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•  AcUve	
  GalacUc	
  Nuclei	
  (AGN)	
  
•  Bright	
  &	
  acUve	
  regions	
  in	
  core	
  of	
  galaxy	
  
•  Powered	
  by	
  SMBHs	
  of	
  ~109	
  M¤ 

•  Radio	
  Galaxies	
  (RGs)	
  show	
  jets	
  streaming	
  
out	
  of	
  AGN	
  

•  Problems	
  in	
  AGN	
  studies:	
  
•  TradiUonal	
  models	
  don’t	
  predict	
  SMBHs	
  

appear	
  unUl	
  a	
  few	
  Gyr	
  aaer	
  big	
  bang	
  
(Richstone+	
  1998;	
  Volonteri+	
  2003)	
  	
  

•  Some	
  observed	
  at	
  0.5	
  –	
  1	
  Gyr	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(e.g.	
  Mortlock+	
  2011:	
  QSO	
  at	
  z	
  =	
  7.085)	
  

•  RelaUonship	
  between	
  AGN	
  &	
  normal	
  
galaxies	
  not	
  understood	
  

•  Don’t	
  yet	
  understand	
  evoluUon	
  of	
  young	
  
RGs	
  

AGN	
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Image credit —Whole galaxy: I. Feain, T. 
Cornwell & R. Ekers (CSIRO/ATNF); ATCA 
northern middle lobe pointing courtesy R. 
Morganti (ASTRON); Parkes data courtesy 
N. Junkes (MPIfR). Inner radio lobes: 
NRAO / AUI / NSF. Core: S. Tingay 
(ICRAR) / ICRAR, CSIRO and AUT.  
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Radio AGN as clocks 

•  Size – luminosity tracks  AGN age 

•  Compare with star formaQon histories 

% AGN – starburst delay (& truncaQon efficiency) 

•  Movement across BPT tracks vs radio age 
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GPS/CSS	
  sources	
  –	
  the	
  youngest	
  AGN?	
  
•  Gigahertz	
  Peaked	
  Spectrum	
  (GPS)	
  &	
  Compact	
  Steep	
  Spectrum	
  (CSS)	
  

sources	
  believed	
  to	
  be	
  youngest	
  RGs	
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GPS/CSS	
  sources	
  –	
  the	
  youngest	
  AGN?	
  
•  Have	
  very	
  small	
  radio	
  jets	
  

•  Usually	
  observed	
  with	
  	
  
	
  	
  	
  	
  Very	
  Long	
  Baseline	
  Interferometry	
  (VLBI)	
  502 O’DEA

1998 PASP, 110:493–532

Fig. 6.—Radio images of GPS and CSS sources from C. Stanghellini (1997, private communication; see also Stanghellini et al. 1997b)
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Fig. 6.—Continued

TABLE 4
Identification versus Radio Morphology

Subsample Total CD1CSO Compact Linear/Core-Jet Complex

GPS galaxies (total) . . . . . . . . . . . . . . 28 23 (82%) 1 (4%) 3 (11%) 1 (4%)
GPS quasars (total) . . . . . . . . . . . . . . . 27 8 (30%) 8 (30%) 7 (26%) 4 (15%)
GPS galaxies (Stanghellini) . . . . . . 21 19 (90%) 0 (0%) 1 (5%) 1 (5%)
GPS quasars (Stanghellini) . . . . . . . 14 5 (36%) 1 (7%) 6 (43%) 2 (14%)
CSS galaxies . . . . . . . . . . . . . . . . . . . . . . 23 21 (91%) 0 (0%) 0 (0%) 2 (23%)
CSS quasars . . . . . . . . . . . . . . . . . . . . . . 20 17 (85%) 0 (0%) 1 (20%) 2 (10%)
Combined galaxies . . . . . . . . . . . . . . . 36 32 (89%) 0 (0%) 1 (3%) 3 (8%)
Combined quasars . . . . . . . . . . . . . . . . 32 20 (62%) 1 (3%) 7 (32%) 4 (12%)

Notes.—Radio morphology as a function of optical identification for the sources for which there
are radio images. The GPS (total) sample includes the master list of GPS sources maintained by the
author, which is a very heterogeneous list. The GPS (Stanghellini) subsample is the Stanghellini
complete sample. The empty fields are included with the galaxies and the stellar objects are included
with the quasars. Compact sources includes those that are only slightly resolved by the existing data
and for which no definite classification can be made. The combined sample is the Stanghellini GPS
plus the Fanti CSS with overlap consolidated.
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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	
  daUng	
  RGs	
  

