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ABSTRACT

Hard X-ray (> 10keV) observations of Active Galactic Nuclei (AGN) can shed light on some of the
most obscured episodes of accretion onto supermassive black holes. The 70-month Swift/BAT all-sky
survey, which probes the 14-195keV energy range, has currently detected 838 AGN. We report here
on the broad-band X-ray (0.3-150keV) characteristics of these AGN, obtained by combining XMM-
Newton, Swift/XRT, ASCA, Chandra, and Suzaku observations in the soft X-ray band (< 10keV) with
70-month averaged Swift/BAT data. The non-blazar AGN of our sample are almost equally divided
into unobscured (Ng < 10*2cm~2) and obscured (Ny > 10?2cm~2) AGN, and their Swift/BAT
continuum is systematically steeper than the 0.3—10keV emission, which suggests that the presence of
a high-energy cutoff is almost ubiquitous. We discuss the main X-ray spectral parameters obtained,
such as the photon index, the reflection parameter, the energy of the cutoff, neutral and ionized
absorbers, and the soft excess for both obscured and unobscured AGN.
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1. INTRODUCTION

Active Galactic Nuclei?* (AGN) are among the most
energetic phenomena in the Universe, and are believed
to play a significant role in the evolution of galaxies

(e.g., Kormendy & Richstond [1995; [Ferrarese & Merritt

[2000; |Gebhardt et all [2000; [Tremaine et all [2002;
\Schawinski et_al! 2006; 2013). One of

the most distinctive features of AGN is their strong
emission in the X-ray regime, which is produced by
Comptonization of optical and UV photons (e.g.,
Haardt & Maraschi 1991) in a hot plasma located very
close to the accreting supermassive black hole (SMBH).
X-ray emission is therefore an important tracer of
the physical properties of the accreting system, and
can constrain the amount of matter along the line of
sight, typically parameterized as the neutral hydrogen
column density (Ng). X-ray emission can also be used
to shed light on the structure of the circumnuclear
material, by studying the spectral features created by
the reprocessing of the primary X-ray radiation on the
material surrounding the SMBH. The two main features
produced by reprocessing of X-ray radiation in neutral
material are the iron Ka line at 6.4keV and a broad

Compton “hump” peaking at ~ 30keV (e.g.,
[1991), Murphy & Yagoob [2009)

The integrated emission of unresolved AGN gives
rises to the Cosmic X-ray background (CXB; e.g.,
Giacconi et all [1962; [Bauer et al! [2004; Harrison et all
2016). Studies carried out below 10keV have shown that
the shape of the CXB is significantly flatter (with a pho-
ton index T' ~ 1.4, e.g., [De Luca & Molendi 2004) than

* cricci@astro.puc.cl
24 See [Beckmann & Shrader (2012); [Netzed (2013, 2017);
Brandt & Alexander (2013);/Ramos Almeida & Ricci (2017) for re-

cent reviews on the subject.
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density, into unobscured (Ng < 1022 cm™
absorption properties of the sample).

the typical X-ray spectrum of unobscured AGN (T ~ 1.9,

e.g., [1994). This, together with the
fact that the CXB shows a clear peak at ~ 30keV, where
the bulk of the reprocessed X-ray radiation is emltted
suggests that heavily obscured AGN contribute signiﬁ—
cantly to the CXB. Synthesis models of the CXB (e.g.,
Weda. et all2003, 12014, |Gilli et_al! 2007, [Treister & Urry
2003; [Treister et all 2009, [Draper & Ballantyne 2010,
Akylas et alll2012) have shown that a fraction of 10—30%
of Compton-thick [CT, log(Ng/cm~2) > 24] AGN are
needed to reproduce the CXB. The fraction of CT
AGN inferred from synthesis models of the CXB is
however strongly dependent on the assumptions made
on the fraction of reprocessed X-ray emission, with
stronger reflection components resulting in Smaller frac-
tions of CT AGN (e.g.,|Gandhi ef. alll2007; [Treister et _all
2009; [Ricci et. all [2QlJJ Vasudevan et al! 20135, 2016;
Ueda ct all R014).

Radiation at hard X-rays (E 2 10keV) is less af-
fected by the obscuring material, at least up to Ny ~
10%5 — 10** cm™2 (see Figure 1 of [Ricci et all 2015),
due to the decline of the photoelectric cross-section with
increasing energy. Hard X-ray observations are there-
fore very well suited to detect heavily obscured AGN,
and allow us to obtain the least biased X-ray sample
of local AGN, and to directly study the X-ray emission
responsible for the peak of the CXB. Currently, there
are four operating hard X-ray observatories in-orbit.
IBIS/ISGRI on board INTEGRAL (Winkler et alll2003)
was launched in 2002, and has detected so far more than
200 AGN (Beckmann et al! 2006, [2009; [Paltani et all
2008; [Panessa et all 2008; lde Rosa et all 2008, 2012;
Ricci et all 12011 Malizia et a 1! 2012; [Bottacini et a ,I
2012). NuSTAR [2013), launched in 2012,
is the first focussing hard X-ray telescope on-orbit, and
its serendipitous survey has detected 497 sources in the
first 40 months of observations (Lansbury et all 2017h,
see also [Chen et all [2017). Thanks to its revolutionary

2), obscured (1022 < Ny < 10 em~2) and CT (Ny > 10% ¢

ce §5.3.1] for details on the

characteristics, NuSTAR has been very efficient in con-
straining the properties of heavily obscured AGN (e.g.,
Balokovié¢ et all 2014; [Gandhi et al! 2014; [Stern et all
[2014; [Koss et all 2015, 2016b; Brightman et all 2015;
[Lansbury et al! 2015, 2017a; |[Annuar et all 2015, [2017;
Boorman et all[2016; Ricci et all 2016aJH, 2017d!d). The
recently launched mission AstroSat (Singh et all 2014)
carries on board two hard X-ray instruments: the Large
Area Xenon Proportional Counters (LAXPC; 3-80keV)
and the Cadmium-Zinc-Telluride coded-mask imager
(CZTI, 10-150keV). Finally, the NASA mission Swift
(Gehrels et alll2004), launched in 2005, carries on board
the Burst Alert Telescope (BAT IBamhelmm_aﬂ (2008
[Krimm et alll2013). BAT is a hard X-ray detector that
operates in the 14-195keV energy range and has proved
to be an extremely valuable tool to study AGN in the
local Universe, since it is the only hard X-ray instrument
to continuously survey the whole sky.

Early studies of Swzﬁ/BAT AGN (e.g., Tueller et all
2008; |Ajello et all 12008; Winter et all 2008, 20094
Burlon et all 2011 2012) were fo-
cussed on the first releases of the Swift/BAT cat-
alog  (Markwardt et al! [2005; [Tueller et all [2010;
Segreto et all 2010; [Cusumano et all 20104dH) or on
relatively small subsamples (e.g., [Vasudevan et all
2013a). The latest release of the Swift/BAT catalog
(70-month, Baumgartner et all 2013) has however con-
siderably increased the number of hard X-ray selected
AGN, detecting more than 800 extragalactic sources.
The all-sky coverage of Swift/BAT allows to detect
very luminous and rare sources, and, being one of
the least biased samples of AGN available, it allows
to study a growing number of local heavily obscured
AGN. A large number of works have already been
carried out studying pointed X-ray observations (e.g.,
Winter et alll2009b; Ricci et _all2010; [Tazaki et al!l2011,
013, [Kawamuro et al] 2016H; [Tanimoto et all 2016;
Marchesi et all 2017; |Oda et all 2017) and the multi-
wavelength properties of Swift/BAT AGN. This includes
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Figure 2. Top left panel: zoom in the z = 0 — 0.32 range of the redshift distribution of the non-blazar AGN of our sample. There are four
non-blazar AGN at z > 0.4 which are excluded from this plot: SWIFT J1131.9—1233 (z = 0.6540), SWIFT J2344.6—4246 (= = 0.5975),

SWIFT J1159.7—2002 (z = 0.4500), and SWIFT J0216.3+5128 (z = 0.422).

Top right panel: redshift distribution of the blazars. Bottom

left panel: Distribution of the distances of the non-blazar AGN of our sample (including the redshift-independent distances). Bottom right

panel: same as the bottom left panel for the blazars. For all panels the red dashed lines show the median for each sample.

Among the

70-month catalog sources, non-blazar AGN lie at much lower redshifts and distances (median values: z = 0.0367, D = 161.6 Mpc) compared
to the strongly beamed and more luminous (see §5.1] and Fig.[I4)) blazar population (z = 0.299, D = 1565.3 Mpc).

radio (e.g., Burlon et all[2013; M&ng&tjl.llzo_lﬂ) far-IR.
(e.g., DMeléndez et all 2014; 1s 12014;
Shimizu et all[2015, [2016), mid- IR (e.g
2008; Weaver et all 2010; w@ 2012, IJLH)
near-IR (e.g., Mushotzky et all [2 [2008; [Lamperti et all
2017; i 201740; Ricci etall 2017€), op-
tical (e.g., [Vasudevan et all 12009; Koss et all [2010;
Winter et all [2010; [Ueda et all [2015) and ~y-ray
(e.g., [Sambruna et all 12010; [Teng et all [2011) stud-
ies, as well as works focussed on the host galaxy
properties (e.g., [Koss et all 2011a), variability (e.g.,
lShimizu_&_MushQ_tzkgd [2013; Soldi et all 2014) and on
peculiar sources (e.g., IKQsﬁﬁ_aUDDlz [Hogg et alll2012;
\Smith et al! 2014; Schawinski et all [2015). Moreover,
NuSTAR has been observing Swift/BAT AGN since its
launch in the framework of a legacy survey (Balokovié
et al. in prep.), providing high-quality data in the
3-80keV energy range.

Our group has been working on a systematic study of
the multi-wavelength properties of a very large number
of Swift/BAT selected AGN from the currently available

70-month catalog (Baumgartner et alll2013) and a forth-
coming extension (105 months, _ ). Alarge

effort has been made to collect optical spectroscopy for
most of the sources reported in the 70-month Swift/BAT

catalog, which allowed to infer black hole masses for both
obscured and unobscured objects [2017). The
first results of the Swift/BAT AGN Spectroscopical Sur-
vey (BASS?® ) include the study of the CT AGN detected
by BAT [2015, see also [Koss et. all[2016a and
Akylas et all 2016), the analysis of the correlation be-
tween high-ionisation optical emission lines and AGN X-
ray emission (Berney et all[2015), the study of the rela-
tionship between optical narrow emission lines and the
physical parameters of the accreting SMBH
), a near-IR spectroscopic study

2017), and the analysis of the relationship between the
X-ray photon index and the mass-normalized accretion
rate (Trakhtenbrot et all 2017). The detailed multi-
wavelength analysis of a large sample of local AGN?26
will be a very important benchmark for studies of AGN
at higher redshifts, where the typical fluxes are signifi-
cantly lower.

In this paper we present a compilation and analysis of
the X-ray data available for the AGN of the 70-month
Swift/BAT catalog. This paper is structured as follows.
In §2] we present our sample, in §3] we describe the data

5
25 www.bass-survey.com

26 See also [2017d/H for a soft X-ray study of lower
luminosity local AGN.
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analysis of the soft X-ray data, while in §4] we illustrate
the procedure adopted for the broad-band X-ray spec-
tral analysis of the sources, and the models used. In §5.11
we discuss the luminosity and flux distributions of our
sample, in §5.2 we examine the characteristics of the X-
ray continuum, in §5.3] we report on the results obtained
for the neutral and ionized absorbing material, while in
§5.4l we discuss about the properties of the soft excess of
obscured and unobscured AGN. Finally, in §6l we summa-
rize our findings and present our conclusions. Through-
out the paper we adopt standard cosmological param-
eters (Hy = 70kms~!Mpc™!, Q, = 0.3, Q4 = 0.7).
Unless otherwise stated, uncertainties are quoted at the
90% confidence level.

2. SAMPLE
Our sample consists of the 838 AGN detected within

the 70-month Swift/BAT catalog?” (Baumgartner et all
2013, Fig.M). We flagged all blazars in our sample ac-
cording to the latest release (5.0.0, Massaro et all[2015)
of the Roma BZCAT?® catalog (Massaro et all [2009),
and using the results of recent works on BAT detected
blazars (Ajello et all [2009; Maselli et all [2013). Overall
105 objects are classified as blazars. Of these 26 are
BL Lacs (BZB), 53 are Flat Spectrum Radio Quasars
(BZQ) and 26 are of uncertain type (BZU). This is a
different terminology than that used in the optical cat-
alog of [Koss et all (2017) which refers to these sources
as beamed AGN. Several sources have been identified
as possible blazars by [Koss et all (2017) using optical
spectroscopy, and are not treated as blazars here. In
Table[CI] we report the list of sources in our sample, to-
gether with their counterparts, coordinates, redshifts and
blazar classification. For completeness, we also report
the results obtained for the only non-AGN extragalactic
source detected by Swift/BAT, M 82 (a nearby starburst
with X-ray emission produced by star formation, e.g.,
[Ranalli et all[2008), although we do not include it in our

statistical analysis.

2.1. Counterpart identification

The counterparts of the Swift/BAT sources were

mostly taken from [Baumgartner et al! (2013) and
from recent follow-up studies (e.g., [Parisie

2009; Masetti et all 2010dH: Lutovinov et all 2012,
Masetti et all 2012; [Parisi et al! 2012). In order to
confirm the counterpart association, for all sources
we studied the 2-10keV images of the fields using
XMM-Newton/EPIC, Swift/XRT and Chandra/ACIS
(we provide additional information on these data-sets
in §3). Furthermore, the object coordinates were
cross-checked with the Two Micron All Sky Survey
(2MASS, [Skrutskie et all 2006) and Wide-field Infrared
Survey Explorer (WISE, [Wright et all [2010) point
source catalogs, and deviations larger than 3" were inves-
tigated individually. In 27 cases, the coordinates of the
associated counterparts in the original BAT catalog do
not accurately point to the nuclei of the systems, which
in all cases are identified with a relatively bright WISE
and 2MASS source. In further five cases the situation is
more complex, because the original counterpart does not

27 http://swift.gsfc.nasa.gov /results/bs70mon/
28 http://www.asdc.asi.it/bzcat/

Table 1
Summary of the soft X-ray spectra
used.

Facility /instrument Sources
Swift/XRT 588
XMM-Newton EPIC/PN 220
Chandra/ACIS 14
Suzaku/XIS 10
ASCA GIS/SIS
BeppoSAX/MECS 1

point to an individual galaxy, but to a pair or triple. In
these cases, the closest galaxy to the X-ray source with
WISE colours consistent with an AGN was selected.
In Appendix[A] we discuss the objects for which new
counterparts were found, while in Appendix[Blwe discuss
the Swift/BAT sources which host dual AGN. In three
cases, where both dual AGN contributed significantly to
the BAT flux, we report the spectral parameters of the
two AGN (named D1 and D2).

2.2. Redshifts and distances

2.2.1. Spectroscopic redshifts and redshift-independent
distances

Spectroscopic redshifts are available for most of the
sources of our sample (803, i.e. ~ 96%). The redshifts
were taken from the first release (DR1) of the BASS
optical catalog 2017) and from the litera-
ture. For the closest objects in our sample (at z < 0.01),
whenever available, we used redshift-independent mea-
surements of the distance, using the mean reported in the
NASA/TPAC Extragalactic Database (NED). Redshift-
independent distances were considered for 44 objects.

The redshift and distance distribution of the non-
blazar AGN (left panels) and the blazars (right pan-
els) in our sample are presented in Fig.[2 respectively.
The median redshift and distance of non-blazar AGN
(z = 0.0367, D = 161.6 Mpc) is significantly lower than
that of blazars (z = 0.302, D = 1565Mpc), consistent
with the very different luminosity distributions of these
two classes of objects (see §5.1] and Fig.[I4]).

Fig.B presents the observed 14-195keV Swift/BAT
luminosity versus redshift for unobscured (Npy <
10*2 em—2), obscured [10%2 < (Ny/em™2) < 10%4], CT
(Nu > 10** cm~2) AGN and blazars in the sample.

2.2.2. Photometric redshifts

The Swift/BAT 70-month sample includes 28 non-
blazar AGN and 7 blazars with no redshift measure-
ment. For the sub-sample of non-blazar AGN we cal-
culated photometric redshifts using the LePHAREZ? code

[1999; Tbert et alll2006), which is a Spec-
tral Energy Distribution (SED) fitting code based on
2 minimization. We adopted a set of templates from
Salvato et all (2009, 2011)), which includes some AGN
models from [Polletta et all (2007) and hybrid templates

29 http://www.cfht.hawaii.edu/ arnouts/LEPHARE/lephare.html
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Figure 3. Observed 14-195 keV Swift/BAT luminosity versus red-
shift for the AGN of the 70-month Swift/BAT catalog. The sources
are divided into blazars and non-blazar AGN, with the latter be-
ing further classified into unobscured (Ng < 1022 cm™~?), obscured
(1022 < Ny < 102 cm~2) and CT AGN (Ng > 10?4 cm™2, see
5.3 for details on the absorption properties of “the samplc)

combining AGN and host-galaxy emission. This library
has been optimized and extensively tested for SED-fitting
of AGN-dominated sources (see [Salvato et all 2009 for
further details). Dust extinction was added to each tem-
plate as a free parameter in the fit, by assuming the
Calzetti et all (2000) attenuation law.

