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Overview

A The puzzle of LERGs
A Unified models and X-ray emission
A The X-ray properties of radio galaxy nuclei

A Invisible or Compton-thick? The multi-
wavelength view

A Accretion modes and accretion origin
A Consequences for feedback
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LERGs and unification

NLRG can be unified with
guasars/BLRG i narrow-line
properties consistent. Standard
Barthel 1989 US (w BLRG as weak
guasars per MJH et al 98).

LERG cannot unify with
guasars/BLRG since NLR cannot be
hidden => beamed versions of
LERG must be lineless, e.g. BL Lac
objects.

FRI and (probably) LERG FRIls
unify with BL Lacs i part of standard
picture (e.g. Browne 83; Urry &
Padovani 95; MJH et al 03)

But why are the nuclear emission
lines of these systems so different?
Look at other properties to find




The X-ray view of radio galaxy
nuclel

Torus obscur€ag OcCcoOT
emission from nucleus =>

narrow-line radio galaxies should

have heavily absorbed nuclel, as

shown by early hard X-ray results

(e.g. Ueno et al 1994)

X-ray source




X-rays from the nuclear jet

Soft X-ray work (Feigelson et
al 1984; Worrall & Birkinshaw
1994; Edge & Rottgerlng9
1995; MJH & Worrall 1999...);
an unabsorbed power-law
component is present in
nearly all RGs.

Correlation between radio,
optical, and X-ray cores => jet
origin (from outside torus if
present).

FRIs, NLRG and LERG FRIls
lie on same correlation

Quasars and BLRG lie above
It (we see additional
unabsorbed accretion-disc
related emission).

Required for unification with
L Lacs to work, so no
surprise!)
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Search for absorbed X-rays

A What classes of objects have X-ray evidence for an
obscuring torus?

A We need to look for absorbed X-rays in a sample
containing significant numbers of both low-excitation and
high-excitation objects and both FRIs and FRIIs.

A Archival XMM and Chandra on 3CRR sample (Laing,
Riley & Longair 83) with z<1.0.

A Include sources from Evans et al 2006 (z<0.1),
Hardcastle et al 2006 (0.1 <z < 0.5) and Belsole et al
2006 (0.5 <z < 1.0) plus some new observations and
archive data since 2006 (e.g. Harris et al in prep.).

A In total 90/137 (66%) of the z<1.0 3CRR sources have
Chandra or XMM data i almost all used in the current
analysis.






Sample results

A Almost all of the NLRG (mostly FRIIS) show
evidence for an absorbed nuclear component with
N, ~ 1022 -10%* cm=1 as expected if all have tori +
large angle to LOS

A BLRG and quasars generally unabsorbed or at most
small absorption columns.

A Almost all the LERGS (FRIs and FRIIS) show no
evidence for an absorbed component (exceptions
not true LERGs?) although all show the jet-related,
unabsorbed component.
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White = LERG
Red = NLRG
Green = BLRG

Blue = quasar

For quasars and BLRG the
luminosity plotted is the total
luminosity if no absorbed
component is required in the
fit.

Circle => FRI
F @ 1 Line goes through FRII NLRG
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Invisible T or not there?

A We see that the limits for LERGs generally lie below
the radio/X-ray correlation for NLRG; however, some
NLRG lie in the same region of parameter space.

A A crucial question is whether the undetected sources
are just absorbed by columns >> 102 cm=217 i.e.,
whether they are just Compton-thick.

A Infra-red data give us the answer: Compton-thick
sources will be luminous in the IR.

A Spitzer IRS photometry is available for many of our
targets. We use the 15-micron luminosities (3f,) given
by Ogle et al (2006) and Cleary et al (2007),
supplemented by our own analysis of other 3SCRR
sources with z>0.1 (following the method of Ogle et al).
47 objects in our sample.



X-ray vs 15-micron luminosity

White = LERG
Red = NLRG
Green = BLRG

Blue = quasar
Circle => FRI

Line goes through all
detected points

Limits use N, = 1023 cm2
Compton-thick sources would
lie far below/right of the
correlation.
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