Ultimately	
it	will	be	public	and	hosted	by	CASDA.	

EVACat	will	include	the	work	from	the	following	sub-groups:		
✦ Cross-identiEication	 (led	 by	 Paolo	 Ciliegi).	 There	 are	 numerous	 efforts	 going	 on	 this	 area	 including	 Bayesian	

techniques,	the	Likelihood	Ratio	and	machine	learning	methods.	
✦ Radio	Galaxy	Zoo	(led	Ivy	Wong	and	Julie	BanEield)	has	been	active	 for	over	18	months	 looking	at	FIRST+WISE	

and	 ATLAS+SWIRE	 cross-matching	 and	 is	 roughly	 half	 complete	 in	 its	 Eirst	 phase.	We	 hope	 to	 be	 able	 to	 add	
sources	from	ASKAP	Early	Science	into	the	system	late	next	year.		

✦ WideEield	OuTlier	Finder	(WTF,	 led	by	Ray	Norris)	 is	 looking	 for	unknown	new	classes	of	objects	which	have	a	
high	probability	of	turning	up	in	this	new	parameter	space	opened	by	ASKAP-EMU.	Considerable	work	is	on-going	
in	this	area;	see	the	KSP14:	WTF	section.	

✦ Redshifts.	This	group	is	busy	with	the	Eirst	paper	based	on	a	"redshift	challenge”	for	radio	sources	in	the	COSMOS	
survey.	

Under	active	discussion	is	exact	design	of	the	data	pipeline	and	which	data	we	cross-match	with.	Early	Science	will	
contribute	 to	 the	 Eine-tuning	 of	 this	 process	 and	 there	will	 likely	 be	 different	 EVACat	 sub	 products	 based	 on	 the	
principle	XID	data	set.		

KSP2:	Characterising	the	Radio	Sky 
Project	Leader:	Ian	Heywood	

An	update	will	be	provided	in	the	next	EMU	Newsletter.	

KSP3:	EMU	Cosmology 
Project	Leader:	David	Parkinson	

The	main	activities	of	the	Cosmology	KSP	in	the	last	six	months	have	been	forecasts	of	the	effectiveness	of	the	survey,	
and	building	software	infrastructure	in	preparation	for	the	data	becoming	available.	

A	recent	paper	submitted	to	the	pre-print	arXiv,	lead	by	Alvise	Raccanelli	(John	Hopkins	University)	entitled	"Future	
Constraints	on	Angle-Dependent	Non-Gaussianity	from	Large	Radio	Surveys”	(arXiv:1507.05903)	has	examined	how	
different	forms	of	primordial	non-Gaussianity	could	be	tested	with	EMU.	The	measurement	of	non-Gaussianity	from	
inElation	using	large-scale	structure	tracers	is	separate	from,	but	complimentary	to,	measurements	from	the	cosmic	
microwave	 background.	 Indeed,	 the	 access	 to	 3D	 information	 will	 allow	 different	 forms	 of	 non-Gaussianity,	 with	
different	 angular	 dependence,	 to	 be	 tested	 as	well	 as	 or	 better	 than	CMB	measurements	 from	Planck.	 The	 higher	
redshifts	 that	EMU	and	 future	surveys	can	reach	provides	a	smaller	non-linear	scale,	and	so	more	k-modes	can	be	
accessed,	and	better	measurements	made.	

Meanwhile	Glen	Rees	(Macquarie	University)	and	Faisal	Rahman	(Karachi	University)	have	been	leading	the	effort	to	
develop	the	necessary	components	of	the	software	pipeline	to	turn	the	cleaned	sky	maps	into	correlation	functions	
that	will	 be	 used	 as	 cosmological	 data.	 The	 software	 is	 being	 developed	 jointly	 using	 distributed	 version	 control,	
using	Bitbucket	(http://bitbucket.org/),	 following	the	example	of	the	SAMI	Galaxy	Survey	Database.	By	making	the	
software	available	to	all	team	members	through	a	central	repository,	and	tracking	changes	and	versions	using	the	Git	
software	for	version	control,	multiple	people	can	work	on	the	development	simultaneously.	We	plan	to	use	this	only	
for	the	software	tools,	with	the	actual	data	products	being	distributed	separately.	The	cosmology	team	is	also	using	
git	to	collaboratively	write	a	short	review	article,	outlining	the	forecast	constraints	on	the	cosmological	parameters	
and	models	from	EMU,	which	will	be	submitted	in	the	next	few	months.

http://www.askap.pbworks.com
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KSP4:	Cosmic	Web  
Project	Leader:	Shea	Brown	

An	update	will	be	provided	in	the	next	EMU	Newsletter.	