To perform the SED-fitting, we collected multi-
wavelength photometry in the ultraviolet, optical and
infrared regimes. We made use of the publicly avail-
able data from the Galazy FEvolution Explorer (GALEX,
Martin et all 2005) in the far-ultraviolet (A ~ 1550A);
the Sloan Digital Sk Survey Data Release 10 (SDSS-
DR10, |Ahn et al [@ in the optical (w, g, r, ¢
and z bands); the 2MASS catalog in the near-infrared
(J, H and K bands); the WISE and AKARI cata-
logues in the mid-infrared (A ~ 3.4, 4.6, 12, 18 and

22 pm); the Infra-Red Astronomical Satellite (IRAS,
[1984) in the far-infrared (A ~ 60 and
100 pm). We collected broad-band photometry for 27

out of the 28 sources without a listed redshift3°.

The Le PHARE code also builds a probability distribu-
tion function (PDF) through the comparison of the ob-
served SED with all the models in the library. This allows
us to quantify the uncertainty of the resulting photomet-
ric redshift. We finally note that, since they represent a
very small fraction (~ 4%) of our sample, sources with
photometric redshifts were only listed out of complete-
ness, and were not used for any study which used the
X-ray luminosity.

3. X-RAY DATA AND DATA ANALYSIS

The spectral analysis was carried out combining the
70-month time-averaged Swift/BAT spectra with data
obtained by several X-ray facilities: ASCA (§3.1)), Chan-
dra (§32)), Suzaku (§.3), Swift/XRT (§3.4), and XMM-
Newton (§33). Only two AGN (SWIFT J1119.5+5132
and SWIFT J1313.6+3650A) were not observed by any
X-ray facility in the 0.3-10keV range, implying a com-
pleteness rate of ~ 99.8%. The highest energy bin (i.e.,

30 For one source, SWIFT J1535.8-5749, we did not retrieve
enough data to perform SED-fitting, therefore no redshift is avail-
able for this object.

K Swift/XRT

& XMM-Newton EPIC/PN
i Chandra/ACIS

i Suzaku/XIS

L ASCA GIS/SIS

I BeppoSAX/MECS

Figure 4. Facilities and instruments used for the analysis of the
soft X-ray spectra (see Table[I]).

150-195keV) of the Swift/BAT spectrum was not used
due to its poor response, such that it has a signal-to-
noise ratio a factor of ~ 100 — 1000 lower than the other
seven BAT energy bins [2013, see top panel
of Fig. 2 of their paper).

The core of our analysis is the spectral decomposi-
tion of all the X-ray data available for the Swift/BAT
AGN, to provide measurements of key physical proper-
ties related to the X-ray emission, including the intrin-
sic X-ray luminosity and the column density of matter
along the line-of-sight. Therefore we first checked the re-
sults obtained by fitting the Swift/XRT spectrum with
a power-law model (see @), visually inspecting the re-
sulting best-fit models and the residuals. We then used
X-ray data from Swift/XRT for the spectral analysis of
unobscured sources, unless: i) we found evidence of ion-
ized absorption or peculiar features; ii) Swift/XRT data
had low signal-to-noise ratio or were not available. For
these objects we used XMM-Newton EPIC/PN data,
or if no XMM-Newton observation was publicly avail-
able Suzaku/XIS, Chandra/ACIS or ASCA SIS0/SIS1
and GIS2/GIS3 data were used. For obscured sources
we used XMM-Newton EPIC/PN, Suzaku/XIS, Chan-
dra/ACIS or ASCA SIS0/SIS1 and GIS2/GIS3 data. In
case none of those were available we used Swift/XRT
observations. For blazars we used Swift/XRT data,
unless none was available. Whenever more than one
observation was available we used the deepest (after
accounting for data filtering). We privileged XMM-
Newton EPIC/PN observations over Suzaku/XIS, Chan-
dra/ACIS, and ASCA SIS0/SIS1 and GIS2/GIS3 be-
cause of its larger collecting area in the 0.3-10keV re-
gion, and due to the fact that XMM-Newton observed a
larger number of sources compared to the other satellites.
In one case (SWIFT J2234.8-2542) the source was only
observed by BeppoSAX below 10keV, and we report the
results of study of [Malizia et all (2000) combined with
the analysis of the Swift/BAT spectrum.

In the following we briefly describe the X-ray instru-
ments we used, and the procedure we adopted, for the
spectral extraction. Details of the soft X-ray observation
used for the broad-band X-ray spectral analysis of each
source are reported in Table[C2l Fig.Bl shows the dis-
tribution of different instruments used for the analysis
of the soft X-ray emission of Swift/BAT AGN (see also
Table[]).

3.1. ASCA
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Figure 5. Distribution of the < 10keV counts for the AGN of
our sample with soft X-ray observations available. The vertical
dot-dashed line shows the throshold used to separate objects fitted
with Cash (< 200 counts) and x2 (> 200 counts) statistics (see ¢l
for details). The counts from different instruments were summed
for observations carried out but Suzaku/XIS and ASCA GIS/SIS.
The median of the number of counts of our sample is ~ 1,600.

We used ASCA SIS0/SIS1 and GIS2/GIS3 data for
three sources. The reduced spectra were obtained from
the Tartarus database3! (Turner et all2001), which col-
lects the products obtained for 611 ASCA observations
of AGN.

3.2. Chandra

Chandra [2000) ACIS

2003) data were used for 14 sources. The reduction of
Chandra/ACIS data was performed using CTAOv.4.6
Fruscione et all 2006) following the standard proce-
dures. The data were first reprocessed using CHAN-
DRA_REPRO, and the source spectra were then extracted
using circular apertures of 10” radius, centered on the
optical counterpart of each source. Background spec-
tra were extracted using circular regions with identical
apertures, centered on regions where no other source was
present. Both spectra were extracted using the SPECEX-
TRACT tool. Sources with significant pileup were mod-
elled with the addition of the PILEUP model in XSPEC.

3.3. Suzaku

Suzaku (Mitsuda et alll2007) X-ray Imaging Spectrom-
eter (XIS, [Koyama et all [2007) data were used to com-
plement Swift/BAT spectra for ten source. For most of
its operating time XIS was composed of three cameras,
the front-illuminated (FI) XIS 0 and XIS 3, and the back-
illuminated (BI) XIS 1 (hereafter BI-XIS).

For each of the three XIS cameras, we reprocessed the
data and extracted the spectra from the cleaned event
files using a circular aperture with a radius of 1.7’ centred
on the source. The background was taken from a source-
free annulus centred at the source peak, with an internal
and external radius of 3.5 and 5.7/, respectively. We
generated the ancillary response matrices (ARFS) and
the detector response matrices (RMFs) using the Xis-
RMFGEN and XISSIMARFGEN tasks (Ishi 2007),
respectively. The spectra obtained by XIS0 and XIS 3
were merged using MATHPHA, ADDRMF and ADDARF.

31 http://heasarc.gsfc.nasa.gov/FTP /asca/data/tartarus/

3.4. Swift/XRT
The X-ray telescope (XRT, [Burrows et all 2005) on

board Swift followed up nearly all of the sources de-
tected by BAT in the first 70-months of operations.
Swift/XRT data analysis was performed using the XRT-
PIPELINE following the standard guidelines

2009). Swift/XRT observations were used for a total of
588 sources.

3.5. XMM-Newton

We used XMM-Newton (Jansen et all2001) EPIC/PN

[2001) observations for 220 sources. The

original data files were reduced using the XMM-Newton

Standard Analysis Software version 12.0.1

2004), and the raw PN data files were then processed
using the epchain task.

For every observation, we inspected the background
light curve in the 10-12 keV energy band, in order to
filter the exposures for periods of high-background ac-
tivity. Only patterns corresponding to single and double
events (PATTERN < 4) were selected. We extracted
the source spectra from the final filtered event list using
circular apertures centred on the object, with a typi-
cal radius of 20”. Regions with smaller radii were used
for the sources detected with a low signal-to-noise ra-
tio. The background was extracted from circular regions
of 40" radius, located on the same CCD as the source,
where no other X-ray source was detected. We checked
for the presence of pile-up using the EPATPLOT task. For
observations with significant pile-up we used an annular
region with an inner radius set such that no pile-up was
present. Finally, we created ARFs and RMFs using the
ARFGEN and RMFGEN tasks, respectively.

4. X-RAY SPECTRAL ANALYSIS

The X-ray spectral analysis was carried out using
XSPECv.12.7.1b (Arnaud [1996). For all models reported
in what follows, we took into account Galactic absorption
in the direction of the source, by adding photoelectric
absorption (i.e., using the TBABS component in XSPEC,
Wilms et all[2000), fixed to the value from the HI maps
of Kalberla et all (2005), assuming Solar metalicity. The
combined X-ray spectra were then analyzed using a se-
ries of models of successive complexity, which are listed
in Table@l First, all sources were fitted using a simple
power-law model [TABS ga-(ZPOW) in XSPEC], and the
residuals were then visually inspected to assess whether
the X-ray spectrum showed signatures of neutral or ion-
ized absorption. A cross-calibration constant (C'par)
was added to all models to take into account possible
variability between the 70-month averaged Swift/BAT
spectra and the considerably shorter soft X-ray observa-
tions, as well as cross-calibration uncertainties. It should
be remarked that this factor does not take into account
possible spectral variability between the hard and soft
X-ray spectra, that might accompany flux variability.x

Sources were divided into two main categories de-
pending on their BZCAT classification: non-blazar AGN
(§42.1] and §4.2.2) and blazars (§4.2.3]). The spectra of
eight sources originally classified as blazars show sig-
natures of reprocessed X-ray emission, or are heavily
contaminated by other components, and were there-
fore fitted using non-blazar models. These sources are
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fitting the whole sample of AGN versus the DOF. Bottom panel:
ratio between x2 (or C-stat) and the DOF versus the number of

counts. In both panels the red dashed line represents x?/DOF=1
or C-Stat/DOF=

3C 120 (Kataoka et alll2007), 3C 273 (Haardt et all[1998,
Soldi et. all 12008), Cen A 2004), Mrk 348
Mﬁrgh@g@ et all 2014), NGC1052 (Brenneman et all
) and NGC 7213 (Bianchi et all 2008D). Besides
these sources, the X-ray spectrum of Mrk 1501 also shows
evidence of reprocessed X-ray radiation, in the form of a
Fe Ka feature. NGC 1275 was also fitted using a different
model, since its X-ray spectrum shows peculiar features
due to the fact that the source is located at the center of
the Perseus cluster. Non-blazar AGN were then further
divided, based on the initial power-law fit, into two cat-
egories: those showing relatively weak intrinsic absorp-
tion from neutral material (§4.2.1) and those showing
clear signatures of obscuration (§4.2.2)). Different sets of
models were used for sources in different categories. In
all cases we started with the simplest models and, af-
ter visual inspection of the residuals, we increased their
complexity, adding components if the fit was significantly
improved.

We used x? statistics to fit the soft X-ray spectra when
the number of counts was > 200, and Cash statistics (C-
stat, [CasH [1979) when it was below 200. For the 692
sources for which more than 200 source counts were avail-
able, we rebinned the spectral data to have 20 counts per
bin and used 2 statistics. For the remaining 144 objects
we rebinned the soft X-ray spectra to have one count per
bin and adopted Cash statistics, while we still used x?
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Figure 7. Distribution of the different X-ray spectral models used
for unobscured AGN (top panel, see §L.2.7] for details), obscured
AGN (middle panel, §£232) and blazars (bottom panel,

Overall 26 spectral models were used to fit the broad-band X- ray
spectra of the AGN in the 70-month Swzft/BAT catalog. The dif-
ferent components used in the models are listed in Table[2] and the
models are illustrated in Figs.BHIT] (with the exception of models
D1 and D2, see §4.2.4).

statistics for the Swift/BAT spectra. The median num-
ber of counts across the entire sample is 1,600. Fig.[Hl
presents the distribution of counts below 10keV. Fits
were considered to be significantly improved by the addi-
tion of a component if Ay? > 2.71 (or AC—stat? > 2.71)
for each extra free parameter.
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Table 2
Summary of the components included in the different X-ray spectral models.

Model TABSga CwaT ZPHABS CABS ZXIPCF ZPCFABS PEXRAV? BB APEC Sources
Al v v v v v . e 101
A2 v v v v e v v e 170
A3 v v v v v v 35
A4 v v v v v v e e 6
A5 v v v v v v v e 33
A6 v v v v v v v e 5
AT v v v v e e v e NE4 1
A8 v v v v v v v v 1

Model TABSGam Cpar ZPHABS CABS ZXIPCF ZPCFABS CUTOFFPL PEXRAV? APEC SCATT

B1 v v v v v v e v 272
B2 v v v v v v v v 87
B3 v v v v v v 4 v 19
B4 v v v v v v L4 v 1
B5 v v v v v e v v v v 1
B6 v v v v 4 e Ve e e 3
B7 v v v v v v Ve v 1
B8 v v v v v v veve v 1
B9 v v v v v v 4 1
Model TABSgar CarT ZPHABS CABS ZXIPCF POW BKN BKN2 BB SCATT
C1 v v v v v e 52
C2 v v v v v v 10
C3 v v v v v v 3
C4 v v v v 44 v e 2
Ch v v v v v v 6
C6 v v v v v e e e 23
c7 v v v v v v e 1
Note. — The table lists the different components that were used by the models, and the number of sources for

which each model was adopted. When more than one checkmark is reported the component was used more than
once. SCATT is the scattered component (fgscat X CUTOFFPL in XSPEC), while C'par is the cross-calibration constant
(CONS in XSPEC). Details about the spectral components can be found in §41] while the accurate syntax used in
XSPEC is reported in L2 THAZ3

& The reflection parameter was set to be R > 0, i.e. the component takes into account the primary X-ray emission
(in the form of a cutoff power-law) and reprocessed radiation at the same time.

b The reflection parameter was set to be negative, i.e. the reflection component is disconnected from the primary
X-ray emission and assumed to be unobscured.

¢ Absorption by neutral material was considered for the thermal component.
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In the next sections, we report in detail the spectral
components (§1) and the models (§42T] and
E23) we used for the broad-band X-ray spectral fit-
ting. The histograms showing the number of times each
best-fit model was used are illustrated in Fig.[7] for unob-
scured AGN (top panel), obscured AGN (middle panel)
and blazars (bottom panel). The main spectral param-
eters obtained by the broad-band X-ray spectral fitting
are reported in Table[C3l In the top panel of Fig.[6l we
show the values of the x?/C-stat obtained with the best-
fit model versus the number of degrees of freedom (DOF)
for the sources in our sample, while in the bottom panel
we show the ratio between x? (or C-stat) and the DOF
versus the number of counts. The median value of the ra-
tio between x? and the DOF is 0.996 & 0.008, confirming
the satisfactory quality of the spectral fitting.

4.1. Model components

In the following we describe the different components
used for the X-ray spectral fitting and the free parame-
ters of each model.

