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Abstract

We present the results from our systematic X-ray spectroscopic survey of 24 non-blazar radio-loud
active galactic nuclei (AGNs) using Suzaku, XMM-Newton, and Swift/BAT. By uniformly analyzing the
broad-band spectra in the 0.5–195 keV band, we decompose them into the direct continuum from the
central engine and reflection components from the torus and accretion disk with unprecedented accuracy.
Broad iron K lines are not required in most of them, implying that the inner standard disks are truncated
and/or their inner parts are covered by optically thick corona in radio-loud AGNs. The averaged equivalent
width of the narrow iron-K line originating from the torus is consistent with that of radio-quiet AGNs.
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1. Introduction

Radio-loud active galactic nuclei (AGNs) are spouting
relativistic jets, which transmit a part of the gravita-
tional energy of accreted matter onto the super mas-
sive black hole (SMBH) to interstellar and intergalactic
medium. Despite the importance of their role of AGN
feedback, fundamental problems still remain: how the
jets are produced and what are differences between radio-
loud and radio-quiet AGNs. Broad-band X-ray spectra
provides us with valuable information to answer these
questions. In this work, we try to reach a unified pic-
ture on the properties of radio-loud AGNs, including the
geometry of the accretion disk and torus.

2. Sample

Our sample is selected from a hard X-ray catalog of
the Swift/BAT 58-month survey, which detects several
hundreds of non-blazar AGNs. We gather radio sources
identified in the third and the fourth Cambridge (3C
and 4C) catalogs (Edge et al. 1959; Pilkington & Scott
1965) and the Parkes catalogue (Bolton et al. 1964) from
the BAT AGNs, excluding a narrow-line Seyfert 1 PKS
0558–504. We add IC 5063, NGC 612 and Pictor A,
which are known to be radio galaxies with the previous
works (e.g., Tazaki et al. 2011; Eguchi et al. 2011; Er-
acleous et al. 2000). Centaurus A is out of our sample,
because it shows too complex spectrum (Fukazawa et al.
2011) to be analyzed with the same way as other radio-
loud AGNs. From the sample, we obtain 44 data sets
(24 sources; 10 type 1s and 14 type 2s), already observed
with Suzaku and XMM-Newton.

3. Spectral data and analysis

We simultaneously fit the broad-band spectra in the
0.5–195 keV band observed with Suzaku, XMM-Newton,
and Swift/BAT. We model the spectra from the nu-
cleus with a power law with an exponential cutoff
(E−Γ × exp(−E/Ecut)) and Compton reflection compo-
nents from cold matter in the accretion disk and the
torus with a pexmon model. The relative strength to
the direct component is defined by R ≡ Ω/2π, where Ω
is the solid angle of the reflector viewed from the central
irradiating source. We consider the Doppler and rela-
tivistic smearing in the disk-reflection component, which
is modeled with rdblur * pexmon. We set the inner ra-
dius of the accretion disk to be free for type 1s, though it
is fixed at 100 rg for type 2s, which is consistent with the
results of type 1s. In type 2 AGNs, we add the scattered
component by the gas surrounding the nucleus with the
same photon index as that of the transmitted one.

Analyzing the narrow-band spectra in the 3–9 keV
band, we estimate the strength of an iron-Kα emission
line, which represents the solid angle of line emitting gas.
Here we adopt the best-fit continuum model obtained by
the broad-band analysis, replacing the pexmon model
with the pexrav model. We model the iron-Kα line with
a single Gaussian centered at 6.4 keV (rest-frame), whose
normalization and width are left as free parameters.

4. Results and comparison to radio-quiet AGNs

Figure 1 plots the ratio of the iron-Kα luminosity (based
on the Gaussian fit) to the Swift/BAT 10–50 keV lu-
minosity (L10−50keV), given as a function of L10−50keV.
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Fig. 1. BAT luminosity (L10−50keV) versus relative luminosity of
iron-Kα lines (LKα/L10−50keV). The circles (black) and the
triangles (red) represent the type-1 and 2 sources, respectively.
Dot-dashed lines show the results of radio-quiet AGNs by Ricci et
al. (2013) with the best-fit slope of –0.11. Solid lines show the
results of power-law fitting with the fixed index of –0.11.

Although the X-ray Baldwin effect (the anti-correlation
between these two quantities) is not clearly seen because
of the small sample size, our results for radio-loud AGNs
are consistent with the correlation derived from radio-
quiet AGNs (Ricci et al. 2014; dash-dotted lines) within
a factor of ∼ 2. This suggests that the torus structure
is not dramatically different between the two popula-
tions. The solid lines plot the best-fit correlations for our
type-1 and type-2 samples by assuming the same slope
as obtained from radio-quiet AGNs. It is noticed, how-
ever, that the normalization in the radio-loud sample is
slightly higher than that of radio-quiet AGNs. This may
be partially caused by the contamination of a narrow
component originating from the accretion disk, whose in-
ner part could be truncated in radio-loud AGNs (see be-
low), The difference between radio-loud and radio-quiet
AGNs becomes larger in type 2s than in type 1s. We
infer that there is a selection bias for lower inclination
angles in type-2 radio-loud AGNs by the definition of the
radio loudness, which strongly depends on the relativis-

Fig. 2. BAT luminosity (L10−50keV) versus line width (σ). The
circles (black) and the triangles (red) represent the type-1 and 2
sources, respectively.

tic beaming of the jets.
Evidence for possible truncation of the standard disk

in radio-loud AGNs may be seen in Figures 2 (from
narrow-band analysis) and 3 (from broad-band analysis).
The iron-K lines are broader in type-1 AGNs, suggesting
a large contribution from the accretion disk than in type-
2 AGNs. They are at most ∼ 300 eV, however. Figure 3
plots correlation between the reflection strength and in-
nermost radius in the disk-reflection component obtained
from each pointing of our type-1 sample. Most of them
have weak reflection strength (Rdisk < 0.2), and about
half of them show the innermost radii significantly larger
than 10 rg (rg ≡ GM/c2 is the gravitational radius).

5. Summary

We systematically analyzed the broad-band X-ray spec-
tra of 23 radio-loud AGNs observed with Suzaku, XMM-
Newton, and Swift/BAT. They are well represented with
a uniform spectral model, consisting of a direct compo-
nent, reflection components from the torus and accre-
tion disk, and a scattered component. We find that the
observed iron-K line luminosity is consistent with those
of radio-quiet AGNs within a factor of ∼ 2, suggesting
global similarity in their torus structures. The slightly
larger line-intensity in the radio-loud populations might
be caused by the emission from their truncated standard
disks, and a possible selection bias toward lower inclina-
tion angles in type-2 AGNs.
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Fig. 3. Plots of the reflection strength from the accretion disk (Rdisk)
and the inner radius (rin) in unit of rg for each observation. Each
mark represents each type-1 radio-loud AGNs, respectively.
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