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•  AGN	  evoluTon	  
•  RelaTonship	  between	  AGN	  &	  normal	  galaxies	  not	  understood	  
•  Don’t	  yet	  understand	  evoluTon	  of	  young	  radio	  galaxies	  

•  Some	  quesTons	  to	  address:	  
•  When	  do	  AGN	  first	  appear?	  What	  evoluTonary	  path	  do	  they	  follow?	  
•  Does	  AGN	  evoluTon	  occur	  in	  a	  short	  burst	  or	  gradually	  within	  first	  few	  Gyr?	  
•  What	  are	  the	  properTes	  of	  AGN	  &	  host	  throughout	  their	  evoluTon?	  
•  Are	  GPS/CSS	  sources	  the	  youngest	  radio	  galaxies?	  

•  To	  pinpoint	  when	  AGN	  becomes	  acTve,	  and	  the	  Tmescales	  over	  
which	  they	  evolve,	  we	  observe	  GPS/CSS	  sources	  

Context	  –	  AGN	  evolu1on	  
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GPS/CSS	  sources	  –	  the	  youngest	  AGN?	  
•  Jets	  grow	  with	  age	  

•  GPS	  à	  CSS	  à	  Large	  RGs	  

•  Typical	  sizes:	  
•  GPS:	  <	  1	  kpc	  
•  CSS:	  1	  –	  10s	  kpc	  

•  Jet	  size	  excellent	  tool	  
	  	  	  	  	  for	  da1ng	  RGs	  
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Figure 3. Luminosity–size profile (or L –D track; red curve)
for a 1011 M⊙ stellar mass AGN host galaxy with a jet power of
Qtot = 1035.5 W in a typical environment. The transonic phase
occurs when some parts of the cocoon are expanding subsonically,
while others are still supersonic. The fall in luminosity beyond
10Myr is due to the Rayleigh-Taylor mixing of the cocoon with its
environment. The dotted blue line shows the evolution predicted
by our model using the supersonic solution throughout the source
lifetime. Note the different time axes for the two models (lower axis
for our model, and upper axis for the FR-II only model). These
models yield very different sizes and luminosities at ages exceeding
1Myr.

2.5. Radio source luminosity

In order to observationally constrain the properties of
radio AGN, we need to model the radio luminosity due to
the synchrotron emission from the relativistic electrons
in AGN cocoons. Synchrotron-emitting electrons will
lose energy through adiabatic, synchrotron and inverse
Compton losses. We follow the formalism of Kaiser et al.
(1997), modifying their Equation 16 to include our multi-
power law pressure profile. The total cocoon luminosity
(i.e. both lobes) at frequency ν is then given by

Lν =

∫ t

0

4σTcqBp

3ν(qBp + 1)
(Qf−3/2)n0γγi

2−s

A2(1−Γc)/Γc

(

Ve(t)

Ve(ti)

)−(ΓB+1/3)

dti,

(9)

where σT is the Thompson cross-section, c is the speed
of light, ΓB = 5/3 is the adiabatic index of the magnetic
field, s = 2.14 is the electron energy injection index and
qBp = (s + 1)/4 (Kaiser et al. 1997). Here, Ve is the
volume of an electron ensemble where γ is the Lorentz
factor of an electron emitting radiation predominantly at
frequency ν, whilst γi are the Lorentz factors at the times
ti when the electrons are initially injected into the radio
cocoon. This Lorentz factor γi is calculated iteratively
(over each power law) using Equation 10 of Kaiser et al.
(1997), and finally used to determine the number density
coefficient n0 defined in their Equation 8.
We note that there are significant uncertainties in the

estimation of the radio source luminosity at a given jet
power since the physics of these objects is not fully
understood. Willott et al. (1999) described these un-
certainties using a single factor f , which is observa-
tionally constrained to lie between ∼ 1 and 20. In
Section 5, we show that our model is consistent with