 1 percent of  radio sources are FR 2s


 wait a few Gyrs for each FR 2 outburst


Frequency of FR 2 outbursts 
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300 Myrs 
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t
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H0(1+ z)3 / 2
= 2.7 Gyrs  FR 2s can keep suppressing SF 


Shabala et al. 2008, MNRAS 388, 625 

Galaxy formation models ignore this feedback mode


INTRODUCTION	
  (AGN,	
  GPS/CSS,	
  Context)	
  |	
  DATA	
  (ATLAS,	
  SMC,	
  ATCA,	
  LBA)	
  |	
  FUTURE	
  WORK	
  |	
  CONCLUSION	
  



Jordan	
  Collier	
  |	
  Galaxy	
  Zoo	
  Conference	
  |	
  26th	
  September	
  2013	
  

GPS/CSS	
  sources	
  –	
  the	
  youngest	
  AGN?	
  
•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  relaUon	
  

•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  relaUon?	
  
•  Large	
  luminosiUes	
  
•  How	
  far	
  down	
  in	
  flux	
  
	
  density	
  is	
  this	
  power	
  seen?	
  
	
  

•  Studies	
  limited	
  to	
  Jy	
  levels	
  

•  Randall+	
  (2012)	
  is	
  	
  
	
  	
  	
  	
  	
  	
  faintest	
  sample	
  

•  Goes	
  down	
  to	
  a	
  few	
  mJy	
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1998 PASP, 110:493–532

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	
  evoluUonary	
  sequence	
  for	
  the	
  early	
  stages	
  
of	
  AGN,	
  with	
  a	
  parUcular	
  focus	
  on	
  faint	
  GPS/CSS	
  sources	
  

•  Never	
  had	
  place	
  in	
  evoluUonary	
  sequence	
  confirmed	
  
•  We	
  will	
  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,	
  colours,	
  LFs,	
  etc)	
  

Project	
  Goal	
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•  AGN	
  evoluUon	
  
•  When	
  do	
  AGN	
  first	
  appear?	
  What	
  evoluUonary	
  path	
  do	
  they	
  follow?	
  
•  Does	
  AGN	
  evoluUon	
  occur	
  in	
  a	
  short	
  burst	
  or	
  gradually	
  over	
  few	
  Gyr?	
  
•  Why	
  are	
  AGN	
  seen	
  so	
  early	
  in	
  the	
  universe?	
  

•  Young	
  RGs	
  
•  GPS	
  à	
  CSS	
  à	
  Large-­‐scale	
  RGs	
  (FR	
  I/II)?	
  	
  
•  What	
  are	
  the	
  properUes	
  of	
  very	
  faint	
  GPS/CSS	
  sources?	
  
•  Are	
  their	
  large	
  luminosiUes	
  present	
  at	
  low	
  flux	
  density?	
  

•  What	
  we	
  need:	
  
•  Good	
  radio	
  spectral	
  coverage	
  
•  High	
  resoluUon	
  radio	
  images	
  
•  Deep	
  mulU-­‐wavelength	
  data	
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•  Widest	
  deep	
  radio	
  survey	
  (Norris+	
  2006;	
  Banfield+	
  2013,	
  in	
  prep.)	
  
•  7	
  square	
  degrees	
  of	
  CDFS	
  and	
  ELAIS-­‐S1	
  
•  r.m.s.	
  (σ)	
  of	
  15	
  μJy	
  

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

•  Data	
  Release	
  3	
  (DR3;	
  Banfield+	
  2013)	
  
•  >	
  5	
  000	
  galaxies	
  (about	
  half	
  AGN)	
  
•  Redshias	
  for	
  most	
  sources	
  with	
  more	
  coming	
  

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

The	
  Australia	
  Telescope	
  Large	
  Area	
  Survey	
  
(ATLAS)	
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•  AddiUonal	
  data	
  set	
  of	
  radio-­‐conUnuum	
  mosaics	
  compiled	
  by	
  merging	
  
a	
  number	
  of	
  observaUons	
  together	
  at	
  λ	
  =	
  20cm,	
  13cm,	
  6cm,	
  3cm	
  by	
  
Wong+	
  (2011)	
  &	
  Crawford+	
  (2011)	
  

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

•  Surveys	
  from	
  other	
  bands	
  include	
  Spitzer,	
  Chandra,	
  XMM	
  
•  Many	
  spectroscopic	
  redshias	
  (Kozlowski+	
  2013)	
  and	
  RMs	
  (Mao+	
  2008)	
  

