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           Murchison Widefield Array 
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•  Low-frequency precursor telescope for SKA 
•  Managed & operated by Curtin University 
•  128 tiles (collecting area 2752 m2 at 150 MHz) each of 16 dipoles 
•  Frequency range 72-300 MHz (30.72 MHz bandwidth) 
•  Maximum baseline 3 km 
•  System description: Tingay et al. (2013) 
•  Primary science objectives: Bowman et al. (2013) 
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MWA instantaneous uv coverage 
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Mid/outer regions 
Resolution, calibration 
uv coverage 

Compact core 
(surface brightness) 

See Tingay et al. (2013) 

Snapshot, full bandwidth uv coverage Array layout 

Angular resolution at 154 MHz: ≈ 2.5 arcmin 
Field-of-view at 154 MHz: ≈ 30 deg 



Radio galaxies & AGN 

Galaxy clusters 

Magellanic clouds 

Diffuse Galaxy & B field 

SNRs & HII regions 

Designed to service 30+ MWA science programs 

Why GLEAM? 
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GLEAM extragalactic source catalogue (Hurley-Walker et al. 2016) 
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•  Based on 1st year of GLEAM obs. (4 weeks between June 2013 & July 2014) 
•  Covers sky area of 24,402 deg2 below Dec +30° at 72-231 MHz 
•  307,801 components to 5-10 mJy rms 
•  Catalogue and images available online: 

–  http://www.mwatelescope.org/science/gleam-survey 
•  2nd year observations complete; data analysis ongoing 

Completeness at S200 MHz = 100 mJy 

Galactic Plane 
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Imaging strategy - snapshot imaging 
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•  Meridian drift scans as 2-minute snapshots, cycling through frequencies 
–  7 DEC bands: 18.6, 1.6, -13.0, -26.7, -40.2, -55.0, -72.0 
–  5 frequency ranges covering 72-231 MHz 

•  In a 2-minute snapshot, MWA is close to coplanar - small w-terms can be fixed 
with appropriate imager 

•  CLEAN each snapshot separately using WSClean (Offringa et al. 2014) 

•  Generate mosaics via image-plane co-addition after correcting for ionospheric 
shifts and primary beam 

Example snapshot (full bandwidth) 
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Catalogue strategy 
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For each narrow band image do a fit with 
priors from the reference catalogue 

Create reference catalogue from wideband 
reference image (‘white’ image) 

Catalogue contains 
•  all sources from deep image 
•  fluxes from each subband for each source 
•  zero false cross IDs 

Wideband reference image 
170-231 MHz 

8 MHz narrow band 
images 
(x20) 

Use Aegean source finder (Hancock et al. 2012) 
https://github.com/PaulHancock/Aegean 
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Limits of noise & confusion 
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•  3 basic sources of error: system noise, classical confusion and sidelobe confusion 
•  Estimate classical confusion noise across band using deep GMRT counts at 154 MHz 

(Williams, Intema & Röttgering 2013, Intema et al. 2011 & Ghosh et al. 2012) 
•  Use thermal noise estimates in cold region of extragalactic sky from Wayth et al. (2015) 
•  Compare with measured rms noise in deepest region of GLEAM 

Background noise primarily  
due to sidelobe confusion 

•  Limited CLEANing depth 
•  Source smearing due to 

ionosphere 
•  Far-field sources that have 

not been deconvolved 
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Extragalactic science 
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In progress: 
•  Callingham et al.: Searching for GPS & CSS sources 
•  Drouart et al.: Searching for high-redshift radio galaxies 
•  Franzen et al.: Source counts and confusion across 70-230 MHz band 
•  Hurley-Walker, Heald et al.: GLEAM and MSSS 
•  Jackson, Franzen, White et al.: 4 Jy sample 
•  Johnston-Hollitt et et.: New cluster relics and haloes 
•  Kapinska et al.: Dying and relic radio galaxies 
•  Line et al.: Automated multi-resolution cross-matching 
•  Murphy et al.: GLEAM/TGSS search for transients 
•  Sadler et al.: Low frequency radio source populations in the local universe 
•  Seymour et al.: Low frequency SEDs of star-forming galaxies 
•  White et al.: Angular two-point correlation function 
•  More to come… 
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GLEAM source counts at 154 MHz 

Using GLEAM to unravel the nature of the low-frequency radio source population
 13


100

1000

10e4

0.01 0.1 1 10 100

n(
S)

 S
2.

