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ABSTRACT

Context. The physical characteristics of the material closest to supermassive black holes (SMBHs) are primarily studied through
X-ray observations. However, the origins of the main X-ray components such as the soft X-ray excess, the Fe K� line complex, and
the hard X-ray excess are still hotly debated. This is particularly problematic for active galactic nuclei (AGN) showing a signi�cant
intrinsic absorption, either warm or neutral, which can severely distort the observed continuum. Therefore, AGN with no (or very
weak) intrinsic absorption along the line of sight, so-called “bare AGN”, are the best targets to directly probe matter very close to the
SMBH.
Aims. We perform an X-ray spectral analysis of the brightest and cleanest bare AGN known so far, Ark 120, in order to determine the
process(es) at work in the vicinity of the SMBH.
Methods. We present spectral analyses of data from an extensive campaign observing Ark 120 in X-rays withXMM-Newton(4 �
120 ks, 2014 March 18–24), andNuSTAR(65.5 ks, 2014 March 22).
Results. During this very deep X-ray campaign, the source was caught in a high-�ux state similar to the earlier 2003XMM-Newton
observation, and about twice as bright as the lower-�ux observation in 2013. The spectral analysis con�rms the “softer when brighter”
behavior of Ark 120. The fourXMM-Newton/pn spectra are characterized by the presence of a prominent soft X-ray excess and a
signi�cant Fe K� complex. The continuum is very similar above about 3 keV, while signi�cant variability is present for the soft X-ray
excess. We �nd that relativistic re�ection from a constant-density, �at accretion disk cannot simultaneously produce the soft excess,
broad Fe K� complex, and hard X-ray excess. Instead, Comptonization reproduces the broadband (0.3–79 keV) continuum well,
together with a contribution from a mildly relativistic disk re�ection spectrum.
Conclusions. During this 2014 observational campaign, the soft X-ray spectrum of Ark 120 below� 0.5 keV was found to be domi-
nated by Comptonization of seed photons from the disk by a warm (kTe � 0:5 keV), optically-thick corona (� � 9). Above this energy,
the X-ray spectrum becomes dominated by Comptonization from electrons in a hot optically thin corona, while the broad Fe K� line
and the mild Compton hump result from re�ection o� the disk at several tens of gravitational radii.

Key words. X-rays: individuals: Ark 120 – galaxies: active – radiation mechanisms: general – accretion, accretion disks –
quasars: general
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1. Introduction

In the standard picture, the emission of an active galactic nu-
cleus (AGN) stems from an accretion disk around a supermas-
sive black hole (SMBH) with mass spanning from a few million
to billions of solar masses. X-ray spectra o� er a unique potential
to probe matter very close to the black hole and to measure the
black hole spin. The X-ray spectra of AGN usually exhibit one or
more of the following components: a soft excess below 2 keV, a
power-law continuum up to about 10 keV, a Fe K� line complex
near 6.4 keV, and a Compton scattering hump near 20–30 keV.

Recent studies usingXMM-Newtonhave shown that the soft
X-ray excess component is commonly seen in AGN, and that
for most AGN (the exception possibly being low-mass Narrow
Line Seyfert 1 galaxies; Done et al. 2012) this soft excess is
not the hard tail of the big blue bump observed in the UV
coming from blackbody emission of the accretion disk (e.g.,
Gierliński & Done 2004; Porquet et al. 2004; Piconcelli et al.
2005). Di� erent explanations have been proposed: for exam-
ple, photo-ionized emission blurred by relativistic motion in the
accretion disk (e.g., Crummy et al. 2006); Comptonization of
soft (extreme UV) seed photons by the electrons of a corona
above the disk (e.g., Czerny & Elvis 1987); and an artifact
of strong, relativistically smeared, partially ionized absorption
(Gierliński & Done 2004). These models can give a good rep-
resentation of the soft excess, though the current simulations
of line-driven AGN accretion disk winds cannot reproduce the
smooth, soft X-ray excess (Schurch et al. 2009). Therefore, the
origin of the soft excess is still an open issue.

Besides, the study of the Fe K� complex emission can be
used to provide fundamental diagnostics of the physical and
dynamical conditions of the AGN central engine from the in-
ner part of the accretion disk to the far-away molecular torus.
Relativistic (or broad) Fe K� lines have been studied in nu-
merous AGN (e.g., Nandra et al. 2007; Brenneman & Reynolds
2009; Patrick et al. 2012), especially MCG-06-30-15 (e.g.,
Tanaka et al. 1995; Fabian et al. 2002; Marinucci et al. 2014),
and other particular AGN thanks notably toXMM-Newtonand/or
NuSTARdata (NGC 1365: Risaliti et al. 2013; and Walton et al.
2014; Mrk 335: Parker et al. 2014; and SWIFT J2127.4+5654:
Marinucci et al. 2014). However, the physical interpretation
of the observed broad Fe K� lines has been disputed due
to the common presence of a warm absorber (Porquet et al.
2004; Piconcelli et al. 2005; Blustin et al. 2005), which has
been proposed to explain in part the broadness of the lines
(Turner & Miller 2009). Indeed, the presence of this hot gas on
the line of sight could severely complexify the X-ray data anal-
ysis, in particular by distorting the underlying continuum of the
Fe K line. However, arguments against this interpretation have
been invoked by Reynolds et al. (2009).