Small	
  Magellanic	
  Cloud	
  (SMC)	
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Evolu1on	
  

Spectroscopic	
  
RedshiPs	
  

Temperature	
  /	
  
emission	
  type	
  	
  

Spectral	
  Index	
  &	
  
turnover	
  

Resolve	
  features/
morphology	
  

Polarimetry	
  /	
  
RMs	
  

	
  	
  Ancillary	
  Data	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Gather	
  young	
  AGN	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
   	
   	
  	
  from	
  Radio	
  Data	
  

Select	
  subsample	
  of	
  unresolved	
  AGN	
  

Electron	
  life1me	
  

OpUcal	
  /	
  IR	
   X-­‐ray	
  

Colours	
  	
  
&	
  	
  

photometry/
SEDs	
  &	
  

morphology	
  

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

Samples	
  

Linear	
  size	
   Thermal	
  /	
  non	
  

Measure	
  of	
  sizes	
  /	
  	
  
separaUon	
  of	
  AGN	
  

nuclei	
  

Jets	
  /	
  merges	
   Mag.	
  field	
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Photo-­‐z’s	
  

Redshia	
   Temperature	
  /	
  
emission	
  type	
  	
   Spectral	
  Index	
   Resolve	
  features	
  

StaUsUcal	
  measure	
  
of	
  sizes	
  /	
  	
  

separaUon	
  of	
  
nuclei	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Gather	
  young	
  AGN	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
   	
   	
  	
  from	
  Radio	
  Data	
  

Select	
  subsample	
  of	
  unresolved	
  AGN	
  

Electron	
  life1me	
   Jets	
  /	
  merges	
  

OpUcal	
  /	
  IR	
   X-­‐ray	
  

Colours	
  	
  
&	
  	
  

photometry/
SEDs	
  

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

Samples	
  

Linear	
  size	
  

Polarimetry	
  /	
  
RMs	
  

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

Mag.	
  field	
  

	
  ATLAS	
  DR3	
   	
  	
  Ancillary	
  Data	
   	
  ATLAS	
  DR3	
  /	
  SMC	
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  /	
  non	
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  /	
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   X-­‐ray	
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&	
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  at	
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  (3/6	
  cm)	
  &	
  repeat	
  process	
  for	
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Measure	
  of	
  sizes	
  /	
  	
  
separaUon	
  of	
  AGN	
  

nuclei	
  

Jets	
  /	
  merges	
  

Herschel	
   WISE	
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   Chandra	
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and	
  more...	
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•  High	
  resoluUon	
  (~1	
  arcsec)	
  obs.	
  

	
  	
  	
  	
  of	
  faintest	
  GPS/CSS	
  sample	
  to	
  date	
  

•  Sources	
  selected	
  to	
  be	
  unresolved	
  at	
  10”	
  and	
  have	
  a	
  GPS/CSS	
  spectrum	
  
•  Using	
  Randall+	
  (2011)	
  for	
  ELAIS-­‐S1	
  and	
  Wong+	
  (2011)	
  &	
  Crawford+	
  (2011)	
  for	
  SMC	
  

•  Now	
  we	
  have	
  significant	
  spectral	
  coverage:	
  
•  ATLAS	
  –	
  8+	
  frequencies	
  between	
  0.150	
  –	
  9	
  GHz	
  (GMRT,	
  MOST,	
  ATCA)	
  
•  SMC	
  –	
  5+	
  frequencies	
  between	
  0.843	
  –	
  9	
  GHz	
  (MOST,	
  ATCA)	
  

Observa1ons	
  

Telescope	
   Project	
  
number	
  

Date	
  
	
  

Array	
  
Config.	
  

Frequency	
  /	
  
wavelength	
  

Time	
  
	
  

Objects	
  

ATCA	
   C2730	
   Dec	
  
2012	
  

6B	
   9	
  GHz	
  
(3/6cm)	
  

39	
  h	
   49	
  faint	
  ELAIS-­‐S1	
  
GPS/CSS	
  

ATCA	
   C2768	
   Feb	
  
2013	
  

6A	
   9	
  GHz	
  
(3/6cm)	
  

12	
  h	
   72	
  mid-­‐strength	
  
SMC	
  GPS/CSS	
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•  Science	
  goals	
  
