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As	  galaxies	  evolve,	  when	  &	  how	  do	  they	  get	  
their	  SMBH	  &	  AGN?	  
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Some	  of	  the	  things	  we	  learnt	  from	  Tuesday	  ...

• AGNs	  may	  play	  a	  role	  in	  the	  quick	  transi&on	  of	  low-‐mass	  ETs	  (cf	  Schawinski)	  

•	  Radio	  morphology	  is	  an	  excellent	  tool	  for:
➡	  probing	  the	  triggering	  mechanisms	  of	  AGN	  (Shabala)
➡	  disentangling	  the	  evolu&on	  from	  interac&on	  ➔	  SF	  ➔	  onset	  of	  AGN	  (Shabala	  &	  
Banfield)
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How	  do	  Supermassive	  Black	  Holes	  
form	  &	  evolve?

-‐	  	  accreAon	  model	  for	  mass	  build-‐up	  of	  SMBHs	  
takes	  several	  109	  years
-‐	  	  what	  about	  AGNs	  spoMed	  at	  z	  >	  5?

How	  do	  SMBHs	  affect	  host	  galaxies	  
(&	  their	  neighbours)?

-‐	  fewer	  than	  a	  dozen	  systems	  studied	  in	  any	  detail

Credit:I.	  Feain,	  T.	  Cornwell	  &	  R.D.	  Ekers	  (CSIRO);	  R.	  MorganA	  (ASTRON),	  
N.	  Junkes	  (MPIfR).	  Photo	  of	  the	  ATCA	  and	  Moon:	  S.	  Amy 	  

In the context of galaxy 
evolution, how do 
supermassive black holes 
form and evolve
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•	  Very	  large	  radio	  surveys	  
➡	  large	  sta1s1cal	  sample	  to	  sample	  every	  stage	  of	  evolu1on,	  however	  
rare	  or	  brief
➡	  a	  good	  star	  forma1on	  indicator	  not	  

	  	  	  	  	  	  	  	  	  biased	  by	  dust	  or	  mol.	  emission

radio quiet does not 
mean radio silent

Need	  very	  large	  samples	  of	  radio	  observaAons

Putman+2009
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in this part of the world, 
many people are getting 
quite excited about the 

Australian	  SKA	  Pathfinder	  (ASKAP)
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ASKAP
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ASKAP
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GERALDTON

PopulaAon	  density	  ≃	  1	  nanoperson	  m-‐2

ASKAP



Larger	  surveys	  =	  Larger	  Datasets
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~70	  million

~x10K	  

Prandoni & Andernach (2009)
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•	  75%	  of	  en1re	  sky	  @1.1	  -‐	  1.4	  GHz	  
•	  40x	  deeper	  than	  NVSS	  (rms~10	  μJy)
•	  5x	  bePer	  angular	  resolu1on	  (10”)
•	  expect	  ~70	  million	  sources

+
•	  Wodan	  using	  Aper1f	  (WSRT)
•	  expect	  ~30	  million	  sources

} 4	  π	  sky
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Complementary	  opAcal/IR	  surveys 
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Radio	  morphologies...

Easy

Less	  easy

Let’s have a look at radio 
data

take home message is 
that there are a zoo of 
radio morphologies.. ID-
ing host galaxies can get 
tricky
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	  MulA-‐core	  automated	  compuAng...

Dark	  ages

Now

in fact, given how far 
our computing power has 
progressed, our 
automated algorithms 
are able to do a 
satisfactory job on these  
easy cross-IDs

}
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Current	  expectaAons

•	  Auto	  computers	  :	  ~70%	  of	  cross-‐IDs
•	  No	  IR	  IDs	  	  	  	  	  	  	  	  	  	  	  	  	  	  :	  ~20%

•	  Complicated	  morphologies	  	  :	  ~10%

eyeballing 10^2-10^3 
different of kettle of 
fish to what is coming 
soon.