Likewise, several origins for the hard X-ray spectrum above
10 keV for type 1 Seyferts have been proposed, such as rel-
ativistic re�ection, complex absorption, and Comptonization,
or a combination thereof (e.g., Nardini et al. 2011; Noda et al.
2011; Patrick et al. 2011, 2012; Risaliti et al. 2013; Walton et al.
2014; Ursini et al. 2015; Mehdipour et al. 2015). Therefore,
AGN showing no (or very weak) presence of any X-ray warm
absorber – so-called “bare AGN” – are the best targets to directly
investigate the process(es) at work in the vicinity of SMBHs.

Ark 120 (z = 0:033, MBH = 1:50 � 0:19 � 108 M�
1) is

the brightest and cleanest bare AGN known so far, that is, one
displaying neither intrinsic reddening in its IR continuum nor

1 Black hole mass determined via reverberation mapping
(Peterson et al. 2004).

evidence for absorption in UV and X-rays (e.g., Ward et al.
1987; Crenshaw et al. 1999; Reynolds 1997). The �rstXMM-
Newtonobservation performed in August 2003 (� 80 ks pn net
exposure time) con�rmed that its spectrum is warm absorption-
free, with the smallest upper limit to the column density found
among AGN (� 3 � 1019 cm� 2; Vaughan et al. 2004). Ark 120
therefore represents the best target to have the “purest” view
of the properties of the accretion disk and of the black hole
spin in AGN. This object displays a prominent soft excess
observed down to 0.3 keV and a signi�cant Fe K� line com-
plex (Vaughan et al. 2004). The width of the broad compo-
nent of the Fe K� line (Full width at half maximum (FWHM)
� 30 000 km s� 1) was much larger than that of the broad optical
lines from the broad line region (BLR), withFWHM (H� ) =
5850� 480 km s� 1 (Wandel et al. 1999). Ark 120 was also ob-
served withSuzakuin April 2007 (� 100 ks) con�rming the pres-
ence of a large soft excess and of a signi�cant broad Fe K� line
(Nardini et al. 2011; Patrick et al. 2011). Recently, Matt et al.
(2014) reported the �rst spectral analysis of a simultaneous
XMM-NewtonandNuSTARobservation performed in February
2013. They found that the smooth soft excess was more likely
explained by Comptonization. In contrast with the 2003XMM-
Newtonobservation (Vaughan et al. 2004) and the 2007Suzaku
observation (Nardini et al. 2011), while a signi�cant soft excess
was also present, no obvious signature for relativistic re�ection
was found in the 2013 observation. It is worth mentioning that
in 2013 the �ux of Ark 120 was lower by about a factor of two
than during the 2003 observation. Both this lower �ux and the
lack of any relativistic signature in this 2013 observation (“low-
�ux state”) may be explained by the presence of an extended
optically-thick corona which hides most of the relativitic re�ec-
tion from the accretion disk, while in 2003 (“high-�ux state” )
and in 2007 (“intermediate-�ux state”) this corona was likely
less thick and/or less extended (Matt et al. 2014).

An extensive X-ray observational campaign was performed
from 2014 March 18 to 24 to study Ark 120 in order to directly
probe the accretion disk properties and the SMBH spin in this
moderate Eddington ratio AGN (�M & 0:05 �MEdd; Vaughan et al.
2004). This campaign combined a deepXMM-Newtonobserva-
tion (480 ks split into four consecutive 120 ks observations from
2014 March 18 to 24; PI: D. Porquet) with a simultaneous 120 ks
Chandra/HETG observation2 (PI: D. Porquet). Furthermore, a
NuSTARobservation (65 ks; PI:NuSTARAGN team) was per-
formed during the thirdXMM-Newtonobservation, that is, on
2014 March 22.

In Reeves et al. (2016; hereafter Paper I), we reported on
the analysis of the soft X-ray spectrum using the 480 ks
XMM-Newton/RGS and 120 ksChandra/HETG spectra. We
con�rmed that there were no detectable absorption lines due to
the warm absorber in the deep RGS spectra, and that Ark 120 is
the cleanest bare nucleus AGN known so far. Only absorption
lines from the interstellar medium of our Galaxy were found.
Interestingly, several soft X-ray emission lines from the He-like
and H-like ions of N, O, Ne, and Mg were revealed for the �rst
time thanks to this very high signal-to-noise (S/N) RGS spec-
trum. As a consequence, Ark 120 is not intrinsically bare since
substantial X-ray emitting gas is present out of the direct line of
sight towards this AGN. This result is very important in the
framework of the uni�ed scheme of AGN, which invokes the

2 This was the �rstChandraobservation of Ark 120. The observation
was split into three consecutive sequences as described in Reeves et al.
(2016) and Nardini et al. (2016).
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