KSP5:	Clusters	of	Galaxies 
Project	Leaders:	Melanie	Johnston-Hollitt	&	Chiara	Ferrari	

Members	of	the	cluster	science	working	group	recently	responded	to	the	request	for	EMU	early	science	projects	with	
7	different	proposals	being	put	forward	for	science	associated	with	galaxy	clusters.	These	projects	were:	
✦ Cluster	sources	in	the	SPT	Eield	-	PI:	Ray	Norris	(Australia)	
✦ Radio-IR	correlation	of	radio	sources	in	galaxy	clusters	-	PI:	Jose	Diego	(Spain)	
✦ Radio	follow-up	of	dynamically	active	galaxy	clusters	-	PI:	Chiara	Ferrari	(France)	
✦ Radio	emission	in	the	Shapley	Concentration	-	PI:	Tiziana	Venturi	(Italy)	
✦ Cosmology	from	SZ-selected	cluster	follow-up	-	PI:	Kaustuv	Basu	(Germany)	
✦ The	 evolution	 of	 radio	 haloes	 in	 galaxy	 clusters	 -	 PIs:	 Gabriel	 Pratt	 (France)	 &	Melanie	 Johnston-Hollitt	 (New	

Zealand)	
✦ Cosmic	Web	-	PI:	Shea	Brown	(USA),	associated	with	the	related	WG	on	the	cosmic	web.	

The	 science	 put	 forward	 covered	 a	 range	 of	 cluster	 topics	with	 a	 heavy	 concentration	 on	 diffuse	 emission	 in	 and	
around	clusters.	The	contributors	to	these	projects	were	drawn	from	the	global	astronomical	community	including	
researcher	 from	 Australia,	 France,	 Germany,	 India,	 Italy,	 Mexico,	 the	 Netherlands,	 New	 Zealand,	 Pakistan,	 South	
Africa,	Spain,	the	UK	and	the	USA	which	demonstrates	the	strong	global	interest	in	cluster	science	with	EMU.	In	the	
strawman	ranking	by	the	EMU	management	team,	two	of	these	projects	'Cluster	sources	in	the	SPT	Eield'	and	'Radio	
emission	in	the	Shapley	Concentration'	were	highlighted	as	best	fulEilling	the	early	science	criteria	for	ASKAP.	This	is	
just	the	Eirst	stage	in	this	process	and	proponents	from	the	cluster	WG	will	now	have	the	chance	to	re-consider	and	
consolidate	projects,	 or	 to	 see	how	projects	might	 be	undertaken	 through	 commensal	 observations	 of	 other	 early	
science	Eields,	before	a	Einal	selection	of	the	overall	EMU	early	science	Eields	is	completed.		

On	the	technical	front,	one	of	the	key	considerations	for	the	cluster	WG	continues	to	be	the	diffuse	source	sensitivity	
of	ASKAP	and	methods	for	diffuse	source	detection	and	characterisation.	This	will	need	to	be	a	focus	of	activity	both	
now	 through	 the	 development	 and	 testing	 of	 new	 algorithms	 and	 in	 the	 early	 science	 phase	 charactering	 the	
instrument’s	ability	to	Eind	this	emission.		

Of	course,	the	suggested	early	science	projects	build	on	and	complement	the	longer-term	cluster	projects	previously	
put	forward.	The	working	group	will	discuss	in	the	near	future	how	the	now	extensive,	projects	Eit	together,	how	they	
can	be	used	to	advance	cluster	science	for	EMU	and	what	work	and	resources	are	needed	to	achieve	these	outcomes.	

KSP6:	EMU	cosmic	star	formation	history	and	stellar	mass	growth	for	galaxies 
Project	Leader:	Andrew	Hopkins	

We	 have	 assembled	 a	 team	 of	more	 than	 30	 participants	 from	 the	 broader	 EMU	 collaboration	 to	 begin	 this	 new	
exploration	of	the	star	formation	history	of	the	Universe	and	the	growth	of	stellar	mass	in	galaxies.	KSP6	plans	to	use	
photometric	redshifts	derived	using	data	from	available	imaging	surveys	(such	as	SkyMapper,	VHS,	WISE,	KiDS,	DES),	
and	spectroscopic	redshifts	where	available	(such	as	2dFGRS,	GAMA,	6dFGS,	Taipan),	 to	(1)	 identify	UV/optical/IR	
counterparts	 to	 EMU	 radio	 sources;	 (2)	 use	 photometric	 colours/SEDs	 or	 spectral	 diagnostics	where	 available	 to	
classify	 SF	 radio	 sources;	 (3)	 use	 the	 established	 radio	 luminosity-SFR	 relation	 to	 measure	 SFRs;	 (4)	 use	
spectroscopic	(low-z)	and	photometric	(high-z)	redshifts	to	derive	the	cosmic	SFH	and	growth	of	stellar	mass	density	
for	galaxies	as	a	function	of	their	mass,	environment,	colour,	halo-central	vs	satellite,	and	more.	KSP6	will	build	on	the	
activities	 of	 KSP1,	 the	 EMU	 Value-Added	 Catalogue,	 that	 brings	 together	 cross-identiEications	 and	 redshift	
measurements	or	estimates.	