5  [J
y1.

5  s
r-1

]

154 MHz flux density [Jy]

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

Edge et al. (1959)
Hales et al. (2007)

Williams, Intema & Rottgering (2013)

FoV = 570 deg2 

13,458 sources > 5σ 
 



14
Using GLEAM to unravel the nature of the low-frequency radio source population
 14


10

100

1000

10e4

10e-4 0.001 0.01 0.1 1 10 100

n(
S)

 S
2.

5  [J
y1.

5  s
r-1

]

S154 [Jy]

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

LOFAR Bootes field (Williams et al. 2016)

154 MHz source counts 



15


GLEAM 4 Jy sample 

GEG Overview
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•  A fundamental southern sky sample of bright radio sources akin to 3CR 
•  About 10 times larger: 2115 sources versus 173 in 3CR 
•  Direct insight to source populations & their evolution (space density) + 

GLEAM 72-231 MHz SED 

NVSS double 

Jackson	et	al.	(2016)	

24% of all GLEAM  
sources are multiples  
in NVSS/SUMSS 
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ATCA follow-up observations at 5.5, 9 and 18 GHz 

GEG Overview
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•  Of 1491 GLEAM 4 Jy sources below Dec 0, only ≈ 40% have match in AT20G 
•  ATCA follow-up at 5.5, 9 and 18 GHz of sources not detected in AT20G 
•  Preliminary results suggest that emission is lobe-dominated for majority of these 

sources at all 3 frequencies 

NVSS 

ATCA 18 GHz (follow-up) 

Grey scale:  
SuperCOSMOS J-band 
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Searching for GPS & CSS sources 
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Callingham et al., in prep. 

Radio	colour-colour	plot	from		
72	MHz	to	0.843/1.4	GHz	

•  Construct largest sample of peaked-spectrum sources to-date with 
contemporaneous observations below spectral peak 
–  Spectral comparison of different absorption models 
–  Search for young & high-redshift AGN 

•  Select 96,628 unresolved GLEAM sources with S200 MHz > 160 mJy  
•  1484 of these (≈ 1.5%) are peaked-spectrum candidates 

0.2
0.4
0.6
0.8

1

0.2 0.4 0.6 0.8 1

�2.0 �1.5 �1.0 �0.5 0.0 0.5 1.0 1.5 2.0
↵low

-3.0

-2.0

-1.0

0.0

1.0

2.0

↵
hi

gh

0 500 1000 1500 2000

α h
ig

h (
0.

2-
1 

G
H

z)
 

αlow (72-231 MHz)  



18


Example SEDs 
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Known GPS source with convex  
pattern between 72 MHz and 1.4 GHz 

Identified peaked-spectrum sources 

PEAKED-SPECTRUM RADIO SOURCES AT LOW FREQUENCIES 13
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Figure 9. Spectra of two of the known GPS sources that have a convex pattern between 72 MHz and 1.4 GHz. The symbols represent data from the same surveys
as in Figure 7, with the dark green diamonds depicting data from the AT20G survey. The black curve represents the fit of the generic curved spectral model of
Equation 3 with an addition of a low frequency power-law. The blue circle in the inset plot highlights the position of the source in the colour-colour diagram of
Figure 2.