jet powers estimated from X-ray cavity measurements
(Heckman & Best 2014) for f ∼ 5. This factor flows
through directly from our jet powers into our measures
of the AGN energetics, but also subtly affects our source
age estimates. For an uncertainty factor of f = 5,
the estimated source age at a given size and luminos-
ity is approximately 0.3 dex lower than that calculated
using f = 1. That is, the source age decreases as
roughly f−1/2 in agreement with Equations 4 and 5 of
Kaiser & Alexander (1997) for supersonic expansion. In
this work, we calculate our results using f = 1 but retain
this uncertainty factor in equations so these results can
be readily scaled for any realistic choice of this variable,
e.g. f ! 5.
A typical luminosity–size track produced by our model

is shown in Figure 3. Our new model predicts a very
different temporal evolution of AGN size and luminos-
ity compared to the standard FR-II models. This has a
large effect on the derived jet powers and ages of ob-
served AGN. The luminosity increases initially in the
core regions where the density of the host environment is
roughly constant (with radius) before decreasing as the
density profile steepens towards β = 2. This behaviour
is similar to that found in 3D MHD simulations of ra-
dio jets in a range of environments (Hardcastle & Krause
2013). By contrast, dynamical models which assume a
single β ∼ 2 power law profile (e.g. Kaiser et al. 1997;
Blundell et al. 1999, not shown in figure) predict the lu-
minosity decreases monotonically with increasing size.
Our model also predicts the source luminosity will rise
suddenly upon entering the transonic expansion phase.
This increase occurs since the cocoon pressure equili-
brates with that of the host environment rather than
continuing to drop off at the rate predicted by the FR-
II model. Luo & Sadler (2010) find a similar increase in
luminosity using their pressure-limited expansion model
for FR-Is. The fall in luminosity beyond 10Myr is due to
the Rayleigh-Taylor mixing of the cocoon with the host
environment as detailed in Section 3.

3. RAYLEIGH-TAYLOR MIXING

As the radio source expansion slows down, the cocoon
becomes susceptible to the Rayleigh-Taylor instability.
Different parts of the cocoon become subsonic with re-
spect to the ambient medium at different times. As the
cocoon plasma becomes entrained by this surrounding
medium, the high energy synchrotron electrons in the
cocoon will be collisionally reduced to the ambient en-
ergy level of the much denser surrounding atmosphere.
The radio emission from these mixing regions is thus sig-
nificantly reduced; here we assume it to be zero. The
fluid mechanics of this situation are considered here in
order to estimate the volume of the cocoon that remains
unmixed, and thus visible, as the cocoon ages. Radio
luminosities estimated using the equations of the previ-
ous sections will be modified by this visible fraction to
account for the Rayleigh-Taylor mixing.
The expanding surface of the underdense cocoon will

become Rayleigh-Taylor unstable (Rayleigh 1883; Taylor
1950) as it enters the subsonic phase. The thick-
ness of the Rayleigh-Taylor mixing layer can be calcu-
lated based on the late time self-similar growth phase

Ross Turner et al. (2015) 
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GPS/CSS	  sources	  –	  the	  youngest	  AGN?	  
•  	  	  	  	  	  	  	  	  	  	  	  	  	  relaTon	  
	  

•  Studies	  mostly	  
limited	  to	  Jy	  levels	  

•  Need	  depth,	  many	  	  
frequencies	  and	  high	  res	  

•  Hancock+	  (2010)	  &	  
Randall+	  (2012)	  are	  among	  
	  the	  faintest	  samples	  

•  Only	  goes	  down	  to	  a	  few	  mJy	  
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Fig. 5.—The intrinsic turnover frequency vs. linear size for the Fanti et al.
CSS sample and the Stanghellini et al. GPS sample. The quasars are represented
by crosses, and the galaxies by solid squares. Adapted from O’Dea & Baum
(1997).