1.  Test	
  hypothesis	
  that	
  GPS/CSS	
  sources	
  are	
  the	
  youngest	
  radio	
  galaxies	
  
2.  Place	
  GPS/CSS	
  sources	
  into	
  evoluUonary	
  sequence	
  with	
  other	
  young	
  AGN	
  	
  
3.  Search	
  for	
  evidence	
  of	
  evolving	
  accreUon	
  mode	
  and	
  its	
  relaUonship	
  to	
  SF	
  	
  

•  ObservaUonal	
  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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•  First	
  pass	
  reducUon	
  of	
  49	
  ATLAS	
  sources	
  &	
  72	
  SMC	
  sources	
  
•  ELAIS-­‐S1	
  sources	
  “complete”	
  
	
  	
  	
  	
  	
  	
  	
  down	
  to	
  ~100	
  μJy	
  (5σ)	
  

•  So	
  far	
  met	
  our	
  goals	
  of	
  resolving	
  

	
  	
  	
  	
  ~half	
  sample	
  &	
  measuring	
  spectra	
  

•  InteresUng	
  maps:	
  

Observa1ons	
  –	
  preliminary	
  maps	
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Figure 13: Radio continuum images of SMC 2 at 4732, 5244, 5756, 6268, 8232, 8744, 9256 and
9768 MHz.

13

Figure 16: Radio continuum images of SMC 25 at 4732, 5244, 5756, 6268, 8232, 8744, 9256 and
9768 MHz.

16

Figure 10: Radio continuum images of s509 at 5.5 and 9.0 MHz.

Figure 11: Radio continuum images of s532 at 5.5 and 9.0 MHz.

Figure 12: Radio continuum images of s617 at 5.5 and 9.0 MHz.

4

Figure 16: Radio continuum images of s939 at 5.5 and 9.0 MHz.

6
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Figure 14: Radio continuum images of SMC 21 at 4732, 5244, 5756, 6268, 8232, 8744, 9256 and
9768 MHz.
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•  First	
  pass	
  reducUon	
  of	
  49	
  ATLAS	
  sources	
  &	
  72	
  SMC	
  sources	
  
•  InteresUng	
  maps	
  (radio	
  contours	
  on	
  Spitzer	
  3.6	
  μm	
  image):	
  

Observa1ons	
  –	
  preliminary	
  maps	
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Contour levels: 3,4,5,6,7σ Contour levels: 5 - 17σ, in 1σ increments 



•  First	
  pass	
  reducUon	
  of	
  49	
  ATLAS	
  sources	
  &	
  72	
  SMC	
  sources	
  
•  InteresUng	
  maps	
  (spectral	
  index	
  map	
  between	
  5.5	
  &	
  9.0	
  GHz):	
  

Observa1ons	
  –	
  preliminary	
  maps	
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•  First	
  pass	
  reducUon	
  of	
  49	
  ATLAS	
  sources	
  &	
  72	
  SMC	
  sources	
  
•  InteresUng	
  spectra:	
  

Observa1ons	
  –	
  preliminary	
  radio	
  spectra	
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•  LBA	
  proposal	
  submi{ed	
  
•  Selected	
  unresolved	
  sources	
  with	
  redshias	
  

•  From	
  ELAIS-­‐S1	
  &	
  CDFS	
  

•  Since	
  we’ll	
  have	
  a	
  range	
  of	
  source	
  sizes,	
  we	
  will	
  be	
  able	
  to	
  confirm	
  
or	
  reject	
  the	
  young	
  RG	
  hypothesis	
  

•  We	
  will	
  be	
  able	
  to	
  separate	
  AGN/SF	
  

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

•  We	
  hope	
  to	
  detect	
  some	
  binary	
  AGN	
  
•  Few	
  known	
  –	
  Only	
  one	
  known	
  radio	
  binary	
  AGN	
  
	
  	
  	
  	
  	
  	
  with	
  separaUon	
  <	
  1	
  kpc	
  (Rodriguez+	
  2006)	
  
•  Test	
  hierarchical	
  merging	
  +	
  gravitaUonal	
  waves	
  

Observa1ons	
  –	
  LBA	
  proposal	
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•  Main	
  age	
  indicators:	
  
•  Angular	
  size	
  &	
  redshia	
  à	
  linear	
  size	
  &	
  luminosity	
  tracks	
  

•  Herschel	
  SFR	
  against	
  jet	
  age	
  -­‐	
  can	
  we	
  see	
  the	
  quenching	
  in	
  acUon?	
  

