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Fig. 3.— Schematic drawings of the central engines of radiative-mode and jet-mode AGN (not to scale).
Radiative-mode AGN (left panel) possess a geometrically-thin, optically-thick accretion disk, reaching in to
the radius of the innermost stable orbit around the central supermassive black hole. Luminous ultraviolet
radiation from this accretion disk illuminates the broad-line and narrow-line emission regions. An obscuring
structure of dusty molecular gas prohibits direct view of the accretion disk and broad-line regions from certain
lines of sight (Type 2 AGN), whereas they are visible from others (Type 1 AGN). In a small proportion
of sources (predominantly towards the high end of the range of black hole masses) powerful radio jets
can also be produced. In jet-mode AGN (right panel) the thin accretion disk is replaced in the inner
regions by a geometrically-thick advection-dominated accretion flow. At larger radii (beyond a few tens of
Schwarzschild radii, the precise value depending upon properties of the accretion flow, such as the Eddington-
scaled accretion rate), there may be a transition to an outer (truncated) thin disk. The majority of the
energetic output of these sources is released in bulk kinetic form through radio jets. Radiative emission is
less powerful, but can ionize weak, low-ionization narrow-line regions, especially where the truncation radius
of the thin disk is relatively low.

and this absorbed energy emerges as thermal infrared emission. The total column density of the obscuring
structure spans a range in inferred column densities from roughly 1023 to 1025cm−2. The highest column
densities are sufficient to absorb even hard X-rays (these cases are Compton-thick). As ionizing radiation
escapes along the polar axis of the obscuring structure it photo-ionizes gas on circum-nuclear scales (few
hundred to few thousand pc). This more quiescent and lower density population of clouds produces UV,
optical, and infrared forbidden and permitted emission-lines, Doppler-broadened by several hundred km s−1,
and is hence called the Narrow Line Region.

Observing an AGN from a sight-line nearer the polar axis of the obscuring structure yields a clear direct
view of the SMBH, the disk/corona, and Broad Line Region. These are called Type 1 (or unobscured) AGN.
When observing an AGN from a sight-line nearer the equatorial plane of the obscuring structure, this central
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Fig. 4.— The categorisation of the local AGN population adopted throughout this review. The blue text
describes typical properties of each AGN class. These, together with the spread of properties for each class,
will be justified throughout the review.

2.2. Finding AGN

This review is focused on insights into the co-evolution of SMBHs and galaxies that have been derived
from large surveys of the local universe. For such investigations of the radiative-mode AGN it is the obscured
(Type 2) AGN that are far and away the more valuable. In these objects the blinding glare of the UV and
optical continuum emission from the central accretion disk has been blocked by the natural coronagraph
created by the dusty obscuring structure. The remaining UV and optical continuum is generally dominated
by the galaxy’s stellar component (Kauffmann et al. 2003a) which can then be readily characterized. In
the sections to follow we will therefore restrict our discussion of radiative-mode AGN to techniques that
can recognize Type 2 AGN. For the jet-mode AGN the intrinsic UV and optical emission from the AGN
is generally weak or absent unless the observer is looking directly down the jet axis (e.g. Urry & Padovani
1995). Thus, the host galaxy properties can be easily studied without contamination.

(Heckman	
  &	
  Best	
  2014)	
  

(Mainly	
  from	
  
1.4	
  GHz	
  radio	
  
surveys	
  at	
  z~0)	
  

Where	
  do	
  
GPS/CSS	
  
sources	
  fit	
  
in?	
  	
  



Radio	
  luminosity	
  funcMons	
  

27-­‐29	
  May	
  2015	
   E.	
  Sadler,	
  Rimini	
  GPS/CSS	
  workshop	
   6	
  

At	
  1.4	
  GHz,	
  local	
  (z	
  <0.2)	
  
radio	
  LFs	
  for	
  AGN	
  and	
  
star-­‐forming	
  galaxies	
  can	
  
now	
  be	
  measured	
  over	
  
factors	
  of	
  >106	
  in	
  radio	
  
power	
  

Radio	
  LF	
  for	
  local	
  AGN	
  is	
  
broad,	
  but	
  shows	
  no	
  
evidence	
  for	
  bimodality	
  	
  	
  	
  
(though	
  AGN/SF	
  can	
  be	
  
hard	
  to	
  separate	
  below	
  
1023	
  W/Hz) 

SF 

AGN 

(Mauch	
  &	
  Sadler	
  2007)	
  



Local	
  radio	
  AGN	
  at	
  1.4	
  GHz	
  

27-­‐29	
  May	
  2015	
   E.	
  Sadler,	
  Rimini	
  GPS/CSS	
  workshop	
   7	
  

[data	
  points:	
  Shabala	
  et	
  al.	
  2008,	
  
	
  model	
  tracks:	
  	
  Turner	
  &	
  Shabala	
  2015]	
  	
  

•  Excess	
  of	
  compact,	
  
low-­‐luminosity	
  
sources	
  compared	
  
to	
  extended	
  
sources.	
  	
  	
  

•  Suggests	
  that	
  not	
  all	
  
compact	
  sources	
  will	
  
evolve	
  into	
  large-­‐scale	
  
FR1/FR2	
  radio	
  
galaxies?	
  	
  	
  



A	
  canonical	
  GPS	
  source:	
  	
  	
  	
  	
  
PKS	
  1934-­‐638	
  

27-­‐29	
  May	
  2015	
   E.	
  Sadler,	
  Rimini	
  GPS/CSS	
  workshop	
   8	
  

1508 TZIOUMIS ET AL. Vol. 140

Figure 3. Stokes I VLBI image of PKS 1934−638 at 1.4 GHz. Contour levels
are −4%, 4%, 8%, 16%, 32%, and 64% of the peak surface brightness of
2.4 Jy beam−1. The restoring beam is 10.8 × 5.4 mas at a position angle of
45.◦7. Note, the phase center of the image has been shifted relative to the positions
of the components indicated in Table 2 by (−20 mas, 0 mas), for convenience
of display.