KSP6	will	take	its	Eirst	steps	through	the	EMU/ASKAP	Early	Science	Project	4,	"Radio-luminosity/SFR	relations	and	
the	cosmic	 star	 formation	history”.	This	will	 combine	early	ASKAP	data	with	complementary	data	 from	 the	GAMA	
survey	Eields,	and	the	wealth	of	UV-to-FIR	SFR	indicators	being	compiled	for	over	100000	SF	galaxies	in	this	region	
(out	 of	 300000	 in	 GAMA)	 to	 (1)	 identify	 UV/optical/IR	 counterparts	 to	 early-science-Eield	 radio	 sources;	 (2)	 use	
optical	 spectral	 diagnostics	 to	 classify	 SF	 radio	 sources;	 (3)	 incorporate	 radio-spectral	 information	 into	 the	
panchromatic	spectrum	to	robustly	establish	how	best	to	calibrate	the	SFR-radio	luminosity	relation,	including
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dependencies	on	galaxy	mass,	luminosity,	colour,	redshift,	etc.;	(4)	use	spectroscopic	(low-z)	and	photometric	(high-
z)	redshifts	to	derive	the	cosmic	SFH	for	the	early-science	Eields;	and	(5)	deEine	the	methodology	and	opportunities	
for	exploring	the	mass,	environment,	and	other	dependencies	for	SFH	measures	with	the	full	EMU	survey.	

KSP7:	Evolution	of	radio-loud	AGN 
Project	Leader:	Anna	Kapinska	

An	update	will	be	provided	in	the	next	EMU	Newsletter.		

KSP8:	Radio	AGN	in	the	EoR 
Project	Leader:	Jose	Afonso	

One	 of	 the	most	 exciting	 frontiers	 in	 astrophysics	 is	 the	 understanding	 of	 galaxy	 formation.	 Current	 observations	
indicate	 that	 both	 star-formation	 and	 accretion	 into	 massive	 black	 holes,	 fundamental	 mechanisms	 for	 galaxy	
assembly,	are	already	well	established	as	early	as	800	Myr	after	the	Big	Bang!	The	powerful	quasars	detected	at	these	
epochs	imply	an	amazingly	rapid	growth,	previously	considered	impossible,	of	supermassive	black	holes,	and	suggest	
the	observability	of	their	younger	counterparts	at	even	earlier	ages,	speciEically	at	radio	wavelengths.	Current	deep	
radio	surveys	should	have	already	detected	several	examples	of	very	young	AGN	at	very	high	redshifts,	well	within	
the	Epoch	of	Reionization	 -	 the	 failure	 to	 identify	 such	earliest	 sources	 is	 likely	a	combination	of:	 (a)	 lack	of	areal	
coverage	necessary	to	allow	the	detection	of	rare	sources;	(b)	non-consideration	of	radiation-depletion	mechanisms	
in	the	early	Universe;	(c)	limited	availability	of	powerful	near-infrared	telescopes	for	the	time-consuming	necessary	
follow-up	conEirmation	of	selected	candidates.	

EMU,	with	its	unique	combination	of	depth	and	breadth,	will	be	able	to	provide	a	deEinite	answer	on	the	existence	of	
radio	AGN	 in	 the	EoR.	 In	 the	KSP8	we	have	 assembled	 a	 small	 team	 that	 is	 starting	 to	 look	 at	 this	 problem	 from	
several	different	perspectives:	 
(a)	Can	current	multi-wavelength	observations	allow	us	to	estimate	the	number	of	very	high	redshift	AGN	that	should	
be	detected	in	the	radio	by	EMU?  
(b)	Can	models	of	galaxy	and	structure	formation	suggest	a	number	for	the	number	of	very	high	redshift	AGN	that	
should	be	detected	in	the	radio	by	EMU?	 
(c)		How	can	CMB-muting	affect	the	detectability	of	these	earliest	AGN?  
(d)	Can	the	radio	SED	alone,	given	the	whole	bandwidth	available	to	ASKAP	and	lower	frequencies	from	other	radio	
telescopes,	help	to	identify	the	most	reliable	very	high-z	candidates?

Figure	5:	The	radio-derived	cosmic	SFH	from	Seymour	et	al.,	2008	(MNRAS,	386,	1695),	shown	above,	is	the	starting	point	for	the	
KSP6.
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(e)	 More	 generally,	 what	 current	 or	 new	 selection	 methods	 can	 be	 successfully	 employed	 to	 detect	 the	 highest	
redshift	sources	from	EMU?		

