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Abstract

Seyfert galaxies are the closest active galactic nuclei.s#eh, we can use
them to test the physical properties of the entire class {@atdd To investigate
their general properties, | took advantage dfatient methods of data analysis. In
particular | used three fierent samples of objects, that, despite frequent overlaps,
have been chosen to best tackl@etient topics: the heterogeneoBgppoS AX
sample was thought to be optimized to test the average haay XE>10 keV)
properties of nearby Seyfert galaxies; e f Awas thought the be optimized to
compare the properties of low-luminosity sources to thesaridnigher luminosity
and, thus, it was also used to test the emission mechanisrelspdihally, the
XMM-Newtonsample was extracted from theC f A sample so as to ensure a
truly unbiased and well defined sample of objects to definetiegage properties
of Seyfert galaxies.

Taking advantage of the broad-band coverage ofBhppoS AXMECS and
PDS instruments (betweer-100 keV), | infer the average X-ray spectral proper-
ties of nearby Seyfert galaxies and in particular the phatdex «I'>~1.8), the
high-energy cut-fi (<Ec>~290 keV), and the relative amount of cold reflection
(<R>~1.0). Moreover the unified scheme for active galactic nuekes positively
tested. The distribution of isotropic indicators used hgteoton index, relative
amount of reflection, high-energy cutf@nd narrow Fel¢ energy centroid) are
similar in type | and type Il objects while the absorbing eoluand the iron line
equivalent width significantly diier between the two classes of sources with type
Il objects displaying larger absorbing columns. Takingaadage of theX M M—
Newtonand X—C f A samples | also deduced from mwasurements that 30 to 50%
of type Il Seyfert galaxies are Compton thick.

Confirming previous results, the narrow ReKne is consistent, in Seyfert 2
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galaxies, with being produced in the same matter resp@nfiblthe observed ob-
scuration. These results support the basic picture of tifeedmimodel. Moreover,
the presence of a X-ray Baldwirffect in type | sources has been measured using
for the first time the 20-100 keV luminosity (EML(20-100) 222005 Thjs find-

ing suggests that the torus covering factor may be a funciGource luminosity,
thereby suggesting a refinement of the baseline versioreafifed model itself.

Using theBeppoS AXsample, it has been also recorded a possible correla-
tion between the photon index and the amount of cold refledtioboth type |
and Il sources. At a first glance this confirms the thermal Qomipation as the
most likely origin of the high energy emission for the actgadactic nuclei. This
relation, in fact, naturally emerges supposing that thesdion disk penetrates, de-
pending to the accretion rate, the central coronaféemint depths (Merloni et al.
2006): the higher accreting systems hosting disks dowrettagt stable orbit while
the lower accretting systems hosting truncated disks. @wdhtrary, the study of
the well definedX-C f Asample of Seyfert galaxies has proved that the intrinsic X-
ray luminosity of nearby Seyfert galaxies can span valuesden 18843 erg s?,

i.e. covering a huge range of accretion rates. The Iffgsemt systems have been
supposed to host ADAF systems without accretion disk. Hewetie study of the
X—C f Asample has also proved the existence of correlations betogeal emis-
sion lines and X-ray luminosity in the entire range of tovered by the sample.
These relations are similar to the ones obtained if high-jeab are considered.
Thus the emission mechanism must be similar in luminous arakwystems.

A possible scenario to reconcile these somehow oppositeaitighs is assum-
ing that the ADAF and théwo phasemechanism co-exist with fierent relative
importance moving from low-to-high accretion systems (sggested by thE vs.

R relation). The present data require that no abrupt tianskietween the two
regimes is present.

As mentioned above, the possible presence of an accreskinds been tested
using samples of nearby Seyfert galaxies. Here, to deepdgiigate the flow pat-
terns close to super-massive black-holes, three casedaijelts for which enough
counts statistics is available have been analysed using Xeay observations
taken with XMM-Newton The obtained results have shown that the accretion
flow can significantly dfer between the objects when it is analyzed with the ap-
propriate detail. For instance the accretion disk is wethldsshed down to the
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last stable orbit in a Kerr system for IRAS 13197-1627 whéreng) light bending
effect have been measured. The accretion disk seems to be fapirating in

the inner~10-30 g in NGC 3783 where time dependent and recursive modulation
have been measured both in the continuum emission and imahd bmission line
component. Finally, the accretion disk seems to be @ardgkly detectablén rk
509, with its weak broad emission line component.

Finally, blueshifted resonant absorption lines have besteated in all three
objects. This seems to demonstrate that, around supeivabtack-holes, there is
matter which is not confined in the accretion disk and movesgthe line of sight
with velocities as large as0.01-0.4c (whre c is the speed of light). Wether this
matter forms winds or blobs is still matter of debate togethi¢h the assessment
of the real statistical significance of the measured abisorpines. Nonetheless,
if confirmed, these phenomena are of outstanding interestuse they fier new
potential probes for the dynamics of the innermost regidrecoretion flows, to
tackle the formation of ejecfigts and to place constraints on the rate of kinetic
energy injected by AGNSs into the ISM and IGM. Future high ggemissions
(such as the planned Simbol-X and 1XO) will likely allow arcéing step forward
in our understanding of the flow dynamics around black hahgsthe formation of
the highest velocity outflows.



Chapter 1

The scientific framework

It is universally assumed, that the vast majority of masgalexies host super-
massive black-holes (SMBH) at their center (Kormendy & Rtohe 1995, Magor-
rian et al. 1998). This was assumed as a paradigm for actigetganuclei (AGN)
only ~10 years ago. Now, deep infra-red observations have prdwadtiis is in-
deed the real nature of the massive dark object that liegximple, in the nucleus
of the Galaxy (Eckart & Genzel 1996).

AGN are the compact objects that display the largest stamse of energy
in the Universe (boi~10°%47 erg s1). As such, they are of intrinsic interest and,
giving their luminosity, they could represent powerful kens to trace the distant
Universe.

In recent years it has been discovered that the SMBH and 1ge/bpheroidal
component of the host galaxies have most probably evolvgdtiter. This is
proved by the existence of the tight relations between thesroathe SMBH and
the mass of the bulge and the dynamics of the stellar popal#tat form the bulge
(Magorrian et al. 1998; Merritt & Ferrarese 2001a, 2001brddai & Hunt 2003;
Marconi et al. 2004).

Finally, it has been definitively proved that the cosmic X4background (CXB)
is sinthetized by a mix of absorbed and unabsorbed AGN that rapidly evolve
with cosmic time, the evolution depending on the mass of 88 itself (Co-
mastri et al. 1995, Gilli et al. 2001, 2007) and thus on theswdithe spheroid of
the host galaxies.

These evidences clearly indicate that the understandititeqfhysics of AGN,
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The scientific framework

of their structure and evolution are among of the most ingrdrgoals of modern
astrophysics.

In this thesis, | will focus on some specific topics regardiegrby radio-quiet
(RQ) AGN. These AGN are privileged targets since the absehoelativistic en-
hanced emission due to the jets of radio-loud (RL) objeffisre an undisturbed
vision of the nuclear regions. In particular, | will focuslpmon the nearby AGN,
the Seyfert galaxies, and the problematic involving theireir few parsecs. The
main scope of this work, in fact, was to investigate the pts/sif the AGN core
from the edges of the putativdusty torustowards inner limits of theaccretion
disk (see next section). In doing so, | will present some openlprod that | tried
to tackle and the results | obtained.

The main astrophysical problematic | will face may be didide two major
families: a) the validity of the Unified Models for AGN (UM, Aonucci 1993)
and b) the physics of the accreting matter close to the labtesorbits.

While the first topic was investigated using samples of nealijects, the sec-
ond topic was studied both using the same samples as forgdmt also focusing
the attention of few objects that can be regarded as threestadies.

1.1 The AGN

Early after their discovery, it was supposed that the energission of AGN
could hardly be reconciled with stellar activity given trestf variability patterns
measured in the electromagnetic emission of AGN. This pot small and tight
constraints on the dimensions of the regions from which tlNAemission was
produced. Moreover, while the energy output of a typicabgglis usually con-
centrated within no more than a decade in the frequency dotbaing the sum
of almost co-eval star populations), the AGN spectra ararlsiedescribed by a
power-law emission from radio (I.R.) to Xy{) rays with similar energy release in
decades of frequencies. In particular, one of the fingeipifi AGN emission is
that the X-rays are at least 1000 times more intense in AGN rg&gpect to normal
galaxies. This fact alone explains why the high-energy bamnd fundamental tools
in understanding the AGN physics.

High luminosity, variability and spectral shape, clearglicated that the mech-
anism acting at the center of the AGN should be highlycient and restricted
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to operate in regions with dimensions of feame light-sec. Simple order-of-
magnitude estimates clearly indicated, since the 70ies,ektraction of gravita-
tional energy due to accreting matter onto a SMBH was the likesy explanation
to the observed emission. The basic considerations wetre tha

1. thetypical dimensions (Swartschild radhg&,?r—'\") of systems centered around
SMBH are of the order of a few to a few thousands of light-sdcamoving

from 1 to 1PM,, objects, i.e. these dimensions are in accordance with the

variability measured in AGN;

2. the gravitational potential energy induced by a SMBH isigeéhreservoir of
energy;

3. the gravitational energy can be transformed in electgyeagc radiation with
an dficency ¢~0.42 for Kerr BH) that is almost 60 times higher than the
efficency ofp* — p* cycle.

