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Abstract.
Radio-loud AGN play an important rôle in galaxy evolution. We need to understand their
properties, and the processes that affect their behaviour in order to model galaxy formation and
development. We here present preliminary results of an investigation into the cluster environments of radio galaxies. We have found evidence of a strong correlation between radio luminosity
and environment richness for low excitation radio galaxies, and no evidence of evolution of the
environment with redshift. Conversely, for high excitation radio galaxies, we found no correlation
with environment richness, and tentative evidence of evolution of the cluster environment.

1. The ERA programme
There is a complex, two-way relationship between radio-loud AGN and their cluster environments, and understanding this relationship is crucial for our understanding of the rôle of AGN feedback in galaxy evolution (eg McNamara & Nulsen (2012);
Heckman & Best (2014)). The radio jets transport energy a considerable distance into
the cluster, and are themselves affected by the intra-cluster medium. Do the properties
of the large-scale cluster environment in their turn affect the feedback loop maintaining
the AGN, or are the AGN properties solely determined by the more local environment
of the host galaxy? And how does does this disruption of the cluster environment affect
its evolution?
In the ERA programme (Ineson et al. (2013)), we are making a systematic examination
of the effects of epoch and environment on the properties of radio-loud AGN in order to
address two questions: is radio luminosity is related to the large-scale cluster environment,
and does the environment evolve with epoch?
In phase 1, we used the ERA sample (Fig.1, top left) to compare radio luminosity and
the hot gas environment within a limited redshift range (0.4 < z < 0.6), thus removing
the effects of redshift evolution. We also looked for differences between the populations
of High and Low Excitation Radio Galaxies (HERGs and LERGs), which have different
accretion rates and host galaxy properties. We now are comparing these results with a
sample at z < 0.2 to look for evolution effects. We use the X-ray luminosity of the ICM
as a proxy for total cluster mass.
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2. Correlation between radio luminosity and cluster environment
The results from the ERA and z < 0.2 samples individually show an overall correlation
between radio luminosity (LR ) and cluster luminosity (LX ), with the correlation is driven
entirely by the LERG sub-sample. When the samples are combined (Fig.1, top), the
LR − LX correlation for the LERGs is very strong (p < 0.00005, Kendall’s τ test with
partial correlation for redshift), and again there is no correlation for the HERGs.
Thus there is strong evidence of a correlation between radio luminosity and the cluster
environment for LERGs but not for HERGs, supporting the theory that LERGs take
part in a feedback loop connected to the cluster gas.

3. Investigating redshift evolution
Both LERG sub-samples occupy the same region of the LR − LX plot, and sub-samples
matched in radio luminosity (Fig.1, bottom) have comparable distributions of LX , implying that they come from the same population. Conversely, the z < 0.2 HERGs occupy
a wider range of environments than ERA HERGs, and the matched sub-samples suggest
that they come from different populations (p < 0.01, Peto & Prentice tests). The ERA
subsamples are however small and contain upper limits.
This gives tentative evidence of evolution of HERG but not LERG environments, again
suggesting a difference in the feedback rôles of the two classes (Heckman & Best (2014)).
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Figure 1. On the left, the z < 0.2 and ERA samples. Results for the combined samples are
shown in the centre and right, with radio luminosity vs cluster richness (top) and redshift vs
cluster richness for sub-samples matched in radio luminosity (bottom). LERGs are in the central
column, and HERGs on the right.
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