4.1.1. X-ray continuum

For the X-ray continuum of the non-blazar AGN we
used a power-law component with a high-energy cut-
off (cuTOFFPL in XSPEC). The free parameters of this
model are the photon index (T"), the energy of the cut-
off (Ec) and the normalization (noc,). To take into
account reprocessing of the primary X-ray continuum
by circumnuclear material we used the PEXRAV model
Magdziarz & Zdziarski[1995), which assumes reflection
by a semi-infinite slab. The inclination angle ¢ was fixed
to 30 degrees for all objects, in order to have a value of the
reflection parameter (R = /2w, where () is the covering
factor of the reflecting material) independent of any as-
sumption on the geometry of obscured and unobscured
AGN. The metallicity was fixed to solar, and thus the
sole free parameter of this model is R. For blazars we
used a simple power-law model (POW) or, when required
by the fit, a broken (BKN) or a double-broken (BKN2)
power-law. For the power-law model the free parameters
are the photon index (I') and the normalization (10 pow).
The broken power-law model considers a continuum that
changes its slope at an energy Ex. The two different
photon indices are I'y and I's for £ < Ey and E >
FEvx, respectively. The free parameters of this model
are Fpyk, ['1, I'y and the normalization (nopk,). In the
double broken power-law model the continuum changes
slope twice: at Etrk and E%rk. The photon indices are
Iy, Ty and I'y for E < E} ., B}, < E < E%, and
E > E% ., respectively. The free parameters are E} .
E? ., Tq, Ty, '3 and the normalization (nopkn2). No
reflection component was considered for blazars, since
most of the X-ray emission arises from the jets, which
washes out any signature of reprocessed radiation. In
Table[C3] we report the values of I'y for the blazars for
which a broken power-law continuum was used, while the
values of I'y, I's, E'} | and E3 , are reported in Table[C4l

4.1.2. Absorption

Absorption of the X-ray radiation by neutral material
occurs due to the combined effect of photoelectric ab-
sorption and Compton scattering. Photoelectric absorp-
tion was taken into account using the ZPHABS model,

with the redshift fixed to the systemic redshift of each
source. Compton scattering was considered using the
CABS model. The only free parameter for these two mod-
els is the column density, which was tied to have the same
value in all fits [i.e., Nu(CABS)=Np(ZPHABS)=Ny].
Whenever the column density could not be constrained
because the source was completely unobscured, it was
fixed to Ny/cm~2 = 0. The redshift was fixed to z = 0
for the sources for which no spectroscopic redshift was
available. When required by the data we used a partial
covering neutral absorber model ZPCFABS, whose free pa-
rameters are Ny and the covering fraction (feoy). The
values of Ny from the best-fit models are listed in Ta-
ble[C3]

Absorption by ionized gas (also referred to as “warm
absorption”) was taken into account using the zX-

1PCF model (Reeves et all [2008), which uses a grid of

XSTAR absorption models (Bautista & Kallman [2001;
[Kallman & Bautista [2001)). The free parameters of this
model are the column density (Ny ), the ionization pa-
rameter (£) and the covering factor (fW.) of the warm
absorber. The ionisation parameter is defined as £ =
Lion/ nr?, where n is the density of the absorber, Lo, is
the ionizing luminosity of the source in the range 5eV-
300keV, and r is the distance between the ionizing source
and the absorbing material. The values of N, ¢ and

fV  obtained by our spectral analysis are listed in Ta-

blelCHl

4.1.3. Soft excess

An excess over the X-ray primary emission below
~ 1 — 2keV (the “soft excess”) has been found in
both obscured and unobscured sources, although it is
widely believed to have a very different physical origin
in the two cases. For unobscured objects the soft excess
might be due to any of three potential mechanisms: i)
blurred relativistic reflection (e.g., [Crummy et all [2006;
[Fabian et al! [2009; Vasudevan et all 2014); ii) Comp-
tonization of the seed optical/UV photons in plasma
colder than that responsible for the primary X-ray com-
ponent (e.g., Mthpo}] et all 2011; [Done et all 2012;
Boissay et all 2014, [2016); iii) smeared absorption by
ionized material (e g., [Gierlinski & Done [2004). For ob-
scured objects this feature could have one or several of
the following origins: i) emission from a thermal plasma
possibly related to star formation (e.g.,
2011); ii) radiative-recombination continuum created by
gas photoionized by the AGN (e.g., Bianchi et all [2006;
|Guainazzi & Bianchil2007); iii) scattering of the primary
X-ray emission in Compton-thin circumnuclear material
(e.g., [Ueda et all2007).

Given the different physical origin, we adopted differ-
ent models to reproduce the soft excess in unobscured
and obscured AGN. For unobscured sources we used a
blackbody component (BBODY), with the free parame-
ters being the temperature (kT'h,) and the normaliza-
tion. This is not a physical model, and it provides only
a phenomenological representation of this feature; given
the uncertain origin of the soft excess we deem this to
be the best approach. For obscured AGN a second cut-
off power-law component was added to the model, with
the values of the photon index, the cutoff energy and
the normalizations fixed to those of the primary X-ray
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show the ratio between the models and the data.

emission. A multiplicative constant (fscatt), of typically
a few percents of the primary X-ray emission ( ,
was added to this second cutoff power-law to renormalise
the flux, as a free parameter. For obscured sources we
also added, when necessary, a collisionally ionized plasma
(APEC). The free parameters of the APEC model are the
temperature (KT therm.) and the normalization. It should
be noted that an unobscured scattered component could
also be due to a partially covering absorber, in particular
for values of fseart > 5 — 10%.

4.1.4. Fe Ka emission lines

The fluorescent iron Ka emission line has been ob-
served almost ubiquitously in the X-ray spectra of
AGN (e.g., [Mushotzky et all [1993; [Shu et all %
and is composed of a narrow (e.g., [Shu et all
Iwasawa et all 2012; [Ricci et all 20134D, 2014H) and a
broad (e.g., Mushoizkm_aum M&ndmﬂ_aum
[Patrick ot all [2012) component. The narrow Fe Ka

line could originate in the molecular torus (e.g., Nandra
2006; Ricci ef. all 2014a), in the broad-line region (e.g.,
[Bianchi et al! 2008H), in an intermediate region be-
tween these two (Gandhi et all[2015), and from very ex-
tended (> 10 — 100 pc) material (e.g., [Young et all[2001;
Arévalo et alll2014; Bauer et all[2015).

The broad component is likely to be due to relativistic

reﬂectlon from the innermost region of the accretion flow

., [Fabian et al! 2000; 2009;

2014), although at least for some objects it

might be due to the distortion of the X-ray continuum

created by highly-ionized absorbing material along the

line-of-sight (e.g., [Turner & Miller 2009 and references
therein).

In this work we do not attempt to reproduce the broad
Fe Ko emission line in the Swift/BAT AGN under study,
and limit our analysis to the more prominent and more
common narrow component. This was done by adding
a Gaussian emission line profile (ZGAUSS in XSPEC) to
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all high-quality spectra (i.e., XMM-Newton EPIC/PN,
Chandra, Suzaku/XIS) unless the line could not be con-
strained. A Gaussian line was also taken into account for
Swift/XRT spectra if residuals at ~ 6.4keV were found
fitting the continuum. The parameters of this component
are the peak energy, the width (o) and the normalization
(nGauss) of the line. The energy of the line was fixed to
6.4keV if it could not be constrained, while the width
was fixed to 10eV (i.e., lower than the energy resolution
of the X-ray instruments we used) if the line was not re-
solved. The values of the energy, equivalent width (EW),
width and normalization of the lines obtained are listed
in Table[C6l The properties of the Fe Ka line, and its
relation with the physical characteristics of the accret-
ing SMBH, will be discussed in detail in a forthcoming
publication.

4.2. Spectral models

In the following we list the different models that we
adopted for the X-ray spectral fitting of our sources. In
Tablel we summarize the different spectral models, while
in Figs.BHIT we illustrate the models we used, highlight-
ing the different components. In Fig.[[2 we show, as an
example of the typical fitting quality, four broad-band
X-ray spectra of different types of AGN (unobscured,
obscured, blazar and CT).

4.2.1. Unobscured sources

A total of 352 AGN were fitted using this set of models
(i.e., model Al to A8, top panel of Fig.[7).

Model A1l:
TABS Gal X CBAT X ZPHABS X CABS X PEXRAV.

This model includes primary X-ray emission and reflec-
tion, both of them obscured by the same column density.
Used for 101 AGN.

Model A2:
TABS Gal X CBAT X ZPHABS X CABS X (PEXRAV + BB).

This model is the same as model Al, with the addition of
a blackbody component to take into account the presence
of a soft excess below 1 keV. Used for 170 sources.

Model A3:
TABS o] X C BAT X X ZPHABS X CABS X ZXIPCF X PEXRAV.

Same as model Al plus a layer of partially covering ion-
ized material. Used for 35 AGN.

Model A4:

TABS Ga1 X CBAT X ZPHABS X CABS X ZXIPCF X

ZXIPCF X PEXRAV.

Same as Model A3 plus another layer of partially covering
ionized material. Used for 6 objects.

Model A5:

TABS Gal X CBAT X ZPHABS X CABS X ZXIPCF X (PEXRAV ~ +
BB).

Same as model A2 plus a partially covering ionized ab-
sorber. Used for 33 X-ray spectra.

Model A6:

TABS Gal X CBAT X ZPHABS X CABS X ZXIPCF X

ZXIPCF X (PEXRAV + BB).

Same as model A5 plus another partially covering ionized
absorber. Used for 5 sources.

Model AT:

TABS Gal XC'BAT X (ZPHABS X CABSXPEXRAV + APEC +
APEC)

This model was used only for SWIFT J0955.54+6907
(M81) and adds emission from two components of colli-
sionally ionized plasma to model Al. These two compo-
nents, with different temperatures, are included to take
into account the emission from hot gas, possibly asso-
ciated to star formation and point sources

2003).

Model AS:

TABS Gal X CBAT X ZPCFABS X ZXIPCF X CABS X (PEXRAV  +
BB)

This model was used only for SWIFT J1210.5+3924
(NGC4151) and adds a partially covering neutral ab-
sorber to model A5. These two components, with dif-
ferent temperatures are added to take into account the

emission from hot gas, possibly associated to star forma-
tion and point sources 2003).
4.2.2. Obscured sources

A total of 386 objects were fitted using this set of mod-
els (i.e., model Bl to B9, middle panel of Fig.[). For
obscured sources we separated the primary X-ray emis-
sion from the reflection in order to leave the latter un-
obscured. Reprocessed X-ray radiation was taken into
account by tying the values of the normalization of the
power-law and of the cutoff energy to those of the pri-
mary X-ray emission, while leaving the reflection com-
ponent free to vary. The value of R was set to have only
negative values, in order to consider only X-ray reflec-
tion in the model. For the sources for which reprocessed
and primary X-ray emission were decomposed, the cross-
calibration constant was added only to the primary X-ray
emission. This reflects a scenario in which most of the X-
ray variability is due to the obscured primary X-ray con-
tinuum, while unobscured reflected radiation, produced

in the torus and/or in the BLR, does not vary signifi-
cantly on the timescales probed here (e.g., Mﬁ]
BOLd).

Model B1:

TABS Gal X (C'BAT X ZPHABS X CABS X CUTOFFPL +
PEXRAV + fgscatt X CUTOFFPL).

This model considers an absorbed primary X-ray emis-
sion, an unobscured reflection component, and a scat-
tered component. Used for 272 sources.

Model B2:

TABS Ga1 X (O BAT X ZPHABS X CABS X CUTOFFPL +
PEXRAV + fgscatt XCUTOFFPL + APEC).

Same as model Bl plus a collisionally ionized plasma
component. Used for 87 AGN.

Model B3:

TABS Gal X (C'BAT X ZPHABS X CABS X CUTOFFPL +
PEXRAV +  fscatt XCUTOFFPL + APEC -+ APEC).

Same as model B2 plus a second collisionally ionized
plasma. Used for 19 objects.

Model B4:
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TABS Gal X (C'BAT X ZPHABS X CABS X CUTOFFPL +
PEXRAV +  fgcatt XCUTOFFPL + APEC + APEC +
APEC).

Same as model B3 plus a third collisionally ion-
ized plasma. Used only for SWIFT J1322.2—1641
(MCG —03—34—064).

Model B5:

TABS Ga1 X (C'BAT X ZPHABS X CABS X ZXIPCF X CUTOFFPL
+ PEXRAV + fscatt XCUT + APEC).

Same as model B2 plus a partially covering ionized ab-
sorber. Used only for SWIFT J0333.6—3607 (NGC 1365).

Model B6:
TABS Gal X (C'BAT X ZPCFABS X ZPCFABS X CABS X PEXRAV ).

Considers a  double  partially  covering  ab-
sorber instead of fully covering material. This
model was wused only for SWIFT J0552.2—0727
(NGC2110), SWIFT J2124.64+5057 (4C50.55) and
SWIFT J2223.9—-0207 (3C 445). For the latter also a
thermal plasma was added to the model. The column
density of the CABS term was fixed to the sum of the
values of Ny of the two partially covering absorbers,
weighted over their covering factor.

Model BT:

TABS Gal X (C'BAT X ZPHABS X CABS X CUTOFFPL +
PEXRAV +  fscatt XCUTOFFPL + ZPHABSXAPEC +
APEC).

Same as Model B3 plus neutral absorption for one of the
two collissionally ionized plasma models. Used only for
SWIFT J1206.2+5243 (NGC 4102).

Model BS:

TABS Gal X (C'BAT X ZPHABS X CABS X CUTOFFPL +
PEXRAV + fgcatt XCUTOFFPL + ZPHABSXAPEC
ZPHABS X APEC).

Same as model B3 plus two neutral absorption compo-
nents, one for each of the collissionally ionized plasma

components. Used only for SWIFT J1652.9+0223
(NGC 6240).
Model B9:
TABS Gal X (C'BAT X ZPHABS X CABS X CUTOFFPL +

PEXRAV + APEC + APEC).

Same as model B3, with the exception of the scat-
tered component. This model was applied only for
SWIFT J0319.74+4132 (NGC 1275).

4.2.3. Blazars

A total of 97 objects were fitted using this set of mod-
els (i.e., C1 to C8, bottom panel of Fig.[f). For all the
blazars, with the exception of the eight listed in §4l we
considered a power-law for the primary X-ray emission
and did not take into account reprocessed radiation. The
models we applied are the following.

Model C1:
TABS Ga1 X CBAT X ZPHABS X CABS X POW

This model considers an absorbed power-law continuum.
Used for 52 objects.

Model C2:
TABS Gal X CBAT X (ZPHABS X CABS X POW+BB)

Same as model C1 plus a blackbody component. Used
for ten blazars.

Model C3:
TABS Gal X C BAT X ZPHABS X CABS X ZXIPCF X POW

Same as model C1, including also an ionized ab-

sorption component. Used for three objects:
SWIFT J0507.74+6732, SWIFT J1224.942122  and
SWIFT J1625.94-4349 (87GB 050246.4+673341,
PG 12224216 and 87GB162418.8+435342, respec-
tively).

Model C4:

TABS Gal X O BAT X ZPHABS X CABS X ZXIPCF X ZXIPCF X POW

Same as model C1 plus two ionized absorption compo-
nents. Used for two objects: SWIFT J1557.8—7913
(PKS 1549—79) and SWIFT J2346.84-5143
(2MASX J23470479+5142179).

Model C5:
TABS Gal X CBAT X (ZPHABS X CABS X POW f scatt X POW)

Same as model C1 plus a power-law component, which
might be either unobscured jet emission or scattered
emission as in obscured non-blazar AGN. Used for six
blazars.

Model C6:
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Figure 14. Top panels: Absorption-corrected 14-150keV (left panel) and 2-10keV (right panel) luminosity distributions of the non-blazar
AGN of our sample. Non-blazar AGN are divided into sources with Ny < 1022 cm™—2 and those with Ny > 1022 cm~2. In both panels the
red dashed vertical lines represent the median value of the luminosity. Bottom panels: Absorption-corrected 14-150 keV (left panel) and
2-10keV (right panel) luminosity distributions of the blazars. The blazars are divided into BL Lacs (BZB), Flat Spectrum Radio Quasars
(BZQ) and blazars of uncertain type (BZU). In both panels the red dashed vertical lines show the median value of the luminosity for the
different types of blazars. The median values of the luminosities are listed in Table[3] and [ for non-blazar AGN and blazars, respectively.

TABS a1l X C BAT X ZPHABS X CABS X BKN

In this model the primary X-ray emission is produced by
a broken power-law. Used for 23 sources.

Model CT:

TABS Gal X CBAT X (ZPHABS X CABS X BKN2)

In this model the primary X-ray component is de-

scribed by a double broken power-law. Used only for
SWIFT J1256.2—0551 (3C 279).

4.2.4. Other models

For two objects (SWIFT J0956.146942 and
SWIFT J2234.8—2542) we used two additional models
to reproduce their X-ray emission.

Model D1:

TABS Gal X CBAT X [ZPHABS X CABS X CUTOFFPL+
ZPHABS X CABS X (APEC+APEC)]

Just in one case, the nearby star forming galaxy
SWIFT J0956.1+6942 (M 82, z = 0.000677, i.e. the clos-
est extragalactic Swift/BAT source), it was necessary to
use a model which consisted of a cutoff power-law X-
ray continuum and two absorbed collisional plasmas. No

AGN is present in this object (e.g., |Gandhi et all[2011l),
and all the X-ray flux can be explained by star forma-
tion (e.g., Ranalli et all 2008). In this model the cutoff
power-law represents the X-ray emission of the popula-
tion of X-ray binaries, while the two collissionally ionized
plasma models take into account the emission from hot
gas. The results obtained by the spectral analysis for
this object are summarised in Appendix[Cl

Model D2:
TABS Ga] X ZPHABS X CABS X POW

For SWIFT J2234.8—2542 we combined the results
of the spectral analysis of the BeppoSAX spectrum
1zi [2000) with the Swift/BAT spectrum. This

was done fitting the Swift/BAT spectrum, fixing the
column density to the value reported by
(2000), with Model D2.

4.2.5. Compton-thick AGN

In order to self-consistently take into account ab-
sorbed and reprocessed X-ray radiation, the 75 sources
that, after being fitted with the models reported above,
were found to have column density values consistent
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values of the 2-10keV luminosity are consistent (with a scatter of
~ 0.3 dex).

with Ng ~ 10**cm~2 within their 90% uncertain-
ties, were fitted with the spherical-toroidal model of
i ). The free parameters of
this model are the column density, which is the same
for every line-of-sight intercepting the torus, the half-
opening angle of the torus (foa) and the inclination an-
gle (6;). We left fpa free to vary unless the parameter
could not be constrained, in which case it was fixed to
60 degrees. To reduce the degree of complexity of the
models, the value of 6; was fixed to the maximum allowed
value (87 degrees) for all sources. The main properties of
the CT AGN from our sample have been reported in a
recently published paper (Ricci [2015), while the
spectral parameters obtained are listed in Table[Cql

5. RESULTS

In the following we report the results obtained by the
broad-band X-ray spectral analysis of the 836 AGN of
our sample. In §5.1] we describe how we calculated the
fluxes and luminosities, and discuss the luminosity dis-
tributions of different classes of AGN. In §5.2] we discuss
the properties of the X-ray continuum, and in particular
of the photon index (§52ZT), the cross-calibration con-

stant (§5.2.2), the high-energy cutoff (§5.23]), and the
reflection component (§5.2.4). In §5.3] we summarize the

properties of the neutral (§5.3.]) and ionized (§5.3.2) ab-
sorbers, while in §5.4] we discuss those of the soft excess

for unobscured (§5.471]) and obscured (§5.4.2)) non-blazar
AGN. The median values of the parameters of non-blazar
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Figure 16. Top panel: Intrinsic 14-150 keV luminosity versus the
12pm luminosity for unobscured (empty black diamonds), obscured
(red circles) and CT (blue squares) non-blazar AGN. Bottom panel:
Same as the top panel for the 22um luminosities.