These were the theoretical and observational evidencée diasis of the so
calledS MBH paradigm

During the now five decades of active studies on the AGN, thesmic sources
have been classified in a large variety of sub-classes. Thdselasses often di-
rectly reflected the methods of discov@lgtections of the AGN activity in the
studied objects (this is, for instance, the case of narroisgon line galaxies,
NELG, detected first in X-ray and than optically classifiechagrow line objects,
i.e. Seyfert 2 galaxies). This leaded to the creation of #andest, LINER, NELG,
OVV, BlLLac, Quasar, BLRG, NLRG... and so on classes. Thisléasy have
been, at least partially inverted in the last decade durihggchvthe AGN zoo has
been significantly reduced to a few major families.

From an observational point of view, within the AGN familyeatly exist a
major separation between objects that display strong redission (radio loud
objects, RL) and the ones that display a drop of power at &gy lower than the
IR (RQ objects).

Another major diference between AGN classes rises from the spectral charac-

teristics in the IR-optical-UV domain. In this energy rangefact, all the sources
display narrow (FWHM1000 km st) emission lines of both permitted and for-
bidden transitions. Only a fraction of AGN shows, with therow lines, also
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broad (FWHM>2000 km s?) lines due to permitted transitions only. The latter
objects have been classified as type | AGN and the former aslkyp

As above mentioned, the Seyfert galaxies are the closest ®GNr Galaxy
and are found at<0.2/0.3. As such their observation, expecially in X-rays, often
provide good quality spectra making of the Seyfert galagigsivileged class of
objects to test the physics of the inner regions of the AGMyTdre defined as RQ
AGN with Lpo<2x10*2 erg s. Seyfert nuclei are typically associated to spiral
galaxies with absolute magnitude uptqM21, -22.

1.2 The unified models

In the middle of 80ies it was proposed by Antonucci & Miller&®(see An-
tonucci 1993 for a review on this topic) the so-called unifieaidel (UM) of AGN.
The basic idea of such scenario is that all thedénces between the classes of
AGN are due to two simple facts: a) the geometry of the obsabct system
and b) the presence of a relativistic jet of matter comingnftbe core regions of
the accretion systems.

The UM (see Figure 1.1) assumes that if a few basics conditwe fulfilled
than, at least at the zero-th order, almost all classes of A&ibe reconciled in a
single picture. These conditions may be summarized asafollo

e a SMBH, is located at the center of the AGN and it's respoasitfl the
emission of a huge quantity of energy;

e the source is surrounded by a geometrically thin accretisks d

¢ the accretion disk is surrounded by a geometrically andalbyi thick dusty
torus;

e above the accretion disk and within the dusty torus are éaté#te clouds
responsible for the production of the broad permitted eiaiskne detected
in the IR-optical-UV spectra of type | AGN (BLR);

e at larger distances from the nucleus and well outside théydosus, are
located the clouds responsible for the emission of the nalires observed
in both type | and Il objects;
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Figure 1.1: Schematic view of the UM. The scheme accounthéodiferent kinds
of RL and RQ AGN. The physical components that are thoughétprbsent in the
circumnuclear region around the SMBH are represented (MetRoadapted from
Urry & Padovani 1995)
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¢ insome £10%) of the AGN, the presence of jet that carry outward thdenat
at relativistic speeds is responsible of the emission irrdlde frequencies.

It is clear that the UM was and is a simple geometrical mysdehario that,
apart for the existence of a compact accrettor as primaporesble of the energy
release, does not assume, for example, any model for theafiammof the jets or
the production of the X-rays. As such, the testing of the UMrigrinciple, only
the validation of a geometrical scheme. Nonetheless, beimg to explain the
observational evidences, it justifies in an elegant way abmurof experimental
proofs and it was also able to predict many observationalemdes obtained only
after the formulation of the model itself. Moreover, the Ulstbeen assumed as a
basic model for a variety of physical scenarios such as ththegis of the cosmic
X-ray background. Thus, the testing of the UM is of fundarakimportance also
for this and other research fields. By the way, in the follayvri this section, for
purposes of simplicity, | will briefly describe the generabperties of the Seyfert
galaxies using the UM scenario as the reference one.

At a first order approximation, the broad band nuclear spattof Seyfert
galaxies can be described by a simple power-law:

F,ocv® (1.2)

where F is the energy irradiated per time unitjs the frequency and is the
spectral indexd¢~1 from IR to optical). On this major pattern, other important
spectral features are overimposed (see Figure 1.2).

The most prominent ones are the emission bump peaking in thend and
called big blue bump (BBB). It is visible only in type | sourtteus its origin must
be located within thedusty torus It's shape resembles the black-body one and
thus the BBB is most probably due to the superimposition oftitemperature
black-body emission due to thefiirent region of the accretion disk itself. This
interpretation have, nonetheless, to face some contiaverisservational results.

It is expected that the observed variability should hafedint characteristic times
moving from optical to UV since in the flerent bands the accretion disk should
contribute with the matter at flerent radii. This is not what has been observed
in some cases (Ulrich et al. 1997) where the variations wbeemed to occur
simultaneously at all wavelength.
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Figure 1.2: Schematic representation of the continuum samismeasured in
Seyfert galaxies (Courtesy of J. Manners)

Also the IR emission is thought to be of thermal origin and due reprocess-
ing of the primary radiation from dust. Indeed, the presevica local minimum
at ~ 1um hints at a thermal emission mechanism. This is, in facglildue to
reprocessing from dust closest to the nuclear souroel(pc) having temperature
of the order of 2000 K: at higher temperatures the grainsrsialté.

1.3 The Seyfert galaxies in X-rays

The high energy emission from AGN comes from the innermagbres of the
accreting systems centered around SMBH. For this reasaayX-are expected
to be tracers of the physical conditions experienced byenbtfore disappearing
into SMBH. Moreover, thanks to their high penetrating pavesrergetic photons,
escaping from the nuclear zones, test the matter locatekbattheir source and
the observer. Thus, theyfer powerful diagnostics to understand the geometry and
the physical conditions of the matter surrounding the SMBH.

Figure 1.3 shows the typical X-ray spectrum of a Seyfert &xgahnd a sketch
of the regions close to the SMBH that are thought to be resplerfer the observed
spectral features. In the framework of the standard moHdege components can
be briefly listed and identified as follows:

e the X-ray spectrum is dominated by a power-law (red dashedifi Figure
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Typical X-ray Spectrum of Seyfert 1 Galaxies

Total (observed) Spectrum

11111

Figure 1.3: Schematic representation of the X-ray spectobserved in type |
Seyfert galaxies (Courtesy of M. Cappi)

1.3). At Ex50 eV, the power-law emission decline after an exponentitl c
off;

¢ areflection component is also measured abdvkeV and peaking at-£30-
40 keV. It also includes also the strongest emission linesorea in X-ray,
i.e. the broad Fel emission line at 6.4 keV. This component comes from
the accretion disk aridr the inner walls of the dusty torus (Ghisellini, Haardt
& Matt 1994)

¢ in a significant fraction of type | AGN, the nuclear radiatipasses through
a partially ionized plasma (the so-calladrm absorbey. This plasma im-
prints on the primary continuum the main narrow absorpteatudres in soft
X-ray band;

e in most type | sources an excess above the power-law is datberviow
energies (E2-3 keV). This component is namexb ft excesslt’s origin is
unknown and still highly debated. It is supposed to be pealtéd-0.1-0.2
keV (Gierlihski & Done 2006) independently from the masshe SMBH.
This hardly disfavors a thermal origin of such componentesijin that case,
the emission peak should scale with the mass of the SMBHMF). A
probable atomic origin has been proposed both in terms arptisn due
to atomic transitions or emission of forests of lines duertmland other
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elements (Gierlihski & Done 2006, Crummy et al. 2006).

As previously said, the UM predicts that the type Il objeats itrinsically
identical to type | but with observationalfférences introduced by absorbing mat-
ter that intercept the line of sight. Thus the type Il Seyéed expected to display
all those spectral features that are not hidden by the atimormatter. They are
also expected to show in the X-ray spectra, a low-energyoudue to the cold
absorption induced by thausty torus This is indeed observed (sé&.3.2).

1.3.1 The X-rays emission mechanism

The baseline model for the production of X-rays in Seyfetaxgas is known
astwo-phasemodel (Haardt & Maraschi, 1991, 1993). It assumes that dlose
SMBH the optically thick, geometrically thin accretion klicold phase, F10°-°
K) is sandwiched by a optically thin and geometrically thadkona (hot phase). It
is assumed that the largest part of the gravitational erienggleased in the corona,
probably for the reconnection of magnetic fields (Burm, )986it happens in the
sun. Whatever the mechanism, it is assumed that the coranhe® temperatures
of the order of F10° (i.e. kT~100 keV). At this temperature the the electron
population in the corona becomes mildly relativisgie-0.7 and the corresponding
Lorentz factor becomeg~1.4). The interactions between the photons and the
matter in the two phases leads to a complex process that csimpéfied in the
following cycle:

1. the X-ray emission from the corona is emitted in part talgahe observer
and in part towards the accretion disk;

2. the accretion disk thermalize the X-ray photons comimgnfithe corona
and re-emit the energy budget received by the corona in thisdivX-ray
regime. These photons must cross the corona;

3. here, UV photons are Comptonized to X-ray energies bytlhethe Corona
that emits part of the photons towards the disk and part wswoe observer
sustaining the cycle (return to point 1).

