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Introduction 
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3C348 - optical in white/yellow, radio in red 

In most powerful radio galaxies, period of jet activity is short (< 108 
years) compared with the lifetime of parent galaxy (1010 years). 

Radio lobe AGN Relativistic radio jet 
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Double-double radio galaxies 
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334 MHz GMRT image of  
J1453+3308 (Konar et al. 2006) 

z = 0.249 
linear size ~ 1.3 Mpc  

 

694 C. Konar et al.

Table 1. Observing log.

Telescope Array Observational Bandwidth Primary Observational date

configuration frequency beam

(MHz) (MHz) (arcmin)

GMRT 240 4.5 114 2005 March 17

GMRT 334 12.5 81 2004 December 25

GMRT 605 12.5 43 2005 March 17

GMRT 1287 12.5 26 2005 December 22

VLAa A 1365 25 30 2000 October 21

VLAa A 4860 50 9 2000 October 22

VLAa B 4860 50 9 2001 April 02

VLAa AB 4860 100 9 1998 July 29

VLA CnD 4860 50 9 2005 October 31

VLAa A 8460 50 5.4 2000 October 22

VLAa B 8460 50 5.4 2001 April 02

aVLA archival data.

J1453+3308             GMRT             240 MHz

Cont peak flux =  9.0E-02 Jy/b 

Levs = 4.0E-03 * (-1, 1, 2, 4, 8, 16) Jy/b
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J1453+3308             GMRT             334 MHz

Cont peak flux =  6.7E-02 Jy/b 

Levs = 2.0E-03 * (-1, 1, 2, 4, 8, 16, 32) Jy/b
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J1453+3308             GMRT            605 MHz

Cont peak flux =  4.0E-02 Jy/b 
Levs = 4.4E-04 * (-1, 1, 2, 4, 8, 16, 32,
64) Jy/b
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Figure 1. The GMRT images of J1453+3308. Left-hand panel: image at 240 MHz; middle panel: the 334-MHz image; right-hand panel: the image at

605 MHz. In all the images presented in this paper the restoring beam is indicated by an ellipse, and the + sign indicates the position of the optical galaxy. The

peak brightness and contour levels are given below each image.

to 4860 MHz. These observations have been made with an angular

resolution high enough to image the lobes with at least 6 resolution

elements along their axes. The new observations and data reduction

are described in Section 2. The observational results, such as the

radio maps showing the source structure, spectra and polarization

parameters are presented in Section 3. The standard spectral-ageing

analysis for the outer and inner structures is described and the results

are presented in Section 4, while the concluding remarks are given

in Section 5.

2 O B S E RVAT I O N S A N D DATA R E D U C T I O N

The analysis presented in this paper is based on radio observa-

tions recently conducted with the Giant Metrewave Radio Telescope

(GMRT) and Very Large Array (VLA), as well as on VLA archival

data. The observing log for both the GMRT and VLA observations

is listed in Table 1 which is arranged as follows. Columns 1 and

2 show the name of the telescope, and the array configuration for

the VLA observations; columns 3 and 4 show the frequency and

C⃝ 2006 The Authors. Journal compilation C⃝ 2006 RAS, MNRAS 372, 693–702

Older pair of radio  
lobes (~50 Myr) 

Younger pair of radio  
lobes (~2 Myr) 
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Advancing our knowledge of episodic jet activity 
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•  Few systematic searches for AGN with recurrent activity 

–  4 double-double radio galaxies discovered during a search for large, 
extended radio sources in WENSS at 325 MHz (Schoenmakers et al. 2000) 

–  GMRT observations to examine structure of 400 sources in galaxy cluster 
field; no evidence of episodic activity from source structure alone (Sirothia 
et al. 2009) 

•  Understanding history of jet activity hampered by lack of radio data 
covering wide range of frequencies 
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GaLactic and Extragalactic All-Sky MWA Survey (Randall et al. 2015) 

•  Covers entire sky south of Dec 30° at 72-231 MHz 
•  Rms ~5-10mJy but limited by confusion 
•  Resolution ~2 arcmin 
•  1st year GLEAM extragalactic catalogue of ≈ 300,000 components expected to 

be released in mid 2016 (Hurley-Walker et al., in prep.) 
•  Sensitive to sources with steep synchrotron spectra, favours old emission 

originating from extended lobes  
Constraining episodic jet activity in radio galaxies 6
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Australia Telescope 20 GHz Survey (AT20G) 
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•  Covers entire southern sky at 20 GHz 
•  Follow-up at 5, 8 and 20 GHz 
•  Resolution ~10 arcsec 
•  5890 sources with S20 GHz > 40 mJy 

(Murphy et al. 2010) 
–  Dominated by compact, flat-spectrum 

sources 
–  Mainly probes current and very recent 

AGN activity 
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Recently restarted radio galaxy in GLEAM 
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•  Unambiguous case of recurrent AGN activity in local 
universe 

•  Resolved into 3 components in GLEAM 
•  Linear size = 1.07 Mpc, z = 0.0477  
•  Only core detected by Australia Telescope 20 GHz survey 

Giant radio galaxy B2331-241 

GLEAM (200 MHz) 