AGN and blazars are reported in Table and Table[] re-
spectively. Through the paper the errors on the median
values are the median absolute deviations.

5.1. Fluxes and Luminosities

The absorption-corrected fluxes of the continuum emis-
sion (i.e., excluding the soft excess and Fe Ka compo-
nent) were measured in three energy bands: 2-10, 20—
50 and 14-150keV (Fg_lo, F20_50 and F14_150, re-
spectively). To be consistent with what was reported
in the Swift/BAT catalogs we also report the fluxes in
the 14-195keV band (F14-195), which were obtained
by extrapolating the 14-150keV fluxes by assuming a
power-law with a photon index of I' = 1.8, consistent
with the typical value found for Swift/BAT AGN (see
§5.2.1). In the left panel of Fig.[I3] we show the ob-
served 2-10 flux versus the 14-195keV flux, while in
the right panel the absorption-corrected 2-10 versus the
absorption-corrected 14-150keV flux. The plot shows
that, once the emission has been corrected for absorp-
tion, most of the sources lie in the region predicted for a
power-law continuum with a slope in the range I' = 1—3.
In Table[C§ we report the values of the observed 2-10
and 14-195keV fluxes (F 95 and F P8 g5, respectively),
and of the intrinsic 2-10, 20-50, 14-150 and 14-195keV
fluxes for all the sources of our sample.

The absorption-corrected and k-corrected continuum
luminosities were calculated, for the 803 sources for
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power-law model (Baumgartner et all 2013). Bottom left panel: same as the top left panel for blazars. The blazars are divided into BL
Lacs (BZB), Flat Spectrum Radio Quasars (BZQ) and blazars of uncertain type (BZU). Bottom right panel: as the top right panel for
blazars. In all panels the red dashed vertical lines show the median values of the distributions. The median photon indices are listed in
Table[3] and [ for non-blazar AGN and blazars, respectively.

which spectroscopic redshifts were available, in the 2-10, troscopic redshifts.
20*50, 14-150 and 14-195keV bands (L2,10, L20,50, The distributions of L14,150 and L2,10 for non-
L14-150 and L4195, respectively) using the following blazar AGN are shown in the top panels of Fig.[I4l
relation: These panels show that the median luminosity of un-
9 F; obscured AGN is higher than that of obscured AGN.
Li= 47TdLm’ (1) This is likely related to the intrinsically different lumi-
nosity functions of obscured and unobscured AGN (e.g.,
where F; is either the 2-10, 20-50, 14-150 or 14-195keV  Della Ceca et all 2008; Burlon et all 2011; |Aird et all
flux, and d71, is the luminosity distance. We used redshift- 2015), and is consistent with the observed decrease
independent distance for the 44 objects at z < 0.01 for of the fraction of obscured sources with increasing lu-

which these measurements were available (see §Z2.0)). minosity (e.g., [Ueda et all 2003; [Treister & Urry [2006;
For blazars the k-correction was calculated using the Burlon et _alll2011; [Ueda. et all2014). Due to the strong

broad-band T' for Ls_19, and the photon index ob- beaming, blazars (right panel of Fig.[[4]) have on aver-
tained by ﬁttlng the Sw@ft/BAT spectra with a Single age hlgher luminosities than non-blazar AGN. As seen in
power-law model (I'gar) for the Log_50, L14—150 and many previous studies, among the blazars the Flat Spec-
L 14195 luminosities. The observed (i..e., k-corrected trum Radio Quasars are significantly more luminous than
but not absorption-corrected) 2-10keV and 14-195keV the BL Lacs (e.g., [Fossati et all [1998; [Ghisellini et all
luminosities (L$%5, and L{PS 45, respectively) were cal- 2010).

culated in a similar way. In Table[C9 we report the ob- In M m) we reported the Qbserved 2-
served 2-10keV and 14-195keV luminosities, and the in- 10keV' luminosities obtained by transforming the ob-

trinsic 2-10keV, 20-50keV, 14-150keV and 14-195keV s.erved.147195 keV .1urninosities into 2.710 keV luminosi-
luminosities for all the sources in our sample with spec- ties using a correction factor of 0.37 [i.e., La—19(obs) =
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Figure 18. Scatter plot of the photon indices obtained using different approaches for objects with log(Ng/cm~2) < 23.5. The values of I'
were inferred from the broad-band (0.3-150keV) X-ray spectral analysis as discussed in §8 I'par was obtained by fitting the 14-195 keV

Swift/BAT spectra with a simple power-law model, and were reported in

(2013). We calculated 'y by fixing the value

[Baumgartner et _all
of the high-energy cutoff to Ec = 500keV, while I'g.3_10 was obtained using the best X-ray spectral model for each object, and fitting
only the 0.3-10keV spectra fixing EFc = 500keV while setting the reflection parameter to R = 0 (i.e. no reflection). The plot shows the
values of I', I'gar and I'g.3—1¢0 for blazars and non-blazar AGN. For I',g. we only show the non-blazar AGN, since no high-energy cutoff
was considered when fitting blazars (with the few exceptions reported in §4l).

0.37 X L14—195]. In Fig.[8 we show that the values of
La_10(obs) for objects with log(Ny/cm™2) < 23.7 are in
good agreement with the 2-10keV luminosities inferred
from our spectral analysis. The scatter of ~ 0.3 dex in the
plot is likely due to differences in the shape of the X-ray
continuum, and to intrinsic flux variability of the primary
X-ray emission. Above log(Ng/cm™2) ~ 23.7 Compton
scattering becomes non-negligible, and even the hard X-

ray emission is depleted (see Fig.1 of 2019),

resulting in underestimated values of Lo_q9(obs). It
should be remarked that, while most CT AGN lie in
the range I' = 1.7 — 2.3 (Fig.[[3), a few sources have
absorption-corrected 2-10keV fluxes considerably higher
than those expected using the 14-150keV flux, and their
Lo_10 emission might be overestimated. In the top panel
of Fig.[I6l we illustrate the relation between the intrinsic
14-150keV luminosity and the 12pm luminosity (from
WISE and high spatial resolution observations) for the
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Figure 19. Left panel: Photon index obtained by fitting with
a power-law model simulated Swift/BAT spectra [setting I' =
1.9 and Ec = 500keV and the 14-195keV flux to (1 — 2) X

10~ ergcm 2 s7!] assuming different values of the reflection pa-
rameter. The red dotted line shows the correct value of photon
index of the primary X-ray continuum. Right panel: same as left
panel, setting I' = 1.9 and R = 0.5 and varying the values of the
high-energy cutoff. The plot shows that decreasing values of the
high-energy cutoff lead to the increase of the Swift/BAT photon
index, while values of the reflection parameter do not typically af-
fect 51gn1ﬁcant1y I'gaT. Exposure times in the simulations were
set to 9.5 x 108 s, consistent with the exposure of ~ 50% of the sky
for the 70- month Swift/BAT catalog.

objects of our sample. A clear correlation between the
mid-IR and X-ray luminosity of non-blazar AGN has
been found in the past years by a large number of studies
(e.g., [Lutz et all 2004; [2009; [Asmus et all
I2Qlﬂ \Stern [2015; Ichikawa et al! 2012, 12011) and has
been interpreted as the signature of reprocessing of the
accreting SMBH emission by dust in the torus. The
plot shows that CT AGN follow the same trend as ob-
scured and unobscured sources, thus confirming that we
are able to accurately constrain the intrinsic hard X-ray
luminosity for these objects. A similar trend is also ob-
served considering the 22um luminosities (bottom panel
of Fig.[[4). We therefore recommend, for CT AGN, to
use the 20-50keV and 14-150keV fluxes and luminosi-
ties, and the intrinsic 2-10keV fluxes and luminosities
obtained from Swift/BAT luminosities assuming I' = 1.8

(see Table[CI0Q).

5.2. X-ray continuum properties
5.2.1. Photon index

The distribution of photon indices inferred from the
broad-band spectral analysis is shown in the top left
panel of Fig.[IT7 for unobscured and obscured AGN?32.
We find that the median values (red dashed vertical
lines) of T' for sources with log(Ny/cm=2) > 22 and
log(Ny/em~2) < 22 are consistent (1.76 + 0.02 and
1.80 4 0.02, respectively). The total-non-blazar sample
has a median of 1.78 + 0.01, consistent with the value
found by Winter et all (2009a) (see also
2013). Compton-thin obscured AGN have significantly
lower photon indices (T' = 1.70 #+ 0.02) than unobscured
objects, while CT AGN are found to typically have
steeper slopes (I' = 2.05 & 0.05). The distribution of T’
of sources with log(Ng/cm~2) > 22 is broader than that
of AGN with log(Nu/cm™2) < 22, and a Kolmogorov-

32 The median of the uncertainties on the photon index for the
whole sample of non-blazar AGN is AT" = 0.17.

Smirnov test results in a p-value of ~ 1074, suggesting
that the two populations are significantly different. The
origin of this difference might be related to the larger
fraction of sources with lower 0.3-10keV counts amongst
the obscured sources, which increases the scatter of T',
and to the population of CT AGN with T" > 2. A signifi-
cant difference between sources with log( Ny /cm~2) > 22
and log(Ny /em™2) < 22 is found for the photon indices
obtained by fitting the 14-195keV Swift/BAT spectrum
with a simple power-law model (I'gar, top right panel of
Fig.[[T), with unobscured AGN showing a steeper X-ray
spectrum (2.02 4 0.02) than their log(Ng/cm=2) > 22
counterparts (1.89 4+ 0.02). This is likely related to the
fact that I'gar is affected by obscuration, and that for
log(Ny/cm™2) > 23 the hard X-ray continuum is flat-
tened by the presence of the reprocessed X-ray radiation
emerging from the obscured primary continuum.

To further study the shape of the X-ray continuum we
calculated the photon indices using two alternative ap-
proaches. First, we re-fitted all the non-blazar AGN of
our sample using the same models described in 4l fix-
ing the high-energy cutoff to the maximum value allowed
(Ec = 500keV), in order to minimize the spectral cur-
vature due to the cutoff. We report the values of the
photon index obtained using this approach (I'ygc) in Ta-
ble[CTIl Second, we set Ec = 500keV, excluded the
X-ray reprocessed emission®®, and fitted the data only
in the 0.3-10keV band. This was done using the same
best-fitted model obtained from the broad-band X-ray
spectral analysis, ignoring, besides the high-energy cutoff
and the reflection component, also the cross-calibration
constant. The photon index obtained with this approach
is affected by absorption for objects in which the line-of-
sight column density is Ny > 1023 cm~2, since Compton
scattering would significantly deplete the X-ray emission
and the relative influence of the reprocessed X-ray emis-
sion would be stronger. The values of the photon index
obtained following this procedure (I'g3_10) are also re-
ported in Table[C11l

In Fig.[I8 we compare the four different photon in-
dices described above. We consider only objects with
log(Ny/em~2) < 23.5 since obscuration would most sig-
nificantly affect I'g.3_19 above this value. The top left
panel compares I' with I'gar for blazars and non-blazar
AGN. The plot shows that for non-blazar AGN the val-
ues of I' are typically lower than I'gap. This differ-
ence is likely due to the presence of a cutoff in the
modelling of the primary X-ray continuum, as found
by several studies of broad-band X-ray emission of

AGN (e.g., Ballantyne et all[2014; Balokovié¢ et alll2015;
[Cubiniski et all

[2016). In agreement with the idea that a
high-energy cutoff is almost ubiquitous in the X-ray spec-
tra of AGN, we find that the large majority (~ 80%) of
the objects have I'g 3_19 < I'sar (top right panel). Simi-
larly, also T'yge tends to be lower than I'gar (central left
panel).

To test how reflection influences the observed value of
Ipar we simulated Swift/BAT spectra using PEXRAV,
setting I' = 1.9 and F¢ = 500keV, the 14-195keV flux
to (1—2) x 107 ergem ™2 s71 (consistent with the typ-

33 This was done fixing the reflection parameter to R = 0 for the
models A1-A8 and B6, and removing the reflection component for
the models B1-B5 and B7-B9
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Figure 20. Top panel: Distribution of the cross-calibration

(CgaT) constants obtained by our spectral analysis for the non-
blazar AGN of our sample. The sample is divided into objects
with log(Np/cm™2) < 22 (top panel) and log(Ny/cm™2) > 22
(bottom panel). Bottom panel: same as left panel for the blazars.
The blazars are divided into BL Lacs (BZB), Flat Spectrum Ra-
dio Quasars (BZQ) and blazars of uncertain type (BZU). The me-
dian values of C'gat are listed in Table[3] and @ for non-blazar and
blazars, respectively. The dispersion in C'gar shows the typical
X-ray variability on the timescales probed here (days to several
years).

ical flux of the BAT AGN of our sample) assuming dif-
ferent values of the reflection parameter. The spectrum
was then fitted with a simple power-law model, similar
to what has been done for the Swift/BAT 70-month cat-
alog. The value of I'gar does not increase significantly
for larger values of the reflection parameter (left panel
of Fig.[[9). We then carried out similar simulations, fix-
ing the reflection parameter and varying the energy of
the cutoff, and found that I'gaT increases significantly as
the energy of the cutoff decreases (right panel of Fig.[I9]).
This clearly shows that the steepening of I'gar with re-
spect to I' is due to the presence of a cutoff.

We further find that, for most of our AGN (both
blazars and non-blazar sources), Ip3-19 ~ I' (central
right panel of Fig.[[§)). For the blazars this is due to the
fact that no cutoff or reflection were considered in the
fitting, while for the non-blazar AGN this implies that
we are able to recover the intrinsic value of I" for most
objects. The values of ', g are substantially higher than

those of T (bottom left panel) and 'y 3_10 (bottom right
panel). In particular, only ~ 21% (~ 14%) of the objects
have T'yge < T (Tuge < To.3-10). This is due to the fact
that, to compensate for the spectral curvature due to the
cutoff, the broad-band X-ray spectral fit carried out to
obtain I'yg. results in larger values of R and in steeper
slopes.

The median value of both I' and I'gar is lower for
blazars (I' = 1.68 + 0.04, I'gar = 1.87 & 0.06) than for
the non-blazar AGN (1.78+0.01, 1.964-0.01). The distri-
butions of I and I'gar are illustrated in the left and right
bottom panels of Fig.[T7 respectively. The X-ray contin-
uum of the Flat Spectrum Radio Quasars is very flat (T' =
1.54 + 0.05, I'gar = 1.71 £ 0.06), and it differs signifi-
cantly from that of BL Lacs, which typically show steeper
X-ray emission (I' = 2.05 £ 0.06, I'gar = 2.42 £+ 0.10).
These differences in spectral shape are consistent with
what has been found by [Sambruna et all (2010) who,
combining Swift/BAT with Fermi/LAT spectra, argued
that this behaviour (i.e., more luminous blazars are flat-
ter in the hard X-ray band) is in agreement with the
so called “blazar sequence”’ (e.g., [Fossati et all [1998;
Inoue & Totani 2009).

5.2.2. Cross-calibration constant

As mentioned in §l a cross-calibration constant be-
tween the soft X-ray spectra and the 70-month averaged
Swift/BAT spectra (C'par) was added to all models. We
find that both the obscured and unobscured sample have
a median of C'gaT = 1, consistent with the idea that the
0.3-10keV observations are randomly sampling the vari-
able flux of the X-ray source. In the top panel of Fig.20
we illustrate the distribution of log C'gar for objects with
log(Ny/cm™2) < 22 (top panel) and log( Ny /cm™2) > 22
(bottom panel). The standard deviation of log C'pat for
the latter (0.22dex) is consistent with that of the former
(0.21 dex).

The uncertainties on the values of C'gar are typi-
cally higher for more obscured objects (with a median of
ACgaT ~ 0.55) than for those with log(Ng/cm™2) < 22
(ACgaT ~ 0.45) and blazars (ACpgar ~ 0.25). This
difference is likely related to the complexity of the mod-
elling when absorption is present, and to the fact that the
soft X-ray spectra of the most obscured sources typically
have a lower number of counts.

The standard deviation found for the whole sam-
ple of non-blazar AGN (0 ~ 0.22dex) is similar to
the dispersion obtained comparing Lo_19(0bs) to La_10
(0.3dex, Fig.[[H). The difference between these two
values (0.22dex and 0.3dex) could be related to dif-
ferences in the spectral shape of the X-ray continuum,
which would increase the dispersion of La_j¢(0obs) ver-
sus Lo_19, as discussed in 5.1 Studying a sample of 45
Compton-thin obscured Swift/BAT AGN with Suzaku,
[Kawamuro et all (2016a) found a dispersion in Cpar
of 0.21 dex, which is consistent with the value obtained
here. This confirms that with our spectral analysis we
are able to quantify the intrinsic variability of the X-
ray source, and that, on the timescales probed by our
study (days to several years), the X-ray variability of
non-blazar AGN is ~ 0.2 dex.