In the two-phasemodel, the power-law shape typical of the X-ray spectrum
(Turner & Pounds 1989, Nandra & Pounds 1994) of the Seyfdaixgds indeed
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due to the sum of the fierentMaxwelliartlike distribution of the X-ray photons
produced in dferent order of scattering. It is worth considering here thadhis
scenario the inverse Compton is the main cooling mechanisimgain the Corona
and that the final spectral shape depends also on the coaliagdMerloni et al.
2006). Finally, it is worth noting that in this picture it isqulicted the presence, in
the X-ray spectra of Seyfert galaxies, of an high-energyofflfEc) corresponding
to the temperature of the ®f the Corona.

1.3.2 The neutral absorption in type Il Seyfert galaxies

The most striking broad feature observed in the X-ray spaftSeyfert galax-
ies is the cut—f in the soft X-ray band due to absorption by material assediat
to dusty torus. This material suppresses the primamry @mnissa photoelectric
absorption. The observed absorption (hydrogen equiyatetimn density (M)
in type | objects are often consistent with what expectedke into account the
absorption due to the matter located in the Galaxy alongtieeolf sight. In type Il
sources, the measured;$pans from few 14 cm=2 up to Ny>10?° cm2. When
the absorbing column exceeds fef?* cm2, the primary emission is completely
blocked and only a reflected component is accessible to therads. In this case,
the source is named Compton-thick (CT).

Even thought somewhat at odds with the UM, some examplepefititype I1)
sources sffiering (non sifering) of absorption in X-rays have been found (Maccac-
aro et al. 1982, Fiore et al. 2001a, Panessa & Bassani 2088cHiet al. 2008a,
Brightman & Nandra 2008). Some possible explanation ofdhisurrence can be
listed as follow: i) the dust-to-gas ratio of the X-ray alisng material could be
lower than it is in the Galaxy (Maiolino et al 2001a); ii) thest grain size of this
material could be larger than Galactic ones (Maiolino etQfl1b); iii) the line of
sight does not intercept the torus but pass trough disk winziged within dust
sublimation radius (Weingartner & Murray 2002).

Nonetheless, it must be stressed that sbore fidetype Il Seyferts do not dis-
play any significant hints of absorptions have been obsgfBadsani et al. 1999;
Panessa & Bassani 2002; Bianchi et al. 2008a; Brightman &aR008). These
sources, thus, are that targets that Antonucci (1993) dkfisghetrue Seyfert 2,
i.e. the ones that could pose serious problems the the UMythdfoconfirmed,
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Figure 1.4:Leftpanel: the X-ray reflection component emerging from a neutral
slab (solid line). The dashed line shows the incident comtim. Most of the
radiation below 20 keV is absorbed by metals in the reflectlag and re-radiated
at lower energies (i.e. thermalizedRightpanel: the reflection spectra predicted
assuming dterent ionization states for the reprocessing slab. Theatioin states
are described by the ionization parametésee text). When the reflector is ionized,
strong emission lines are produced atZEkeV. (Figures from Fabian et al. 2000)

they are most probably few (Panessa & Bassani 2002). Thapdtssible to assess
that the UM is, in general, a valid interpretation scheme.

1.3.3 The reflection component

As previously said§1.3.1) the optically thick material of the disk is irradidte
by the primary emission produced in the hot corona. The hardyphotons thus
should penetrate the surface slab of material and penewttm the disk. Here
these photons are expected to be subjects to many interaditie Compton scat-
tering by free or bound electrons, photoelectric absomptiod either fluorescent
line emission or Auger de—excitation. Each photon undexgather destruction
through Auger de—excitation, or is scattered out of the,shatreprocessed into
fluorescent line photons which escapes from the slab.

The left panel of Figure 1.4 shows the expected X-ray refiactiontinuum
from an illuminated slab. The dashed line shows the incidgettrum while the
solid line shows the reflected component (Reynolds 1997jaRagt al. 2000).
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When the disc ionization is low, as shown in the left panel gfuFe 1.4, low
energy photons (E10-20 keV ) are mainly photoelectrically absorbed by thesion
in the slab. The higher energy photons, on the contrary, aslynback scattered
via Compton down scattering. Thus, the nffeet is that the reflection spectrum
shows an hump between 30-40 keV. This spectral feature hers ddgserved in
the X-ray spectra f Seyfert galaxies with t@énga satellite (Pounds et al. 1990;
Nandra & Pounds 1994), then wiBeppoS AXPerola et al. 2002), and now with
S uzakyReeves et al. 2006).

The high luminosity of the corona can photoionize the s@fiayers of the
accretion disk (Ross & Fabian 1993; 2005). The right panEigifire 1.4 shows the
expected reflection continuum and the associated emissEmfbr diferent values
of the ionization parametetsdefined a5§5:47r%, where L is the X-ray luminosity
received by the ionized matter, n is the number density ofdhzed matter and
r is its distance from the source of ionizing photons. Therging emission lines
in the ionized reflection case are mainly due to Oxygen, Garhlitrogen, Neon
and the Iron L-shell transitions. These lines appears wherdnization state is
moderate £<5000 erg cmst). On the other hand, for higher ionization states, all
the elements (including Iron) are completely ionized arel rikflection spectrum
mimics the incident power-law and the slab behave like aroatrperfect mirror.

In addition to the continuum, the reflection component costalso a series
of emission lines (see left panel of Figure 1.4). The strehgenission line is the
FeKa because of the highest fluorescent yeld and abundance. missien line
is emitted for fluorescence at an energy ranging betweermn&.4tkeV depending
on the ionization state of the matter.

Even if thought to arise as an intrinsically narrow emisdina, this feature is
supposed to originate close to the SMBH where the relativisiects induced by
the strong gravitational field and the high velocity reachgdhe accreting matter
are supposed to be able to act on the emission line (see Hidite

These fects were first measured with ASCA satellite (Tanaka et 851
the X-ray spectrum of the Seyfert 1 MCG-6-30-15 and were latafirmed by the
detections of similar features in the spectrum of severgfe®egalaxies (Nandra
etal. 1997).

The new generation high sensitivity X-ray telescopes héneva clear evi-
dence of an almost ubiquitous narrow component of the Fewdine (Nandra
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Figure 1.5: The shape of reflection lines from the accretisk & sculpted by
the interplay of Doppler and transverse Doppler shiftsatiebktic beaming and
gravitational redshift. Theseffects are taken into account step-by-step moving
from the upper to the lower panel of this figure. In the firsethpanel, only the
contribution coming from two narrow annuli of the accretiisk are considered.

In the lower panel it is plotted the summed profile considgtime emission from
the entire accretion disk (Figures from Fabian et al. 2000)
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2006) produced by matter far from the SMBH. They also confititie presence
of such broad line (Longinotti et al. 2008) but cast doubtsualiheir interpre-
tations since at least part of the so-calledi wingcan be explained in term of
ionized angor partial covering models (Pounds et al. 2003; Pounds €2G04;
Turner et al. 2005).

1.4 Open questions

In the previous sections | introduced some fundamentakpgie€evidence and
theoretical scenarios that compose the average pictuteeddeyfert galaxies. In
this section | will briefly described some open problems tidied to tackle during
the work done for this thesis. | will also introduce the apg@limethods.

1.4.1 Testing the UM

In recent years, the number of cases in which the zeroth-&fi¥epredictions
seem not to be completely adequate to explain all obsenadtievidences is in-
creasing, both in the local and in the distant universe. Tyjg@N with significant
absorption have been found (Mateos et al. 2005, Fiore efall®, etc.) as well as
type Il AGN without X-ray absorption (Caccianiga et al. 20@brral et al. 2005,
Barcons, Carrera & Ceballos 2003, Panessa & Bassani 20ppafs al. 2001,
Bianchi et al. 2008a). As above mentioned (§&e8) X-rays are one of the most
direct evidences of nuclear activity and are, thereforadéumental to study the
accretion processes.

Here | will take advantage of the broad-bandBe#ppoS AXhat dfered, for
the first time, the opportunity to measure with a remarkablesiivity the spec-
tral shape of AGN in the 0.1-200 keV range simultaneouslyis Potential had
been exploited to study in detail a number of sample seldntddferent manners
(see for example Maiolino et al. 1998; Malizia et al. 2003rdPeet al. 2002).
These studies were fundamental in making important stepsfd in the compre-
hension of the emitting mechanism at work in the productibK-oays (Perola et
al. 2002) and to partially reveal the geometry of the coldteraurrounding the
central SMBH (Maiolino et al. 1998; Bassani et al. 1999; Risat al. 1999).
Here the broad band X-ray data from BeppoSAX will be statidly inspected to
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infer the average characteristics of the nearby Seyfeetxged contained a sam-
ple of ~100 sources (se§2). Their the 2-100 keV band spectra will be used to
perform simple tests on the UM for the AGN. The broad-band epSAX, in
fact, allows for the very first time to test the UM using as @adors as the relative
amount of reflection and the Ec. The problenBafppoS AXample resides in the
fact that it is an heterogeneous sample of objects. As sudaninot be used to
infer the average properties of the Seyfert family. To dad, thaill take advantage

of two other samples namedtiM M-Newtonand X-C f Asamples (se§2.2 and 2.3
respectively) that are expected to be complete and unbiased

1.4.2 The emission mechanism

It is not clear whether at very low luminosities the predios of UM are still
valid (Panessa & Bassani 2002, Ho et al. 2001, Merloni et@0)32 The key for
the comprehension of the whole AGN phenomenon seems teresalcombina-
tion of the UM hypothesis and the fundamental parametersGifl Asuch as black
hole mass, Eddington ratio, and perhaps the black hole gyter the discovery
that SMBHSs reside at the center of most, if not all, galaxiethe nearby universe
(Kormendy & Richstone 1995, Magorrian et al. 1998) and thiarge fraction of
them are active (at least 40%, Ho, Filippenko & Sargent 199¥ls of fundamen-
tal importance to understand the accretion physics in AGtwhat triggers the
different levels of activity.