NVSS (1.4 GHz) 
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Recently restarted radio galaxy in GLEAM 
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Giant radio galaxy B2331-241 

Even though they may be unresolved at higher redshift, 
candidate restarted radio galaxies can be identified from 
their broad-band radio spectra 

GLEAM (70-231 MHz) 
NVSS (1.4 GHz) 
PMN (4.85 GHz) 
AT20G (20 GHz) 
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High-frequency peaking GPS galaxies with  
diffuse extended emission  
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•  Hancock et al. (2010) followed up 21 sources with inverted spectra 
between 8 & 20 GHz in AT20G 

•  Of these, 12 found to be genuine GPS galaxies, of which 3 showed 
evidence of being restarted 

 10

 100

 1000

 0.1  1  10  100
S 

/ m
Jy

Frequency / GHz

GLEAM	

AT20G	

GLEAM 

NVSS 

J005427-341949 
z = 0.11 

Linear size ~ 355 kpc  



11

More examples 
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Complexity of multi-frequency radio spectra of 
brightest cluster galaxies (BCGs) 
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•  Hogan et al. (2015) examined 
broadband SEDs of BCGs in sample 
of 726 X-ray selected galaxy clusters 

•  Cool-core clusters much more likely 
to contain distinguishable radio core 

•  Among 35 most core-dominated 
BCGs, 26 well fit by power-law + 
GPS-like component 

•  Suggests BCGs show near-
continuous AGN activity 

6 M. T. Hogan et al.

(a) R0439+05 (b) E1821+644

(c) 4C+55.16 (d) MACS0242-21

Figure 1. Example SEDs for four objects. In panel (a) we highlight the frequencies of the observations presented within this paper,
in addition to the widely used radio-surveys NVSS/FIRST, WENSS and VLSS to help contextualise our frequency coverage. We see a
variety of spectral shapes, sometimes well-fit by a single component as in MACS0242-21 whereas in other cases requiring both a power-law
and a GPS-like component (see text). Note that the SCUBA-2 data-points at 353 GHz are included in the SEDs but excluded from the
plots as they often appear to be suggesting the presence of an additional, poorly constrained component at the highest frequencies (see
Section 5.6).

with only a minority of sources found where the combined
flux is significantly greater than the GPS component alone.

We find that the spectral turnover of the GPS com-
ponent in nineteen of these twenty-six sources lies above
2 GHz. Only Hydra-A has a sub-dominant core at the fre-
quency of the core’s spectral peak. The presence of the core
here therefore does not overtly affect the integrated spec-
tral shape in Hydra-A at frequencies greater than a few
GHz. In the simplest case we can use this to put a limit on
the number of BCGs containing powerful peaked cores that
greatly affect the spectrum above the observing frequency
of most wide-sky surveys (e.g. NVSS/FIRST at 1.4 GHz,
WENSS/WISH at 325 MHz, VLSS at 74 MHz, see Appendix
A, Condon et al. 1998; White et al. 1997; Rengelink et al.

1997; De Breuck et al. 2002; Cohen et al. 2007). Our sam-
ple was drawn from the 726-source Parent Sample of H15a.
If we subtract from this the 196 sources that fall below Decli-
nation -30◦ and so were not considered by our initial GISMO
selection criteria (see Section 2) then we find that !3.4% of
BCGs contain a synchrotron self-absorbed active core com-
ponent peaking above 2 GHz that is brighter than 10mJy at

C-band (≈ 5 GHz). This fraction increases to !8.5% if we
consider only the cool-core clusters. Our incomplete spec-
tral coverage of the full sample means that this number is
only a lower limit and that the true fraction of BCGs with
GPS-cores may be much higher. Indeed this simple analy-
sis neglects systems whose spectra appear to be persistently
flat out to high radio frequencies where multiple superposed
flux components may be present.

That strong spectral deviations at frequencies higher
than a few GHz are not uncommon in BCGs has important
implications. This includes, but is not limited to, the activity
of the population as a whole and also the expected contam-
ination rate of high-frequency peaking radio components in
BCGs on SZ signals. We consider this further in Section 5.

4.2 Nature of Variability

Understanding the radio variability of AGN is important as
it informs us on several physical processes. Short-term vari-
ation allows us to place size constraints on the region from
where any observed radio-flux propagates (i.e. a source can-

c⃝ 2013 RAS, MNRAS 000, 1–29
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Radio colour-colour plot for 20 GHz source population 
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•  Take deepest region of GLEAM 
(2500 deg2 complete to 50 mJy 
at 200 MHz) 

•  560 AT20G sources with 5 & 8 
GHz follow-ups lie in this region 

•  Of these, 504 (90%) have a 
counterpart in GLEAM 
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ASKAP/MWA synergy 
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•  Early ASKAP data invaluable in providing 0.7-1.8 GHz spectral indices 

–  Will cover GAMA fields & SDSS Stripe 82 - good optical redshift data 

•  Combine ASKAP & MWA data to identify both GPS sources with single 
period of activity & restarted sources 

•  High frequency follow-up observations + stacking experiments to probe 
low-frequency relic emission 