the -l plane. This suggests that the GPS and CSS sources arenm
simply scaled versions of each other. (2) The correlation is the
same for the galaxies and quasars. (3) There is a simple linear
relationship on the log-log plot. O’Dea & Baum (1997) find

log n . 20.21(50.05)2 0.65(50.05) log l, (4)m

or . The fact that a simple physical relationship exists20.65n / lm

suggests that the physical properties of the GPS and CSS
sources are related and that the mechanism for the turnover
depends simply on the source size.
Note, however, that if the GPS sources evolve in luminosity

as they age (§ 12), the sources in the upper left part of the
plane may dim sufficiently that they leave the current flux
density–selected samples before they reach the lower right part
of the plane. Thus, Figure 5 does not necessarily imply that
sources evolve along the locus of points of the observed cor-
relation. O’Dea & Baum show that assuming the turnover is
due to synchrotron self-absorption, the evolution model of Be-
gelman (1996) produces plausible evolution on the -l plane.nm
Bicknell et al. (1997) show that the assumption of free-free
absorption can also reproduce similar evolutionary tracks on
the -l plane.nm

3. RADIO MORPHOLOGY
Because the radio sources are on the arcsecond scale or

smaller, the development of a clear picture of the radio prop-
erties awaited the ability to image these sources with high
fidelity at subarcsecond resolution (the VLA, MERLIN, the

EVN and global VLBI networks, and finally the VLBA). Ex-
amples of GPS and CSS radio morphology are shown in Figure
6, and statistics are given in Table 4. Pioneering VLBI work
on the GPS sources (see, e.g., Phillips & Mutel 1980, 1981,
1982; Phillips & Shaffer 1983; Mutel, Phillips, & Skuppin
1981; Hodges et al. 1984; Jones 1984; Mutel et al. 1985; Pear-
son & Readhead 1984, 1988) revealed simple, relatively sym-
metric structure in the radio sources associated with galaxies.
These structures were dubbed “compact doubles” by Phillips
&Mutel (1982). Deeper images have revealed additional details
in the structure of the GPS radio galaxies (see, e.g., Conway
et al. 1990a, 1990b, 1992, 1994; Wilkinson et al. 1994; Read-
head et al. 1996a, 1996b; Dallacasa et al. 1995; Stanghellini
et al. 1996, 1997b; Polatidis et al. 1995; Thakkar et al. 1995;
Taylor et al. 1994). The new observations revealed multiple
components in the sources, including in some cases the “core”
of the radio source. In a growing number of sources, e.g.,
07101439 and 23521495 (Wilkinson et al. 1994; Readhead
et al. 1996b), it seems that the radio structure is “triple” with
radio jets and lobes on both sides of a core. These sources with
two-sided radio structures have been called compact triples by
Conway et al. (1990a, 1990b) and CSOs by Wilkinson et al.
(1994) and Readhead et al. (1996b). The term “symmetric” is
used by Readhead et al. to mean “two-sided,” i.e., there is
emission on both sides of the core, rather than implying exact
symmetry between the two sides. Although many of the GPS
radio galaxies are two-sided, in many cases the morphologies,
arm ratios, and flux density ratios are not especially symmetric.
This asymmetry may be due to strong interactions of the radio
source with the ambient medium.
From Table 4, it is clear that nearly all GPS galaxies have

either compact double (CD) or triple (CSO) morphology. The
current data suggest that the GPS quasars can have a mixture
of morphologies, including compact sources, triples, and core-
jet (Hodges et al. 1984; Hummel et al. 1988; Spangler, Mutel,
& Benson 1983; Gurvits et al. 1992, 1994; Dallacasa et al.
1995; Stanghellini et al. 1996, 1997b).
A large body of data on the radio structures of the CSS

sources has been accumulated (Pearson, Perley, & Readhead
1985; van Breugel et al. 1984b, 1992; Fanti et al. 1985, 1989;
Simon et al. 1990; Wilkinson et al. 1984a, 1984b, 1991b; Spen-
cer et al. 1989, 1991; Zhang et al. 1991, 1994; Mantovani et
al. 1994; Akujor, Spencer, & Wilkinson 1990; Akujor, Spencer,
& Saikia 1991a; Akujor et al. 1991b, 1993; Akujor & Gar-
rington 1995; Nan et al. 1991a, 1991b, 1992; Sanghera et al.
1995; Cotton et al. 1997a, 1997b). The CSS galaxies tend to
be (sometimes asymmetric) doubles and triples, while the qua-
sars tend to be triple with a single bright jet (Spencer et al.
1989; Fanti et al. 1990b; Sanghera et al. 1995). Based on early
low-fidelity images, the quasars were often thought to be core-
jets, but recent observations have shown that they are mostly
triples (Sanghera et al. 1995). A similar situation may hold for
the GPS quasars. The CSS quasars tend to have brighter jets
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•  Aim:	  To	  construct	  an	  evoluTonary	  sequence	  for	  the	  early	  stages	  
of	  AGN,	  with	  a	  parTcular	  focus	  on	  faint	  GPS/CSS	  sources	  