One of the distinctive characteristic of nearby nuclei &itimtrinsic faintness,
i.e. Lo < 10™ ergs (Ho 2003), as well as their low level of activity; in terms of
Eddington luminosity most of them havellgqq < 1072 compared to [Lgqq ~ 1
of luminous AGN.

Whether low luminosity AGN (LLAGN) are a scaled-down lumgity version
of classical AGN or objects powered byffidirent physical mechanism is a debated
issue. It is not clear in fact, whether LLAGN are powered bgiatively indfi-
cient accretion flows, such as advection dominated acordibovs (ADAF) and
their variants (Narayan & Yi 1994, Abramowicz 1997) instedidhe standard ge-
ometrically thin optically thick accretion disk typicallyroposed as the accretion
mechanism acting in the central regions of luminous AGN kBha & Sunyaev
1973). LLAGN could also represent scaled up versions ofkblaae binaries in
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the steady-jet, hard X-ray state, as pointed out by thersradilations reported in
Merloni et al. (2003) and Falcke et al. (2004).

On one hand, ADAF models are able to predict some of the spgutperties
observed in many LLAGN, such as the lack of the 'big blue burfto 1999).
On the other hand, some LLAGN show properties which are comtméuminous
AGN, such as the observed correlations between opticalsemmigines and ioniz-
ing continuum (Ho & Peng 2001) or X-ray emission (Ward et 8188, Terashima
et al. 2000, Ho et al. 2001).

Here | will take advantage of the information collected toe Be ppoS AXand
X—C fA sample to investigate the nature of the emission mechanitimgaat he
center of the close Seyfert galaxies. In particular, Xa€ f A will allow to reach
very low luminosity in X-rays so as to test the emission megra also in very
low efficient systems.

1.4.3 Testing the matter flow around SMBH

As exposed ir§1.3.3, we can obtain information on the physical charasties
of the accretion disk close to the SMBH via the spectral sidif the reflection
components (reflection hump and broad kednission line). as such, the outputs
from theBeppoS AXsample on R can be a first answer in the determination of the
mean geometrical properties of the accretion disk in thelaye@eyfert galaxies.

It must be noted, however, that the study of the accretiok liés’e become
particularly dfective in the last 10 years thanks to the highsensitivityy)aatel-
lites like XM M—Newtonin the band of the Fei emission line. Although it was
demonstrated that the presence of broad (neutral or ionc@dponents of Fe K
lines can only be tested via relatively long exposures obtightest sources (e.qg.,
Guainazzi et al. 2006; Nandra et al. 2007) since in othersdagealmost impossi-
ble to break the degeneration between the continuum, bitusattion feature and
broad emission line spectral parameters.

Here I'll present such kind of studies for two bright Seyfgalaxies, the type
| object Mrk 509 and the type Il object IRAS 13197-1627. Thasetwo of the
brightest objects in their classes ($&el and 5.2 respectively). The average spec-
tral properties of these sources wil be studied in order eb@ithe accretion flow
in the disk.
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On the other hand, it must be recalled here, that the obsamahievidence for
broad lines and their interpretation in terms of relatigistfects may be questioned
when an important absorbing ionized component is presepéct&l variability
studies help in disentangling thefldirent, often degenerate, spectral components
(Ponti et al. 2004; lwasawa et al. 2004; Ponti et al. 2006rueet et al. 2007,
De Marco et al., in prep.). Thus detailed modelling of tinveraged spectra have
been used to obtain important estimates of the disc iopizattate, its covering
factor and, at least for the brightest and best cases, itssesty law, inner radius
and BH spin (Brenneman & Reynolds 2006; Miniutti et al. 20GLainazzi et al.
2006; Nandra et al. 2007). It is also well established thmaetresolved spectral
analysis is a fundamental tool if we want to understand nbt the geometry and
kinematics of the inner accretion flow but also its dynamigsrly attempts (i.e.
Iwasawa et al. 1996; Vaughan & Edelson 2001; Ponti et al. 2B0diutti et al.
2004) have clearly shown that the redshifted componenteofthke line is indeed
variable and that complex geometrical and relativisfie@s should be taken into
account (Miniutti et al. 2004).

More recently, results of iron line variability have beepaged (Iwasawa, Miniutti
& Fabian 2004; Turner et al. 2006; Miller et al. 2006). Thes® @nsistent with
theoretical studies on the dynamical behaviour of the inmission arising from
localized hot spots on the surface of an accretion disc (2ayCiak et al. 2004).
Iwasawa, Miniutti & Fabian (2004), for example, measured2® ks modulation
in the redshifted Fe & line flux in NGC 3516, which suggests that the emitting
region is very close to the central black hole. However, éhase likely to be
transient phenomena, since such spots are not expectedvieesmore than a
few orbital revolutions. For this reason, it is inherentiyfidult to establish the
observational robustness of these type of models, if notdeyraulating further
observational data.

Here theX M M-Newtondata of the Seyfert 1 galaxy NGC 3783 are presented
and the target is used as a case studies to investigate theptoperties of the
reflection components arising from accretion disk.

Finally, it is worth noting that in the last years narrow esits and absorption
lines due to highly ionized matter in outflow and in inflow (Seappi 2006 and
reference therein for a review on this topic) were obseried fee the discussion
by REF on the intrinsic significativity of these detections}he X-ray spectra of
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many Seyfert galaxies.

Such features were interpreted has evdences of folobsls motions (Dadina
et al. 2005) antbr as probes of winds (Pounds et al. 2001, 2003). In any case,
these features must be considered tracers of motion withlreelocities that do
not follow the accretion disk motion pattern. Thus they maydb fundamental
importance to define the flow pattern close to SMBH.

The three sources assumed here as case studies, displidexttes of narrow
absorption lines, both red- and blu-shfted, in past X-regesations. As such they
have been used also to test these motion patterns.



Chapter 2

The data

The best way to test astrophysical scenarios and physipaithgsis is to col-
lect high quality and broad band data on large, well definechpiete and bias-free
samples of objects. These conditions are rarely, if newdigaed. Here, | had to
face this limitation.

For this reason, | decided to use threffatent samples of objects and to takle
the problematics introduced in the previous chapter. Thep&ss have dierent
contents even if there are sometimes large overlappingdegtthem. The main
fact here is, however, that each sample is tuned to tackleafelfocused targets
on the astronomical and astrohysical problem faced at a time

Each sample will be accurately described in dedicatedmetiThe three sam-
ples are named tHReppoS AXample, theX M M—Newtonsample and thx-C f A
sample and, at the zero-th order, they are thought to be izgtihto test the physics
of the X-ray emission processes, the geometrical set-upeoAGN core and the
accretiopemission éicency of the system respectively.

The BeppoS AXsample is heterogeneous and therefore inadeguate to deter-
mine class properties. Nonetheless, it allow deeply studfe¢he broad-band X-
ray properties of the nearby Seyfert thus making possibletaildd description of
their X-ray emission. As such, it can be used to test the ptiedss of the UM by
comparing the isotropic and anisotropic quantities. Beg@poS AXsample also
allows to test the emssion mechanism acting at the centre@¢yfert galaxies.

On the other hand, th&-C f A sample is well definied, flux limited and, bona-
fide, un-biased. It contains nearly fifty sources and thusnallto describe the

19
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average properties of the Seyfert populations. Nonethethe X-ray data are not
always of good quality and often only bare detections of thelai are available.
Thus this sample has been used primarly to testftieeacy with which the Seyfert
galaxies convert the gravitational energy in electromtigveaves.

Finally, the XM M—Newtonsample is formed by the 27 objects closer than 22
Mpc to the Galaxy included in th&-C f AMpc. As such, the sample is surely com-
plete and un-biased. For all the sources in the sample, gealdygX M M—Newton
data are available. They have been used to determine thagavepectral proper-
ties of Seyfert galaxies in the local Universe allowing, ésample, the testing of
UM.

Obviously, this scheme has not to be considered as formedatsrtight com-
partments and all the information is obtained, as usualvévidences from the
different samples are merged toghether. This is, for exam@eathe of the study
of the dusty torus and of the emissioffi@ency.

Finally, the tables containing the informationx about tlaenples presented
here are quite large. Thus, | decided to put all the inforamatibout the data in
appendices and namely Appendix A for tBeppoS AXsample, Appendix B for
the X—C f A sample and Appendix C for thé MM-Newtonsample. Appendix A
and C also contain two spectral atlas.

2.1 The BeppoSAX sample

In its six years of operation in orbit, the Italian-Dutch XyrsatelliteBe ppoS AX
(Boella et al. 1997) observed many Seyfert galaxies of pkt$yin pointing sched-
uled as “core program” and “guest observer” sources. Theswipgs had very
different observing exposures, as requested by the proporientisic who had a
project in mind. These data in general (but not always) haentanalyzed and
published by the data owner.

The most important fact is th&eppoS AXormed what can be still considered
the largest reservoire of good quality and simultaneous aofl hard X-ray data.
For this reason, all public data in thgeppoS AXdata bank have been uniformly
analyzed making use of the best software and response asatri@ilable.