Table 2
Model for the Structure of PKS 1934−638 at 1.4 GHz

S (Jy) R (mas) θ (deg) a (mas) r φ (deg)

5.6 0.0 0.0 8.7 0.9 6.4
3.7 41.0 −90.7 8.2 0.0 −62.5

Notes. S: flux density of model component; R: distance of model component
from phase center of image; θ : position angle of model component centroid
from the phase center of image; a: major axis length of model component; r:
minor axis to major axis ratio; and φ: position angle of model component major
axis.

these calibration parameters were measured at the telescopes
by performing on–off pointings toward strong radio sources of
known strength. Once fringe-fitted and amplitude-calibrated,
the data were exported to DIFMAP (Shepherd et al. 1994) for
excision of bad data, imaging, and model-fitting.

Figure 3 shows the best representation of the Stokes I data in
the image plane obtained by model-fitting the visibility data
using the model specified in Table 2 determined using the
modelfit task in DIFMAP. A uniform weighting of the (u, v)
data was used in the transformation to the image plane. Phase
self-calibration was used in early iterations of model fitting, with
amplitude self-calibration used in the final iterations of model-
fitting. Amplitude self-calibration led to changes in individual
antenna gains of the order 15%, relative to the a priori amplitude
calibration.

The structure seen in Figure 3 agrees very well with all
previous published images of PKS 1934−638 in this angu-
lar resolution regime with synthesized beams of ≈5–10 mas
(Tzioumis et al. 1989, 1996, 2002; King 1994; Ojha et al. 2004;
J. E. J. Lovell et al. 2010, in preparation). The two components
have been interpreted as the terminal hot spots from oppositely
directed jets emerging from a black hole accretion disk sys-
tem, a smaller and younger version of an FR-I or FR-II type

Table 3
Measured Component Separations in PKS 1934−638

Epoch Separation Position Angle Freq (GHz) References

1970.8 41.9 ± 0.2 −90 ± 0.1 2.3 1
1982.3 42.0 ± 0.2 −90.5 ± 0.1 2.3 2
1988.9 41.4 ± 0.5 −92 ± 0.5 2.3 3, 4, 5
1991.9 42.2 ± 0.5 −92 ± 0.5 8.4 3, 4, 5
1992.9 41.9 ± 0.5 −92 ± 0.5 4.85 5
1999.3 41.4 ± 0.5 −92 ± 0.5 1.65 6
2002.5 42.7 ± 0.4 −92 ± 0.5 8.4 7
2002.9 42.6 ± 0.3 −92 ± 0.4 8.4 7
2010.3 41.0 ± 0.6 −91 ± 1.0 1.4 8

References. (1) Gubbay et al. 1971; (2) Tzioumis et al. 1989; (3) King 1994;
(4) Tzioumis et al. 2002; (5) Tzioumis et al. 1996; (6) J. E. J. Lovell et al. 2010,
in preparation; (7) Ojha et al. 2004; (8) this work.

radio galaxy, into which GPS radio galaxies are postulated to
evolve. This is the general interpretation of these double compo-
nent structures, which are typical of GPS radio galaxies (O’Dea
1998).

We derived errors on the main parameter of interest in this
analysis, the separation between the two components in the im-
age, in order to compare our results to historical results. We
did this by keeping one model component fixed at the phase
center of the image and forcing variation of the position of the
second component, then assessing the degradation of the fit of
data to model as a function of this variation. This technique for
estimating errors has been used extensively previously (Tingay
et al. 1998). In the case of PKS 1934−648, which is an almost
equal strength double at this angular resolution, the visibility
amplitudes and phases vary strongly, allowing this technique
to tightly constrain the error bars on the separation, especially
using the long and sensitive baselines from the east coast Aus-
tralian antennas to ASKAP and Warkworth. We estimated that
the separation of the two components at 1.4 GHz is 41.0 mas ±
0.6 mas (3σ ).

3. DISCUSSION

To place our new measurement of the separation between the
two compact components in PKS 1934−638 within the context
of the historical measurements, we reproduce in Table 3 the
data compiled by Ojha et al. (2004), with the addition of our
new datum at 1.4 GHz. Also listed in Table 3 are the results
of other historical observations that were not included in the
analysis of Ojha et al. (2004), namely a 5 GHz observation
from the Southern Hemisphere VLBI Experiment (a precursor
of the Australian LBA) (Tzioumis et al. 1996) and a 1.6 GHz
observation from the VLBI Space Observatory Programme (J. E.
J. Lovell et al. 2010, in preparation). In addition, the parameter
measurements for the images of 1998 and 1991 (King 1994;
Tzioumis et al. 1996, 2002) have been repeated using the original
published images, and new estimates of separation and position
angle are reported, together with conservative error estimates.
Table 3 now includes all historical VLBI observations of PKS
1934−638, with all parameters reported in a consistent way.

We reproduce Figure 2 of Ojha et al. (2004) below in Figure 4,
including the new datum and the additional historical data. Also
plotted are lines showing the expansion rate of 23 ±10 µas yr−1

between the two compact components of radio emission in
PKS 1934−638, as estimated in Ojha et al. (2004). As can
be seen from Table 3 and Figure 4, the new measurement of
separation at 1.4 GHz lies significantly below the extrapolation
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The PACO spectrally selected sample 1847

Figure 1. Colour–colour diagram (α20
8 versus α8

5) of the sources in the SS
PACO sample. Green triangles: AT20G data on which the sample selection
was made; black diamonds: PACO data. The dotted lines show the α8

5 = 0
and α20

8 = 0 axes and the region defined by |α8
5 | < 0.5 and |α20

8 | < 0.5
contains sources classified as ‘flat-spectrum’ by Massardi et al. (2011a).

performed in logarithmic units by minimizing χ2 with a nonlinear
optimization technique based on an implementation of the Gener-
alized Reduced Gradient optimization method. Unless otherwise
noted, the results reported below refer to the ‘best quality’ PACO
spectra (see Section 2.1).