The	KSP8	work	is	now	ramping	up,	aiming	to	help	realising	the	vast	potential	of	EMU	in	revealing:	
✦ What	is	the	role	of	primordial	black	holes	as	seeds	of	galaxy	formation	and	early	evolution;		
✦ What	are	the	sources	of	reionization	of	the	Universe?	
✦ When	did	the	Eirst	SMBHs	appear	and	what	are	the	viable	mechanisms	for	their	fast	growth	rate?	

	The	detections	of	Radio	AGN	in	the	EoR	will	also	open	the	way	to	address,	with	the	future	SKA,	the	evolution	of	the	
neutral	hydrogen	in	the	EoR	-	something	which	will	be	possible	by	direct	observations	of	the	HI	21cm	forest	against	a	
radio	bright	background	AGN	that	is	hopefully	revealed	by	EMU.	

KSP9:	Radio-quiet	AGN 
Project	Leader:	Isabella	Prandoni	

The	goal	of	this	project	is	to	investigate	the	properties	of	RQ	AGNs	with	respect	to	those	of	RL	AGNs,	and	to	better	
assess	 the	 origin	 of	 the	 radio	 emission	 in	 the	RQ	population.	Being	 a	 deep	 all-sky	 survey,	 EMU	will	 probe	 a	 large	
volume	of	the	Universe	at	low/mid	redshift,	where	it	will	be	sensitive	to	low-power	radio	sources	associated	with	RQ	
AGNs	 (e.g.	 bright	 optical	 magnitudes	 and	 low	 radio	 Eluxes).	 Activity	 in	 preparation	 of	 the	 EMU	 survey	 is	 under	
planning,	with	particular	respect	to	the	deEinition	of	a	pilot	project	to	be	proposed	in	the	framework	of	the	ASKAP	
early	science	programme.	

Anyone	interested	in	joining	the	project	and	contributing	to	current	activities	is	invited	to	sign	up	at	the	project	wiki	
page:	http://askap.pbworks.com/w/page/89532041/Radio-quiet%20AGN	

KSP11:	Local	Universe 
Project	Leader:	Josh	Marvil	

The	Local	Galaxy	KSP	is	still	in	early	planning	stages.	 	This	project	is	intended	to	encompass	a	number	of	scientiEic	
investigations	which	 are	 only	 viable	 for	 a	 nearby	 subset	 of	 galaxies	 that	 will	 be	 detected	 by	 EMU.	 	 The	 projects	
amassed	so	far	comprise	a	diverse	collection	of	science	topics.	Examples	include:	studies	of	large	angular	scale	spiral	
disks,		investigations	which	require	ancillary	data	that	only	exists	for	galaxies	within	a	local	volume		(e.g.,	magnitude-
limited	spectroscopy),	and	very	low	luminosity	systems	(e.g..	low	surface	brightness	dwarfs)	which	would	be	below	
EMU’s	detection	threshold	at	 larger	distances.	 	Broader	participation	 in	 this	KSP	 is	encouraged!	Please	 feel	 free	to	
contact	the	KSP	leader	if	you	would	like	to	suggest	or	start	leading	any	additional	projects	that	Eit	within	the	scope	of	
the	local	galaxy	category.	

KSP12:	The	Galactic	Plane 
Project	Leader:	Roland	Kothes	

The	EMU	KSP	on	the	Galaxy	has	formed	a	sub	group	to	propose	a	Galactic	Eield	for	ASKAP	Early	Science,	project	ESP9,	
entitled:	The	Galactic	Mid-Plane	at	328	degrees	Galactic	Longitude.	

The	main	goal	of	 this	early	 science	project	 is	 to	prepare	 for	Galactic	Science	with	 the	 full	EMU	Survey.	We	plan	 to	
develop	 methods/software	 for	 separating	 Galactic	 from	 extra-galactic	 compact	 sources,	 	 for	 the	 identiEication	 of	
Galactic	 sources	 with	 spectral	 information	 and	 cross	 referencing	 with	 other	 catalogues	 at	 other	 frequencies,	 for		
identiEication/extraction	 of	 diffuse	 emission	 and	 to	 test	 theories	 and	 models	 for	 the	 missing	 SNR	 problem	 and	
evolutionary	tracks	of	young	compact	HII	regions.	