•  Place	  in	  evoluTonary	  sequence	  not	  well	  understood	  
•  We	  study	  very	  faint	  RGs	  from	  radio	  –	  X-‐rays	  over	  a	  large	  sample	  in	  order	  to	  

detect	  meaningful	  tracers	  of	  their	  age	  (e.g.	  jet	  sizes,	  spectra,	  colours,	  etc)	  

Goal	  –	  construct	  evolu1onary	  sequence	  
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•  Jet	  sizes	  
•  Electron	  lifeTmes	  /	  spectral	  age	  &	  index	  	  

(based	  on	  break	  &	  turnover	  frequency)	  

•  SeparaTon	  of	  nuclei	  (binary	  AGN)?	  
•  Colours	  &	  SED	  of	  host	  

Main	  age	  indicators	  
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Figure 8. (u−r) colour evolution for a star-forming galaxy with an underlying 9 Gyr old population, and recent star formation
described by the Schmidt-Kennicutt law (Equation 1) with t2 = 2.8 Gyrs and fgas,0 = 0.07. Solid lines are for metallicity of
0.2 Z⊙, and dashed for 1 Z⊙.

is relatively slow for t2 > 1 Gyr, and we therefore do not expect the exact form of the prior

on t2 to affect our results either. Importantly, while we adopt a log-normal2 form for the

distribution of the initial gas graction fgas,0, the normalization is left as a free parameter

used to match the observed colours in unaffected (i.e. “outside”) galaxies in our sample.

Figure 9 shows the best-fit models to (u−r) colours for the “outside” galaxies near FR-II

radio AGN. A range of metallicities is considered. Reasonable gas fractions of < fgas,0 >=

0.07 and σlog fgas,0 = 1.0 reproduce the bulk of the observations. These values are consistent

with the observed gas fraction ∼ 0.1 in local early-type galaxies (Kaviraj 2009). The very

blue and very red galaxies are not very well reproduced by the models, most likely due to a

number of contributing factors. It is possible that we have not encompassed the full range of

metallicities or old starburst ages. As Figure 9 shows, up to a 0.5 dex offset in (u− r) colour

can arise due to a change in metallicity. Alternatively, tidal stripping effects not considered

here may be important: accreting galaxies would exhibit enhanced star formation, while the

stripped companions would appear redder. An intriguing possibility for the origin of the

reddest galaxies, discussed in Section 4.5, is that these carry an imprint of previous AGN

outbursts. We note that, overall, the models fit the bulk of the sample well.

Modifying the scatter changes the overall slope as well as shape in the middle of the

2 As Sutherland & Bicknell (2007) note, a log-normal distribution is the limiting distribution for a product of random incre-

ments, analogous to the normal distribution playing that role for random additive increments. In our case, such increments

could represent various merging and feedback processes that affect the gas fraction.

c⃝ 0000 RAS, MNRAS 000, 000–000

Shabala+ (2011) 



•  Widest	  deep	  radio	  survey	  (Norris+	  2006;	  Franzen+	  2015)	  
•  7	  square	  degrees	  of	  CDFS	  and	  ELAIS-‐S1	  
•  r.m.s.	  (σ)	  of	  15	  μJy	  

•  Overlaps	  with	  deep	  observaTons	  in:	  
•  X-‐ray	  –	  e.g.	  Chandra	  
•  OpTcal	  –	  e.g.	  AAT	  spectra	  (500	  redshijs)	  
•  Infrared	  –	  e.g.	  Spitzer,	  VISTA,	  Herschel	  