We have considered as bad fits those with χ2 − 〈χ2〉 > 3σχ where
〈χ2〉 and σχ are the mean and standard deviation of the Gaussian fit
of the reduced χ2 distribution over the whole PACO sample. Those
are respectively 〈χ2〉 = 1.3 and σχ = 0.54. We note that, in general,
the χ2 values associated with the best fits are relatively high. This is
due to the fact that, over the wide frequency range considered, the
observed spectra show some small roughness, detected by our high-
accuracy measurements, so that a smooth function cannot provide a
perfect fit. Still, the double power-law fits look acceptable for most
sources (see Figs 2–6).

For the SS sample, the double power-law model has been ac-
cepted for 57 out of 67 sources, i.e. in 85 per cent of the cases. For
them we have computed low- (5–10 GHz) and high-frequency (30–
40 GHz) spectral indices based on the fit and found that they fall in
the following spectral categories:

(i) ‘peaked’: α10
5 > 0.3, α40

30 < −0.3; 20 sources (30 per cent)
(ii) ‘down-turning’: α40

30 ≤ min(α10
5 − 0.35, −α10

5 ) and α10
5 ≤

0.3; 26 sources (39 per cent)

(iii) ‘self-absorbed’: α10
5 − 0.35 ≥ α40

30 ≥ max(−0.3, −α10
5 ); 7

sources (10 per cent)
(iv) ‘flat’ with |α10

5 |, |α40
30 | ≤ 0.3: 4 sources (6 per cent).

No source switched from ‘inverted’ or ‘upturning’ according to
the AT20G data to ‘steep’ (α10

5 , α40
30 < −0.3) according to the PACO.

Nor any source kept an ‘inverted’ spectrum (α10
5 , α40

30 > 0.3) up to
the highest frequencies in the PACO range. A similar result was
found for the bright and faint PACO samples. The peak frequency νp

can be derived from the fitting parameters as νp = ν0(−b/a)(1/(b−a)).
The remaining 10 (15 per cent) sources have complex spectra (see

Section 4): besides a main peak, they also exhibit a sort of plateau,
which can either be at ν lower (6 sources) or higher (4 sources) than
the peak frequency. This behaviour could be indicative of multiple
emission components.

2.3 Variability

Following Sadler et al. (2006) we define the variability index at the
frequency ν as

V ν
rms = 100

〈Sν〉

√∑
[Sν

i − 〈Sν〉]2 −
∑

(σ ν
i )2

n
, (2)

where Sν
i and σ ν

i are the flux density and the associated error of
a given source measured at the ith epoch, n is the number of
epochs and 〈Sν〉 is the mean of the available measurements. For
10–15 per cent of the sources (depending on frequency and time
lag)

∑
[Sν

i − 〈Sν〉]2 <
∑

(σ ν
i )2, so that the argument of the square

root in equation (2) is negative. In these cases we estimated the 1σ

upper limit to the variability index of the source as

σ ν
var = 100

〈Sν〉

√∑
(σ ν

i )2

n
. (3)

The comparison between AT20G (2004–2008) and PACO (2009–
2010) measurements gives information on the source variability
at & 5, 8 and 20 GHz (V 5

rms, V 8
rms, V 20

rms) on typical time-scales
of ∼2–4 yr (but of up to 6 yr in some cases), while the comparison
of PACO measurements at different epochs informs on variability
on a time-scale of ∼6 months, since they were coupled to the
Planck scans which have an & 6 month periodicity. The variability
indices on the latter time-scale have been computed, for all PACO
frequencies, selecting for each source the best (smallest error bars)
pair of observations spaced by 6 months within ±20 per cent.

The median PACO–AT20G and PACO–PACO variability indices
and the associated errors are reported in Table 1. The PACO–AT20G
variability of the SS sample turns out to be systematically higher
than that found for the bright PACO sample (11.8 ± 2.1, 11.7 ±
2.2 and 13.9 ± 1.9 for 5, 8 and 20 GHz, respectively; Massardi

Figure 2. PACO data (crosses) for the sources identified as HFP, with different colours corresponding to different epochs. The dotted lines are the spectral fits
to the PACO data for the epoch with the most accurate data. Also shown for comparison are the AT20G data (triangles).
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Figure 1. Colour–colour diagram (α20
8 versus α8

5) of the sources in the SS
PACO sample. Green triangles: AT20G data on which the sample selection
was made; black diamonds: PACO data. The dotted lines show the α8

5 = 0
and α20

8 = 0 axes and the region defined by |α8
5 | < 0.5 and |α20

8 | < 0.5
contains sources classified as ‘flat-spectrum’ by Massardi et al. (2011a).

performed in logarithmic units by minimizing χ2 with a nonlinear
optimization technique based on an implementation of the Gener-
alized Reduced Gradient optimization method. Unless otherwise
noted, the results reported below refer to the ‘best quality’ PACO
spectra (see Section 2.1).

We have considered as bad fits those with χ2 − 〈χ2〉 > 3σχ where
〈χ2〉 and σχ are the mean and standard deviation of the Gaussian fit
of the reduced χ2 distribution over the whole PACO sample. Those
are respectively 〈χ2〉 = 1.3 and σχ = 0.54. We note that, in general,
the χ2 values associated with the best fits are relatively high. This is
due to the fact that, over the wide frequency range considered, the
observed spectra show some small roughness, detected by our high-
accuracy measurements, so that a smooth function cannot provide a
perfect fit. Still, the double power-law fits look acceptable for most
sources (see Figs 2–6).

For the SS sample, the double power-law model has been ac-
cepted for 57 out of 67 sources, i.e. in 85 per cent of the cases. For
them we have computed low- (5–10 GHz) and high-frequency (30–
40 GHz) spectral indices based on the fit and found that they fall in
the following spectral categories:

(i) ‘peaked’: α10
5 > 0.3, α40

30 < −0.3; 20 sources (30 per cent)
(ii) ‘down-turning’: α40

30 ≤ min(α10
5 − 0.35, −α10

5 ) and α10
5 ≤

0.3; 26 sources (39 per cent)

(iii) ‘self-absorbed’: α10
5 − 0.35 ≥ α40

30 ≥ max(−0.3, −α10
5 ); 7

sources (10 per cent)
(iv) ‘flat’ with |α10

5 |, |α40
30 | ≤ 0.3: 4 sources (6 per cent).