While the median value of blazars is also consistent
with one (C'par = 1.00+0.35, bottom panel of Fig.[20), it
has a larger scatter (o ~ 0.3dex) than for the non-blazar
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Figure 21. Left panel: Distribution of the cutoff energies for the non-blazar AGN. The plot shows the values (black continuos histogram),
the lower limits (red dashed histogram) and the upper limits (blue dot-dot-dashed histogram). Right panel: Distribution of the reflection
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AGN, consistent with the stronger variability of these
objects, observed across the entire electromagnetic spec-
trum (e.g., [Ulrich et all [1997). The number of blazars
with Cpar > 2 (10) is larger than that of objects of the
same class with Cgar < 0.5 (5). This is likely related
to the fact that several soft X-ray observations of the
blazars in our sample have been triggered by the object

being in a bright state (e.g., [Stroh & Falcone 2013).
5.2.3. High-energy cutoff

The distribution of the cutoff energies for the non-
blazar AGN of our sample are shown in the left panel
of Fig.2Il For 418 (7) sources only a lower (upper)
limit of E¢ could be obtained. As expected, most of
the 161 sources for which it was possible to constrain
E¢ have values Ec < 100keV, i.e. within the energy
range covered by our spectral analysis, and a median
value of F¢ = 76 + 6keV. We found that AGN with
log(Np/em™2) < 22 and those with log(Nyg/cm™2) > 22
have consistent median cutoff energies (80 4+ 7keV and
74+ 11keV, respectively). The eight CT AGN for which
E¢ could be constrained have a median of 43 £ 15, lower
than Compton-thin and unobscured objects. This is
probably due to the fact that PEXRAV fails to identify
the curvature of the spectra of these heavily obscured
objects as reprocessed emission, and associates it with
an X-ray continuum with a low cutoff energy, and con-
firms the importance of using physical torus models to
study CT AGN. We find that the mean of our sample is
FEc =90+5keV and a standard deviation of o = 61 keV.
This is lower than the value found by
(2014) studying the broad-band X-ray spectra of a sam-
ple of 41 type-I AGN (E¢ = 128keV, o 46keV).
We compared the values of the cutoff energy obtained
by our study with those found by the analysis of NuS-
TAR observations (Tortosa et all 2017, Marinucci et all
0 and references therein), and found that the values
are roughly in agreement (Fig.22)), with the exception of
NGC 5506, for which the energy of the cutoff found by

NuSTAR (7207150 keV, 2015) is significantly
higher than that inferred using Swift/BAT 1 127J_r21 % keV%.
For two of the objects reported by

(2016), 3C382 (Ballantyne et all 2014) and Fairall9
(Fabian et alll2015), the data did not allow to constrain

the energy of the cutoff.

Since for most of the sources of our sample we could
only obtain lower and upper limits on the energy of the
cutoff, the median and mean values reported above are
not representative of the whole sample of Swift/BAT
AGN. To better constrain the median of the sample, in-
cluding also upper and lower limits, we performed 10,000
Montecarlo simulations for each value of F¢. For each
simulation we used the following approach: the values of
FE¢ of the detections were substituted with values ran-
domly selected from Gaussian distribution centered on
the best-fit value, with the standard deviation given by
its uncertainty; ii) the upper limits U were substituted
with a random value from a uniform distribution in the
interval [0, U]; the lower limits L were substituted with
a value randomly selected from a uniform distribution
in the interval [L,1000 — L]. In the last step we as-
sumed that the maximum value of the cutoff energy is
1,000keV. For each Montecarlo run we calculated the
median of all values, and then used the mean of the
10,000 simulations. The values obtained are reported
in TableBl We find that the whole sample has a median
cutoff energy of Fc = 381 + 16keV, and the value of
AGN with log(Ny/cm™2) < 22 (384 4 21keV) is consis-
tent with that of objects with log(Np/cm™2) = 22 — 24
(386 + 25keV), and with the one obtained for CT AGN
(341 4+ 70keV). Considering a maximum cutoff energy
of 500keV (800keV) we obtain, for the total sample, a
median of Fc = 244 £ 8keV (332 + 12keV). These val-
ues are in good agreement with what was obtained by
Ballantynd (2014) (Ec = 27073  keV) fitting the X-ray
luminosity function of local AGN in four energy bands.

To further test the typical values of the cutoff en-
ergy, and avoid issues related to the choice of the max-
imum cutoff energy, we also calculated the mean and
median using the Kaplan-Meier estimator and includ-
ing the lower limits (see §5 of [Shimizu et all 2016 for
details). We found that, for the whole sample, the me-
dian (mean) is 200 + 29keV (319 + 23keV), while for
unobscured AGN is 210 +36keV (331 +29keV). For ob-
jects with log(Ng/cm~2) = 22 —24 the median (mean) is
188 +£27keV (262+22keV), and for CT AGN is 449 + 64
(272 £+ 51).
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Figure 22. Values of the cutoff energy obtained with NuS-
TAR (from [Marinucci et all 2016) versus the values obtained by
our analysis usmg Swift/BAT for the same obJects The ob-
jects reported 1n the plot are Ark 120 (m [2014), Mrk 335

(Parker et all 2014), NGC 7213 (Ursinietall 2015), 3C390.3
(Fabian_ef_all2017), IC 4329A 2014), NGC 5506

(Matt et all2015), SWIFT J2127.44+-5654 (Marinucci et all 2014d),
MCG —05—23—-016 (Balokovi¢ et all 2017), MCG—-06—30—015

[20148), NGC2110 (Marinucci et all 2015) and
SWIFT J1737.5—2908 (lortosa et al!|2017). The red dashed line
illustrates the scenario in which the two energies are the same. The
plot shows that the values of the high-energy cutoff are roughly in
agreement, with the exception of NGC 5506, for which the energy
of the cutoff found by NuSTAR is significantly higher than that
inferred using Swift/BAT.

5.2.4. Reflection

The distribution of the reflection parameters (R) are
shown in the right panel of Fig.2Il We could constrain
R for 170 objects, while for 490 we obtain an upper limit
and for 23 a lower limit. The median value of R among
the sources for which the parameter could be constrained
is R =1.3£0.1. It should be noted that this value does
not correspond to the intrinsic median of hard X-ray
selected AGN, since it is typically easier to infer this pa-
rameter when its value is large. We found that 51 objects
have values of R > 2, albeit most of them have large un-
certainties (the median fractional error is ~ 70%), and
only 16 are consistent with R > 2 within their respec-
tive uncertainties. Most of the objects (35) with R > 2
are unobscured AGN. This might lend support to the
idea that this enhanced fraction of reprocessed flux with
respect to the primary X-ray emission is caused by rela-
tivistic reflection, as predicted by the light-bending sce-
nario (e.g., DMiniutti & Fabiaz 2004).

We took into account the upper and lower limits on R
following the same approach used for E¢ (§5.2.3). In this
case however we allowed the lower limits L to vary in the
range [L,10 — L], i.e. we assumed a maximum value of
R = 10. We find that the median of the whole sample
is R =0.53+0.09. AGN with log(Ng/cm™2) < 22 typi-
cally have larger reflection parameters (R = 0.83 +0.14)
than those with log(Ng/ecm~2) > 22 (R = 0.37 £ 0.11).
We also find that CT AGN have significantly lower in-
tensity of the reprocessed X-ray continuum relative to
the primary X-ray luminosity (R = 0.15 £+ 0.12). The
decrease of the reflection component with increasing ob-
scuration would be in agreement with the idea that
most of the reprocessing in AGN is due to the accretion
disk, so that objects observed pole-on are able to see
more of the reprocessed radiation than those observed

edge-on. Our results are in disagreement with what
was found by Ricci et all (2011) stacking INTEGRAL
IBIS/ISGRI spectra, and with the results obtained by
Vasudevan et all (2013H) and [Esposito & Walter (2016)
obtained by stacking Swift/BAT spectra. All these works
in fact showed that the stacked spectra of obscured AGN
tend to have more reflection than those of their less ob-
scured counterparts. Similar results were also obtained
by stacking XMM-Newton data by [Corral et all (2011)).
While the origin of this difference is still not clear, a pos-
sible explanation could be that the stacking of spectra
with different column densities would artificially produce
the curvature observed in the averaged spectrum.

5.3. Absorption properties
5.3.1. Neutral absorption

A total of 366 non-blazar AGN in our sample have
log(Np/em™2) > 22, while 365 have log(Nyg/cm™2) < 22
(left panel of Fig.23). Amongst the blazars, only 13
sources are obscured, while the remaining 92 objects are
unobscured (right panel of Fig.23]). The difference be-
tween the column density distributions of blazars and
non-blazar AGN could be either related to: i) the very
strong radiation field of the former; ii) the fact that in
blazars a significant fraction of the X-ray emission is
emitted by the jet, which implies that the region pro-
ducing X-ray radiation is more extended and hence more
difficult to significantly obscure in blazars than in non-
blazar AGN; iii) the fact that blazars are observed pole-
on and is therefore less likely for the X-ray source to be
obscured by the torus.

In Fig.24] we show the redshift (left panel) and dis-
tance (right panel) distribution of non-blazar AGN, di-
vided according to their line-of-sight column density into
unobscured (top panel), obscured Compton-thin (mid-
dle panel) and CT (bottom panel). The fact that ob-
scured Compton-thin AGN (middle panel) have a lower
median redshift (z = 0.033) than the unobscured AGN
(z = 0.047) is related to the difference in their lumi-
nosity distributions (see §5.1] for discussion), while the
lower redshift of CT AGN (z = 0.017) is instead due to
the influence of obscuration, which allows to detect onl
I%e?earest objects of this class (see Fig. 3 of

In Fig.2H we illustrate the ratio between the ob-
served fluxes in the 2-10keV and 14-195keV bands
(FPs JF 9P 95) versus the column density. Due to
the very different impact of absorption in these two
bands, we expect that as the line-of-sight column den-
sity increases, F°%,/ F14 195 would decrease. For Ny >
1023-> cm 2 absorption plays a significant role also in the
14-195keV band, so that the trend is expected to flat-
ten. The plot shows a clear decrease of Fy*5,/F 9P s
for log(Ny/em=2) > 22. In particular ~ 90% of the
non-blazar AGN for which Feb50/F9P% 195 < 0.1 have
Nu > 102 cem~2. For flux ratios of FP,/F3% 45 <
0.03, ~ 94% of the AGN are CT. However, we iden-
tify a few exceptions to this general trend. Two AGN
with log(Ng/cm™2) > 24 have F%,/F9”% 45 > 0.11,
both of which are well known CT AGN: ESO 138—G001
(FP0 JFoP5 195 = 0.113; e.g., [Piconcelli et all 2011)
and NGC 1068 (F,2%, /F 9% 95 = 0.14; e.g., Bauer et. all
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Figure 23. Top panel: Distribution of the line-of-sight column

density for the non-blazar AGN. Sources which do not show any
sign of obscuration were arbitrarily assigned log(Ng/cm™2) = 20
for visual clarity. Central panel: Observed (red dashed line) and
intrinsic (black continuous line, from[Ricci et all2015) column den-
sity distribution of non-blazar AGN. Bottom panel: Same as the top
panel for blazars. The sources were divided into BL Lacs (BZB),
Flat Spectrum Radio Quasars (BZQ) and blazars of uncertain type
(BZU). The median values of Ny are listed in Table[3] and [ for
non-blazar AGN and blazars, respectively.

2015). These two objects are amongst the most ob-
scured of our sample, and the 14-195keV flux is also
strongly affected by absorption, which naturally leads
to a higher value of F°%,/F5% 45 with respect to the

transmission-dominated CT AGN. In Fig.2H we also il-
lustrate that for most sources F,°P5,/F9% g5 is consis-
tent with the expected flux ratios. These theoretical
values were obtained using two different spectral mod-

els: the torus model of [Brightman & Nandra (2011, red
dashed lines) and MYToRuUS (Murphy & Yagoob 2009,
black dotted lines). The expected F,°P5,/F9% s were
calculated considering the maximum value of the incli-
nation angle allowed by the models, an half-opening an-

le of 60° for the torus model of Brightman & Nandra
%m), and two different values of the photon index
(I'=1.5and T" = 2.5). We added to the models a scat-
tered power-law component with fs.ate = 1%, consistent
with the typical value found for Swift/BAT AGN (see
§5.42). The only Compton-thin object with a very low
flux ratio (F,°%5,/F190%% 05 < 0.01) is UGC 12243. This
source requires a very large cross-calibration constant
(Cpar = 11.873%) which could be due to extreme vari-
ability, with the source being in a very low-flux state at
the time of the XMM-Newton observation.

While for most sources we consider only a single layer
of neutral obscuring material, the unabsorbed power-law
component used in our analysis to reproduce the scat-
tered emission allows to account also for partially cover-
ing obscuration of the X-ray source. Typically, the val-
ues of fscaty Of optically-selected AGN are of the order
~ 1-5% (e.g., Bianchi & Guainazzil2007), so that values
considerably larger than this might imply the contribu-
tion of some leaked primary X-ray continuum. In our
sample we find that a total of 17 (33) non-blazar AGN
have fscatt > 10% (> 5%). Alternative explanations for
the significant contribution of an unobscured component
at low energies include the presence of strong star forma-
tion or a jet component dominating the X-ray emission
below ~ 2—3keV. This has been found to be the case for
radio galaxies (Hardcastle et all[2006, 2009), which very
often show additional unobscured power-law emission.
In agreement with this, we find that several of the ob-
jects with fscape > 10% are radio loud, such as for exam-
ple Cygnus A (fscatt = 13.3%) and 4C +21.55 (30.6%).
Three out of the six blazars for which a scattered com-
ponent was added to the X-ray spectrum also show
fscatt = 5%. For three objects, SWIFT J0552.2—0727
(NGC2110)3*, SWIFT J2124.64+5057 (4C 50.55)3°, and
SWIFT J2223.9—0207 (3C445)%¢, we find that two lay-
ers of partially covering neutral material are needed to
reproduce the X-ray spectrum. For these sources the val-
ues of the column density reported in Table[C3] are the
sum of the different components multiplied by the cov-
ering factor (as noted in §4.2)).

34 For NGC 2110 the two absorbers have column densities of
N =17.9718 %1022 cm =2 and N3 = 2.7070 9% x 1022 cm~2, and
cover fL,, = 34.5f8:3% and f2., = 95.3f8:i% of the X-ray source,
respectively. An additional, fully covering, absorber with a column
density of Ny = 1.0f8:i x 102! cm~2 is required to well reproduce
the data.

35 For 4C 50.55 the absorbers have column densities of N}lI =
2.21r8'é x10%?2 cm~2 and N = 20in x 1022 cm ™2, covering f1,, =
92fi% and f2., = 431%% of the X-ray source, respectively

36 For 3C 445 the two absorbers have column densities of N}II =
344:2 %1022 cm~2 and N3 = 6.7f1:3 x 1022 cm ™2, covering fL ., =
83f§% and f2., = 98.3f8:2% of the X-ray source, respectively.
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Figure 24. Distribution of the spectroscopic redshifts (left panels) and distances (right panels) of non-blazar AGN divided according
to their line-of-sight column density: unobscured (top panels; Ny < 1022 cm’2), obscured Compton-thin (middle panels; 10?2 < Ny <

1024 cm~2) and CT (bottom panels; Ny > 1024 cm—2).

The red dashed lines show the median values of the redshift for the three

subsamples. The plots are zoomed in the z = 0 — 0.4 range, similarly to Fig.2l The fact that obscured Compton-thin AGN (middle
panel) have a lower median redshift and distance (z = 0.033, D = 145.2 Mpc) than the unobscured AGN (z = 0.047, D = 211.3 Mpc) is
related to the difference in their luminosity distributions (see §5.11 for discussion). The lower redshift and distance of CT AGN (z = 0.017,
D = T74.2Mpc) is instead due to the influence of obscuration, which allows to detect only the nearest objects of this class (see Fig.3 of

[Ricci et all 2015).
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Figure 25. Ratio of the observed 2-10keV and 14-195 keV flux
versus the column density inferred from the broad-band X-ray spec-
tral analysis for the non-blazar AGN (black diamonds) and the
blazars (green triangles). The plot shows the clear decrease of
the Fgbs/Febs . o flux ratio for log(Ng/cm™2) > 22 due to the
stronger effect of absorption below 10keV. The black dotted and
red dashed lines represent the expected flux ratios (for I' = 1.5 and
I’ = 2.5) obtained considering the MYTORUS model and the torus

model of [Brightman & Nandra (2011), respectively.