TheBeppoS AXample is material to address many open issues, the most out-
standing being a) the unification model paradigm &&eand b) some insights on
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the emission mechanism acting in the Seyfert galaxies§ége

With this aim in mind allBBe ppoS AXbservation of Seyfert galaxies have been
extracted from the data bank and inspected according tatlesving criteria. As
a first step, the public archive &eppoS AXbservations has been cross correlated
with the Véron-Cétty-Véron (2006) AGN catalog. Sourcerevextracted when:

a) classified as Seyfert galaxies (type | to 1)

b) z<0.1

Such criteria allowed radio loud objects, e.g. some 3C ssuyro be included
in the list. However, much attention has been paied to exaiuBL Lac type ob-
jects in order to avoid the inclusion of X-ray emitting okleteavily dominated
by non thermdtelativistic dfects. After completion of the above-mentioned selec-
tion, the BeppoS AXarchive has been searched for Seyfert galaxies not included
in the list obtained as described above. Thus, each pointitige AGN section
of the BeppoS AXdata bank of NFI targets has been checked. Every source that,
according to the classification reported in NED, resultedsting a Seyfert-like
nucleus has also been included in the present sample. TlleaEthe application
of these criteria to the wholBeppoS AXdata archive is the catalog presented in
Table A.1.

BeppoS AXhas observed 113 Seyfert galaxies (44 type |, includingstyipe,
1.2, and 1.5, and 69 type Il including types 1.8, 1.9, and @ifh) z<0.1 in 175
pointings, as some sources were observed several time$askeeA.2 in appendix
A). Since the main purpose of this work is to perform the s¢enalysis of the
X-ray emission, all sources with low detection in the MEG3 (o between 2-10
keV, Table A.2 in appendix A), were excluded by the analysixedure. Twelve
pointings did not match this criterium. Therefore the nundfaiseful observations
amounts to 164, and the X-ray spectra for 8 (7 type Il and 1 typeat of the 113
Seyfert are not reported. To conclude, 84 out of 163 X-ragspaeported here
are referred to 43 type | Seyfert galaxies, while 79 X-raycseare referred to 62
type Il Seyfert galaxies (see Table A.3 in appendix A).

An additional criterium has been to exclude LECS data (gneagge~0.1-4
keV, Parmar et al. 1997) and to consider only ME®®S data (energy range
~2-100 keV, Boella et al. 1997; Frontera et al. 1997). Thisahbdas been made
to simplify data analysis, which was fully automatic. Intfaion the soft £0.1-2
keV) band, particularly for type | objects, spectral featiconnected to the warm
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absorber are present in the spectra affittdit to account for in “standard” models.
A detection in the PDS is registered whenevetraoB higher significance signal is
present between20-100 or 20-50 keV.

2.1.1 Data reduction and analysis

ASI Science Data Center pre-processed data have been ubseedenreduced
following the handbook prepared by Fiore, Guainazzi & Gigd999). MECS
data have been filtered for the extraction regions using HI®&nd, in particular,
the software package XSELECT. MECS data are filtered overalar, 30’ radius
region centered on the source. Data have been binned to ti@ase20 counts for
energy bin. This assures a safe application/obtatistics. PDS data are binned
in 18 channels through a logarithmic sampling of the insentresponse between
20-200 keV. Spectral analysis has been performed usingdisenecent calibration
matrices. MECS background has been extracted from emptgfiel

To perform automatic analysis of the data it has been negesshuild a con-
sistent set of template models. The basics of such modelhase components
that describe a classical continuum of Seyfert galaxiess @¢tntinuum has been
constructed using models of increasing complexity such a:

i) power law;

i) power law+ FeKa emission line;

i) power law + FeKa emission line+ cold reflection component.

In all cases an absorption component, in addition to the cBalane (from
Dikey & Lockman 1990), has been added, while to model the Gachpton re-
flection component, the PEXRAV model (Magdziarz & Zdziars8D5) in XSPEC
was used.

Some Seyferts were not fit by any of the above models to anyptatde de-
grees. This was due to low energy datd (7-3 keV), which often exhibit excess
residuals. An additional blackbody emission componenbwatdnergy has there-
fore been introduced for type | objects. Type Il Seyfert gigs with low energy
excess were instead fitted adding an additional power-ldve Spectral index of
this soft component has been set either to be equal to thednardr to be free.
Moreover, other spectral components have been added, veloessary, to account
for: a) the possible presence of a broad Gaussian emise®(ds in IC 4329a); b)
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the presence of a relativistically widened kekne (as in MCG-6-30-15); c) the
presence of more than one emission line (as in NGC 1068);at)ispdue entirely
to reflection (as in NGC 7674); e) the presence of partiafangdarm absorbers
(as in NGC 3516). When warm absorbers were required, theg wét with the
ABSORI model.

The models outlined above have been used to fit the data. Tthdam used
has been the one of increasing complexity of the model applisubsequent steps.
As a first order approximation a best fit has been recognizethése models for
which the added element of complexity corresponds to at E&9% increase of
statistical significance of the last added component. Finetptance of a best fit
has been based on inspection of the physical significande afdrived parameters
by the automated fit procedure. The final results are sumathiizTable A.3 and
to obtain the luminosities reported in thekg=75 km s* Mpc™t and @=0.5 were
used.

2.2 TheX-CfAsample

This sample of Seyfert galaxies has been derived from thenial optical
spectroscopic survey of nearby galaxies (Ho, Filippenk&atgent 1985). From
this survey, high-quality optical spectra of 486 brigBt (< 12.5 mag), northern
(6 > 0°) galaxies have been taken and a comprehensive, homogeocaialsy
of spectral classifications of all galaxies have been obthi) Ho, Filippenko &
sargent 1997a, herefter HFS97). The Palomar survey is edend Bt = 12.0
mag and 80% complete 7 = 12.5 mag (Sandage, Tammann, & Yahil 1979).
This sample fiers the advantage to have an accurate optical classificatidthe
opportunity of detecting weak nuclei since the AGNs incllidevers a large range
of luminosities (poi~ 10°144 erg s1).

The spectroscopic classification system of the Palomaeguran be briefly
summarized (see HFS97 for a more accurate description)llag/fathe relative
strength of the low-ionization optical forbidden line©(] 116300, 6364, NII]
116548, 6583, $ I1] 116716, 6731) compared to the hydrogen Balmer lines deter-
mines the classification of emission-line nuclei into twasses: H Il nuclei (pow-
ered by stars) and AGN (powered by black-hole accretiong SEparation between
LINERs and Seyferts is instead given by the ratio [QHdb7/Hgwhich corresponds
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to the ionization state of the narrow-line gas in AGN, i.e.ll[Qs007Hp < 3 for
LINERs and [Ollllis007Hs > 3 for Seyferts. Emission line nuclei having [Ol]
strengths intermediate between those of H Il nuclei and IRN&re classified as
"transition objects”. As such, symbols used in table B.1 dre= LINER, T =
“transition object” (LINER+ HII nucleus), and S Seyfert. The classification in
“type 1" or “type 2" depends on the presence or absence ofhpeamitted lines.
The measurement of the relative strength of the broad coemai the hydrogen
Balmer lines lead to subdivisions in the classification €typ0, 1.2, 1.5, 1.8 and
1.9; see Osterbrock 1981).

All the Seyfert galaxies presented in the original samplehmeen extracted to
form the present sample that is formed of 60 Seyfert galaXibe sample includes
39 type 2 (type 2 and 1.9) and 13 type 1 AGN (type 1.0, 1.2, E&jht objects,
which are placed near the boundary between Seyfert and LJMHRr transition
classification, with a double classification (e.g./ B2 L2/S2, HS2, etc.), have
been included in the final sample. Hereafter | refer to thdsects as 'mixed
Seyferts’.

Seyfert galaxies classified as type 2 and 1.9 have been gtdopea more
general 'type 2’ classification, while type 1.0, 1.2 and ldvénbeen grouped in
the 'type 1’ class. Type 2 and type 1.9 sources are normatly élosorbed objects,
while the type 1 group is referred to objects which are nolynabt afected by
heavy absorption.

Two sources of the sample, NGC 4395 and NGC 4579, which hase tlas-
sified by HFS97 as S1.8 and S/.9.9 respectively, have been reclassified as type
1.5. A broad component is present in a number of opticalfpéinko & Sargent
1989) and ultraviolet (Filippenko, Ho & Sargent 1993) enaisslines of NGC
4395. Extremely broad permitted lines have been detectddid@ 4579. HST
observations have revealed ap ebmponent with FWZI o~ 18000 knjs (Barth
et al. 1996 and Barth et al. 2001).

In objects like NGC 3608, NGC 3941, NGC 4472 and NGC 6482, tfiedity
in the starlight subtraction process has lead to unceidainh the classification
(HFS97a). Finally, the classification of NGC 185 is also utaie, i.e., it is a
dwarf spheroidal galaxy whose Seyfert-like line ratios beaproduced by stellar
processes (Ho & Ulvestad 2001, hereafter HUO1).

Table B.1 lists all the properties of the host galaxies ofdhmple. Data for
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Cols. (2)—(8) are taken from the compilation of HUO1 and mexfiees therein. Dis-
tances for a few objects have been updated with more recémia¢ss (references
are indicated in Col. (5)). The median distance of the sargplexies is 25.%
17.7 Mpc. The nearest galaxy is NGC 185 (one of the compamibkik31) at D=
0.64 Mpc and the farthest is NGC 5548 at[70.2 Mpc, so only the local universe
is sampled.