No source switched from ‘inverted’ or ‘upturning’ according to
the AT20G data to ‘steep’ (α10

5 , α40
30 < −0.3) according to the PACO.

Nor any source kept an ‘inverted’ spectrum (α10
5 , α40

30 > 0.3) up to
the highest frequencies in the PACO range. A similar result was
found for the bright and faint PACO samples. The peak frequency νp

can be derived from the fitting parameters as νp = ν0(−b/a)(1/(b−a)).
The remaining 10 (15 per cent) sources have complex spectra (see

Section 4): besides a main peak, they also exhibit a sort of plateau,
which can either be at ν lower (6 sources) or higher (4 sources) than
the peak frequency. This behaviour could be indicative of multiple
emission components.

2.3 Variability

Following Sadler et al. (2006) we define the variability index at the
frequency ν as

V ν
rms = 100

〈Sν〉

√∑
[Sν

i − 〈Sν〉]2 −
∑

(σ ν
i )2

n
, (2)

where Sν
i and σ ν

i are the flux density and the associated error of
a given source measured at the ith epoch, n is the number of
epochs and 〈Sν〉 is the mean of the available measurements. For
10–15 per cent of the sources (depending on frequency and time
lag)

∑
[Sν

i − 〈Sν〉]2 <
∑

(σ ν
i )2, so that the argument of the square

root in equation (2) is negative. In these cases we estimated the 1σ

upper limit to the variability index of the source as

σ ν
var = 100

〈Sν〉

√∑
(σ ν

i )2

n
. (3)

The comparison between AT20G (2004–2008) and PACO (2009–
2010) measurements gives information on the source variability
at & 5, 8 and 20 GHz (V 5

rms, V 8
rms, V 20

rms) on typical time-scales
of ∼2–4 yr (but of up to 6 yr in some cases), while the comparison
of PACO measurements at different epochs informs on variability
on a time-scale of ∼6 months, since they were coupled to the
Planck scans which have an & 6 month periodicity. The variability
indices on the latter time-scale have been computed, for all PACO
frequencies, selecting for each source the best (smallest error bars)
pair of observations spaced by 6 months within ±20 per cent.

The median PACO–AT20G and PACO–PACO variability indices
and the associated errors are reported in Table 1. The PACO–AT20G
variability of the SS sample turns out to be systematically higher
than that found for the bright PACO sample (11.8 ± 2.1, 11.7 ±
2.2 and 13.9 ± 1.9 for 5, 8 and 20 GHz, respectively; Massardi

Figure 2. PACO data (crosses) for the sources identified as HFP, with different colours corresponding to different epochs. The dotted lines are the spectral fits
to the PACO data for the epoch with the most accurate data. Also shown for comparison are the AT20G data (triangles).
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Bonaldi	
  et	
  al.	
  (2013):	
  MulMfrequency	
  
monitoring	
  of	
  AT20G	
  ‘inverted	
  spectrum’	
  
sources	
  above	
  200	
  mJy	
  at	
  20	
  GHz	
  	
  

Most	
  sources	
  in	
  this	
  quadrant	
  
are	
  flaring	
  blazars,	
  but	
  some	
  are	
  
genuine	
  (non-­‐varying)	
  peaked	
  
sources	
  with	
  a	
  spectra	
  peak	
  
above	
  20	
  GHz.	
  	
  	
  

The	
  HFP	
  sources	
  studied	
  by	
  Bonaldi	
  et	
  al.	
  
(2013)	
  show	
  a	
  decrease	
  of	
  the	
  peak	
  frequency	
  
with	
  Mme	
  at	
  a	
  mean	
  rate	
  of	
  −3	
  ±	
  2	
  GHz/year	
  	
  



AT20G	
  ‘candidate	
  GPS’	
  sources	
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  May	
  2015	
   15	
  

O’Dea (1998) AT20G Sample 
Typical Peak Freq 1 GHz 8-15 GHz 

Number of sources 31 688 

Galaxy/QSO fraction 50% / 50% 23% / 77% 

Median z 0.5 / 1.6 0.2 / 1.2 

Median Log(P5) 27 / 28 W/Hz 25 / 27 W/Hz 

Paul	
  Hancock	
  (2009	
  PhD	
  thesis):	
  Complete	
  sample	
  of	
  688	
  candidate	
  GPS	
  
sources	
  from	
  AT20G	
  with	
  spectral	
  peaks	
  above	
  5GHz.	
  Majority	
  are	
  
QSOs/blazars,	
  but	
  also	
  a	
  populaMon	
  of	
  >100	
  candidate	
  GPS	
  galaxies.	
  	
  

VLBI	
  data	
  for	
  a	
  subset	
  (Hancock	
  2010)	
  imply	
  source	
  sizes	
  typically	
  <	
  100	
  
pc	
  at	
  5	
  GHz.	
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  Rimini	
  GPS/CSS	
  workshop	
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SUMSS	
  843	
  MHz	
  

AT20G	
  

AT20G	
  J074618-­‐570258:	
  z=0.13,	
  passive	
  early-­‐type	
  galaxy.	
  FRI	
  Giant	
  radio	
  
galaxy	
  at	
  843	
  MHz	
  (Saripalli	
  et	
  al.	
  2005),	
  extreme	
  GPS	
  source	
  with	
  peak	
  
above	
  20	
  GHz	
  (Hancock	
  et	
  al.	
  2009)	
  	
  	
  

A	
  recently	
  restarted	
  radio	
  galaxy?	
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 A local radio-galaxy sample 
selected at 20 GHz   

17 

By observing a 20 GHz-selected sample: 
•  Work at a frequency where AGN emission dominates  
•  Aim to detect the youngest and most powerful local radio galaxies  
•  Local benchmark for high-redshift radio surveys: e.g. at z ~3, observed 
frequencies of 1.4 and 5 GHz correspond to rest-frame 6 and 20 GHz   

27-­‐29	
  May	
  2015	
   E.	
  Sadler,	
  Rimini	
  GPS/CSS	
  workshop	
  

How	
  do	
  local	
  GPS/CSS	
  sources	
  relate	
  to	
  the	
  wider	
  AGN	
  popula4on?	
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 The	
  6dF	
  Galaxy	
  Survey	
  	
  

Redshiss	
  and	
  spectra	
  for	
  a	
  K-­‐band	
  selected	
  sample	
  (K	
  <	
  12.75	
  mag)	
  
of	
  150,000	
  galaxies	
  (plus	
  addiMonal	
  targets)	
  over	
  the	
  whole	
  
southern	
  sky.	
  	
