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Selected	lessons	in	radio	
source	counts	and	a	lot		
more…	







Radio	source	counts	as	cosmological	probes		
	
a	2019	student	thesis	aim	

•  Derive	precision	sky	models	for	SKA-era	galaxy	surveys,	

•  Permit	exquisite	foreground	extraction	for	EOR	detection 		

•  Gain	direct	insights	into	AGN	lifetimes,	growth	of	large	scale	structure,	etc.	
	
	
…	this	is	a	story	of	old	data	(circ	1994)	&	new	developments….		
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Lessons	from	Jasper	
•  Radio	emission	is	unattenuated	by	the	ISM	or	IGM:	radio	galaxies	and	quasars	

allow	us	to	sample	the	whole	observable	Universe	
	
•  Radio	spectra	are	relatively	smooth;	radio	sources	at	z=1	in	3CR	are	so	

luminous	they	could	be	detected	at	z=10	if	they	exist	
	
•  Modern	radio	surveys	are	statistically	complete	
	
•  There	are	discrete	radio	source	populations	with	differing(?)	evolution	histories	
		
•  The	imprint	of	large-scale	structure	is	clearly	seen	in	radio	surveys	

	



(advanced?)	Radio	lessons	from	Jasper	….		
•  The	evolution	of	powerful	radio	sources	mirrors	(and	probably	influences)	

cosmic	star	formation	history		

•  Modern	radio	surveys	are	statistically	complete:	mJy-sensitivity	surveys	sample	
the	whole	of	the	(powerful)	radio	source	population		

	
However	….	
	
•  At	low	frequencies(	<200	MHz)	surveys	&	data	are	limited	by	large	beams	

(confusion)	and	lack	of	a	sizable	complete	sample	to	define	source	evolution		
	

	



The	extragalactic	radio	frequency	sky	



Radio	source	counts	are	
Cosmological	Probes	
	
	
(but)	1990’s	analyses	rely		
on	significant	extrapolation		
from	higher	frequency	data	
	
Complete,	identified	samples	are	
tiny	&	remain	highly	degenerate		
to	any	model	fit	

The	extragalactic	radio	frequency	sky	



‘Euclidean’	

Steep	rise	
(evolution	
				bulge)	

Plateau	

Decline	 Few	sources	
high	P,	mix	z	

Powerful	AGN,	
strong	

evolution,	high	
z	

‘remainder’	of	
AGN	evolution,		

all	zs	

Radio	source	counts	embody	information	about	the	source		
populations	&	their	evolution	(space	density)	over	cosmic	time	
	



Radio	lessons	from	Jasper	
•  The	evolution	of	powerful	radio	sources	mirrors	(and	probably	influences)	star	
Formation	history		

•  Modern	radio	surveys	are	statistically	complete:	mJy	level	surveys	sample	the	
whole	of	the	(powerful)	radio	source	population(s)		
	
However	….	
	
•  At	low	frequencies(	<200	MHz)	surveys	&	data	are	limited	by	large	beams	

(confusion)	and	lack	of	a	sizable	complete	sample	to	define	source	evolution		
	
So	….	
•  (1994	–	1997)	use	low	frequency	+	deeper	high	frequency	data	together,	and	
•  Directly	attempt	to	probe	the	space	density	of	the	highest-z	quasars	
	

	



	
Determine	space	density	of	high-z	quasars	–	trace	evolution	directly	using		
	compact	quasars	from	a	radio	sample	(Parkes	2.7	GHz	->	Optical	z’s)	

	



	
Determine	space	density	of	high-z	quasars	–	trace	evolution	directly	using		
	compact	quasars	from	a	radio	sample	(Parkes	2.7	GHz	->	Optical	z’s)	

	





	IAU	GA	2003	(Sydney):	Jasper	returns	to	Parkes…		



2005




The	extragalactic	radio	frequency	sky	–	151	MHz	



The	extragalactic	radio	frequency	sky	–	5	GHz	



The	extragalactic	radio	frequency	sky	–	5	GHz	

A	“dual-population”	unified	scheme		
	
-  Can	describe	the	radio	source	counts	

-			Can	produce	‘testable	predictions’	
	
-  Predicts	population-specific	N(z)’s	

Wall	&	Jackson	(1997)	
Jackson	&	Wall	(1999)	



2.7	GHz:	increasing	Quasar	fractions	

… as “surprising” 

evidence for a 


(our) unified scheme!






(Jackson & Wall 1996)




1997	-	1999	
1999	-	2003	

2003	-	2013	

PAF, ASKAP






Perth	



Murchison	RadioAstronomy	Observatory	



gazetted	towns:		0	

population:	“up	to	120”	

	MRO:	Australia’s	SKA	site	



Murchison	Widefield	Array	(MWA)	

• World’s	first	operational	SKA	precursor	(August	2013)	
• Managed	&	operated	by	Curtin	University		
• 128	tiles*2	(Area~2750	m2	at	150	MHz)	–	16	dipoles	per	tile	
•  Frequency	range	72	MHz	-	300	MHz	(30	MHz	BW)	
• Maximum	baseline	3	km	->	5km	
• MWA	System	description	
	Tingay	et	al.	PASA,	2013	

Master	Title	26	





LOFAR	1.0,	core	@	Exloo	

ldalkjdlkadj	



International	LOFAR	Telescope	
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and	far	deeper	to		
come…	

LOFAR	EOR	fields		
(1000	hr+,	120-168	MHz	

10	μJy/beam			
)	

LOFAR			
counts	

MWA	counts	
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MWA GLEAM (Franzen et al., in prep.)
MWA EoR0 field (Franzen et al. 2016)

LOFAR Bootes field (Williams et al. 2016)

The	deep	154	MHz	radio	source	sky		



		

J&W	fit		

Radio	source	counts	@	low	radio-frequencies	!	



Source	count	fit	
directly	from	3CR	
High	power	sources	

Radio	source	counts	@	low	radio-frequencies	



Source	count	fit	highly	
dependent	on	RLF/		
uncertain	due	to	lack	of		
moderate	P	sources	in	
3CR	(inversion	of	LD)		

Radio	source	counts	@	low	radio-frequencies	



LOFAR	+	deep	optical	redshift	surveys		

•  LOFAR	target	sources	for	4.2m	WHT	WEAVE	MOS		

•  Expect	>	1	million	spectra	of	radio	sources	during	5	years	of	WEAVE	observations	

•  No	magnitude	or	colour	selection	->	fully	representative	view	of	the	SFG	and	AGN	populations	
(“approaching	100%	complete	for	z<1”)	



LOFAR,	deep	surveys	and	the	future		
LOFAR	LBA	upgrade	
	

LBA	pilot	survey	
Mosaic	54	MHz	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

de	Gasperin	et	al	
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1	nJy	at	1.4	GHz?	

The	SKA	extragalactic	sky	at	1	GHz		



and	another	future…	



CHANG’E4,	NCLE	

39	ESA	Netherlands-China	low	frequency	Explorer	
Pathfinder	for	Dark	Age/Cosmic	Dawn	HI	–	1	–	80	MHz	
ASTRON	–	antenna	+	receiver	system	(with	Radboud	+	ISIS)	
Launch	22	May	2018	-	first	low	frequency	radio	telescope	in	space	(L2)	
	

Analog	Input	System		