2.2.1 The X-ray data

Other than the-250 ks of EPIC Guaranteed Time for the distance-limited sam-
ple of 27 Seyfert galaxies (see Section 2.3), five furthelipuservations avail-
able from the XMMNewtonScience Archive (XSA)were analyzed.

The XMM-Newtondata reduction and analysis willl be discussed in detail in
the next section. Here it is important to stress that theatbjaot belonging to
the XM M—Newtonsample are NGC 1275, NGC 3516, NGC 3227, NGC 5548 and
NGC 7479.

To complement the X-ray information on the whole sample, axd@dein the
literature for observations with previous X-ray observia® (operating in the 2-10
keV energy range) has also been carried &i8CAobservations have been found
for 8 further objects, references for those data taken flwerliterature are given
in Table B.2, except for NGC 3982 and NGC 4235 for whidlsCAfluxes have
been derived in this work. Adding all these data, 47 sourceé®060 objects have
X-ray data available.

The CIAO software was used for the Chandra data analysis aperform
the data processing and calibrafiorstarting from level 1 files, new level 2 event
files were generated. Pixel randomization introduced byGK€& (Chandra X-
ray observatory Center) and standard data processing (8&#®)applied to avoid
the instrumental "gridded” appearance of the data and asgible aliasing fects
associated with this spatial grid. Finally, the light cis'weere examinated in order
to clean the datasets for periods of anomalous backgroues. ra

Most observations have been taken in the standard modeithas @ read-out
mode of the full chip every 3.2s. For many bright sources énxgample more than

Ihttpy/xmm.esac.esa.ifxsa
2All the data processing have been carried out following ysislthreads on the Chandra web

site: httpj/cxc.harvard.edgiagthreadgndex.html
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one observation is often available. In this case, the datevilout gratings was
chosen and, in order to minimize pile-ufiexts, the data set withy& or /2 chip
sub-array mode.

It is worth recalling here that the final results of such asiglare presented
in Table B.2. Finally, for the vast majority of the objectstnocluded in the
XMM-Newtonsample, the X-ray data available were not of high quality.isTh
was expected since many of the objects included in the presenple were al-
ready known to be quite faint. Nonetheless, the possitihtgreate a sample quite
populated for which the X-ray luminosity is known for almaditthe sources, open
the opportunity to perform some kind of tests that are hasgby the small num-
ber of objects included in th¥ MM-Newtonsample.

2.3 The XMM-Nweton sample

This sample is drawn from th&—C f A sample introduced in the previous sec-
tion and contains only the nearest 30 AGNs which are withiistdce of 22 Mpc.
This choice has been done to ensaure the formation of a ctavgalmple of Seyfert
galaxies that is expected to be, at the same time, complatebiased.

Three of the originally included galaxies have been exaudem the present
analysis, namely NGC 185 (s&€@.2 for a brief discussion on this topic for this
object as well as for NGC 4395 and NGC 4579), the Seyfert ldaxgdNGC 3982
for lack of availableXMM—Newtordata at the time of writing, and the Seyfert 1.9
galaxy NGC 4168 which no longer meets the distance critérion

The final sample consists of 27 Seyfert galaxies which ireRutype 1s (specif-
ically type 1.5) and 18 type 2s. (Here, the “type 2" categargefined to include
type 1.9 as well, because the broad ke is very hard to detect in spectra having
low signal-to-noise ratios; moreover, such nuclei may bgedly obscured, as are
many of the “pure” Seyfert 2s.) The sample properties atedig Table C.1.

Observation dates, exposure times, and filters used durgtiservations are
listed in Table C.2. The raw observation data files (ODFskeweduced and ana-
lyzed using the standard Science Analysis System (SASyardtpackage (Saxton
2002) with associated calibration files. Tégprocandem proctasks were used for

3lts original distance measuremei® & 16.8 Mpc; Tully 1988) has been updated recently to
D = 317 Mpc (Caldwell, Rose, & Concannon 2003).
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the pipeline processing of the ODFs to generate the comelspg event files and
remove dead and hot pixels. Time intervals with very highklyemund rates were
identified in light curves at energyl10 keV and removed. Only pattergd2 for
“MOS” and <4 for “pn” were considered in the analysis and a standard-sete
filter of FLAG=0 was applied.

2.3.1 Spatial and Timing Analysis

Images and light curves were analyzed in the 0.5-2 keV (aoff)2—10 keV
(hard) energy bands, for MOS and pn separately. Despitehibre exposures (as
low as~5 ks; see Table C.2), all targets are detected with a minimi@0 counts
per detector in either the soft or the hard energy band. Hioitsl reached are on
the order ofF g5-2kev) ~ 1071 erg cn? st andF>_1akev) ~ 103 erg cn? 571,
These flux limits translate into minimum luminosities déste of~10% erg st
and~10% erg s for the nearest and farthest Seyferts, respectively.

It was found that 25 out of 27 sources, and in particular ity Seyferts, have
a compact dominant nucleus coincident with the optical earcposition reported
in Table 1. The only sources that did not display a dominanteus are NGC 1058
and NGC 4472, for which upper limits are calculated.

Adopting the classification scheme proposed by Ho et al. {R0Bhich sep-
arates the morphologies in four classes (according to thégoninance of the nu-
clear emission with respect to the surrounding structutesjned-out that the most
common X-ray morphology is that of a single compact nucleurgared on the po-
sition of the optical nucleus~60% of the sources), followed by those having a
nucleus comparable in brightness t&-ouclear sources in the galaxyZ5%), and
a few percent have their nuclei embedded fifiudie soft emission or no core emis-
sion. There is also good agreement betweerkiddl—NewtorandChandraclas-
sifications, which guarantees that tkIM—Newtorpoint-spread function (PSF) is
effective enough to exclude contamination froffriauclear sources.

Analysis of the soft and hard X-ray light curves indicateattimost sources
do not exhibit significant flux variations, except for the fénightest Seyfert 1
galaxies (i.e., NGC 3227, NGC 4051, NGC 4151, NGC 4395) Hewnehis is
not inconsistent with the expectation that low luminosibues should exhibit
higher variability amplitude (Nandra et al. 1997) becagseen the low statistics,
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flux variations up to a factor of a few cannot be excluded fostsmurces. Any
potential spectral variations is thus ignored here and th@ysourceverageX-ray
spectra is the subject of this study. This assumption shdwddever, be kept in
mind.

2.3.2 Spectral Analysis

Source spectra were extracted from circular regions withi o 50” and 2%
for sources brighter and fainter thdfos-1ev) ~ 10713 erg cn? s71, respec-
tively. These extraction regions correspond to energyreled fractions 0+~90%
and~80%, respectively. When available, t@dandraimages have been check for
possible contamination due tdfeuclear sources or fiiuse emission unresolved
by XMM-Newton Sources which may have beefiegted by this type of con-
tamination are marked witht” (only soft) or “t” (both soft plus hard) in Table
C.3, which lists the best-fit spectral parameters. The backgl was estimated
using standard blank-sky files or, when unusually high (athéncase of NGC
5033), locally from source-free circular regions placedfiiset positions close to
the source.

Spectral channels were binned to a minimum of 20 counts pear spectra
were fitted using data from the three CCD detectors (MR%hd pn) simultane-
ously. The pn normalization is fixed to 1, while the M@3&hormalizations are left
free to vary in the range 0.95-1.05 to account for the remginalibration uncer-
tainties in their cross-normalizatichs Statistical errors are in any case typically
much larger than current calibration uncertainties. Dagaevfitted in the range
0.3-10 keV for MOS22 and 0.5-10 keV for the pn.

Spectral analysis was performed to first identify the undlegl continuum
when possible, and then additional components and feattgasincluded to best
reproduce the data. Hence, each spectrum was initiallyl fitieh a single model
consisting of a power law plus absorption fixed at the Galaaiue as quoted in
column (2) of Table C.3, plus intrinsic absorption as quatecblumn (3).

In many cases this simple parametrization is néiicient to model the whole
0.3-10 keV spectrum. Residuals often show, for exampleftazoess on top of
the (absorbed or non-absorbed) power law. The soft-exagapanent is clearly

4See http/xmm.vilspa.esa.gaxternalxmm.sw_calcaliyindex.shtmi
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more complex than a single power law, often exhibiting emis®r absorption
structures, or both. The soft excess is fitted here using plsjrand approximate,
descriptiofipparameterization in terms of a scattered power-law compuofveith
index given in column (5)) plus a thermal plasma model (wéthperatur&T given
in column (6), and metallicity fixed to the solar value). Thasgible presence of
a narrow emission line centered at 6.4 keV originating fragatral iron has also
been checked, and modeled with a single Gaussian line (gitlvaent width, EW,
given in column (7)). Best-fit spectral parameters are fiepan Table C.3. Errors
given in the table are calculated at 90% confidence for twer@sting parameters
(Ax? = 4.61), and a single-digit approximation was applied.

It is stressed that some source spectra, in particular thvitbehigh-quality
statistics, do clearly require more complex modeling of cbatinuum and addi-
tional narrow absorption ayor emission features than used above in this simplified
procedure. For example, NGC 3227, NGC 4051, NGC 4151, NGG6,48% NGC
5273 show additional continuum curvatures in the residwélich indicate either
multiple or ionized absorption. The same is true for NGC 1868 NGC 4051 for
which a reflection continuum in the data is likely to be sigfit. Other sources
such as NGC 1068, NGC 3031, NGC 3079, NGC 4051, NGC 4151, and NG
5273 also show evidence for additional absorption/@ndmission structures at
soft andor hard energies. Given the purpose of this work (to obtairrogg,
uniform, average description of the spectra in terms of gitiem, photon-index
continuum, flux, and Fe K line intensity), it was not attensgkto fit all these extra
components in a systematic way.
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Chapter 3

Testing the UM using the X-ray
continuum

The data collected and handled as describé@ imave been used to infer basics
X-ray properties of the Seyfert galaxies in the local Unseerin particular, here,
I will focus on the average X-ray properties starting frora 8pectral parameters
and on their usage to test the UM.