  

Median	
  redshis	
  z	
  ~	
  0.05,	
  allows	
  us	
  to	
  study	
  local	
  radio-­‐source	
  
populaMons	
  within	
  the	
  context	
  of	
  their	
  host	
  populaMon	
  	
  	
  	
  

(Jones et al. 2004, 2009) 
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AT20G-6dFGS galaxy sample  
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Radio:	
  20	
  GHz	
  flux	
  density	
  above	
  40	
  mJy	
  from	
  
AT20G	
  catalogue	
  (Murphy	
  et	
  al.	
  2010)	
  
	
  
Op4cal/IR:	
  In	
  6dFGS	
  main	
  galaxy	
  sample	
  
(Jones	
  et	
  al.	
  2009),K	
  <12.75	
  mag.	
  	
  

Final	
  ‘AT20G	
  Local’	
  sample:	
  	
  
• 	
  202	
  galaxies	
  (201	
  AGN)	
  
• 	
  Median	
  redshiR	
  z	
  =	
  0.058	
  
• 	
  OpMcal	
  spectra	
  (LERG/HERG)	
  
• 	
  Radio	
  spectral	
  index	
  measurements	
  
(1-­‐20	
  GHz)	
  

(Sadler	
  et	
  al.	
  2014) 
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6dFGS spectra 
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LERG 

HERG 
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Source sizes at 20 GHz 
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 At 20 GHz, almost 50% of the sources are very compact  (<0.2 arcsec in size, 
i.e. smaller than 500pc at z~0.05) and have‘flat’radio spectra 

Source 
size 

Ratio of 20 GHz  
visibilities on long 
and short baselines 
(Chhetri et al. 2013)   

Flat Steep 
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Radio structure at 1 GHz 
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16/201 (8%) have FR-2 morphology at 1 GHz.  
Most of these objects are also double or triple 
sources at 20 GHz.   

FR-2  
8% 

FR-1 
24% 

FR-0 
68% 

Ghisellini 2011: “The‘FR 0’ radio ellipticals are a new population of 
radio sources (Baldi et al. 2009) having the same core radio luminosity 
of FR Is, but hundreds of times less power in the extended emission.” 

49/201 (24%) have FR-1 morphology at 1 GHz.  
Most of these are also extended sources at 
20GHz.   

Most (136/201, 68%) are unresolved at 1 GHz 
(source size < 20 arcsec,  < 15 kpc at z~0.05)  

27-­‐29	
  May	
  2015	
   E.	
  Sadler,	
  Rimini	
  GPS/CSS	
  workshop	
  

Es4mate	
  that	
  6	
  to	
  30%	
  of	
  these	
  ‘FR0s’	
  are	
  beamed	
  sources,	
  most	
  are	
  NOT	
  beamed	
  



Two	
  useful	
  plots	
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1.	
  The	
  “Ledlow-­‐Owen	
  diagram”	
  (Ledlow	
  &	
  Owen	
  1996)	
  	
  

•  Nearby	
  cluster	
  galaxies	
  at	
  
1.4	
  GHz	
  

•  DisMnct	
  FR1-­‐FR2	
  break,	
  
which	
  shiss	
  with	
  galaxy	
  
stellar	
  mass	
  

•  But	
  is	
  it	
  real??	
  	
  A	
  range	
  of	
  
selecMon	
  effects	
  at	
  play	
  in	
  
both	
  this	
  and	
  subsequent	
  
studies	
  (e.g.	
  Best	
  et	
  al.	
  2008;	
  
Gendre	
  et	
  al.	
  2013)	
  

Galaxy	
  stellar	
  mass	
  	
  

Ra
di
o	
  
lu
m
in
os
ity

	
  



Ledlow-­‐Owen	
  plot	
  at	
  20	
  GHz	
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All	
  data	
  points	
  come	
  from	
  
the	
  same	
  radio	
  survey	
  
AND	
  the	
  same	
  opMcal	
  
sample:	
  L-­‐O	
  relaMon	
  does	
  
appear	
  to	
  hold!	
  	
  
	
  
20	
  GHz	
  luminosity	
  
essenMally	
  measures	
  the	
  
core	
  power.	
  Note	
  that	
  the	
  
large	
  number	
  of	
  FR0	
  
galaxies	
  overlap	
  in	
  radio	
  
power	
  with	
  the	
  FR1/FR2	
  
systems.	
  	
  
	
  

FR2	
  

FR1	
  

X	
  FR0	
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Star-­‐formaMon	
  rate	
  

AGN	
  
accreMon	
  
rate	
  

AGN	
  light	
  
dominates	
  

Galaxy	
  light	
  dominates	
  

2.	
  The	
  WISE	
  two-­‐colour	
  plot	
  (Wright	
  et	
  al.	
  2010)	
  	
  

•  Uses	
  three	
  of	
  the	
  four	
  mid-­‐IR	
  
bands	
  from	
  the	
  all-­‐sky	
  WISE	
  
survey	
  (3.4,	
  4.6	
  and	
  12	
  
microns).	
  	
  

•  Can	
  reveal	
  obscured	
  AGN,	
  	
  
disMnguish	
  HERG	
  and	
  LERG	
  
and	
  give	
  some	
  informaMon	
  
on	
  the	
  host	
  galaxy.	
  Diagram	
  
was	
  originally	
  empirical,	
  but	
  
an	
  increasing	
  range	
  of	
  model	
  
tracks	
  now	
  being	
  developed.	
  	
