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• ~170 AGN

• Type-1 (SDSS QSOs) and  

Type-2 (Radio-galaxies).

• 0.9 < z < 1.1

• Aim to decouple 

evolutionary and luminosity 

effects. 

Sample
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• 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.

QSOs
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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 24μm 

environments.

• 3.6μm samples light nearest the 1μm  

micron stellar bump  at  z~1.

• 5-sigma depth of 13μJy or 21.1 

magnitude  (AB system), in channel 1 

(3.6μm).

• 12 QSOs had data from the SWIRE 

survey and two RGs from PI’s Stern 

and Fazio.
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• Catalogues made using SExtractor 

(Bertin & Arnout 1996).

Radial Search 

and Blank Fields

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.
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Results
• Stacking required.

• Local background level for 

each field subtracted.

• 8-sigma over-density within 

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-

density  out to at least 800 

kpc.
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AGN types

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 

RLQs.

Difference between the RLQs and RQQs is significant at the 96% confidence level.
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Black-hole masses

• Black-hole mass estimates for the 

QSOs using the Mg II 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.
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Correlation Analysis

• 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.

QSOs with Mbh All AGN with Radio L
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Bgq – Spatial clustering amplitude.

• For full description 

(see Longair and Seldner 1979).

• K band luminosity function of 

Cirasuolo et al. 2009 with colour 

correction.

• 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.


