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Abstract
We present results from a new 100-ks Suzaku observation of the nearby radio galaxy 3C 33, and investigate the nature of absorption, reﬂection, and jet production in this source. We model the 2–70 keV
nuclear continuum with a power law that is absorbed either through one or more layers of pc-scale neutral
material, or through a modestly ionized pc-scale obscurer. The expected signatures of reﬂection from a
neutral accretion disk are absent in 3C 33: there is no evidence of a relativistically blurred Fe Kα emission
line, and no Compton reﬂection hump above 10 keV. We discuss the implications of this for the nature of
jet production in 3C 33.
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1.

Overview

The origin of jets in active galactic nuclei (AGN) is one
of the most important unsolved problems in extragalactic astrophysics. While 90% of all AGN (Seyfert galaxies
and radio-quiet quasars) show little or no jet emission,
the remaining 10% (the radio-loud AGN and radio-loud
quasars) launch powerful, relativistic twin jets of particles from their cores. Since jets transport a signiﬁcant
fraction of the mass-energy liberated during the accretion process, sometimes out to ∼Mpc distances, understanding how they are produced is key to a complete
picture of accretion and feedback in AGN.
X-ray observations of the nuclei of radio-loud and
radio-quiet AGN are essential for establishing the connection between the accretion ﬂow and jet. Continuum
X-ray observations of radio-loud AGN have mostly been
restricted to bright broad-line radio galaxies (BLRGs)
and quasars, which are oriented relatively close to the
line of sight with respect to the observer. In these
sources, unabsorbed non-thermal emission from the jet
could potentially contaminate the unabsorbed accretionrelated X-ray spectrum and thus dilute the apparent
strength of the Compton reﬂection component. Narrowline radio galaxies (NLRGs), such as 3C 33, on the other
hand, which are oriented at low to intermediate angles, have the distinct advantage that (unabsorbed) jetrelated X-ray emission can be readily spectrally sep-

arated from (heavily absorbed) accretion-related emission, allowing a direct measurement of the strength of
Compton reﬂection. However, narrow-line radio galaxies tend to be relatively faint X-ray sources compared to
broad-line objects.
Here, we present the results from a 100-ks Suzaku observation of one of the brightest NLRGs, 3C 33, the only
such source known so far to show potential evidence for
Compton reﬂection in its 2–10 keV X-ray spectrum. Previous observations of 3C 33 with Chandra and XMMNewton (Kraft et al. 2007) showed that its continuum
spectrum could not be adequately modeled by the combination of a heavily obscured power law and a soft power
law normally ﬁtted to narrow-line FRII sources, due to
the large residuals present between 2–4 keV. We use our
Suzaku observation to investigate Compton reﬂection in
this radio galaxy.
2. Suzaku Spectral Analysis
We restricted the energy range for our spectral ﬁts to 2–
10 keV (XIS) and 15–70 keV (PIN). We ﬁtted to 3C 33
our canonical model for the X-ray spectrum of NLRGs:
the combination of a heavily absorbed power law (likely
to be associated with the accretion ﬂow) and a soft, unabsorbed power law (Evans et al. 2006). This model
gave a relatively poor ﬁt to the spectrum: χ2 = 150 for
116 dof, with clear residuals at ∼3 keV. The photon in-
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