  	
  	
  	
  	
  



The	
  WISE	
  2col	
  plot	
  at	
  20	
  GHz	
  (1)	
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•  Good	
  agreement	
  
between	
  spectroscopic	
  
and	
  WISE	
  classificaMons	
  
of	
  HERGs	
  and	
  LERGs	
  

•  Objects	
  with	
  Sy1	
  spectra	
  
all	
  lie	
  close	
  to	
  the	
  ‘blazar	
  
line’	
  	
  

•  ~30%	
  of	
  host	
  galaxies	
  are	
  
spiral/star-­‐forming	
  
(agrees	
  with	
  opMcal	
  
classificaMon)	
  

Blazar	
  line	
  
(Massaro+09)	
  	
  

Op4cal	
  spectroscopic	
  classifica4on	
  (HERG/LERG/QSO)	
  	
  



The	
  WISE	
  2col	
  plot	
  at	
  20	
  GHz	
  (2)	
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Local radio galaxies at 20GHz 19

those of the galaxies with a ‘normal’ H+K break. Two of the ‘low-
contrast’ galaxies, J091300-210320 and J151741-242220, have
[3.4] − [4.6] > 0.6 and lie close to the WISE blazar line of Mas-
saro et al. (2012). The remaining 12 ‘low-contrast’ galaxies have a
mean [3.4] − [4.6] colour of 0.27±0.04mag., compared to a mean
of 0.10±0.02mag for the 31 galaxies with a normal H+K break.
This shift inWISE [3.4]−[4.6] colour is consistent with what might
be expected if the ‘low-contrast’ galaxies host a weak (beamed) BL
Lac nucleus.

6.2.4 How many of the flat-spectrum AT20G-6dFGS sources are
affected by relativistic beaming?

The variability analysis in §6.2.2 and the optical H+K break mea-
surements presented in §6.2.3 both imply that no more than 30–
35% of the flat-spectrum sources in the AT20G-6dFGS sample
are affected by relativistic beaming. We showed in §6.2.1 that the
minimum beamed fraction is around 6%, so the overall fraction
of relativistically-beamed sources within the flat-spectrum popula-
tion is within the range 6–35%. More detailed VLBI and variabil-
ity studies are needed to refine this further. Based on the evidence
available so far, however, we conclude that at least two-thirds of
the flat-spectrum sources in the AT20G-6dFGS sample are likely
to be genuinely compact radio galaxies rather than low-power BL
Lac objects.

6.3 WISE colours and radio morphology

Figure 13 shows a WISE colour-colour plot similar to that in Fig-
ures 9 and 11, but now split by radio morphology into the FR-0,
FR-1 and FR-2 classes defined in Table 9.

This plot shows a remarkable split in the mid-infrared colours
of FR-1 and FR2 hosts, at [4.6]− [12]) ∼ 2.0mag. For the 59 FR-1
and FR-2 galaxies with reliable WISE photometry available:

• 93% (41/44) of the FR-1 hosts have [4.6] − [12] < 2.0mag,

• 93% (14/15) of the FR-2 hosts have [4.6] − [12] ! 2.0mag).

In other words, there is a near-complete dichotomy between
the host galaxies of our FR-1 and FR-2 radio sources, with FR-
1 sources being found almost exclusively in WISE ‘early-type’
galaxies and FR-2 sources in WISE ‘late-type’ galaxies.

This provides strong evidence that the host galaxies of FR-1
and FR-2 radio sources are drawn from different galaxy popula-
tions. This is further supported by our earlier finding (§6.1.1 and
Table 9) that the host galaxies of FR-1 radio sources are typically
more massive than the FR-2 hosts.

6.4 An overall picture of the local radio-source population

We now attempt to interpret the results presented so far in terms of
an overall picture of the local radio-source population at 20GHz.

We first assume that the distinction between high-excitation
radio galaxies (HERGs), which have a radiatively-efficient accre-
tion disk surrounding the black hole, and low-excitation galaxies
(LERGs), in which accretion is radiatively inefficient, is an impor-
tant one.

Figure 14 provides some support for this. As noted by Stern et
al. (2012), theWISE [3.4]−[4.6] µm colour allows us to distinguish
the power-law spectrum of a radiatively-efficient AGN from the
blackbody stellar spectrum of a normal galaxy (which peaks near

Figure 13. WISE colour-colour plot for FR-1 (red squares), FR-2 (blue
squares) and compact (FR-0, black crosses) radio galaxies in the 20 GHz
AT20G-6dFGS sample.

Figure 14. WISE [3.4] − [4.6]µm colour, plotted against 20GHz ra-
dio power, for HERG (blue points) and LERG (red points) objects in the
AT20G-6dFGS sample. The horizontal line at [3.4] − [4.6] = 0.6mag.
is the canonical dividing line between normal galaxies and radiatively-
efficient AGN (Wright et al. 2010).

c© 2013 RAS, MNRAS 000, 1–??

Radio	
  morphology	
  classifica4on	
  (FR0/FR1/FR2)	
  	
  

There	
  is	
  a	
  remarkably	
  clean	
  
split	
  in	
  the	
  host	
  galaxies	
  of	
  FR1	
  
and	
  FR2	
  radio	
  sources.	
  For	
  the	
  
59	
  FR1	
  and	
  FR2	
  galaxies	
  with	
  
reliable	
  WISE	
  photometry:	
  	
  
	
  
•  93%	
  (41/44)	
  of	
  FR-­‐1	
  hosts	
  

are	
  in	
  WISE	
  early-­‐type	
  
galaxies	
  

•  93%	
  (14/15)	
  of	
  	
  FR-­‐2	
  hosts	
  
are	
  in	
  WISE	
  late-­‐type	
  
galaxies	
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IC	
  1459:	
  the	
  closest	
  GPS	
  radio	
  galaxy?	
  	
  
4 S.J. Tingay & P.G. Edwards

Figure 1. VLBA images of PKS 2254−367. All images have been restored with a beam of 11× 3.5mas at a position angle of 6◦. The
image peaks are 243, 262, 251 and 240 mJy/beam, at 1.7, 2.3, 5.0 and 8.4GHz respectively. Contours are plotted at −1 (dashed), 1, 2,
4, 8, 16, 32, and 64% of the image peak.