•  Data	  Release	  3	  (DR3;	  Franzen+	  2015)	  
•  >	  5	  000	  galaxies	  (about	  half	  AGN)	  
•  Redshijs	  for	  most	  sources	  with	  more	  coming	  

•  First	  1me	  this	  research	  will	  have	  taken	  place	  using	  such	  a	  faint	  
sample	  of	  this	  size	  –	  will	  pave	  the	  way	  for	  ASKAP	  science	  

Faint	  Sample:	  ATLAS	  	  
(The	  Australia	  Telescope	  Large	  Area	  Survey)	  
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How ATLAS compares 
to other surveys 

Pavo 



•  AddiTonal	  data	  set	  of	  radio-‐conTnuum	  mosaics	  compiled	  by	  merging	  
a	  number	  of	  observaTons	  together	  at	  λ	  =	  20cm,	  13cm,	  6cm,	  3cm	  by	  
Wong+	  (2011)	  &	  Crawford+	  (2011)	  

•  Many	  background	  sources	  (mostly	  AGN)	  –	  1560	  at	  20	  cm	  from	  Wong+	  (2011)	  	  
•  Great	  spectral	  coverage	  across	  shorter	  wavelengths	  from	  3	  cm	  –	  36	  cm	  
•  Wider	  &	  shallower	  (0.4	  –	  0.8	  mJy	  –>	  complimentary	  to	  fainter	  AGN)	  
•  Well-‐studied	  

•  Surveys	  from	  other	  bands	  include	  Spitzer,	  Chandra,	  XMM	  
•  Many	  spectroscopic	  redshijs	  (Kozlowski+	  2011/13)	  and	  RMs	  (Mao+	  2008)	  

Mid-‐Strength	  Sample:	  SMC	  (Small	  Mag	  Cloud)	  
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Selec1on	  Strategy	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Find	  young	  AGN	  	  	  	  	  	  	  	  	  
	   	  	   	  from	  Radio	  Data	  

Select	  subsample	  of	  unresolved*	  AGN	  
with	  GPS/CSS	  spectrum	  

Observe	  at	  higher	  resoluTon	  (3/6	  cm)	  &	  repeat	  process	  for	  VLBI	  	  	  

GMRT	   MOST	   ATCA	  

Range of [low to high redshift / small to large linear sizes / bright to faint] 
young AGN to construct our evolutionary sequence 

*some resolved in SMC 



High	  resoluTon	  ATCA	  (~1	  arcsec)	  obs.	  	  
the	  faintest	  GPS/CSS	  sample	  to	  date	  

	  

	  
Now	  we	  have	  significant	  spectral	  coverage:	  

•  ATLAS	  –	  8-‐13+	  frequencies	  between	  0.150	  –	  9	  GHz	  (MWA,	  GMRT,	  ASKAP,	  MOST,	  ATCA)	  
•  SMC	  –	  5+	  frequencies	  between	  0.843	  –	  9	  GHz	  (MOST,	  ATCA)	  

•  Sample:	  151	  GPS/CSS	  sources	  (8	  with	  VLBI)	  from	  several	  mas	  –	  several	  10s	  
arcsec	  (few	  100s	  pc	  –	  several	  10s	  kpc)	  PLUS	  handful	  of	  larger	  FR	  I/II	  

Observa1ons	  
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•  ELAIS-‐S1	  &	  CDFS	  sources	  “complete”	  down	  to	  ~100	  μJy	  (5σ)	  
•  So	  far	  met	  our	  goals	  of	  resolving	  

	  	  	  	  ~half	  sample	  &	  measuring	  spectra	  

•  InteresTng	  maps:	  

ATCA	  images	  of	  143	  ATLAS	  /	  SMC	  sources	  
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•  Using	  -‐-‐island	  opTon	  in	  Aegean	  source	  finder	  

Obtain	  morphology	  &	  linear	  size	  –	  Aegean	  	  
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•  71	  ATLAS	  sources	  &	  72	  SMC	  sources	  –	  thanks	  Joe!	  