We	plan	to	produce	a	panoramic	view	of	 the	Galactic	mid-plane	centred	at	328	degrees	Galactic	Longitude	and	an	
atlas	of	discrete	Galactic	radio	continuum	sources,	like	compact	supernova	remnants,	pulsars	and	their	wind	nebulae,	
compact	HII	regions,	and	planetary	nebulae.	In	this	direction	the	line	of	sight	goes	partly	along	the	Scutum-Centaurus	
arm	 and	 crosses	 Sagittarius	 arm	 twice,	 giving	 the	 opportunity	 to	 study	 Galactic	 objects	 at	 various	 distances	 and	
environments	within	 a	 small	 Eield	 of	 view.	 The	 high	 sensitivity	will	 allow	 access	 to	 all	 evolutionary	 stages	 of	 HII	
regions	from	the	optically	thick	hyper-compact	kind	to	evolved	compact	HII	regions	related	to	massive	stars.	Due	to	
the	high	 resolution	we	 can	detect	 the	 youngest,	most	 compact	 supernova	 remnants	 and	pulsar	wind	nebulae	 and	
solve	 the	 "missing	SNR"	mystery	 in	 this	part	of	 the	Milky	Way	Galaxy.	We	can	detect	and	study	planetary	nebulae	
giving	us	insight	into	the	late	stages	of	the	evolution	of	low	mass	stars.	The	wide	frequency	coverage	will	make	it	easy	
to	separate	sources	by	their	spectral	characteristics.	 	Based	on	this	and	cross	referencing	with	catalogues	at	other	
frequencies

http://askap.pbworks.com/w/page/89532041/Radio-quiet%20AGN
http://askap.pbworks.com/w/page/89532041/Radio-quiet%20AGN
http://www.askap.pbworks.com


http://www.askap.pbworks.com	 "                                                                                                                                                                  10

EMU NEWSLETTER ISSUE 9 OCTOBER 2015                                                                                                                           

Figure	 6:	 Image	 courtesy	 of	 Kai	 Polsterer	 (Heidelberger	 Institut	 für	 Theoretische	 Studien),	 and	 shows	 the	 technique	 of	 "self-
organising	maps",	one	of	the	techniques	we're	using	in	WTF.

frequencies	we	can	develop	methods	for	the	separation	of	the	sources	with	the	full	EMU	survey	which	has	a	much	
narrower	frequency	coverage.	

Over	the	next	few	weeks	we	will	assemble	teams	for	the	different	aspects	of	this	early	science	project.	

KSP13:	SCORPIO:	Cataloguing	the	Radio	Stars	in	our	Galaxy 
Project	Leader:	Grazia	Umana	

An	update	will	be	provided	in	the	next	EMU	Newsletter.	

KSP14:	WTF:	Discovering	the	Unexpected	 
Project	Leader:	Ray	Norris	

The	majority	of	discoveries	in	astronomy	have	come	from	unplanned	discoveries	made	by	surveying	the	Universe	in	a	
new	way,	rather	than	by	testing	a	hypothesis	or	conducting	an	investigation	with	planned	outcomes.	For	example,	of	
the	 10	 greatest	 discoveries	 by	HST,	 only	 one	was	 listed	 in	 its	 key	 science	 goals.	Next	 generation	 radio	 continuum	
surveys	 such	 as	 EMU	will	 signiEicantly	 expand	 the	 volume	 of	 observational	 phase	 space,	 so	 are	 likely	 to	 stumble	
across	unexpected	new	phenomena	or	new	 types	of	 object.	However,	 the	 complexity	of	ASKAP	and	 the	 large	data	
volumes	mean	that	it	may	be	non-trivial	to	identify	them.	On	the	other	hand,	if	we	don’t,	then	we	will	probably	miss	
out	on	the	most	exciting	science	results	from	ASKAP.	

We	have	 therefore	started	a	project	 called	 "WTF",	which	explicitly	aims	 to	mine	EMU	data	 to	discover	unexpected	
science	that	is	not	part	of	our	primary	science	goals,	using	a	variety	of	machine-learning	techniques	and	algorithms	
(see	over	the	page	for	Figure	6,	which	shows	one	of	these	techniques).		For	example,	one	approach	looks	for	clusters	
of	 properties	 in	 an	n-dimensional	 plot	with	 axes	 such	 as	 Elux	density,	 spectral	 index,	 and	 IR-to-radio	 ratio.	 	 Some	
clusters	 will	 correspond	 to	 known	 types	 of	 object	 (e.g.	 stars,	 galaxies,	 quasars)	 but	 we	 hope	 to	 Eind	 unexpected	
clusters	corresponding	to	unknown	classes	of	object.	Other	approaches	include	removing	the	known	types	of	object	
from	images	and	seeing	what’s	left.	Although	targeted	speciEically	at	EMU,	we	expect	such	approaches	to	have	broad	
applicability	to	astronomical	survey	data.	