Table 2. Flux densities of components fitted to (u, v) data in the range 0–9 Mλ. S is the flux density (in Jy)
of the model component at the frequency (in GHz) indicated by the subscript. r is the angular distance in
milli-arcseconds of the component from the phase centre. θ is the position angle in degrees (east of north) of
the component. a is the Full Width at Half Maximum of a circular Gaussian component (in milli-arcseconds)

Component S1.7 S2.3 S5.0 S8.6 r θ a

A 0.49±0.03 0.58±0.03 0.53±0.03 0.48±0.03 1.6 −174 0.0
B 0.33±0.02 0.30±0.02 0.16±0.01 0.10±0.01 15.2 −42 7.3
C 0.17±0.02 0.19±0.02 0.17±0.02 0.16±0.02 16.2 149 6.9
D 0.08±0.01 0.04±0.01 <0.03 <0.03 40.9 −29 10.6
E 0.04±0.01 0.05±0.01 0.04±0.01 0.05±0.01 42.0 153 6.8

c© 2014 RAS, MNRAS 000, 1–7

VLBI:	
  Tingay	
  &	
  Edwards	
  2014	
  

Early-­‐type	
  galaxy	
  at	
  z	
  =	
  0.006	
  (d=23	
  Mpc)	
  
Radio	
  luminosity	
  at	
  1.4	
  GHz:	
  	
  1023.0	
  W/Hz	
  	
  

10.8	
  pc	
  

VLBI	
  morphology	
  is	
  FR1-­‐like,	
  
rather	
  than	
  double	
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HI absorption-line studies 
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(Allison et al. 2012) 

HI absorption (and emission) results 
imply that both LERGs and HERGs in 
our sample sometimes contain cold 
neutral gas.  
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What are the AT20G‘FR-0’ 
radio galaxies?   
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•  Heterogeneous population in terms of both host-galaxy morphology 
(75% in WISE early-type galaxies, 25% in WISE spirals) and optical 
spectra (75% LERG, 25% HERG).   
    
•  Overall radio properties match those expected for young (CSS/
GPS) radio galaxies (40% GPS, 60% CSS) – if so, this represents the 
largest and most complete sample of young radio galaxies in the local 
universe.   

Open questions: 
•  Small-scale structure – VLBI observations in progress  
•  Demographics/modelling  – early phase of classical radio 
galaxies, or short-lived episodic activity?      
•  Gas supply and fuelling?  
•  Effects of environment – are they really young, or are there 
faint, extended jets and lobes which we just don’t see?  
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Recent	
  work	
  by	
  M.	
  Hogan	
  et	
  al.	
  (2015)	
  

•  Measured	
  high	
  radio	
  frequency	
  (15	
  GHz	
  -­‐	
  353	
  GHz)	
  
properMes	
  and	
  variability	
  of	
  35	
  Brightest	
  Cluster	
  Galaxies	
  
(BCGs).	
  

•  These	
  are	
  the	
  most	
  core-­‐dominated	
  sources	
  drawn	
  from	
  a	
  
parent	
  sample	
  of	
  more	
  than	
  700	
  X-­‐ray	
  selected	
  clusters,	
  so	
  
results	
  can	
  be	
  related	
  back	
  to	
  the	
  general	
  populaMon.	
  	
  

•  At	
  least	
  6%	
  of	
  the	
  parent	
  cluster	
  sample	
  (and	
  >15%	
  of	
  cool-­‐
core	
  clusters)	
  contain	
  a	
  radio-­‐source	
  at	
  150	
  GHz	
  of	
  at	
  least	
  
3mJy	
  (≈1023	
  W/Hz	
  at	
  the	
  median	
  redshis	
  of	
  z≈0.13).	
  	
  

•  >3.4%	
  of	
  the	
  BCGs	
  (and	
  >8.5%	
  of	
  cool	
  core	
  clusters)	
  in	
  the	
  
parent	
  sample	
  show	
  a	
  GPS	
  component	
  in	
  their	
  spectra	
  that	
  
peaks	
  above	
  2	
  GHz	
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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).

We find that the spectral turnover of the GPS compo-
nent in nineteen of these twenty-six sources lies above 2 GHz.
Only Hydra-A has a sub-dominant core at the frequency of
the core’s spectral peak. The presence of the core here there-
fore does not overtly affect the integrated spectral shape in
Hydra-A at frequencies greater than a few GHz. In the sim-
plest 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 sample was
drawn from the 726-source Parent Sample of H15a. If we
subtract from this the 196 sources that fall below Declina-
tion -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
component 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 in-

complete spectral 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 analysis 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 compo-
nents 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-
not vary on less than its crossing-time) whereas longer term

c© 2013 RAS, MNRAS 000, 1–30

(Hogan	
  et	
  al.	
  2015)	
  

	
  BCGs	
  are	
  an	
  
excellent	
  
populaMon	
  to	
  put	
  
the	
  GPS	
  fracMon	
  
into	
  the	
  context	
  
of	
  a	
  populaMon	
  of	
  
sources	
  that	
  are	
  
acMve	
  100%	
  
of	
  the	
  Mme	
  (at	
  
least	
  in	
  cool	
  core	
  
clusters).	
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12 M. T. Hogan et al.