Obtain	  accurate	  spectrum	  –	  turnover	  /	  break	  
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•  71	  ATLAS	  sources	  &	  72	  SMC	  sources	  
•  Spectral	  index	  maps	  (e.g.	  5.5	  GHz):	  

Spectral	  Index	  maps	  
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SMC	  mosaic	  of	  72	  poin1ngs	  
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Overcoming computational 
challenges: 
 
~40,000 x 40,000 pixel image! 
But mostly empty! 



•  In	  the	  SMC,	  at	  mJy	  levels:	  
	  	  	  	  	  	  

	  Is	  fracTon	  of	  GPS	  sources	  the	  same	  as	  in	  O’Dea	  (1998)?	  
	  –	  i.e.	  ~10%	  

•  Classifying	  spectra	  is	  hard,	  so	  some	  only	  tentaTve	  GPS	  
•  Therefore	  large	  error	  on	  fracTon	  
•  Result:	  

Frac1on	  of	  GPS	  sources	  in	  SMC	  
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2.5-12.5% of mJy sky behind SMC 
consists of GPS sources 



•  8	  of	  the	  most	  compact	  GPS/CSS	  sources	  from	  1”	  3/6	  cm	  obs	  
•  3	  are	  resolved,	  2	  not	  detected	  
•  Ranging	  from	  approx.	  0.3-‐2	  kpc,	  L20cm	  =	  1023-‐26	  W/Hz	  

VLBI	  images	  of	  8	  most	  compact	  sources	  
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VLBI	  obs.	  –	  turnover-‐linear	  size	  rela1on	  
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x = VLBI obs. 
 w/ spec-z 

x = VLBI obs. 
 w/ photo-z 



VLBI	  obs.	  –	  what	  can	  we	  do?	  
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•  Since	  we	  now	  have	  range	  of	  source	  sizes,	  we	  will	  be	  able	  to	  confirm	  
or	  reject	  the	  young	  RG	  hypothesis	  using	  age	  indicators	  

•  We	  will	  be	  able	  to	  separate	  AGN/SF	  

•  We	  may	  catch	  some	  RGs	  being	  “born”	  
•  Measure	  (or	  place	  limits	  on)	  Tmescales	  

•  We	  hope	  to	  detect	  some	  binary	  AGN	  
•  Few	  known	  –	  Only	  one	  generally	  accepted	  radio	  	  

binary	  AGN	  w/	  separaTon	  <	  1	  kpc	  (Rodriguez+	  2006)	  
•  Test	  hierarchical	  merging	  +	  gravitaTonal	  waves	  



GPS	  mis-‐ID	  in	  ATLAS	  –	  one-‐sided	  RG??	  
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•  Blue	  =	  ATLAS	  DR3	  
(10	  arcsec	  @	  1.4	  GHz)	  

•  Red	  =	  ATCA	  
(~1	  arcsec	  @	  9	  GHz)	  

•  Background	  =	  Spitzer	  
(~1.5	  arcsec	  @	  3.6	  um)	  
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Infrared-‐Faint	  Radio	  Sources	  (IFRSs):	  
dominated	  by	  GPS/CSS	  sources	  at	  high-‐z	  

•  ~20%	  of	  IFRSs	  
at	  2	  <	  z	  <	  3	  are	  
GPS/CSS	  

•  >50%	  at	  z	  >	  3?	  

(Collier+2014 - 2014MNRAS.439..545C) 



Infrared-‐Faint	  Radio	  Sources	  (IFRSs):	  
dominated	  by	  GPS/CSS	  sources	  at	  high-‐z	  
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(Collier+2014 - 2014MNRAS.439..545C) 

•  ~7	  IFRSs	  /	  deg2	  	  
•  Up	  to	  ~100	  000	  

IFRSs	  across	  sky	  
•  Only	  ~200	  HzRGs	  

currently	  known	  
•  Large	  number	  of	  

previously	  unseen	  
RGs	  at	  2	  <	  z	  <	  5?	  