•  Electron	
  lifeUmes	
  /	
  spectral	
  age	
  &	
  index	
  (based	
  on	
  break	
  /	
  turnover	
  
frequency	
  &	
  polarisaUon)	
  

•  SeparaUon	
  of	
  nuclei	
  (binary	
  AGN)?	
  
•  Luminosity	
  funcUons	
  
•  Colours	
  &	
  SED	
  of	
  host	
  

Mul1-­‐wavelength	
  Comparison	
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(Lacy+ 2004) 

INTRODUCTION	
  (AGN,	
  GPS/CSS,	
  Context)	
  |	
  DATA	
  (ATLAS,	
  SMC,	
  ATCA,	
  LBA)	
  |	
  FUTURE	
  WORK	
  |	
  CONCLUSION	
  

main field of the extragalactic component of the Spitzer First
Look Survey (FLS), a shallow, 4 deg2 survey with the Infrared
Array Camera (IRAC; Fazio et al. 2004) and the Multiband
Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004),
for which an extensive multiwavelength ancillary data set
exists. We assume a cosmology with !M ¼ 0:3, !" ¼ 0:7, and
H0 ¼ 70 km s"1 Mpc"1.

2. THE SPITZER FLS MAIN-FIELD DATA SET

The FLS observations were made in 2003 December
(Program ID 26, Spitzer AOR keys 0003861504, 0003861760,
0003862016, 0003862016, 0003862272, 0003862528,
0003862784, 0003863040, 0003863296, 0003863552). We
have used preliminary versions of the IRAC catalog (M. Lacy
et al. 2004, in preparation) and the MIPS 24 !m catalog
(D. Fadda et al. 2004, in preparation). The IRAC catalog has
flux-density limits (5 " in a 500 diameter aperture) in the four
IRAC channels with nominal central wavelengths of 3.6, 4.5,
5.8, and 8.0 !m of S3:6 # 7 !Jy, S4:5 # 8 !Jy, S5:8 # 60 !Jy, and
S8:0 # 50 !Jy, respectively. The MIPS 24 !m catalog has a flux
density limit of $300 !Jy.

3. THE SDSS QUASARS

The Sloan Data Release 1 (DR1) quasar survey (Schneider
et al. 2003) contains 54 quasars that fall within the main field
of the FLS. All were detected with IRAC, and all but one
were seen at 24 !mwith MIPS. Three more quasars were found
as a result of spectroscopic follow-up of the radio survey by
Condon et al. (2003) using the Kast spectrograph at Lick
Observatory.

4. THE POSITION OF SDSS QUASARS IN MIR
COLOR-COLOR PLOTS

An IRAC color-color plot using all four broadband channels
of the IRAC instrument is shown in Figure 1. The dots indicate
the location of $16,000 objects in the main-field catalog.
Plotting the 8.0 !m/4.5 !m ratio against the 5.8 !m/3.6 !m
ratio makes the color-color plot effective for separating objects
with blue continua from those with red. Most objects have blue
colors in both axes. These are most likely stars or low-redshift
galaxies whose SEDs are weak in nonstellar light (e.g., ellip-
tical galaxies). From this clump, two distinct ‘‘sequences’’ can
be seen. One has blue colors in S5:8=S3:6 and very red colors in
S8:0=S4:5. These are most likely low-redshift (z P 0:2) galaxies
with the centers of their 6.2 and 7.7 !m PAH emission bands
(Puget & Léger 1989) redshifted into the IRAC 8.0 !m filter.
The other sequence has red colors in both pairs of filters, and it
is on this sequence that the SDSS and radio-selected quasars
lie. Note that strong stellar light will shift the S5:8=S3:6 ratio to
the blue, as illustrated by the two filled squares in Figure 1.
These objects are classed as quasars in the SDSS database, but
have resolved host galaxies in the IRAC images, and so are
classed as Seyfert 1’s in this study.

5. MIR SELECTION OF CANDIDATE AGNs

We used Spitzer colors of the SDSS quasars to empirically
define a color selection that would pick out objects with MIR
SEDs that are consistent with their being AGNs. This is the
region enclosed by the dashed line in Figure 1. Our modeling
of MIR SEDs based on ISO spectra (A. Sajina et al. 2004, in
preparation) suggests that most of the objects in this region are
indeed dominated by AGN emission, although we expect some

contamination by star-forming galaxies close to the bound-
aries. There are $2000 sources in this region that are therefore
likely to contain AGNs. Most of them are fainter in the MIR
than the SDSS quasars, which are typically much brighter than
the FLS flux density limits.