Figure 8. Percentage variation at 15 GHz as a function of the position of the fitted GPS peak. Note that the percentage variation
has been normalised to the implied annual variation. This allows comparison of sources monitored over different
timescales and with a variety of sampling timescales. Values for OVRO sources correspond to those calculated in Section 4.4.
Three sources have historical observations from the 1970/80s at 15 GHz with the Ryle telescope (see text Section 4.4) and we include
the percentage variations over these longer timeframes, calculated in a similar way for comparison. Open symbols denote flux decreases
over the monitored period whereas filled symbols denote flux increases. We see a general tendency for higher peaking sources to be more
variable although this is not a strong trend and the ratio is highly dynamic, as highlighted by the case studies of RXJ1558-14 (shown as
large crosses) and NGC1275 (shown as large stars - also see Section 5). For comparison we plot as faded points the normalised percentage
variations in the OVRO monitoring for the HFP sample of Dallacasa et al. (2000). These inhabit a similar distribution to the peaked
components within our BCGs showing that their behaviours is not dissimilar to young radio sources elsewhere.

tuations but too many requiring the inclusion of
less-separated percentile differences, over which less
variation is expected even for varying sources. We
found that taking the 95&5th percentile range as our
maximum ensured that our measurements were ro-
bust against outlying data-points. Additionally, av-
eraging over an even number of percentile ranges
allows non-varying sources to have variations aver-
aging to effectively zero (note that in practice the
probabability of it actually averaging to precisely zero
is minimal, however the probability of it approach-
ing zero is increased with an even number).

To determine whether these measured percent-
age variations most reliably constitute genuine vari-
ability or an upper-limit on variability, we took a
measure of the two-point V.I. values for each of these
six percentile ranges. We required that a minimum
of four of these return real V.I. values for a value
to be assigned to the percentage variation, other-
wise the measured percentage variation was taken
to be an upper-limit. We normalise our mean mea-

sured percentage variation values by the mean dif-
ference in years between the measurements used,
thus recovering a measure of typical annual varia-
tion. Where only a limit on variation is recovered,
we normalise by the total monitored period in years
(roughly 1 year for the 11 sources added to OVRO list in
January 2013).

Three sources (4C+55.16, RXJ0439+05 and Z8193)
have historical 15 GHz data preceding OVRO monitor-
ing from either the UMRAO campaign or pointed obser-
vations with the Ryle Telescope. We combine these with the
OVRO data and find the percentage variations over longer
timescales.

In Figure 8 we show our calculated absolute percent-
age variations at 15 GHz as a function of the peak po-
sition of the fitted GPS. A mixture of sources increasing
and decreasing in brightness is seen. A weak general trend
for the highest peaking sources to show most variability is
seen. Such a trend is expected, as a higher turnover fre-
quency suggests self-absorption closer to the jet-base and
hence emission from smaller scales, which can more easily

c© 2013 RAS, MNRAS 000, 1–30

(Hogan	
  et	
  al.	
  2015)	
  

•  General	
  trend	
  for	
  
higher-­‐peaking	
  sources	
  
to	
  be	
  more	
  variable	
  

•  BCG	
  GPS-­‐like	
  
components	
  show	
  
similar	
  15	
  GHz	
  
variability	
  properMes	
  to	
  
the	
  Dallacase	
  et	
  al.	
  
(2000)	
  HFP	
  sample.	
  	
  

8 M. T. Hogan et al.

Figure 5. Longer term lightcurves for the five sources that were in the original list of OVRO targets. Where AMI observations were
available, the flux is corrected to 15 GHz using an index fitted to the AMI data split over the six channels for that observation specifically.
We see strong variation over typically year timescales in both RXJ0439 and A2270 at 15 GHz. Note that MJD 54000 corresponds to
September 22nd 2006.
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Alastair	
  Edge:	
  	
  
“I	
  am	
  keen	
  to	
  confront	
  the	
  "GPS	
  sources	
  are	
  young/restarted"	
  view	
  with	
  the	
  
argument	
  that	
  the	
  GPS	
  phenomenon	
  should	
  be	
  viewed	
  as	
  waves	
  of	
  AGN	
  
ac\vity	
  "lapping	
  the	
  shores	
  of	
  Rimini"	
  -­‐	
  we	
  just	
  spot	
  them	
  as	
  they	
  crest	
  and	
  
break.	
  	
  
The	
  waves	
  come	
  regularly	
  not	
  individually	
  so	
  seeing	
  a	
  strong	
  GPS	
  can't	
  be	
  
used	
  to	
  argue	
  that	
  a	
  source	
  is	
  "young"	
  as	
  we	
  can’t	
  know	
  how	
  many	
  waves	
  
have	
  come	
  before	
  it	
  from	
  the	
  presence	
  of	
  a	
  GPS	
  component	
  alone.	
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(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).

We find that the spectral turnover of the GPS compo-
nent in nineteen of these twenty-six sources lies above 2 GHz.
Only Hydra-A has a sub-dominant core at the frequency of
the core’s spectral peak. The presence of the core here there-
fore does not overtly affect the integrated spectral shape in
Hydra-A at frequencies greater than a few GHz. In the sim-
plest 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 sample was
drawn from the 726-source Parent Sample of H15a. If we
subtract from this the 196 sources that fall below Declina-
tion -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
component 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 in-

complete spectral 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 analysis 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 compo-
nents 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-
not vary on less than its crossing-time) whereas longer term
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(J.	
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  2014	
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  thesis)	
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•  ‘Classical’	
  GPS	
  and	
  CSS	
  radio	
  sources	
  tend	
  to	
  be	
  
powerful	
  radio	
  sources	
  (P	
  >	
  1025	
  W/Hz)	
  with	
  
compact	
  double	
  morphology.	
  	
  

•  Is	
  this	
  largely	
  a	
  selecMon	
  effect?	
  	
  I	
  think	
  so!	
  	
  
•  We	
  can	
  now	
  start	
  to	
  find	
  lower-­‐power	
  CSS/GPS	
  
candidates,	
  including	
  (i)	
  objects	
  with	
  FR1-­‐like	
  
morphology	
  on	
  parsec	
  scales	
  and	
  (ii)	
  high-­‐
frequency	
  GPS-­‐like	
  peaked	
  components	
  
embedded	
  within	
  low-­‐frequency	
  extended	
  
emission	
  (especially	
  in	
  cluster	
  galaxies).	
  	
  

•  Future	
  wide-­‐band	
  surveys	
  to	
  mJy	
  flux	
  levels	
  
should	
  tell	
  us	
  much	
  more!	
  	
  	
  

•  Need	
  WIDE	
  coverage	
  (100	
  MHz	
  to	
  100	
  GHz!).	
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