To better constrain the column density, the 75 ob-
jects with values of Ny consistent with 10%* cm =2 within
their 90% confidence interval were fitted with the torus
model of Brightman & Nandra (2011) (see Table[CT
for the parameters obtained by the spectral fitting).
With this approach we found that 55 Swift/BAT AGN
are CT (Ricci [2015), of these 26 were identi-
fied as CT candidates for the first time. A similar

study was recently carried out by [Akylas et all (2016),
who found 53 CT AGN, confirming the CT nature of

N
(e}

most of our candidates. The two objects reported b
[Akylas et all (2016) as CT but not listed in m

(2015) are NGC4941 and NGC3081. Both of these
sources have column densities that are either consis-
tent with being CT, or are heavily obscured. From
our analysis we find that NGC 4941 has a line-of-sight
column density of log(Ng/cm™2) = 23.91 and the
90% confidence interval is log(Ny/cm™?) 23.81 —
24.00. NGC 3081 is also found to be heavily obscured
[log(Nu/em™2) = 23.91], with a 90% confidence in-
terval of log(Ng/cm™2) = 23.87 — 23.95. The fact
that these two AGN are heavily obscured is supported
also by the very large EW of their FeKa features:
340787 eV and 304733 eV for NGC 4941 and NGC 3081,
respectively. In [Ricci et all ) we did not report
SWIFT J0025.84+6818 (2MASX J00253292+6821442) as
CT, since the analysis of the combined Swift/BAT and
the XRT spectra resulted in a column density consistent
with CT within the 90% confidence interval, but with the
best-fit value below the threshold (7.8753 x 103 cm—2
and 6.877% x 10*cm~2 for the phenomenological and
torus model, respectively). However, the analysis of the
combined Chandra and Swift/BAT spectra, carried out
with the torus model, confirms that this source is CT,
with a column density of 1.470:7 x 1024 cm™2. The large
EW of the Fe Ka (8361223 eV) also strongly supports the
idea that this source is CT.

In the top panel of Fig.20 we compare the column
density obtained using the PEXRAV model versus that in-
ferred from the torus model. There is a good agreement
between the two values of Ny up to log(Np/cm™2)
24.3. Around log(Ng/cm~2) ~ 24.5 the column den-

~
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Figure 26. Top panel: Scatter plot of the values of the column

density obtained by fitting the 75 most obscured objects of our sam-
ple (i.e., all those with column densities consistent with 1024 cm—2
within their 90% confidence intervals) using PEXRAV and the torus
model of [Brightman & Nandra ). The dashed line shows the
1:1 relation between the two values of Ny;. Central panel: same as
top panel for the photon index of the primary X-ray continuum (T").
Bottom panel: same as top panel for the absorption-corrected flux
in the 2-10 keV and 14-150 keV energy ranges. The plots show that
PEXRAV tends to underestimate Ny [for log(Ng/cm~2) > 24.3] and
T" with respect to torus models.

sities obtained with the torus model become typically
larger (5 out of 7 objects). Performing a linear fit of the
form log Ny (Torus) = a x log Ny (Pexrav)+ 3 we found a

27
SE Values E
4 3
3 3
w 2F E
ICEE —
© of ]
o °F Upper limits E
U E
s 3 7,
o E |
[ORE v > =
E OE V / / E
5 SE Lower limits 3
Zz 4F E
3E :
2F : g
Qf /BB

20 30 40 50 60 70 80

Torus half—opening angle (deg)

Figure 27. Distribution of the half-opening angle of the torus
obtained by fitting with the torus model of |[Brightman & Nandr
(2011) the broad-band X-ray spectra of the objects with column
densities consistent with log(Ng/cm™2) = 24 within their 90%
uncertainties. The plot shows the values (top panels), upper limits
(middle panel) and lower limits (bottom panel).

slope of @« = 1.174+0.10. The fact that o > 1 is due to the
difficulty of constraining column densities with PEXRAV
for log(Np/em~2) > 24.5, since for these levels of obscu-
ration most of the primary X-ray emission is depleted by
absorption and the source is reflection dominated. Using
torus models, on the other hand, it is possible to employ
better the shape of the reprocessed emission, as well as
that of the absorbed primary X-ray emission, to infer the
column density. In the central panel of Fig.26 we show
the values of T obtained by the two models. The plot
shows that the slopes inferred by the torus model tend
to be steeper than those obtained with the phenomeno-
logical model (i.e., using PEXRAV). In particular ~ 72%
of the sources have T" (Torus) > I' (Pexrav). This shows
the importance of self-consistently taking into account
absorbed and reprocessed X-ray emission in the most ob-
scured AGN. The absorption-corrected fluxes obtained
with PEXRAV and the torus model in the 2-10keV and
14-150keV energy ranges are illustrated in the bottom
panel of Fig.2G6l The plot shows that the dispersion be-
tween the fluxes obtained with the two models is lower
in the 14-150keV than in the 2-10keV band. This is a
straightforward consequence of the fact that the correc-
tions are smaller in the 14-150keV band.

The distribution of the half-opening angle of the torus
obtained by our analysis is illustrated in Fig.27 For
most of the objects (28) we could not constrain 6oa,
while for 18 (17) we are only able to infer an upper
(lower) limit. For the 12 objects for which we could
constrain # oa we find a median value of 58 4+ 3 degrees.
The detailed study of the obscuration properties of
Swift/BAT AGN will be reported in a forthcoming pa-
per (Ricci et all[20174), in which we will discuss how ab-
sorption is related to the physical characteristics of the
accreting SMBH and to those of the host galaxy.

5.3.2. lonized absorption

Tonized absorption has been found to be a common
characteristic of unobscured AGN. Early studies carried

©
o
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Figure 28. Distribution of the column density (top panel), ioniza-
tion parameter (middle panel) and covering factor (bottom panel)
of the ionized absorbers for the sources of our sample (see §5.32 for
details). For the ionization parameter and the covering factor we
also show the values of the upper limits (red dashed lines) obtained.
The median values of the parameters are listed in Table[3]

out with ASCA found evidence of O VII and O VIII ab-
sorption edges in ~ 50% of the sources (e.g.,
[1997; |George et all [1998). More recent studies, carried
out using Suzaku, XMM-Newton, and Chandra, have con-
firmed the presence of these warm absorbers showing
that they are related to outflows (e.g. ,IKaaplﬂ_aﬂlZQOﬂ
IKa@smeU [2000) with velocities of the order of 100—
1,000 kms~! (e.g., [Tombesi et all 2013 and references
thereln) The analysis of high-quality Suzaku and XMM-
Newton spectra has additionally pointed out that some
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Figure 29. Distribution of the blackbody temperatures obtained
for unobscured non-blazar AGN. The red dashed vertical line shows
the median value (see Table[3]).

objects also show highly ionized outflows with velocities
exceeding 10,000 kms~!, the so-called ultra-fast outflows
(e.g., Tombesi et all 2010aJH; [Gofford et all2013).

Evidence of ionized absorption was found in 86 AGN in
our sample. Of these, five are blazars, one is an obscured
AGN (NGC 1365), and the remaining 80 are unobscured
AGN. This implies that, on average, the covering factor
of the warm absorbers in non-blazar unobscured AGN is
> 22%. This can be used only as a lower limit, since we
might be missing ionized absorbers in objects too faint
for high-quality X-ray spectra. Eleven non-blazar AGN
and two blazars require two ionized absorbers to well
reproduce the 0.3-10keV spectra.

In Fig.2§ we show the distribution of the column
density (top panel), the ionization parameter (middle
panel) and the covering factor (lower panel) of the
warm absorbers. We find that the median column den-
sity is Ny = 2.8 x 102c¢cm™2.  The median value
of the ionization parameter (covering factor), for the
objects for which we could constrain the values, is
log[¢/(ergems™h)] = 1.45 (f W = 63%). These values
are in good agreement with what was found by previ-
ous studies of warm absorbers (e.g., [Tombesi et all 2013
and references therein). A more detailed study of the
properties of ionized absorption, and on the relation be-
tween the warm absorbers and the physical properties of
the accreting SMBH will be discussed in a forthcoming

paper.

5.4. Soft excess
5.4.1. Unobscured AGN

A total of 209 unobscured AGN (ie., ~ 57%) in
our sample show evidence for soft excesses. This is in

reement Wlth what has been found by Winter et all
(m 2009a; ~ 40 — 50%) studying X-ray obser-
vations of smaller samples of Swift/BAT AGN, and
with previous works carried out with ASCA (~ 40%,
[Reeves & Turner [2000). The presence of a soft excess
had been found to be ubiquitous in optically-selected
quasars (e.g., [Piconcelli et all[2005). [Scott et all (2012)
estimated that, by correcting the results obtained for a
large sample of type-I AGN (Scott et all 2011) to take
into account detectability, the true percentage of sources
with a soft excess is 754+23%. Similarly, studying a sam-
ple of 48 Seyfert 1-1.5 galaxies observed by Suzaku and
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Figure 30. Distribution of the fraction of scattered X-ray radi-
ation inferred for the obscured non-blazar AGN. The black line
represents the measured values, while the red dashed line the up-
per limits. The vertical blue dashed line shows the median value
of the distribution (see Table[3]).

XMM-Newton, [Winter et all (2012) found that 94% of
the objects show a soft excess.

The soft excess was reproduced here using a simple
phenomenological model, i.e. a blackbody with a vari-
able temperature and normalization. We found that the
median temperature of our sample is kT, = 0.110 +
0.003eV. As shown in Fig.29 the distribution of kT
is very narrow (o = 0.04eV), which is also in agree-
ment with previous works (e.g., [Gierliniski & Dond 2004,
Winter et all[2012).

5.4.2. Obscured AGN

The soft excess in obscured AGN could have several
origins. It could be related to Thomson scattering of

the primary X-ray radiation in ionized gas, possibly lo-
cated in the photo-ionized region (e.g., m
2010). In support of this idea, [Ueda et all (2015) re-
cently demonstrated that AGN with low scattering frac-
tions also show smaller ratios of the extinction-corrected
[O1115007] emission line to the intrinsic 2-10 keV lumi-
nosity. In addition to this, star formation could con-
tribute significantly to the flux below ~ 2keV. X-ray
emission in star-forming regions is due to a population
of X-ray binaries and to collisionally ionized plasma (e.g.,
Ranalli et all 2008). A significant contribution might
also come from radiative-recombination, which would
create emission lines and a continuum below ~ 2keV
(e.g., Marinucci et all2011)).

Here we do not attempt to model photoionized emis-
sion, and we reproduced the soft excess in obscured AGN
as a combination of a scattered continuum and one or
more collissionally ionized plasmas. A scattered com-
ponent was added to the X-ray spectral model of 359
objects. The value of fgcatt could be constrained for
236 objects, while for 123 only an upper limit was ob-
tained (Fig.B0). The median value of the scattered frac-
tion for the objects for which this value could be con-
strained is fscatt = 1.3 & 0.6%, with 150 objects having
fscatt < 1%. Following the same approach described in
§5.2.3] we took into account also the lower limits in the
calculation of the median value of fycatt, and found a me-
dian of fgscats = 1.0+ 0.4% for the total sample (see Ta-
bleB]). Optically-selected AGN have been shown to have
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significantly higher values of the fraction of scattered ra-
diation (fscatt ~ 1—5%; e.g.,Bianchi & Guainazzil2007).
Smaller values of fgcatt imply either a small opening an-
gle of the torus or a smaller amount of gas responsi-
ble for the scattering. Studying Suzaku observations of
Swift/BAT type-II AGN, [Ueda et all (2007) found the
first evidence for AGN with fscatr < 0.5%, and con-
cluded that these objects are “buried AGN”, i.e. objects
that have a torus with a very large covering factor (see
also [Eguchi et all 2009, 2011). Tt has been argued by
Honig et all (2014) that object with fseaty < 0.5% re-
side in highly inclined galaxies or merger systems, which
would increase the probability that the scattered emis-
sion is obscured by the host galaxy. [Ueda et all (2015)
showed that, while in some cases it is possible that the
host galaxy is responsible for the lower scattered frac-
tion, more than half of the objects with fgcart < 0.5%
in their sample are free from absorption by interstellar
matter along the disk of the host galaxies. In our sample,
88 AGN (~ 25% of the objects) have fgcatt < 0.5%. The
scattered emission, and the relation between fgcatt and
the physical properties of the accreting system, will be
the subject of a forthcoming work (Ricci et al., in prep.).

A thermal plasma has been used for 112 objects in
total (Fig.BIl). For 88 object we applied a single ther-
mal component, while for 23 two components were neces-
sary, and in one case (MCG —03—34—064) we used three
thermal plasma components with different temperatures.
The median value of the temperature of this component
is kT therm. = 0.49 + 0.06 ke V.

6. SUMMARY AND CONCLUSION

We described here our detailed broad-band X-ray spec-
tral analysis of the AGN reported in the Swift/BAT 70-
month catalog. Soft X-ray (0.3-10keV) spectra are avail-
able for 836 of the 838 sources detected by Swift/BAT
in its first 70 months of observations, implying a com-
pleteness of ~ 99.8%. Our sample consists of the 836
Swift/BAT sources with soft X-ray observations, of which
731 are non-beamed AGN and 105 are blazars (26 BL
Lacs, 53 Flat Spectrum Radio Quasars and 26 of uncer-
tain type). A variety of X-ray spectral models was ap-
plied to the 0.3-150keV spectra. The median values of
the spectral parameters of non-blazar AGN and blazars
obtained by our spectral analysis are listed in Table[3 and
Tablel] respectively. The sample and the X-ray obser-
vation log are listed in Tables[CI] and [C2] respectively.
In Table[C3] we report the main spectral parameters ob-
tained by our analysis for all sources. In the following
we summarize our main findings.

e We report the values of the intrinsic (i.e.,
absorption-corrected and k-corrected) luminosities
for all objects of our sample in the 2-10keV, 20—
50keV, 14-150keV and 14-195keV bands. We find
that unobscured AGN have typically higher in-
trinsic luminosities than obscured AGN, in agree-
ment with the decrease of the fraction of obscured
sources with increasing luminosity. Among the
blazars, Flat Spectrum Radio Quasars are signif-
icantly more luminous, in all the bands discussed
here, than BL Lacs, while blazars of uncertain type
typically have the lowest luminosities (see §5.1] and

Fig.[I4).
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Figure 31. Distribution of the temperatures of the thermal
plasma. When more than one component was present we aver-
aged the values of the temperature of each object. The vertical
red dashed line shows the median value of the distribution (see

Table[3).

e The median value of the photon index obtained
by the broad-band X-ray spectral analysis of the
non-blazar AGN is I' = 1.78. Obscured and un-
obscured objects have consistent spectral slopes,
with medians of I' = 1.76 and I' = 1.80, respec-
tively (see §5.2.01 and Fig.[IT7). The values of T
and of the photon index obtained by fitting the
0.3-10keV spectrum alone (T'g.3-19) are typically
lower than the Swift/BAT photon index (I'gaT, see
Fig.[[¥)). The steepening of the X-ray continuum in
the hard X-ray band suggests that the presence of
a high-energy cutoff is almost ubiquitous in non-
blazar AGN.

e Flat Spectrum Radio Quasars have typically flatter

slopes (I’ = 1.54 & 0.05, TgaT = 1.71 £ 0.06) than
BL Lacs (I' = 2.0540.06, Tgar = 2.42+0.10). See
§5.2.1] and Fig.07

e A cross-calibration constant was added to all mod-
els. We found that both non-blazar AGN and
blazars have a median value of Cgar = 1 (see
g5.2.2land Fig.20). From the dispersion in C'gar of
non-blazar AGN we conclude that the typical vari-
ability of these objects, on the timescales probed
by our study (days to several years), is ~ 0.2 dex.

e The cutoff energy of non-blazar AGN, considering
also the upper and lower limits, has a median of
FEc = 381 £ 16keV, and obscured and unobscured
AGN have consistent median FE¢ (see §5.2.3] and
the left panel of Fig.2T]). Ignoring the upper and
lower limit the median values is significantly lower
(Ec = 76 & 6keV). This is due to the fact that,
at the typical signal-to-noise ratio of our data, we
can mostly constrain values of Ec < 100keV. Us-
ing the Kaplan-Meier estimator and including the
lower limits we found that, for the whole sample,
the median (mean) is 200 £ 29keV (319 £+ 23keV).

e We find that the reflection parameter of non-blazar
AGN, taking into account also upper and lower lim-
its, has a median of R = 0.53 £ 0.09 (see §5. 2.4
and the right panel of Fig.[2T]). Unobscured objects
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have a larger median value (R = 0.83 +0.14) than
Compton-thin obscured AGN (R = 0.38 + 0.11)
and CT sources (R = 0.15+0.12). The decrease of
the reflection component is in agreement with the
idea that most of the reprocessed X-ray radiation
originates in the accretion disk. For the objects
for which we could constrain R we find a median
value of R = 1.2+0.2. This is larger in unobscured
AGN (R = 1.4 £ 0.3) than in Compton-thin ob-
scured AGN (R = 0.6 £ 0.2) and in CT sources
(R =0.25+0.10).

We find that the non-blazar sample is almost
equally divided into AGN with Nz < 10?2cm—2
(365) and those with Ny > 10*2cm~2 (366).
Among the latter 56 are Compton-thick (Ng >
10** cm~2), and 75 have column densities consis-
tent with Ny ~ 10%*em=2 (see §5.3.11 and Fig.23).

e Evidence of ionized absorption is found in 85 AGN
(.32 and Fig.28)), most of which are unobscured.
This allowed us to conclude that the covering fac-
tor of the ionized material in AGN with Ng <
1022cm—2 is > 22%.

