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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....




1991-1994 BA
1994 - 1997 PhD



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: mly-sensitivity surveys sample
the whole of the (powerful) radio source population

However ....

* Atlow 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
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The extragalactic radio frequency sky
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Cosmological Probes

1T (but) 1990’s analyses rely
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"1~ from higher frequency data

Complete, identified samples are
tiny & remain highly degenerate
to any model fit
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Radio source counts embody information about the source
populations & their evolution (space density) over cosmic time
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Radio lessons from Jasper

* Atlow 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
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Letter  Published: 05 December 1996
Decrease in the space density of quasars
at high redshift

P. A. Shaver, J. V. Wall, K. . Kellermann, C. A. Jackson & M. R. S. Hawkins

Nature 384, 439-441 (05 December 1996)  Download Citation £
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IAU GA 2003 (Sydney): Jasper returns to Parkes...

S
t
‘Y

v
S
i‘ !
:
$ i
™




log Py oy, (W Hz ™! sr—1)

™~ x latloo
N il e
_loe
_/
//

26

25

l 1 1 1 1 I 1 1 1 l 1 1

24

0 0.5 1 1.6
Volume (10'? Mpc?)

The Parkes quarter-Jansky flat-spectrum sample
lll. Space density and evolution of QSOs

J. V. Wall'*, C. A. Jackson>**, P. A. Shaver’, I. M. Hook', and K. I. Kellermann*

2005

log p normalized

redshift

Fig. 10. Above: space density p vs redshift. The individual RLFs are
each complete from z = 1.0 to z = 5.5 in steps of Az = 0.5, in the or-
der purple, brown, orange, dark red, light blue, turquoise, blue, green,
red, grey. Below: these RLFs normalized to agree over the range at
1.0 < z < 2.5. The bold black line is a least-squares fit with a
polynomial of fifth order, given in the text. The grey lines represent
1000 bootstrap trials. In this process, fits which resulted in lines of
positive slope beyond z = 5 were rejected.



he extragalactic radio frequency sky — 151 MHz
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The extragalactic radio frequency sky — 5 GHz
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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)
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2.7 GHz: increasing Quasar fractions
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% Murchison Radio-Astronomy
¢ Observatory (MRO)
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MRO: Australia

gazetted towns: 0

population: “up to 120”
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Murchison Widefield Array (MWA)

* World’s first operational (August 2013)
®* Managed & operated by Curtin University
® 128 tiles*2 (Area~2750 m? 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
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International LOFAR Telescope
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The deep 154 MHz radio source sky

LOFAR =

MWA counts
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Radio source counts @ low radio-frequencies !
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Radio source counts @ low radio-frequencies

BN 2R LB RS B B R | LI LR R | LR SR AL | LENELE SR L] | LI R R 2L | LI =
- ﬁrﬁ g -
- widn] ) + #_d'_ =
C y + 3
; :5”# T = ]
3>, :‘#, 2 Source count fit 4
‘l? SE </ directly from 3CR
Al High power sourdes
2 -
n
C -
oL _
ok
M
lo 1 lIIlII g 1 L IIIIIII 1 1 IIIlIII L 1 IlIIIlI L 1 IIIIlII 1 L IIIIIII L 1
= 1073 0.01 0.1 1 10 100

151 MHz Flux Density / Jy AST({ON

Netherlands Institute for Radio Astronomy



Radio source counts @ low radio-frequencies
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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
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LOFAR LBA upgrade

LBA pilot survey
Mosaic 54 MHz

_ “ [Frequency: 54 MHz
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The SKA extragalactic sky at 1 GHz
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Low Frequency Radio Space Missions
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CHANG’E4, NCLE

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)
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