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ABSTRACT

We present an apalysis of & lurge ssaople of AGN avironments st 2 ~ 1 osing stacked
Spitzer dotn ot 3.6 pm. The sample contains type-1 snd type-2 AGN in the form
of quasars nnd rsdio goleoces, mﬂ:pnanhzgermgpmharhnpuml-ndmﬂm
huninosity. We find, on nvernge, that 2 to 3 mussive n substantinl
evolved stellar populntion Le within o 200 — J00 kpe rodios of the AGN, constituting
i > 8- excess relative to the fiddd. Secondly, we find evidence for ther emvircamental
souree density to incrense with the madio hninosity of AGN, but not with blask-hole
mass. This is shown first by dividing the AGN into their dassicnl AGN types, where
we see more significant over-densitis in the fields of the mdio-loud AGN. IF instesd
we dispense with the clasical AGN definitions, we find that the souree over-density
ns o funetion of radio huminesity for all our AGN exhibits o positive correlntion.
Ome interpretation of this resmlt is that the Mpeseale eoviromment is in some woy
imfhsemneing the rodio emission that we observe from AGN. This could be explained by
the confinernent of radic jets in desse eoviromments leading to enbaneed mdio emission
or, elternatively, may be Hnked to mare rapid black-hole spin brought on by galucy
Mergers.

Key words:
galnxiess netive - galncies: high-redshift - golndes dusters: genernd -
quasnrs: genern] - galndes: statistics.

{ignlacciess:)

1 INTRODUCTION the Sloan Digital Sky Servey (SDSS; Adolman-McCartby

It & now widaly armptod that high-leminosity Active Calas-
tic Nucki (ACN) harbour arcrobting ssper-massive black
halos implying that their host galaxics aro amoagst tho most
massive objocts in existenc gt their respactive opochs. In-
dowd, many studics bavo now shown that ACN proforosticlly
reside within flelds containing over-densitios of galaxies (e.g.
Hall & Crocn 1008; Bt ot al. HHE; Wold ot al. 2003; Hutch-
ings. Schoke & Hianchi 204%). Together these points support.
the idea that ACN can be stilead as signposts Lo atrema
regicos of the dark matter density and thizs the most mas-
siva dark matter haloos (e.g. Pomoricsd o al. 2000; vison ot
=l. 200 Stovens o al. 2003 &t any given epoch. Combin-
ing this technique with large multiwavelagth surveys, fike
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o al. 206) which hes identified wp to [NMNH broad-line
quasi-stollar objocts (heroafior quasans) wp to the highoest
measured rodshifts (i.e. 2=G6.4, Fan ot el 203), has opencd
up & now ora in AGN rosoard.

Many authors have addrescd the quostion of whothor
the emvironments of radio-loud ACN, such as radio-loud
quasars (ALQs) or redic galaies (ACs), are any difforent
from those of mdic-guict ACN, such s radic-quiet quasars
[(Fps), with conflicting results. Thae first work that com-
pared directly the envircnments of RLQs and RO0s was Yoo
& Croen [ 1984), in which a marginally more signifiant over-
donsity was detectad around the RLQs in their sample of
objocts at (L05 « z « (L55. However, o later improved study
with more data and refined technigues removed the signifi-
cance of this result (Yoo & Creen 1987). More work oo the
topic was conducted by Elfingson, Yoo & Croen (1991) wha
added more fuint A00s to the Yeo & Croen (1987) sample.
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sample

« ~170 AGN n

2 —28
e Type-1 (SDSS QSOs) and =
Type-2 (Radio-galaxies). %
e 09<z<1.1 % —26
 Aim to decouple =
evolutionary and luminosity =
effects. £ —24

Redshift
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Redshift

» SDSS provides five
magnitudes of optical
luminosity at this redshift.

« Samples of ~70 radio-loud
QSOs (RLQs) and radio-

quiet QSOs (RQQs),
selected in identical ways.

» KS-test gives their spread
of optical luminosities as
matched at the 94% level.

» QSO sample described
fully in Jarvis et al. 2010 in

prep.



Name Sgos (Jy) ' ]
aC 175.1 G030 08% 0920
3C 184 0.007 087 0994
3C 22 2348 000 0936
aC 2681 15615 058 0970
acC 280 16.025 081  0.996
ac 280 2278 0B84 0967
ac 343 13413 068 0088
ac 356 6220 1.4 1.070
G6C E0943+3058 1.182 085 1.035
6C E10114-3632 1190 070 1.042
6C E101743712 1.540 1.00 1.053
6C E10194-3024 L6900 094 0923
G6C E1120+3710 1.543 089  1.060
6C E12124-3805 LADE  1.06 0.95
6C E12174-3645 1.402 094 1.088
6C E12564-3648 1.760 0.81 1.07
6C E12574-3633 1.036  1.08 1.004
GOC*0128+394 1.322 050 0920
GO*0133+486 0.742 1.22 1.029
5C 6.24 0839 057 1073
5CTAT 0460 093 0936
5C 7.23 0546 078  1.008
5C 7.242 0.304 0094 0092
5C 7.82 0371 093 0918
TOOTI066 0.098 0AT 0926
TOOT1140 0208 0.7 0811
TOOT1267 0.282 0B0 0968

Radio Galaxies

* Also added all known Radio-galaxies in
the same redshift range.

