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CARLA	  -‐	  CLUSTERS	  AROUND	  RADIO-‐LOUD	  AGN	  



o  L500	  MHz	  >	  1027.5	  W	  Hz-‐1	  
	  
o  Largest,	   most	   luminous,	   most	  

massive	   galaxies	   (~	   1011-‐11.5M¤,	  
e.g.	  Seymour	  et	  al.,	  2007)	  

	  
o  Robust	   signposts	   of	   large	   scale	  

structure	   (~75%	   of	   high-‐z	   radio	  
galaxies	   In	   protoclusters ,	  
Venemans	  et	  al.,	  2007)	  

	  

Radio	  structure	  of	  4C41.17	  (z=3.8)	  
(Reuland	  et	  al.,	  2003)	  
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RADIO	  LOUD	  AGN	  



RADIO	  LOUD	  AGN	  –	  UNIFICATION	  

TYPE	  II	  :	  
RADIO	  GALAXIES	  

Urry&Padovani,	  1995	  
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TYPE	  I	  :	  
RADIO	  LOUD	  QUASARS	  

EVOLUTION?	  



RADIO	  LOUD	  AGN	  –	  ENVIRONMENTS	  

Donoso	  et	  al.,	  2010	  

Stronger	  clustering	  for	  radio	  galaxies	  
compared	  to	  radio-‐loud	  quasars	  	  
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RADIO	  LOUD	  AGN	  –	  ENVIRONMENTS	  

Falder	  et	  al.,	  2010	  (see	  also:	  e.g.,	  Smith&Heckman,	  1990,	  
Yates	  et	  al.,	  1989)	  

Similar	  environments	  
for	  radio	  galaxies	  and	  
radio-‐loud	  quasars	  
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CARLA	  –	  CLUSTERS	  AROUND	  RADIO	  LOUD	  AGN	  

450	  radio	  galaxies	  and	  	  
radio	  loud	  quasars	  
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75%	  already	  observed	  

1.3	  <	  z	  <	  3.2	  



CARLA	  –	  TARGET	  SELECTION	  
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~230	  radio	  galaxies	  
~230	  radio-‐loud	  quasars	  

Well	   distributed	   over	  
the	  sky	  



CARLA	  –	  TARGET	  SELECTION	  
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~230	  radio	  galaxies	  
~230	  radio-‐loud	  quasars	  

Well	   distributed	   over	  
the	  sky	  

matching	  sets	  in	  z,	  
	  L500	  MHz	  



CARLA	  –	  TARGET	  SELECTION	  

~230	  radio	  galaxies	  
~230	  radio-‐loud	  quasars	  

Well	   distributed	   over	  
the	  sky	  

matching	  sets	  in	  z,	  
	  L500	  MHz	  

95%	  completeness:	  
[3.6]AB	  =	  22.8	  
[4.5]AB	  =	  23.0	  
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Exposure	  ome:	  
1000/2000s	  



CARLA	  –	  TARGET	  SELECTION	  
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~230	  radio	  galaxies	  
~230	  radio-‐loud	  quasars	  

Well	   distributed	   over	  
the	  sky	  

matching	  sets	  in	  z,	  
	  L500	  MHz	  

95%	  completeness:	  
[3.6]AB	  =	  22.8	  
[4.5]AB	  =	  23.0	  

Exposure	  ome:	  
1000/2000s	  



CARLA	  –	  GOALS	  

Iden)fy	  clusters	  at	  z	  >	  1.3	  using	  IRAC	  colors:	  
[3.6]AB-‐[4.5]AB	  >	  -‐0.1	  

Determine	  cluster	  luminosity	  func)on	  
	  at	  z	  >1.3	  and	  measure	  m*	  and	  α	  

Study	  correla)on	  between	  overdensity	  	  
and	  AGN	  Type	  

Study	  correla)on	  between	  overdensity	  	  
and	  radio	  power	  
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CARLA	  –	  FIRST	  RESULTS	  
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CARLA	  –	  FIRST	  RESULTS	  