It is worth noting here that the sample used to derive suarimhtions are the
BeppoS AXand XM M-Newtonones, because of the, on average, good statistics
in the observations of the single objects.

3.1 The methods of analysis of th&eppoS AXlata

The origin of the X-ray photons from AGN are thought to be doe€Cbmp-
tonization of optical-UV radiation, coming from the accdoet disk and Comp-
tonized by the & in the hot corona that sandwiches the disk (Haardt & Maraschi
1991; Haardt 1993, Poutanen & Svensson 1996, Czerny et @Ba20The mech-
anism is assumed to be, at least at the zero-th order, veilasimeach Seyfert
galaxy. Under this hypothesis, theffdirences between the X-ray spectra of dif-
ferent objects are supposed to be mainly due to two kind dbfaci) the time-
dependent state of the emitting source; ii) the intervemiagter that imprints on
the emerging spectrum the features typical of its physiedésin such a scenario,
the observations of many sources can be regarded as thégiongnonitoring of a

31
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single source. On the other hand, it is also true that theagnhas some compar-
ison in the literature: e.g. time sparse observations ofigleisource in dferent
states can resemble observations of objects with complditéerent spectral prop-
erties. This is the case, for example, of the narrow line &&yf NGC 4051 that
displayed variations in flyluminosity by a factor 0~100 (Guainazzi et al 1998)
associated with strong variations of the spectral shBp8.6-2.4; Guainazzi et al.
1998; Turner et al. 1999; Ponti et al. 2006, but see also Geam&k Kraemer
(2007) for a diferent interpretation of this spectral behavior in terms arfable
ionized absorption). To calculate the mean X-ray propgrfd¢he sources included
in this work | treated the multiple observations of singlerses separately: i.e. |
assumed dierent observations of the same source as if they were olissivaf
different sources.

This method, in principle, is expected to work properly fhitlrose quantities
which are supposed to vary in accordance with the state nitgadf the central
nucleus. For example, the photon indes known to vary with the AGN flux state
(Lee et al. 2000; Shih, Iwasawa & Fabian 2002, Ponti et al.62@dd the high-
energy cut-ff (Ec) is linked with the temperature of the corona and thusetqul
to be variable (Haardt, Maraschi & Ghisellini 1997). On tlomtrary this method
is not expected to work properly when constant componerts@nsidered. This
could be the case, for instance, of the cold absorption asdumbe due to the
putative dusty torus (Antonucci 1993). Thus, for this comgat, the average value
recorded for each source should be used. Nonetheless cthege®nents also were
observed to vary in a number of objects (see for example teadNGC 4151, De
Rosa et al. 2007 or Risaliti, Elvis & Nicastro 2002). Moregthe constancy of the
properties of the cold absorption is predicted under thethgsis of a continuous
distribution of the matter that forms the torus. On the canytrif the torus is formed
of blobgclouds (Elitzur & Shlosman 2006), variability in the measuaents of the
absorbing column is expected. For both these observat@biheoretical reasons
the Ny measured in each single observation were treated separatel

In between these two cases are the properties of the emissianline. BeppoS AX

had a too low sensitivity to detect the relativistically &dened component of this
feature in a large number of sources. Thus only the narrosvHas been detected
in the vast majority of the objects included in the originalatog. This component
is supposed to originate far from the SMBH, at least HH00 Schwarzschild radii
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(Mattson & Weaver 2004), i.e. very likely at the inner edgeahaf torus (Nandra
2006). At these distances from the SMBH, the relativisfie@s are negligible.
Thus, in principle, the parameters that describe the limeilshbe regarded as sta-
ble. Nonetheless the properties of the narrow &¢ike were also observed to vary
with its line energy centroid changes betwedh4 keV (neutral iron) and6.9 keV
(H-like iron) showing diferent ionization states. Moreover, the equivalent width
(EW) of this component is not only a function of the intengitiythe line itself,
but it is also directly linked to the underlying variable tioonum emitted in the
regions close to the SMBH. This makes EW a variable quariityg parameters of
the emission Fek line were thus treated as variable ones in order to testigsor
and not averaged when objects were observed more than once.

Table 3.1: General characteristics of the data analyzeal f¢re number of detec-
tions and censored data are reported for the interestirarasers for the whole
sample of objects (columns 2 and 3), for the Seyfert 1 gadaxielumns 4 and 5),
and for the Seyfert 2 objects (column 6 and 7). The 90% confgl@rterval limits
were used for censored data and the detected values wered#fihetermined
with a 99% confidence level

Parameter Tot. Sample Seyfert 1 Seyfert 2

Det. Cens. Det. Cens. Det. Cens.

NH 83 80 31 53 52 27
EW 129 7 66 4 63 3
R 68 18 46 9 22 9
Ec 33 51 27 26 6 25

Finally, in a number of cases it was necessary to deal witsared data (see
Table 3.1). To manage these data properly, the ASURV saft(faigelson & Nel-
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son 1985; Isobe et al. 1986) was used. In particular, to ksttabthe distributions
of parameters of type | and type |l objects were drawn froffedént parent popu-
lations, the Peto & Prentice generalized Wilcoxon testg€lson & Nelson 1985)
has been used while to calculate the mean values considdsinghe censored data
the Kaplan-Meyer estimator was used. To establish the pcesaf correlations be-
tween diferent quantities, both the Spearmagm’and the generalized Kendalks
methods were applied. The linear regressions were catcllaging the Bukley-
James and Schmitt's methods. In the following, two quastitire considered as
drawn from diferent parent populations when the probability of falseatae of
the null hypothesis (same parent population) igB1%. Similarly, one accepts
that there is a correlation between two given quantitiesnithe probability of an
absence of correlation remains lower than 1%.

In Table 3.2 the results for the whole set of observationsfamnthe two classes
of Seyferts are reported as well as the probability that &eyf and 2 are drawn
from the same parent populations. The histograms of thahlifbns of the in-
teresting parameters for the entire sample of objects (faisimn) and for type |
(second column) and type Il (third column) are reported guFe 3.1.

3.2 The X-ray continuum parameters to test the UM

A Kolmogorov-Smirnov test performed on the distributiorigphoton indext”
obtianed for theX M M-Newtontest gives a probability 0£0.43, consistent with
the same parent population, i.e. there is not a clear casectode that the two
populations of AGN are drwan from intrinsecallyfidirent parent distributions.
This is a simple example on how the X-ray data can be usedttthieet)M.

The UM for AGN (Antonucci 1993), in fact, predicts thBf R, and Ec are
observables independent of the inclination angle, thuswioeclasses of Seyfert
galaxies should display very similar characteristics.sThiconfirmed by the anal-
ysis of theBeppoS AXsample. In particular, there are no hints that the distribu-
tions of photon indeX for the two types of Seyfert are drawn frontfdrent parent
populations (B 1~90%). Moreover, the photon-index peaks, for both classes, b
tween 1.8-1.9 in agreement with the two-phase models foptbduction of the
X-ray in Seyfert galaxies that prediEt-1.5-2.5 (Haardt & Maraschi 1991; Haardt
1993; Haardt, Maraschi & Ghisellini 1997). Few objects hexgemely flat spec-



3.2 The X-ray continuum parameters to test the UM

Number of Sources
Number of Sourees (Seyfert 1)
Number of Sources (Seyferl 2)

ot = B L0 T B s'_‘

Number of Sources

Number of Sourees (Seyfert 2)

Number of Sources (Seyfert 1)

Number of Sources
Number of Sourees (Seyfert 1)
Number of Sources (Seyferl 2)

Figure 3.1: Photon indeK (first row), R (second roywand Ec third row) in units
of cm~2 distributions for the whole datasdéft column), for type | objects ¢enter
columr), and for type Il objectsr{ght column).

tra with '<1. Type Il objects that show such hard X-ray spectra are sgupto
be Compton-thick sources for which, in the 2-10 keV bandy ¢ reflectedlat
spectrum is observable. This is the case for NGC 2273 whighlairs the harder
X-ray spectrum. This source was first classified as a Comihick- object by
Maiolino et al. (1998). The Seyfert 1s with flattest spectadGC 4151 that is
known to have a hard spectrum with complex and variable akisar(De Rosa et
al. 2007) and Mrk 231 (classified as a type | AGN by Farrah e2@03).

The latter source shows a very hard X-ray spectrum WiB.7. This source
is also classified as a BAL QSO (Smith et al. 1995). A recenttspleanalysis in
the X-ray band of this source was presented in Braito et 8042 By combining

XMM-Newtonand BeppoS AXdata, these authors speculated that the spectrum

of the source below10 keV is reflection dominated, thus presenting a case that

is difficult to reconciled with the UM of AGN. Moreover, Mrk 231 is aitra-
luminous infra-red galaxy. These sources display stroapstst activity that can
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dominate the total X-ray luminosity of the galaxy (see Femuhini et al. 2003
and Ptak et al. 2003 for details on this topic) although in 484 at least 60% of
the observed 0.5-10 keV flux seems to be due to the AGN comp@Reaito et al.
2004).