We	recently	obtained	a	grant	from	Amazon	Web	Services,	and	are	now	building	WTF	in	a	collaborative	environment	
on	an	AWS	cloud	platform.	Initially,	we	want	to	see	which	algorithms	and	techniques	are	best	at	Einding	unexpected	
results,	and	so	are	constructing	a	number	of	data	“challenges”	in	which	data	sets	(both	real	and	simulated,	and	both	
images	and	tabular	data)	are	constructed	with	buried	“emu	eggs”	(simulated	unexpected	discoveries)	buried	in	them.	
We	will	then	invite	different	groups	to	try	out	their	algorithms	to	see	if	they	can	Eind	the	buried	emu	eggs.	There	is	
also	a	chance	 that	 the	 teams	may	discover	real	unexpected	discoveries	 in	 the	real	data!	For	more	 information,	see	
http://askap.pbworks.com/WTF	

WTF	was	also	recently	highlighted	on	 the	CSIRO	News	Blog,	with	 the	 following	article:	http://csironewsblog.com/
2015/10/09/wtf-is-that-how-were-trawling-the-universe-for-the-unknown/	
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Want to Work on EMU or ASKAP? 

Please	share	with	anyone	who	might	be	interested	in	any	of	these	positions.	

Positions	at	CSIRO	Astronomy	and	Space	Science	

CASS	is	currently	advertising	3	postdoc	positions,	and	one		senior	software	engineer/architect	position.	The	postdoc	
positions	 include	 the	 Bolton	 fellowship,	 which	 is	 a	 prize	 fellowship	 	 to	 undertake	 independent	 research	 and/or	
development	 projects	 in	 any	 area	 relevant	 to	 the	 Australia	 Telescope	 National	 Facility	 (ATNF)	 observational	
capabilities,	and	is	eminently	suited	to	someone	who	wishes	to	work	on	EMU.		

2015	Bolton	Fellowship,	Contact:	Ray	Norris	(Ray.Norris@csiro.au),	AAS	Job	No:	51549,	CSIRO	job	number	3521.	

CSIRO	 Astronomy	 &	 Space	 Science	 invites	 applications	 for	 the	 2015	 Bolton	 Fellowship.	 The	 Bolton	 Fellowship	 is	
Australia's	 longest	standing	prize	fellowship	and	provides	an	outstanding	opportunity	for	post-doctoral	astronomy	
research	in	Australia.	The	Bolton	Fellowship	is	designed	to	help	young	scientists	establish	their	research	careers	by	
undertaking	 independent	 research	 and/or	 development	 projects	 in	 any	 area	 relevant	 to	 the	 Australia	 Telescope	
National	 Facility	 (ATNF)	 observational	 capabilities.	 Applications	 for	 the	 Bolton	 Fellowship	 close	 on	 6	 November	
2015.	The	Bolton	Fellowship	is	an	excellent	chance	for	a	postdoc	to	play	a	key	role	in	EMU.	The	position	is	for	three	
years,	is	well	paid	and	comes	with	research	funding.	This	would	be	an	excellent	opportunity	for	a	bright	early-career	
researcher	who	wanted	to	get	intimately	involved	with	EMU	or	other	aspects	of	ASKAP.	 	Please	email	Ray	Norris	if	
you	have	any	queries.	

The	 other	 positions	 currently	 advertised	 by	 CASS	 are	 not	 directly	 related	 to	 EMU.	Details	 are	 provided	 below	 for	
interested	people.	

OCE	Postdoctoral	Positions	in	Low	Frequency	Radio	Astronomy	and	Cosmic	Magnetism	Applications	close	30	
November	 2015.	 For	more	 information,	 contact:	 Simon	 Johnston	 (Simon.Johnston@csiro.au).	 AAS	 Job	 No:	 52096,	
CSIRO	job	number	4785	and	4784.	

Senior	 software	 engineer/architect,	 CSIRO	 job	 number	 4711.	 Applications	 close	 1	 November	 2015.	 For	 more	
information,	please	contact	JC	Guzman	(juan.Guzman@csiro.au).	
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Meetings and Conferences 

Please	send	in	details	of	any	EMU-related	meetings	or	conferences	coming	up.		

Astronomical	Data	Analysis	Software	and	Systems	(ADASS)	Conference	
Sydney,	Australia,	25	–	30	October	2015	
http://www.caastro.org/event/2015-adass	
The	annual	Astronomical	Data	Analysis	 Software	 and	Systems	 (ADASS)	 conference	provides	 a	 forum	 for	 scientists	
and	 programmers	 concerned	 with	 algorithms,	 software	 and	 software	 systems	 employed	 in	 the	 acquisitions,	
reduction,	analysis	and	dissemination	of	astronomical	data.	

IEEE	COMCAS	2015	
Tel	Aviv,	Israel,	2	–	4	November	2015	
http://www.comcas.org/	
The	 International	 Conference	 on	Microwaves,	 Communications,	 Antennas	 and	Electronic	 Systems	 (COMCAS	2015)	
continues	 the	 tradition	 of	 providing	 a	 multidisciplinary	 forum	 for	 the	 exchange	 of	 ideas,	 research	 results,	 and	
industry	 experience	 in	 the	 areas	 of	 microwaves,	 communications,	 antennas,	 solid	 state	 circuits,	 electromagnetic	
compatibility,	electron	devices,	 radar	and	electronic	systems	engineering.	 It	 includes	a	 technical	program,	 industry	
exhibits,	and	invited	talks	by	international	experts	in	key	topical	areas.	