➡	  10%	  of	  EMU	  ~	  7	  million	  sources	  (+3	  million	  from	  Wodan)



Zooniverse:	  an	  excellent	  tool	  for	  large	  datasets
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>850K	  
volunteers
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Zoo	  volunteers	  can	  :

•	  match	  the	  radio	  emission	  to	  the	  host	  galaxy/galaxies	  responsible

•	  classify	  the	  radio	  morphologies:
-‐ compact/extended/mul1ple/WATs
-‐ existence	  of	  central	  components
-‐ if	  radio	  lobes	  exist,	  are	  they	  aPached	  or	  separate	  ?
-‐measure	  angles	  between	  elongated	  radio	  emission	  etc....
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The	  journey	  of	  a	  thousand	  miles	  begins	  with	  a	  single	  
step.	  

—LaoZi	  (4th	  century	  BC)
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Phase	  1:	  Match	  the	  radio	  
emission	  to	  its	  host	  galaxy
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Zooniverse	  environment

ATLAS

SWIRE
+ }
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Credit:	  M.	  Mao	  &	  R.	  Norris

Australia	  Telescope	  Large	  Area	  Survey	  (ATLAS)

•	  7	  square	  degrees
➡	  centred	  on	  CDFS

	  	  	  	  	  	  	  &	  ELAIS-‐S1	  fields

•	  ~10,000	  galaxies

•	  RMS	  ~	  10μJy	  

•	  Resolu1on:	  10”
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Premise	  of	  current	  beta:

•	  match	  the	  radio	  emission	  to	  the	  host	  galaxy/galaxies	  responsible
➡	  use	  pre-‐IDed	  ATLAS+SWIRE	  sample	  of	  the	  ELAIS-‐S1	  field	  from	  
Middelberg+08	  

•	  classify	  the	  radio	  morphologies:
➡	  no	  “complex”	  measurements	  at	  this	  stage

earlier alpha test of a more complex 
workflow appeared to have confused 
people 

So we are keeping this beta simple to 
evaluate the effectiveness of  the 
volunteers by comparing with pubiished 
cross-IDs.

deal with the  radio contours vs IR 
images
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Slides	  between	  images	  to	  examine	  whether	  they	  have	  
compact/extended/mul1ple	  radio	  sources

Select	  the	  radio	  emission	  by	  clicking	  on	  the	  contours	  

Draw	  a	  circle	  around	  host	  galaxy

Interface:

What	  we	  get	  :

•	  Number	  of	  radio	  components	  corresponding	  to	  each	  IR	  galaxy	  
•	  coordinates	  of	  4	  ‘corners’	  +	  centre	  of	  each	  radio	  blob
➡	  these	  5	  coordinates	  enough	  to	  provide	  simple	  radio	  morphology	  

•	  coordinates	  of	  one	  or	  more	  host	  galaxies	  corresponding	  to	  radio	  
emission
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Credit:	  NASA,	  ESA,	  S.	  Baum	  and	  C.	  O'Dea	  (RIT),	  R.	  Perley	  and	  W.	  CoMon	  (NRAO/AUI/NSF),	  
and	  the	  Hubble	  Heritage	  Team	  (STScI/AURA)

The idea is for users to be 
able to help us cross-
identify the radio 
sources with their host 
galaxies
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Radio	  Galaxy	  Zoo
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Beta	  tesAng	  w	  ELAIS-‐S1...

RA

Dec
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Beta	  tesAng	  (ii)

N

Beta volunteers
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Beta	  tesAng	  (iii)

N

N-radio components/image 



Thank	  you
CSIRO	  Astronomy	  &	  Space	  Science
O.	  Ivy	  Wong
Australian	  Research	  Council	  Super	  Science	  Fellow
t	   +61	  2	  9372	  4148
e	   ivy.wong@csiro.au
w	   www.atnf.csiro.au/people/Ivy.Wong

CSIRO	  Astronomy	  &	  Space	  Science

various	  methods

Universe