To pick a sample of AGNs selected in the MIR that we could
directly compare with the SDSS quasar sample, we examined
the distribution of S8:0 for the SDSS sample (8.0 !m is the
longest IRAC wavelength and is therefore least affected by
dust obscuration). This distribution showed a peak at S8:0 #
1 mJy, and we therefore assumed that at S8:0 %1 mJy, most of
our MIR-selected AGNs would appear in the SDSS sample if
they were not obscured by dust.

There are 43 objects within the AGN selection region of the
color-color plot that have S8:0 %1 mJy and ‘‘clean’’ detections
in the IRAC FLS catalog (i.e., unblended [about 80% of the
four-band detections], and outside the halos of bright stars and
unaffected by multiplexer bleed or pulldown [97.6% of the
survey area]). The steps used to determine which of these were
candidate obscured AGNs were as follows: (1) we matched
the sample of 43 bright AGN candidates to the SDSS quasar
list, finding that 14 of our 43 objects are known SDSS quasars;
(2) we next matched to our list of radio-selected quasars,
finding two objects in common; (3) we examined the objects by
eye on the FLS mosaics and rejected seven more objects from
the sample on the basis of their being either saturated stars or
confused in the IRAC images. This left 20 objects in the
sample, which are our bright, obscured AGN candidates. These
are shown as triangles in Figure 1 and are listed in Table 1. As a
check on the AGN nature of these candidates, in Figure 2 we
plot a color-color plot that extends the wavelength range to
MIPS’s 24 !m. The large wavelength difference between 8 and
24 !m makes the interpretation of the MIPS/IRAC color-
color plots more complicated, but it can be seen that most of
the obscured AGN candidates lie in the same region of the

Fig. 1.—IRAC color-color plot using the main-field FLS data. Dots rep-
resent the $16,000 objects with ‘‘clean’’ detections in all four IRAC bands.
Crosses indicate the colors of all the SDSS and radio-selected quasars, squares
the SDSS Seyfert 1 galaxies, and triangles the bright (S8:0 %1 mJy) sample of
obscured AGNs. The dashed line shows the color criteria used to pick out the
AGN sample.
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•  We	
  have	
  observed	
  the	
  faintest	
  GPS/CSS	
  sample	
  to	
  date	
  
•  High-­‐res.	
  obs.	
  have	
  allowed	
  us	
  to	
  resolve	
  jets	
  of	
  many	
  sources	
  

•  Future	
  VLBI	
  obs.	
  will	
  resolve	
  the	
  most	
  compact	
  (young)	
  sources	
  
•  Age	
  from	
  jets	
  will	
  be	
  compared	
  to	
  a	
  many	
  other	
  mulU-­‐λ	
  age	
  tracers	
  

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

•  We	
  will	
  watch	
  the	
  radio	
  jets	
  quenching	
  the	
  SF	
  (or	
  not!)	
  
•  We	
  will	
  discover	
  the	
  properUes	
  of	
  very	
  faint	
  GPS/CSS	
  sources	
  

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

CSIRO	
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  &	
  SPACE	
  SCIENCE	
  

Control freak moving the telescope: 



Modelling	
  the	
  radio	
  spectrum	
  of	
  GPS	
  source	
  1718-­‐649	
  (Tingay+	
  in	
  prep.):	
  

Observa1ons	
  –	
  preliminary	
  radio	
  spectra	
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Immediate:	
  
•  Reduce	
  all	
  ATCA	
  data	
  

•  8	
  x	
  512	
  MHz	
  maps,	
  2	
  x	
  2	
  GHz	
  maps	
  (Stokes	
  I,	
  Q,	
  U)	
  
•  Spectral	
  index	
  maps	
  

•  Publish	
  SMC	
  catalogue	
  
•  Source	
  counts,	
  morphology,	
  jet	
  sizes,	
  polarisaUon	
  &	
  RMs,	
  spectral	
  indices,	
  

turnovers,	
  compactness,	
  SEDs,	
  mulU-­‐wavelength	
  properUes,	
  etc	
  

Later:	
  

•  LBA	
  obs.	
  and	
  reducUon	
  
•  Observe	
  CDFS	
  with	
  ATCA	
  at	
  3/6	
  cm	
  (next	
  proposal	
  round)?	
  
•  Publish	
  ATLAS	
  GPS/CSS	
  sources	
  (ELAIS-­‐S1	
  +	
  CDFS?)	
  
•  Publish	
  LBA	
  obs.	
  &	
  construct	
  evoluUonary	
  sequence	
  

Further	
  Future	
  Plans	
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