.Astronomy	7	
Sydney,	Australia,	3	–	6	November	2015	
http://dotastronomy.com/events/seven/	
Approximately	 50	 attendees	will	 be	 hosted	 in	 Sydney	CBD	 for	 a	 three-day	 event	 all	 about	 astronomy	online.	 This	
marks	the	Eirst	ever	.Astronomy	held	in	the	Southern	Hemisphere.	This	event	will	include	a	series	of	talks,	multiple	
open	unconference	sessions,	and	a	full	day	hacking	on	innovative	projects.	

URSI	National	Radio	Science	Meeting	
Boulder,	USA,	6–9	January	2016	
https://www.nrsmboulder.org/	
The	next	National	Radio	Science	Meeting	(NRSM)	will	be	held	on	January	6-9,	2016	in	Boulder,	Colorado.	This	is	an	
open	scientiEic	meeting	technically	co-sponsored	by	the	IEEE	Antennas	and	Propagation	Society	and	the	U.S.	National	
Committee	(USNC)	of	the	International	Union	of	Radio	Science	(URSI).	

MeerKAT	Science	Workshop	
25-27	May	2016	
Website	TBC	
The	SKA	South	Africa	Project	OfEice	and	the	South	African	SKA	Science	Committee	are	coordinating	a	workshop	on	
MeerKAT	 Science	 from	 25	 to	 27	 May.	 	 MeerKAT,	 a	 64-element	 array	 of	 13.5-m	 offset	 parabolic	 antennas,	 is	 a	
precursor	 of	 the	 SKA	 mid-frequency	 dish	 array	 under	 construction	 at	 the	 African	 SKA	 central	 site	 on	 the	 South	
African	Karoo	plateau.	 	The	Eirst	32	elements	of	MeerKAT	will	be	released	for	early	shared-risk	science	programs	in	
late	2016,	and	the	full	array	will	be	operational	 in	 late	2017.	The	MeerKAT	science	program	will	consist	of	 legacy-
style,	large	survey	projects,	plus	open	time	available	for	new	proposals.	 	The	workshop	will	be	a	forum	for	review	of	
the	 large	 survey	project	 plans,	 and	 for	 a	 broader	 discussion	 of	 the	 scientiEic	 potential	 of	MeerKAT.	A	web	 site	 for	
registration,	venue	and	logistical	details,	will	be	provide	in	the	second	announcement	to	be	distributed	in	the	near	
future.		

ASKAP2016:	The	future	of	radio	astronomy	surveys	
Sydney,	Australia,	6	–	10	June	2016	
Website	TBC	
ASKAP	 2016	will	 bring	 together	 the	world's	 best	minds	 in	 astronomy,	 engineering	 and	 ICT	 to	 share	 cutting-edge	
results	 from	 the	 Australian	 Square	 Kilometre	 Array	 PathEinder	 (ASKAP)	 radio	 telescope	 and	 to	 discuss	 future	
strategies	for	large	astronomical	survey	observing	and	data	sharing.
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Newsletters 

ASKAP Update 
 
ASKAP	Update	is	a	regular	series	dedicated	to	conveying	the	latest	news	about	the	Australian	Square	Kilometre	Array	PathEinder	
(ASKAP)	 project	 to	 international	 science	 and	 engineering	 communities.	 It	 will	 also	 provide	 a	 deeper	 look	 at	 key	 aspects	 of	
ASKAP’s	development.	ASKAP	Update	replaces	 the	ASKAP	Science	Update	and	ASKAP	Technical	Update	publications.	The	 latest	
issue,	number	8,	was	released	in	August	2015	and	is	available	here:	http://www.atnf.csiro.au/projects/askap/askap_update_8.pdf	

To	receive	notiEication	of	online	publication	of	each	new	edition	of	ASKAP	Update,	email	the	ASKAP	Update	Editor,	Flornes	Yuen	
(flornes.Yuen@csiro.au). 