The soft excess in unobscured AGN could be well
reproduced by a blackbody model. We found that
the range of temperatures is very narrow, with a
median of kT = 0.11 (see §5.4T and Fig.29).

The typical fraction of scattered radiation is
Sfscatt = 1.0 + 0.5%, lower than what is usually
inferred for optically-selected AGN (see §5.4.2] and
Fig.B0). A total of 88 objects (~ 25%) have val-
ues of feeatt < 0.5%, which might imply that they
are either surrounded by a torus with a very large
covering factor, or that the amount of material re-
sponsible for the Thomson scattering in these ob-
jects is small. A total of 17 (33) objects have values
of fscatt > 10% (> 5%), which implies that either
the obscuring material partially covers the X-ray
source or that jet emission contributes significantly
to the X-ray flux at < 2keV.

In the tables in the Appendix we report the parame-
ters of the broken power-laws (Table[C4)), of the warm
absorbers (Table[Ch]), of the Gaussian lines (Table[C),
as well as the observed and intrinsic fluxes (Table[Cg)
and luminosities (Tables[CY and [CI0). In Table[CTT] we
list the values of I' ygc and I'g.3_1¢, while in Table[CT we
report the parameters obtained by fitting with a torus
model the broad-band X-ray spectra of the 75 AGN with
values of Ny consistent with 10?4 cm ™2 within their 90%
confidence interval.

This work is part of a large effort aimed at shedding
light on the multi-wavelength properties of the least bi-
ased sample of local AGN available. A series of forth-
coming publications will investigate, in detail, the rela-
tions between several of the properties measured here
and those of the accreting SMBHs and host galaxies.
These include, among others, the absorption propertles

l2_Ql_ZaUE) Fe Ko line (Tubin-Arenas et al. in
prep.); the fraction of scattered radiation (Ricci et al.
in prep.); and the relation between mergers and SMBH
accretion (Koss et al. in prep.).
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Median values of the parameters obtained by the brorzsf‘c?—]:la))latarld3 X-ray spectral analysis of the non-blazar AGN of our
sample.
(1) (2) (3) (4) () (6)
Non-blazar AGN

All <22 > 22 22 — 24 > 24
log Lo—10® 43.41 43.56 43.26 43.24 43.46
log L 50_50" 43.38 43.58 43.22 43.23 43.12
log L14-150¢ 43.74 43.92 43.62 43.63 43.53
I 1.78 £0.01 1.80+£0.02 1.76+£0.02 1.70£0.02 2.054+0.05
I'paT® 1.96 £ 0.01 2.024+0.02 1.89+0.02 1.90£0.02 1.754+0.04
Cpar’ 1.00 £ 0.05 1.00+£0.05 1.00£0.08 1.00£0.09 1.0040.12
B 381 £ 16 384 +£21 380 + 24 386 + 25 341+ 70
Ech 200 4+ 29 210+ 36 189 + 26 188 £ 27 449 + 64
Ed’ 76 + 6 80+ 7 74+ 11 74+£11 43+ 15
R 0.53 +0.09 0.83+0.14 0.37+0.11 0.384+0.11 0.15+0.12
RF 1.3+0.1 1.8+0.2 0.6 +0.2 0.6+0.2 0.254+0.10
Nyg! 1022 1020 1.5 x 10% 1023 2 x 10%4
Nym 2.8 x 1022 2.8 x 10?2

wn 63+ 4 63+ 4

log &° 1.45+0.16 1.454+0.16
kETppP 0.110 £0.003 0.110 £ 0.003
fscatt? 1.0£0.5 1.0£04 1.1+£0.5 0.6 +0.5
fscatt” 1.3+0.6 1.3+0.6 1.44+0.5 0.4+0.3
kT therm.® 0.50 + 0.05 e 0.50+0.05 0.49+0.06 0.56 £0.07

Note. — The table lists the median values of the parameters (1) obtained by the broad-band X-ray spectral

analysis for: (2) the whole sample of non-blazar AGN, (3) objects with Ny < 10?2cm™2, (4) sources with Ny >

1

5 — &< =~ 5@ ™= 0o o0 T

n—~ = 0o " 0 B

022em~2, (5) AGN with Ny = 102272 cm~2, and (6) objects with Ny > 10%* cm~2
Absorption-corrected and k-corrected 2-10keV luminosity [log(erg s_l)] See §5.711
Absorption-corrected and k-corrected 20-50keV luminosity [log(ergs™1)]. See §5.11
Absorption-corrected and k-corrected 14-150keV luminosity [log(ergs—1)]. See %:l]
Photon index obtained by fitting the 0.3-150keV spectrum (§5.2T)).
Photon index obtained by fitting Swift/BAT spectrum with a power-law model (§5.2.T]).
Cross-calibration constant between the 0.3-10keV and the Swift/BAT spectra (§5.2.2)).
Cutoff energy (keV) obtained considering also upper and lower limits ( .
Cutoff energy (keV) obtained considering the lower limits and applying the Kaplan-Meier estimator (§5.2.3]).
Cutoff energy (keV) obtained using only the sources for which the parameter could be inferred (§5.2.3).
Reflection parameter obtained considering also upper and lower limits (§5.2.4]).
Reflection parameter obtained using only the sources for which the parameter could be inferred (§5.2.4)).
Column density of the neutral material (cm~2). See §5.3.11
Column density of the ionized absorber (cm~2). See §5.3.21
Covering factor of the ionized absorber (%). See §5.3.21
Ionization parameter of the warm absorber (ergems™1). See §5.3.21
Temperature of the blackbody component (keV). See §5.4.11
Fraction of scattered radiation (%) obtained considering also upper and lower limits (
Fraction of scattered radiation (%) obtained using only the sources for which the parameter could be inferred

L),

Temperature of the thermal plasma (keV). See §5.12
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Table 4
Median values of the parameters obtained by our spectral analysis.

(1) (2) (3) (4) (5)
Blazars

All BZQ BZB BZU

log Lo—10® 45.37 46.23 45.09 44.25

log L 20—50" 45.15 46.48 44.63 44.20

log L14-150° 45.53 47.01 44.92 44.70
r 1.68+0.04 1.54+0.05 2.05+0.06 1.67+0.09
I'gar® 1.87+0.06 1.71+0.06 2.424+0.10 1.85+0.11
Cpat’ 1.00+0.35 0.80+0.15 1.10£0.63 1.2040.45
Ny? 2.6x10%0  1.0x10%° 4.0x10*° 1.6 x 10%!
Note. — The table lists the median values of the parameters ob-

tained by the broad-band X-ray spectral analysis (1) for the whole
sample of blazars (2), for the Flat Spectrum Radio Quasars (3), the
BL Lacs (4), and the blazars of uncertain type (5).
a Absorption-corrected and k-corrected 2-10keV luminosity
[log(ergs—1)]. See §5.11
b Absorption-corrected and k-corrected 20-50keV luminosity
[log(ergs™1)]. See §5.11
¢ Absorption-corrected and k-corrected 14-150keV luminosity
[log(ergs D). See §5.11

4 Photon index obtained by fitting the 0.3-150keV spectrum (§5.2.1)).
¢ Photon index obtained by fitting Swift/BAT spectrum with a power-
law model (§5.2.T]).

£ Cross-calibration constant between the 0.3-10keV and the

Swift/BAT spectra (§5.2.1)).
& Column density of the neutral material (cm~2). See §5.3.11
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APPENDIX
A. NEW SOFT X-RAY COUNTERPARTS

We found a different X-ray counterpart than that reported by the Swift/BAT 70 months catalog and by the studies
reported above for only eight sources. In the following we report details about these objects.
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SWIFT J0216.3+5128 The X-ray counterpart reported in the BAT catalog, 2MASX J02162987+5126246. The
source is instead more likely associated to the X-ray bright Seyfert 2 IGR J02164+5126/2MASS J02162672+5125251,
which is clearly detected in the 10.0ks XMM-Newton EPIC/PN observation (see also Masetti et. all[2009).

SWIFT J0223.4+4551 The Swift/BAT source was identified with the triplet of galaxies V Zw 232, but the X-ray
counterpart of this object is the central galaxy, 2MASX J02233309+4549162.

SWIFT J0350.1-5019 The source is reported as being the counterpart of 2MASX J03502377—5018354. Be-
sides 2MASX J03502377—5018354, two other X-ray sources are evident around the BAT position of the sources:
2MASX J03501198—-5017165, 2MASX J03502377—5018354 and ESO 201—4. The first two objects are too weak to be
the counterpart of the Swift/BAT source, while the CT AGN ESO201—4 is at a flux level consistent with that of
SWIFT J0350.1—-5019.

SWIFT J0528.1-3933 The source is identified with the interacting galaxy pair ESO 306—1G001. From the analysis
of the XMM-Newton image we found that the X-ray counterpart of this source is ESO 306—1G001 NEDO1.

SWIFTJ0654.64+0700 This object was previously identified with 2MASS J06543368+-0703024 ialso in
Cusumano et all[2010D), while we find that the right counterpart is 2MASS J065434174-0703210 (see also
2014). The new identification is coincident with a bright WISE source.

SWIFT J0744.042914 The 10.8ks Chandra/ACIS observation did not detect the counterpart reported in the
70-month BAT catalog, UGC 03995A. The most likely counterpart of SWIFT J0744.04-2914 is the nearby galaxy
UGC 03995B, which is detected in the 0.3-10keV band and is interacting with UGC 03995A (Koss et all[2012).

SWIFT J0919.2+5528 The counterpart is not SBS 09154556, as reported in the 70-month catalog, but it is the CT
AGN Mrk 106, which is significantly brighter and closer to the position of the hard X-ray source than SBS0915+556.

SWIFT J1238.6+0928 The source was identified as being the hard X-ray counterpart of the galaxy VCC 1759.
VCC 1759 was not detected in the 20.1ks XMM-Newton EPIC/PN image, and the most likely counterpart for
SWIFT J1238.6+0928 is the Seyfert 2 2MASX J12384342+0927362 (see also [Malizia et _all 2016).

SWIFTJ1354.5+1326 The source was originally identified with 2MASX J13542913+41328068, which is part of an
interacting galaxy pair with 2MASS J13542908+1327571 (at a distance of 10”). However, the former object is not
detected in WISE, while the latter has an infrared brightness consistent with what is expected from its intrinsic X-ray
flux. Therefore it is more likely that the Swift/BAT source is associated with 2MASS J13542908+1327571.

SWIFT J1535.8—5749 The 0.3-10keV counterpart of the source is IGR J15360—5750 (Malizia et alll2010), which is
brighter and closer to the BAT position than the object reported in the BAT catalog, 1RXS J153552.8—575055.

SWIFTJ1747.84+6837B The source was identified with VII Zw 742, a system made of an interacting pair of galaxies
(2MASX J17465994+6836392 and 2MASS J174659534-6836303) with a separation of 8.8”. The two sources are blended
in WISE, with the southern one being brighter. The Swift/XRT observation of this source showed that the position
of the X-ray counterpart coincides with that of 2MASS J17465953+6836303.

SWIFTJ1856.14+1539 This object was originally identified with 2MASX J18560128+1538059. However, the right
counterpart is more likely to be 2MASS J18560056+1537584, which has a bright, red WISE counterpart. This new
identification is supported by what reported by IBminquzﬂ_aﬂ (2008).

SWIFT J2007.0—3433 The Chandra/ACIS 0.3-10keV image shows that the X-ray counterpart is not ESO 399—20,
but the nearby galaxy MCG —06—44—018, with which ESO 399—20 is interacting.

B. DUAL AGN

Several objects in our sample are known to be dual AGN (e.g., [Koss et all 2012), in the following we discuss the
influence of the two sources to the Swift/BAT emission and list the cases in which the X-ray spectral properties of
both sources are reported in our catalog. Those objects are listed as D1 and D2.

SWIFT J0209.5—1010 This object is the combination of two AGN at 56”: NGC 833 and NGC 835 with the former
having a 2-10keV flux ~ 1/3 of the latter (Koss et all 2011Db). Due to the fact that both sources contribute to
the 14-195keV flux we report the spectral characteristics of both NGC 833 (SWIFT J0209.5-1010D1) and NGC 835
(SWIFT J0209.5-1010D2).

SWIFT J0324.944044 This object is composed of two AGN at 12” from each other: IRAS03219+4031
and 2MASX J03251221+4042021. In the 2-10keV band IRAS03219+4031 is ~ 12 times brighter than
2MASX J03251221+4042021 (Koss et all2011DB), and was therefore considered to be the counterpart of the Swift/BAT
source.

SWIFT J0602.2+2829 This source is composed of IRAS 0558942828 and 2MASX J06021107+2828382 (at a distance
of 20”), with the former having a 2-10keV X-ray flux 1,100 higher than the latter (Koss et all[2011D).

SWIFT J0945.6—1420 This object is composed by two objects at 180" from each other: NGC 2992 and NGC 2993.
Since the former AGN is ~ 7 times brighter in the 2-10keV band than the latter (Koss et all[2011H) it was considered
as the counterpart of SWIFT J0945.6—1420.

SWIFT J1023.541952 This dual AGN is composed of NGC 3227 and NGC 3226, located at 130” from each other.
In the 2-10keV band NGC 3227 is ~ 73 times brighter than NGC 3226 (Koss et alll20111), and was therefore assumed
to be the counterpart of SWIFT J1023.5+1952.
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SWIFT J1136.0+2132 The counterpart of this source is late-stage galaxy merger composed of two nuclei with a
projected separation of 3.4 kpc (5”): Mrk 739E and Mrk 739W (Koss et alll2011B). The 2-10 observed flux of Mrk 739W
is ~ 9% of that of Mrk 739E (Koss et all 2011H), and the latter source was reported as the counterpart of the BAT
AGN.

SWIFT J1315.84-4420 This source is composed of UGC 8327 NEDO01 and UGC 8327 NED02, located at 37" from
each other. The 2-10keV flux of UGC 8327 NEDO1 is ~ 1140 times higher than that of UGC 8327 NED02 (Koss et al
[2011H), and this source was therefore considered to be the counterpart of the Swift/BAT object.

SWIFT J1334.8—2328 The XMM-Newton EPIC/PN image reveals that, within the error box of the Swift/BAT
position, both members of the interacting pair ESO 509—1G066 (Guainazzi et alll2005) are detected. These two sources
are ESO 509—IG066E/NED02 (SWIFT J1334.8—2328D1) and ESO 509—1G066W /NEDO1 (SWIFT J1334.8—2328D2),
with the eastern component having a 2-10keV flux ~ 60% of the western component.

SWIFT J1341.24-3023 The source is composed of two objects at 59”: Mrk 268 and Mrk 268SE. The counterpart
of the Swift/BAT source is Mrk 268, since it has a 2-10keV flux > 108 times higher than that of its companion
Koss et alll2011D).

SWIFT J1355.941822 This source is another known dual AGN, with the two nuclei (Mrk463E and Mrk463W,
at 4’) having a projected separation of 3.4kpc (Bianchi et all 2008d). The Chandra study of (Bianchi et all[2008a)
showed that both nuclei are obscured, and (Koss et all2011DB) reported that the 2-10keV observed flux of Mrk 463W
is ~ 25% that of Mrk463E.

SWIFT J1652.94-0223 The luminous infrared galaxy NGC 6240 is known to host two Compton-thick AGN sepa-
rated by 0.7kpc (1.8”): NGC 6240N and NGC 6240S (Komossa et all2003). The two sources have comparable observed

2-10keV fluxes (Koss et all [20111), and [Puccetti et all (2016) have recently shown that both sources contribute sig-
nificantly to the flux above 10keV. The intrinsic 10-40keV luminosities are 7.1 x 10%3 ergs™! and 2.7 x 10*3 ergs™!
for the southern and northern nucleus, respectively (Puccetti et all[2016). Since the XMM-Newton observation used
here lacks the spatial resolution to resolve the two nuclei the system was considered to be one source.

SWIFT J1816.0+4236 The source is composed of UGC 11185 NEDO1 and UGC11185 NEDO02 (at 28”). Since
UGC11185 NEDO02 has a 2-10keV flux > 23.3 times larger than UGC 11185 NEDO1 (Koss et all [20111), it was
considered to be the counterpart of the BAT source.

SWIFT J2028.5+2543 This source is a combination of two objects at 91” from each other: NGC6921 and
MCG +04—48—002, with the former AGN contributing to ~ 20% of the 14-195keV flux. Since the two AGN contribute
significantly to the Swift/BAT flux we reported their characteristics of both NGC 6921 (SWIFT J2028.5+2543D1) and
MCG +04—48—-002 (SWIFT J2028.54-2543D2) in the catalog.

SWIFT J2328.9+0328 This object is the combination of the unobscured AGN NGC 7679 and the CT AGN
NGC 7682 (at 270”). Since NGC 7679 contributes to only ~ 10% of the 14-195keV flux, we adopted NGC 7682
as the counterpart of the Swift/BAT source.