	  



•  We	  have	  observed	  the	  faintest	  GPS/CSS	  sample	  to	  date	  
•  High-‐res.	  obs.	  have	  allowed	  us	  to	  resolve	  jets	  of	  many	  sources	  

•  VLBI	  obs.	  have	  resolved	  the	  most	  compact	  (young?)	  sources	  and	  
follow	  the 	  	  	  	   	   	  relaTon	  

•  mJy	  sky	  behind	  SMC	  consists	  of	  2.5-‐12.5%	  GPS	  sources	  

•  IFRSs	  are	  dominated	  by	  GPS/CSS	  sources	  at	  high-‐z	  
•  Age	  from	  jets	  will	  be	  compared	  to	  a	  many	  other	  mulT-‐λ	  age	  tracers	  

•  We	  will	  place	  GPS/CSS	  sources	  into	  an	  evoluTonary	  sequence	  
•  We	  will	  help	  confirm	  /	  reject	  the	  young	  RG	  hypothesis	  

•  We	  will	  discover	  the	  properTes	  of	  faint	  GPS/CSS	  sources	  

Conclusion	  
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υm − 



Thank	  you	  
CSIRO	  /	  UWS	  
Jordan	  Collier	  
UWS	  &	  CASS	  Student	  
t 	  +61	  414	  443	  622	  
e 	  j.collier@uws.edu.au	  

CSIRO	  ASTRONOMY	  &	  SPACE	  SCIENCE	  

Control freak moving the telescope: 



Modelling	  the	  radio	  spectrum	  of	  GPS	  source	  1718-‐649	  (Tingay+	  2015):	  
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Observa1ons	  –	  preliminary	  radio	  spectra	  



•  71	  ATLAS	  sources	  &	  72	  SMC	  sources	  
•  Comparing	  morphologies	  (radio	  contours	  on	  Spitzer	  3.6	  μm	  image):	  

Detec1ng	  the	  hosts	  of	  GPS/CSS	  sources	  
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Contour levels: 3,4,5,6,7σ Contour levels: 5 - 17σ, in 1σ increments 



.	  

Using	  accurate	  fluxes	  
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.	  
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Using	  accurate	  fluxes	  



•  8	  of	  the	  most	  compact	  GPS/CSS	  sources	  from	  1”	  3/6	  cm	  obs	  
•  3	  are	  resolved,	  2	  not	  detected	  
•  Ranging	  from	  approx.	  0.3-‐2	  kpc,	  L20cm	  =	  1023-‐26	  W/Hz	  

VLBI	  images	  of	  8	  most	  compact	  sources	  
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•  Science	  goals	  
1.  Test	  hypothesis	  that	  GPS/CSS	  sources	  are	  the	  youngest	  radio	  galaxies	  
2.  Place	  GPS/CSS	  sources	  into	  evoluTonary	  sequence	  with	  other	  young	  AGN	  	  
3.  Search	  for	  evidence	  of	  evolving	  accreTon	  mode	  and	  its	  relaTonship	  to	  SF	  	  

•  ObservaTonal	  Goals	  
1.  Resolve	  about	  half	  sample	  

–  Measure	  jet	  sizes	  
–  Observe	  small-‐scale	  morphology	  
–  Construct	  sub-‐sample	  for	  VLBI	  follow-‐up	  

2.  Measure	  radio	  spectra	  
3.  Select	  subset	  of	  unresolved	  sources	  for	  follow-‐up	  with	  VLBI	  

Observa1ons	  –	  goals	  	  
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Mul1-‐wavelength	  data	  
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•  Data:	  
•  Radio	  –	  MWA,	  GMRT,	  ASKAP,	  MOST,	  ATCA	  (150	  MHz	  –	  9	  GHz)	  

•  Spectra	  index,	  turnover	  &	  break	  frequencies	  
•  Resolved	  features	  /	  morphologies	  
•  Measure	  jet	  sizes	  /	  separaTon	  of	  AGN	  nuclei	  
•  Polarimetry	  /	  RMs	  

•  IR	  /	  opTcal	  –	  Herschel,	  WISE,	  Spitzer,	  VIDEO,	  AAT,	  etc	  
•  Colours	  &	  photometry,	  SEDs	  &	  morphologies,	  spec-‐z	  

•  X-‐ray	  –	  Chandra	  
•  	  Temperature	  /	  emission	  type	  