* Using the 3CRR, 6CE and 7CRS and also
the TOOT (Hill & Rawlings 2003), 27 RGs
in total.

 Low radio frequency so are thus

orientation independent, i.e. no beaming
effects.
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Radio-luminosity

* To select RLQs we used
WENSS, fluxes of greater
than 18 mJy (5-sigma
survey limit).

 Overlap between the
RLQs and RGs, but on
average the RGs are more
radio-loud.

* The RQQs were selected
as being non detections in
the FIRST survey.
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Observations

« Spitzer Space Telescope, IRAC and
MIPS.

» See Poster by Liz Dodd for 24pum
environments.

« 3.6um samples light nearest the 1um
micron stellar bump at z~1.

* 5-sigma depth of 13uJy or 21.1
magnitude (AB system), in channel 1
(3.6um).

» 12 QSOs had data from the SWIRE

survey and two RGs from PI’s Stern
and Fazio.

Errer on magnitude

[a]
]

]

16 18 20 22
Apparent magnitude at 3.6 microns
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Radial Search
and Blank Fields

» Catalogues made using SExtractor

(Bertin & Arnout 1996).

James Falder -

University of Hertfordshire

Region of the off target
Spitzer image that is
exposed to same depth
as the main field used
as a blank field. This is
at the nearest point 2.8
Mpc from the AGN at
z~1.



Results
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— ——— « Stacking required.

Sources around all AGN

e ueag 175 « Local background level for

each field subtracted.

« 8-sigma over-density within

Source over—density (arc minutes™)

i

40” or 300 kpc of the AGN.

* This corresponds to 2-3
massive evolved galaxies per
AGN on average above the
field level.

: *Possible lower level over-
71 density out to at least 800
T kpc.

o

200 400 600 200
Radial distance (kpc)



Source

AGNtypes.

s Sources around radio—quiet Q50s

over—density (arc minutes™)

Source over—density (arc minutes™)
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Significant over-densities around all but larger over-densities around the RLQs and
RGs, and a larger though not significantly so over-density around the RGs than
RLQ:s.

Difference between the RLQs and RQQs is significant at the 96% confidence level.



Black-hole masses

» Black-hole mass estimates for the
QSOs using the Mg Il line as a
viral estimator (Jarvis et al. 2010 in

prep).

* RLQs and RQQs black-hole
masses are statistically
Indistinguishable.

* In general black-hole masses of
RLQs are 45% more massive
(McLure and Jarvis 04), but not in
our sample.

MNumber

15

10



Source over—density (arc minutes™)

Correlatlon Analy3|s
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Mbh Log,, (Mg) Logy (Lapsuse / W Hz™" sr™))
Test Coefficient  Significance
QQuasars Spearman rank 0.080 0.666
(Mpy vs over-density) Kendall tau 0.054 0.669
All AGN Spearman rank 0.160 0.961
(radio luminosity vs over-density) Kendall tau 0.215 0.966
Cox hazard 2.109 0.854
AGN(Lradio> 25) Spearman rank 0.226 0.963
(radio luminosity vs over-density) Kendall tau 0.155 0.966
AGN(Lyaqio> 26) Spearman rank 0.483 0.992
(radio luminosity vs over-density) Kendall tau 0.121 0.999
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o Radio gl |

& Radha—loud Q50s |

f _ Rodio=quiet 050 |

* Suggests evidence for a
positive correlation of
Increasing environmental
density with radio
luminosity, but not with
black hole mass.

« Seems to improve
towards higher radio
power.



BgQ — Spatial clustering amplitude.

* For full description
(see Longair and Seldner 1979).

« K band luminosity function of
Cirasuolo et al. 2009 with colour
correction.

Bgq/Mpc

* Gives the same results and
correlation as with number density
alone.

« Sample is largely of Abell class 0 or
lower with those in the most dense
environments nearer class 1.
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Conclusions / Discussion

» 8-sigma over-density found around all AGN when stacked together within 300 kpc.
» More significant over-densities around the RLQs and RGs than the RQQs.

* RLQs and RQQs black hole masses are statistically indistinguishable, leading to
conclusion that the environmental difference is not a result of the RLQs being hosted by
more massive galaxies.

« Correlation analysis gives a correlation at the 96% confidence level for environmental
density increasing with radio power of AGN. Compared to no correlation being observed
with black-hole mass. Correlation improves to 99% at the highest radio luminosities.

* If the environment is effecting the radio properties of AGN perhaps this is through the
radio jets being boosted in denser environments (jet confinement).

* Alternatively perhaps if radio properties depend on black-hole spin, then this may be
higher in denser environments due to increased exposure to mergers which could spin up
the black-hole.