CARLA	  fields	  are	  
clearly	  denser	  than	  

blank	  fields	  
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CARLA	  –	  FIRST	  RESULTS	  
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SpUDS:	  ~	  1deg2	  
PI:	  Dunlop	  



CARLA	  –	  FIRST	  RESULTS	  

Talk	  by	  J.	  Vernet	  	  
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Fig. 3.— Distribution of the surface density of [3.6] − [4.5] > −0.1 sources in 20, 000 cells of 1′ radius randomly generated in the six
SWIRE fields to the flux density limits of our sample (dotted histogram). The corresponding number of sources per cell is indicated on
the right axis. A Gaussian fit of the lower part of the distribution is shown by the red curve and the 2σ deviation above the mean of this
distribution by the horizontal dotted line. Each radio galaxy is placed at the vertical axis location corresponding to the surface density of
IRAC-selected sources found within 1′ from the radio galaxy. The solid histogram shows the percentage of radio galaxy fields for a given
density. Two examples of known high-redshift galaxy clusters (CLG J0218-0510 and Cl J1449+0856) are also indicated by the gray labels
(see §5.2).

from 3′′ diameter apertures, corrected to total magni-
tudes following Lacy et al. (2005).
At the depth of our survey, we detect the bright end

of the galaxy luminosity function, which preferentially
populates cluster cores. We therefore adopt a cell size of
1′ radius, corresponding to ∼ 0.5 Mpc at 1 < z < 3. This
distance matches typical cluster r200 sizes for z > 1.3
mid-infrared selected galaxy clusters (e.g., Wilson et al.
2009).
We generate 20, 000 independent (i.e., non-

overlapping) circular cells of 1′ radius, randomly
distributed over the six SWIRE fields. Fig. 3 shows the
histogram of the surface density of red IRAC-selected
sources per cell. The horizontal axis shows the percent-
age of cells corresponding to a specific surface density.
The shape of the distribution is a Gaussian strongly
skewed towards higher density cells. We fit the lower
half of the distribution (i.e., the distribution of the lower

density regions) by a Gaussian (iteratively clipping
at 2σ). The best fit values give a Gaussian centered
at 〈N〉 = 2.80 galaxies per arcmin2 (∼ 8.8 sources
per cell) with σN = 0.97. We define an overdensity
of IRAC-selected sources when a cell is denser than
N + 2σN ∼ 4.74 galaxies per arcmin2 — i.e., when at
least 15 sources are found within a cell of 1′ radius. This
criterion, for which visual inspection typically registers
interesting spatial segregation, is matched by only 9%
of the cells in SWIRE.

5.2. Tests on known z > 1 galaxy clusters

Before applying our newly defined criterion, we test
its efficiency on published clusters at z > 1 ob-
served with IRAC. We first study two of the highest
redshift clusters known to date: ClG J0218-0510 at
z = 1.62 (Papovich et al. 2010; Tanaka et al. 2010) and
Cl J1449+0856 at z = 2.07 (Gobat et al. 2011).

Galametz	  et	  al.,	  2012	  



CARLA	  –	  FIRST	  RESULTS	  

No	  difference	  in	  
field	  density	  for	  
radio	  galaxies	  and	  
radio	  quasars	  

Orientaoon	  
driven	  AGN	  
unificaoon?	  
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CARLA	  –	  SUMMARY	  

CARLA	  results	  support	  orientaoon	  driven	  
unificaoon	  model	  

CARLA	  fields	  are	  clearly	  denser	  than	  blank	  fields	  
à	  protocluster	  candidates	  

Measurement	  of	  m*	  for	  galaxy	  clusters	  at	  z	  >	  1.3	  
possible	  	  
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CARLA	  –	  OUTLOOK	  

Quanofy	  clustering	  signal	  around	  radio	  loud	  AGN	  

Quanofy	  filamentary	  structure	  

Spectroscopic	  follow	  up	  of	  densest	  fields	  

Dominika	  Wylezalek,	  Growing	  up	  at	  high	  redshia,	  Sep	  13th	  2012	  	  



THANK	  YOU	  

Dominika	  Wylezalek,	  Growing	  up	  at	  high	  redshia,	  Sep	  13th	  2012	  	  