C. THE STARBURST GALAXY SWIFT J0956.1+6942 (M 82)

The starburst galaxy M 82 does not host an AGN, and its broad-band X-ray spectrum was fitted with the D1 model
(IZH x?/DOF = 1294.9/1209). We obtained a photon index of I' = 1.3110 33 a cutoff energy of 111" keV, and

temperatures of the thermal plasma of 0.6870 % keV and 1.6270 79 keV. The column density of the neutral material
obscuring the cutoff power law component is 3.5*_‘}:}1 x 1022 cm ™2, while that of the material obscuring the thermal

plasma is 5.0fg:§ x 102! cm~2. The cross calibration constant between the XMM-Newton and the Swift/BAT spectrum
is consistent with unity (Cgar = 1.2f8:g).

The observed fluxes in the 2-10 and 14-195keV bands are F,°%5, = 11.2 x 107 2ergem™2s71 and F\3% 45 =
6.4 x 1072 ergem 257!, respectively. The intrinsic fluxes in the 2-10, 20-50 and 14-150keV bands are Fh_19 =
13.8 x 1072 ergem 257!, Fho_s50 = 2.5 x 1072 ergem 257! and Fly_150 = 5.0 x 1072 ergem 257!, respectively.
The intrinsic luminosities, in the same energy ranges, are: log(La_10/ergs™!) = 40.17, log(Lag_50/ergs™1) = 39.43

and log(Lq4_150/ergs—1) = 39.73.



Table C1
List of the Swift/BAT AGN from the 70-month catalog.

(1) (2) (3) (4) (5) (6) (7)
Source Counterpart RA DEC Redshift Distance [Mpc] BZCAT

SWIFT J0001.0—0708 2MASX J00004876-0709117 0.2032  —7.1532  0.0375 165.2
SWIFT J0001.6—7701 2MASX J00014596—7657144 0.4419 —76.9540 0.0584 261.2
SWIFT J0002.540323 NGC 7811 0.6103 3.3519  0.0255 111.3
SWIFT J0003.34+2737 2MASX J00032742+2739173 0.8643  27.6548  0.0397 175.2
SWIFT J0005.04+7021 2MASX J00040192+7019185 1.0082  70.3217  0.0960 440.7
SWIFT J0006.2+2012 Mrk 335 1.5813 20.2029  0.0258 112.7
SWIFT J0009.4—0037 SDSSJ000911.57—003654.7 2.2982  —0.6152  0.0733 331.3 e
SWIFT J0010.54+1057 Mrk 1501 2.6292 10.9749  0.0893 408.1 BzZQ
SWIFT J0017.14+8134 [HB89]0014+813 4.2853 81.5856  3.3660 29188.0 BZQ
SWIFT J0021.2—1909 LEDA 1348 5.2814 —19.1682  0.0956 438.7

Note. — Table is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance. The table
reports: (1) the Swift/BAT 1D, (2) the name of the counterpart, (3, 4) the coordinates, (5) the redshift, (6) the distance in Mpc, and (7) the BZCAT
class.

2 For these sources only a photometric redshift (and its 1o confidence interval) is reported.

b Sources for which redshift-independent measurements of the distance are reported.
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Table C2
Log of the soft X-ray observations.

o) @) B) @) )
Source Soft X-ray Facility /Instrument ~ Obs. ID  Exposure [ks] Counts
SWIFT J0001.0—0708 Swift/XRT 40885001 8.5 815
SWIFT J0001.6—7701 Swift/XRT 41138001 9.6 346
SWIFT J0002.54+0323 Swift/XRT 47107002 10.8 3035
SWIFT J0003.34+2737 Swift/XRT 41139002 9.7 100
SWIFT J0005.04+7021 XMM— Newton EPIC/PN 0550450101 14.8 5343
SWIFT J0006.24-2012 Swift/XRT 35755001 204.3 56302
SWIFT J0009.4—0037 Swift/XRT 41140001 21.0 91
SWIFT J0010.54+1057 Swift/XRT 36363001 21.8 5148
SWIFT J0017.14-8134 XMM— Newton EPIC/PN 0112620201 19.1 15950
SWIFT J0021.2—1909 Swift/XRT 40886001 8.0 1515

Note. — Table is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is
shown here for guidance regarding its form and content. The table reports: (1) the Swift/BAT ID of the source, (2)
the X-ray facility used, (3) the ID of the observations, (4) the exposure and (5) the number of counts.



Table C3
Parameters obtained by the analysis of the broad-band X-ray

spectra.
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Source log Ny T E. R CBAT  [scatt T Model  Statistic/DOF
[cm™2] [kev] [9%] [kev]

SWIFT J0001.0—0708 22.19 [22.11 —22.26] 1.6475%%  >29 <17 08705 <1.1 B1 34.7/40 [x?]
SWIFT J0001.6—7701 - -- 1.83%057  >47 <13 1.0%% - A3 14.8/17 [x?]
SWIFT J0002.5+0323 - 2.2310-08 NC 4.2%3%9 05705 ... Al 131.5/120 [x?
SWIFT J0003.3+2737 22.86 [22.78 —22.98] 1.7670%8 NC 11732 1.00 <07 Bl 83.7/111 [C]
SWIFT J0005.04+7021 22.61 [22.56 — 22.68] 1.4670% 47137 <24  1.0° <07 B1(G) 243.3/241 [x?]
SWIFT J0006.2+2012 20.48 [20.26 — 20.51] 2.82700% >185 0.8 37756 -+ 014970502 A6(G) 571.1/515 [x?]
SWIFT J0009.4—0037 23.61 [23.36 — 24.04] 1.647033 NC 08707 1.00 1.0%3S B1(G) 99.0/83 [C]
SWIFT J0010.5+1057 21.04 [21.00 — 21.11] 1.737093  >269 0.6%52 11702 - 012270507 A2(G) 232.1/196 [x?|
SWIFT J0017.1+8134 21.95 [21.85 —22.04] 1.527003 - .23t C6  585.1/565 [x?]
SWIFT J0021.2—1909 21.98 [21.92 —22.08] 1.7070%2 863" <0.2 0.770% 2.07}2 Bl 72.0/71 [x?]

Note. — Table is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content. The
table reports: (1) the Swift/BAT ID of the source, (2) the value of the logarithm of the column density and the 90% confidence interval, (3) the photon index, (4) the energy of
the cutoff, (5) the reflection parameter, (6) the cross-calibration between Swift/BAT and the soft-ray spectra, (7) the fraction of scattered emission observed in the soft X-ray band,
(8) the temperature of the blackbody component (for unobscured objects) or of the thermal plasma component (for obscured objects), (9) the model used (G is reported when a
Gaussian line around ~6-7keV was added, see Jl for details) and (10) the value of the statistic and the number of degrees of freedom. Objects for which no column density was
reported have log(Ng/cm™2) < 20.

I:IC Value not constrained.
Value fixed.
% The value of C'gaT was not constrained so that the constant was fixed to one.
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Table C4
Parameters of the broken power-law continuum.

(1) (2) (3)

Source Ty Eyx [kev]

SWIFT J0017.1+8134  2.6%97  13+3L
SWIFT J0036.0+5951  2.96701 7+l
SWIFT J0122.0—-2818  —2.2704  g8+2]
SWIFT J0122.9+3420  2.52%030 1778,
SWIFT J0142.0+3922  1.74709%  2.570¢
SWIFT J0225.04+1847  1.717030 75714
SWIFT J0404.0-3604 1957018 3.9%04
SWIFT J0550.7—3212A  3.5871%  18.8+290
SWIFT J0710.3+5908  2.857537 32410
SWIFT J0841.4+7052  1.637992  3.7%0:¢

Note. — Table is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is
shown here for guidance regarding its form and content. The table reports: (1) the Swift/BAT ID of the source, (2)
the second photon index and (3) the energy of the break between I'y and I's. For SWIFT J1256.2—0551 two sets of
values are reported since the source was fitted using model C8, which considers a double broken power-law. For this
object the second line reports the value of I's and Ef .
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Table C5
Parameters of the warm absorbers.
(1) (2) (3) (4)
Source Ny log & w
[1022 cm ™2 [erg cms™! [%]

SWIFT J0001.6—7701 1075 14199 9672
SWIFT J0006.2+2012 2.9115:0¢  0.4275:02  95+2
SWIFT J0006.242012 525 3.18799%  g0*7
SWIFT J0113.8—1450 0.44%51% 04702  49%3
SWIFT J0154.9-2707 3715 <16 7478
.07 .
SWIFT J0207.042931 0397008 0447033 7175,
SWIFT J0207.0+2931 0.79%04% 2417017 > 84
SWIFT J0208.5—1738 579 1.3792  58t3]
SWIFT J0222.3+2509 05753 <15 6873

SWIFT J0226.4—2821 28717 0.9%03  >97

Note. — Table is published in its entirety in the electronic edition of the Astrophysical Journal. A portion
is shown here for guidance regarding its form and content. The table reports: (1) the Swift/BAT ID of the source,
(2) the column density, (3) ionization parameter and (4) covering fraction of the ionized absorber. Sources reported
more than once were fitted considering more than one layer of ionized absorbing material.
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Table C6
Parameters of the Gaussian lines.
(1) (2) (3) (4) (5)
Source Fxa EW o Normalization
[ch] [CV] [cV] [1076 phem™2s71]

SWIFT J0005.047021  6.437905  g0*2 ... 4.8737
SWIFT J0006.2+2012 6.42 1ot . 6.975%
SWIFT J0009.4—0037 6.4% <676 .- 55753
SWIFT J0010.5+1057  6.12¥9:9%  162F11S ... 17.874%°
SWIFT J0025.846818  6.48%9:0¢  836+3%5 ... 119793
SWIFT J0030.0—5904 55707 730012056 ... <92
SWIFT J0036.3+4540  6.5279:00 5851232 ... 37.47319
SWIFT J0042.9+3016B 6.4 <721 - < 26.4
SWIFT J0046.2—4008  6.401507 92430 e 4.0
SWIFT J0048.8+3155  6.397503 5377 e 24.7769

Note. — Table is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is
shown here for guidance regarding its form and content. The table lists, for (1) the sources for which a Gaussian line
was added to the broad-band spectral model: the (2) energy, (3) equivalent width, (4) width and (5) normalization
of the line. The uncertainties on the equivalent width represent the 68% confidence interval.

2 Value fixed.
NC Not constrained.



Table C7
Spectral parameters obtained with the torus model.

(1) (2) (3) (4) () (6) (7) (8)
Source Ooa log Ny r [ scatt kT CBAT Statistic/DOF
[Deg] [em™2] [%] [ev]
SWIFT J0009.4—0037 60*  23.56 [23.41 - 23.70] 1.667022 1.17}7 e = 102.1/86
SWIFT J0025.8+6818 >42  24.14 [23.72 - 24.32] 1947027 < 1.3 S 0.397078 46.5/49
SWIFT J0030.0—5904 60*  24.03 [23.79 — 24.43] 1.78733% <028 e e 22.3/17
SWIFT J0105.5—4213 60*  24.18 [23.95 — 24.30] 2.12703% < 0.6 e e 32.6/38
SWIFT J0106.84+0639 < 66 23.54 [23.46 — 23.66] 1.837015 1.6 . e 99.2/104
SWIFT J0111.4-3808 >78 24.33 [24.32 — 24.34] 2.64700s <0.1 e e 380.7/295
SWIFT J0122.8+5003 58712 24.24 [24.09 - 24.58] 2.81751¢ <o0.1 . . 91.6/115
SWIFT J0128.9—-6039 60*  24.13 [23.90 — 24.32] 2.18703% < 0.1 S e 25.7/25
SWIFT J0130.0—4218 > 36  24.20 [24.02 — 24.55] 2.45703% < 0.02 . . 22.5/22
SWIFT J0131.8-3307 <79 23.89 [23.74 - 23.96] 2.08702% <o0.1 0.857)3 e 49.4/42
Note. — Table is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content.

The table lists, for the objects with log(Nyg/cm™2) within their 90% confidence intervals, the (1) sources for which the torus model of [Brightman & Nandrd (2011) was applied:
(2) the half-opening angle of the torus, (3) the column density, (4) the photon index, (5) the fraction of scattered radiation, (6) the temperature of the thermal plasma, (7) the
cross-calibration constant between the soft and hard X-ray spectra and (8) the value of the statistic and the DOF.

& Value fixed.

1



Table C8
X-ray fluxes of the sources of our sample.

Observed Intrinsic
(1) (2) 3) (4) () (6) (7)
SWIFT ID Feb5, F%P8 05 F>_19 Fao-50 Fia-150 Fis—195
[10712 ergem 2s71] [10712 ergem 2571 [10712 ergem 2571 [10712 ergem 2571 [10712 ergem 257 1] [10712 ergem 2571
SWIFT J0001.0—0708 7.3 13.0 8.4 5.4 10.8 12.3
SWIFT J0001.6—7701 3.2 10.1 5.2 3.7 9.0 10.3
SWIFT J0002.54+0323 4.8 11.7 4.8 4.0 8.7 9.9
SWIFT J0003.34-2737 1.7 13.0 3.1 4.3 11.2 12.8
SWIFT J0005.0+7021 3.6 12.7 4.7 5.6 10.6 12.1
SWIFT J0006.24+2012 6.0 18.4 11.2 7.0 14.2 16.2
SWIFT J0009.4—0037 0.8 9.3 3.1 3.9 10.6 12.1
SWIFT J0010.54+1057 7.7 314 7.7 10.5 26.8 30.6
SWIFT J0017.14-8134 3.3 10.1 3.4 4.3 9.6 11.0
SWIFT J0021.2—1909 10.6 17.3 11.2 6.9 14.0 16.0
Note. — Table (8 is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance regarding its form and content. The table lists:

the observed (2) 2-10keV and (3) 14-195 keV fluxes; the intrinsic (4) 2-10keV, (5) 20-50keV, (6) 14-150keV and (7) 14-195 keV fluxes.
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Table C9
X-ray luminosities of the sources of our sample.

Observed Intrinsic
(1) (2) (3) (4) () (6) (7)
SWIFT ID log LS, log LS o5 log La—19 log Lao—50 logLia—150 logLis—195

[ergs™!] [ergs™] [ergs™) [ergs™!) [ergs™) [ergs™)
SWIFT J0001.0—-0708  43.37 43.62 43.43 43.24 43.54 43.60
SWIFT J0001.6—7701  43.41 43.91 43.62 43.48 43.86 43.92
SWIFT J0002.5+0323  42.85 43.24 42.85 42.78 43.11 43.17
SWIFT J0003.34+-2737  42.79 43.67 43.05 43.19 43.61 43.67
SWIFT J0005.0+7021  43.90 44.45 44.02 44.09 44.37 44.43
SWIFT J0006.2+2012  42.97 43.46 43.24 43.04 43.34 43.40
SWIFT J0009.4—0037  43.01 44.07 43.60 43.65 44.13 44.19
SWIFT J0010.54+1057  44.18 44.79 44.18 44.31 44.72 44.78
SWIFT JO017.1+8134  47.22 47.71 47.23 47.33 47.68 47.74
SWIFT J0021.2—1909  44.38 44.59 44.40 44.19 44.50 44.55

Note. — Table [C8lis published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance

regarding its form and content. The table lists: the observed (2) 2-10keV and (3) 14-195 keV luminosities; the intrinsic (4) 2-10keV, (5) 20-50 keV,
(6) 14-150keV and (7) 14-195 keV luminosities.
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Table C10
Intrinsic 2-10keV fluxes and luminosities of the CT sources of our
sample.
(1) 2) 3)
SWIFT ID F2_10 log L2_10

[10712 ergem 2571 [erg s71)
SWIFT J0025.84-6818 13.1 42.63
SWIFT J0030.0—5904 7.5 43.16
SWIFT J0105.5—4213 7.1 43.17
SWIFT J0111.4—3808 28.4 42.95
SWIFT J0122.84-5003 10.6 43.00
SWIFT J0128.9—6039 5.9 44.86
SWIFT J0130.0—4218 7.4 43.05
SWIFT J0242.64+-0000 76.4 42.39
SWIFT J0250.744142 12.0 42.75
SWIFT J0251.34-5441 18.9 42.99

Note. — Table [CI0] is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is shown here for guidance

regarding its form and content. The table lists: the intrinsic 2-10keV (2) fluxes and (3) luminosities calculated from the intrinsic 14-150 keV/
values assuming I' = 1.8.
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Table C11
Values of I'yge and I'g.3_1¢.

(1) (2) (3)

Source ke Toz-10

SWIFT J0001.0—0708 1.86703% 1.857033
SWIFT J0001.6—7701 1.9670%) 1.6970%)
SWIFT J0002.5+0323 2.227(00 2.167072
SWIFT J0003.3+2737 1.417035% 1.4179:3%
SWIFT J0005.0+7021 1.9370¢2 1.49%01)
SWIFT J0006.2+2012 2.83%07) 2.9170:0
SWIFT J0009.4—0037 2.1970%% 1.357035
SWIFT J0010.5+1057 1.73%003 1731003
SWIFT J0017.1+8134 - 1527003
SWIFT J0021.2—1909 1.697035 1.7070:5

Note. — Table is published in its entirety in the electronic edition of the Astrophysical Journal. A portion is
shown here for guidance regarding its form and content. The table lists the values of (2) I'yge and (3) Tg.3-10.