Figure 10. The spectrum of the USS source TN J0924-2201, which is located
at z = 5.19 (van Breugel et al. 1999). The symbols represent the data from
the same surveys detailed in Figure 7. The turnover is at ⌫p = 160 ±
20MHz.

catalogues of: De Breuck et al. (2002), which selected USS
sources between 325 MHz and 1.4 GHz, and Broderick et al.
(2007), which selected sources between 408 and 843 MHz.
We find that eight and five sources from (De Breuck et al.
2002) and Broderick et al. (2007) show turnovers at or below
300 MHz, respectively. In comparison, 113 of the 154 USS
sources from De Breuck et al. (2002) and 213 of the 239 USS
sources from Broderick et al. (2007) are in the GLEAM sam-
ple remaining at step 5 of the selection process. Of the 13
USS sources in which we detect a spectral peak, two have re-
ported spectroscopic redshifts at 2.204, and 5.19 (Bryant et al.
2009; van Breugel et al. 1999). The peaked-spectrum of the
USS source TN J0924-2201, located at a redshift of 5.19 (van
Breugel et al. 1999), is shown in Figure 10. The USS sources
in which we detect a turnover are listed in Table A in the ap-
pendix.

Follow up observations of the USS sources with a spectral
turnover, ideally with the wideband backends on the Australia
Telescope Compact Array (ATCA) and the VLA, are required
to confirm whether these sources display a high frequency
exponential break indicative of a source that has ceased nu-
clear activity (Jaffe & Perola 1973; Murgia 2003), as per
PKS B0008-421.

Alternatively, if these sources are actively fuelling their
AGN and the ‘youth’ scenario of peaked-spectrum sources
is correct, the turnover in their spectra could have shifted to
low-frequencies because they are located at high redshift (Fal-
cke et al. 2004). The steep optically-thin slope supports these
sources being located at a high-redshift if the steepness is a
product of the sources being found in environments similar
to the centre of local, rich clusters. This is because it is pos-
sible the high environmental densities in the early Universe
will both constrain the evolution of the radio jets (Bicknell
et al. 1997) and steepen the optically thin spectrum through
first-order Fermi acceleration processes from slowed hot-spot
advancement (Athreya & Kapahi 1998; Klamer et al. 2006).
Since extremely steep-spectrum radio galaxies and GPS/HFP
sources often reside at the centres of rich clusters in the lo-
cal universe (Reuland et al. 2003; Klamer et al. 2006; Hogan
et al. 2015), having both a low frequency turnover and steep
spectral slope above the turnover could be excellent priors in
searching for high redshift galaxies.

While Blundell et al. (1999) posited that the correlation be-
tween redshift and steep optically thin spectral indices were
a product of radio luminosity and Malmquist bias, adding the
requirement of a turnover breaks the degeneracy of the evo-
lution of radio luminosity and different survey flux density
limits. Therefore, provided USS sources with low frequency
turnovers are young radio AGN, they represent excellent high-
redshift candidates.

8. SPECTRAL PROPERTIES OF THE PEAKED-SPECTRUM SAMPLE

Since we have derived a unique peaked-spectrum sample
by exploiting a wide band low frequency survey, it is impor-
tant to compare the spectral properties of this sample with
archetypal peaked-spectrum samples, such as those presented
by O’Dea (1998) and Snellen et al. (1998). Such a compari-
son is to test whether the spectral properties of known GPS,

AT20G 
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Low frequency spectra of star-forming galaxies 
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IRASF00198-7926 

Galvin,	Seymour,	McDermid	et	al.,	in	prep.	

•  Measured radio SEDs of 19 ULIRGs 
at 0.067 < z < 0.227 using GLEAM + 
ATCA follow-up (2.1-40 GHz) 

•  About 40% show turnover at low 
frequency due to free-free absorption 

•  Use WiFeS data to calibrate radio 
emission against SFR and investigate 
geometry of star formation 

•  Relate radio SED to geometry of star 
formation 
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Conclusions 
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•  New southern radio sky survey 

•  Widest fractional bandwidth and largest sky area survey at radio frequencies to 
date 

•  Calibrate low frequency flux scale of southern sky to better than 10% 

•  Catalogue of 300,000+ extragalactic sources with 20 separate flux 
measurements across 72-231 MHz (Hurley-Walker et al. 2016) 

–  http://www.mwatelescope.org/science/gleam-survey 

•  Huge range of science papers arriving in 2016-2018 

•  MWA is being upgraded, roughly doubling the array resolution; raises possibility 
of conducting large-area, sub-mJy continuum surveys 