Papers 

Published EMU Papers 

Umana	et	al.	2015,	"SCORPIO:	a	deep	survey	of	radio	emission	from	the	stellar	life-cycle”,	MNRAS,	454,902	

BanEield	 et	 al.	 2015,	 "Radio	 Galaxy	 Zoo:	 host	 galaxies	 and	 radio	 morphologies	 derived	 from	 visual	 inspection",	
MNRAS,	453,2326	

Hopkins	et	al.	2015,	"The	ASKAP/EMU	Source	Finding	Data	Challenge",	PASA,	in	press	(arXiv:1509.03931)	

Fan	et	 al.	 2015,	Matching	 radio	 catalogues	with	 realistic	 geometry:	 application	 to	 SWIRE	and	ATLAS,	MNRAS,451,	
1299		

Raccanelli	 et	 al.,	 2015,	 Probing	 primordial	 non-Gaussianity	 via	 iSW	measurements	 with	 SKA	 continuum	 surveys,	
JCAP,	01,	042	

Published ASKAP Papers (engineering and scientific) 

Serra,	P.,	Koribalski,	B.,	Kilborn,	V.	 et	 al.	 2015,	MNRAS	452,	2680:	ASKAP	HI	 imaging	of	 the	galaxy	group	 IC	1459,	
(arXiv:1506.04399,	accepted	in	June	2015)	

Allison,	J.,	et	al.	2015,	MNRAS	453,	1249:	Discovery	of	HI	gas	in	a	young	radio	galaxy	at	z	=	0.44	using	the	Australian	
Square	Kilometre	Array	PathEinder,	(arXiv:	1503.01265,	accepted	in	August	2015)	

Chippendale,	A.	P.,	Brown,	A.	J.,	Beresford,	R.	J.,	et	al.	2015a,	 	Measured	Sensitivity	of	the	First	Mark	II	Phased	Array	
Feed	on	an	ASKAP	Antenna	(arXiv:1509.00544,	accepted	for	publication	in	ICEAA	2015	-	International	Conference	on	
Electromagnets	in	Advanced	Applications)	

Chippendale,	A.	P.,	Brown,	A.	J.,	Beresford,	R.	J.,	et	al.	2015b,	Measured	Aperture-Array	Noise	Temperature	of	the	Mark	
II	 Phased	 Array	 Feed	 for	 ASKAP	 (2015arXiv150905489C,	 accepted	 for	 publication	 in	 Antennas	 and	 Propagation	
(ISAP),	2015	International	Symposium	on	

Three	other	scientiEic	papers	using	ASKAP	data	have	also	been	submitted	for	publication.	Details	will	be	provided	in	
the	next	EMU	newsletter.		

Please	send	in	details	of	any	other	EMU	or	ASKAP	related	papers	you	have	submitted.	

 
  

EMU NEWSLETTER ISSUE 7 NOVEMBER 2012                                                                                                                        EMU NEWSLETTER ISSUE 9 OCTOBER 2015                                                                                                                           

http://www.atnf.csiro.au/projects/askap/askap_update_8.pdf
mailto:flornes.Yuen@csiro.au
http://adsabs.harvard.edu/abs/2015MNRAS.454..902U
http://adsabs.harvard.edu/abs/2015MNRAS.453.2326B
http://adsabs.harvard.edu/abs/2015arXiv150903931H
http://adsabs.harvard.edu/abs/2015MNRAS.451.1299F
http://adsabs.harvard.edu/abs/2015JCAP...01..042R
http://adsabs.harvard.edu/abs/2015MNRAS.452.2680S
http://adsabs.harvard.edu/abs/2015MNRAS.453.1249A
http://adsabs.harvard.edu/abs/2015arXiv150900544C
http://adsabs.harvard.edu/abs/2015arXiv150900544C
http://www.atnf.csiro.au/projects/askap/askap_update_8.pdf
mailto:flornes.Yuen@csiro.au
http://adsabs.harvard.edu/abs/2015MNRAS.454..902U
http://adsabs.harvard.edu/abs/2015MNRAS.453.2326B
http://adsabs.harvard.edu/abs/2015arXiv150903931H
http://adsabs.harvard.edu/abs/2015MNRAS.451.1299F
http://adsabs.harvard.edu/abs/2015JCAP...01..042R
http://adsabs.harvard.edu/abs/2015MNRAS.452.2680S
http://adsabs.harvard.edu/abs/2015MNRAS.453.1249A
http://adsabs.harvard.edu/abs/2015arXiv150900544C
http://adsabs.harvard.edu/abs/2015arXiv150900544C
http://www.askap.pbworks.com


http://www.askap.pbworks.com	 "                                                                                                                                                                  14

KEY LINKS

Main	EMU	wiki:  
http://www.askap.pbworks.com	

ASKAP: 
http://www.atnf.csiro.au/projects/askap/		

anzSKA: 
http://www.ska.gov.au		

The	SKA: 
https://www.skatelescope.org/	

CONTRIBUTIONS

Contributions	are	sought	from	all	members	of	the	EMU	Team.	Plain	text	is	preferred	and	submission	of	images	and	
photographs	is	welcomed!		

DEADLINES

For	Issue	10	please	submit	material	by		8	April	2016.	Email	reminders	will	be	sent	out	several	weeks	beforehand!		

Editor 
Kate Chow  
Kate.Chow@csiro.au  
+61 2 9372 4516
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