Table 3.2: Mean spectral properties obtained withBlegppoS AXsample. Col. I
Spectral parameter; Col. Il: Seyfert 1 mean value; ColSkyfert 2 mean value;
Col. 1V: Probability that Seyfert 1 and Seyfert 2 are drawanirthe same parent
populations.

Parameter Tot. Seyfert 1 Seyfert2 P
r 1.84t0.03 1.820.03 1.8G¢0.05 90%
R 1.01+0.09 1.230.11 0.8%0.14 5%
Ecf 287+24 23022 37642 5%
Ny¥ 31.749.1 3.66:2.34 61.318.0 <0.1%

in units of eV:# in units of 12 cm2

Less conclusive results are obtained for R and Ec. In botscése probability
of false rejection of the null hypothesis (the two distribns are drawn from same
parent populations, in accordance with the UM predictioisd, ~5%. However,
both type | and Il objects lie in the same range of R and Ec. htiqedar, the
distribution of R for type | objects is dominated by a peak efettions between
R~1-1.2 due to the contribution of a few sources observed aktigres (e.g. NGC
5548, IC 4329a). This has probably introduced a systemfictenot smeared-out
by the relatively small number of useful observations (ites ones for which R
and Ec have been estimated). On the other hand, the resutt smiost probably
polluted by the large number of lower limits for Seyfert 2. thie same test is
performed only on the detections it is obtained tha§P35%, making impossible
to assess that the two samples are drawn from tfferéint populations.
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Figure 3.2: Distribution of the observed photon index far XM M-Newtonsam-
ple. The upper panel refers to the entire sample, the midaltelpto the type |
objects and the lower panel to the type Il Seyferts.

These results are, at a first glance, only partially confirnvetd the XM M-
Newtonsample. For the objects included in this last list, in faicis bbtained that
0.5<T < 2.3 (the valud™ = 2.7 for NGC 4472 is excluded here because it is due
to difftuse emission from the galaxy) The weighted mean for the $at@iple id" ~
1.60+ 0.04, with a dispersion ~ 0.44. The distribution for type 1 objects (Figure
3.2) has a mean value of 1.560.04 and a dispersian ~ 0.24.

Itis, nonetheless, worth considering here thatXhM—Newtondata analyzed
here have been fit with simpler models that does not includegtample, the
reflection component. This consideration alone could imgiyple exaplain the
on average flatter spectrum obserevdXdylM—Newton Moreover, as it will be
pointed out in the next section, the distribution of the pimandex in theX M M—
Newtonsample is significantly altered by the presence of a numb&oafipton-
thick objects that apparently display extremely flat spgectr

In fact, the rather flatI{1.5) spectrum of 4 (out of 9) type 1 objects can be
ascribed to either the presence of a warm absorber, a corapkxrber, andr
a reflection component, all of which produce a flattening ef ¢bntinuum. The
distribution ofT for type 2 objects (lower panel of Fig. 2.2) is somewhat besad
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Figure 3.3: Ny (in units of cnt?) distributions for the whole datasééft column),
for type | objects ¢enter columh and for type Il objectsr{ght column).

The weighted mean for this class is 16D.06 with a dispersion of0.5.

3.3 The average absorption properties

The BeppoS AXdata are unambiguously in accordance with UM predictions
for the absorbing colurin. In this case the statistical tests confirm that Seyfert
1 and Seyfert 2 display very fiierent absorption characteristics with the type Il
objects being more heavily absorbed than Seyfert 1 (Tal2eRgures 3.3 and
3.4). Again, it is noticeable that a few type | objects shoghhtolumn densities
(up to ~10%* cm™2) and some Seyfert 2 have low columns (down téX1€m2).
These are not new results: the high column of NGC 413x(0?, De Rosa et
al. 2007) is well known. The highest column measured in a&effis detected
during the June 9, 1998 observation of NGC 4051. During thiseovation the
source appeared “switchedfband only a pure reflection component was mea-
sured (Guainazzi et al. 1998). The spectral fit degenerattdden two solutions,
one in which the source was purely reflection-dominated7)Rand a second one in
which a direct component was visible but highly absorbede [akter scenario was
slightly preferred from a pure statistical point of view whilhe 2-200 keV band
is condidered, and, for homogeneity, entered in the catalgnetheless, when
the entireBeppoS AXband (0.1-200 keV) is considered, the reflection scheme is

1A number of objects in thBeppoS AXsample show upper-limits to the absorbing column of
the order of~10?? cm2. This is a selectionfect induced by the energy band considered using only
MECS and PDS data. The low-energy ctit-gue to such a column (¥0cm?) peaks at E2 keV
and only for those objects with good statistics it is pogsiol infer upper limits on the \ below
107 cm 2. This is most probably responsible for the high value obtairthe average N in type |
objects.
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Figure 3.4: Distribution of the observed absorbing colufonghe X M M-Newton
sample. The upper panel refers to the entire sample, thdemaael to the type |
objects and the lower panel to the type Il Seyferts.

preferred (Guainazzi et al. 1998).

The heterogeneity of thBeppoS AXsample prevents to define the avreage ab-
sorption properties of the Seyfert galaxie, the absorbinmn beeing the element
that seperate the two classes of AGN. Thus, to ddepely igatstthis topic, i.e.
the intrinsic distribution of absorbin column, an un-biisample of objects must
be used. In this case, it's theéM M-Newtonsample.

The observed total distribution in théM M-Newtonsample varies over the
range of Galactic absorptiondl§ ~ 102° cm) to high column densitiesNy <
10?* cm~2), with most of the measurements being upper-limitdNgf ~ 107122
cm 2 (Figure 3.4).

As already said, type 1 objects are known to be less absoHzadtype 2s,
but three of them show a column density higher thaf? tdn2. The nature of
the absorbing material in these objects is likely assodiatiéh highly ionized gas
(NGC 3516, Netzer et al. 2002) god to dense and variable absorbing columns
(NGC 3227, Lamer, Uttley, & McHardy 2003; NGC 4151, Puccettal. 2003).

Past hard X-ray surveys of Seyfert 2 galaxies have revehkgdthe column
density distribution of this class is significantly shiftedvard large columns; most
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(~ 75%) of type 2 Seyferts are heavily obscured, with> 10?2 cm (Risaliti et
al. 1999). The distribution observed here and shown in theldleft side) panel of
Figure 3.4 apparently deviates from past results, comtgimiostly mildly absorbed
objects. However, this distribution does not take into aotdhe possible presence
of heavily absorbed sources, not recognised as such bechtise absence of a
low energy cut-€f.

3.4 Identification of higly absorbed sources in theXM M-
Newtonsample

The diferencies measured §8.2 between type | and type Il obejects within
the XMM—-Newtonsample in terms afF, could well be due to the presence of an
unmodeled reflection component (32, Figure 3.2), but also, in part or totally,
to the inability to directly measure heavily absorbed sesrcin the hard band,
the dfective area of the pn peaks at energies around 5-6 keV andhhapa-
nential roll-over at higher energies. This implies that taa are only weakly
sensitive to measurements of absorption columnispf 1072 cm2. In particu-
lar, in Compton-thick sources wity > 10?4 cmi?, the transmitted component is
completely suppressed below 10 keV and the spectrum oltsantbe 2—10 keV
band is dominated by flattened reprocessed components fomid @ngor warm
scatterer (Matt et al. 2000). The galaxy may, thus, be eausig classified as a
source with a flat spectral shape, low absorption and, tlowsJuminosity while
actually being intrinsically steep, heavily obscured, amdinous (see, for exam-
ple, the prototypical case of the Seyfert 2 galaxy NGC 106&ftMt al. 1997,
Iwasawa, Fabian & Matt 1997).

To take these factors into account, three independent teete applied to
unveil the presence of heavy obscuration: (i) X-ray spécli@gnostics such as
flat slope and large Fe KEW; (ii) flux diagnostic diagrams; and (iii) thidy vs.
Fo_1kev/Fo 1] diagram.

In three type 2 objects (NGC 1068, NGC 3079, and NGC 5194) Etheof
the detected iron K line is higher tharll keV. Such a high value of the EW is
expected in highly obscured objects since it is measureistigmmuch-depressed
continuum Ny ~ 107104 cm™?; Leahy & Creighton 1993) or against a pure
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reflection componentNy > 10?4-2% cm2; Makishima 1986, Bassani et al. 1999).

In 2 Seyfert 2 galaxies (NGC 2685 and NGC 3486), the photoexisirather
flat (1) and may also be indicative of Compton-thick sources. Hewdhe lack
of any strong line makes this criterion alone nafigient to classify the sources as
Compton-thick candidates. In total, the spectral analigséble to directly assess
three candidate Compton-thick sources, namely NGC 106&; B9, and NGC
5194. This is consistent with studies which have been abtibtain hard E >
10 keV) X-ray spectra of these sources wBthppoS AXMatt et al. 1997, lyomoto
et al. 2001, Fukazawa et al. 2001).

Another way of evaluating the true amount of absorption ieugh flux diag-
nostic diagrams (e.g., Bassani et al. 1999, Panessa & B&G Panessa 2004,
Guainazzi et al. 2005b). These make use of independentidicof the intrinsic
brightness of the source such as the [O WBH007 flux and the infrared emission,
to be compared with the hard X-ray flux.

By studying a large sample of Seyfert 2 galaxies, Bassanl €1899) have
found that the ratid=>_1kev/Floin] is efective in separating Compton-thin from
Compton-thick sources, the latter having ratios lower thanThis is because the
[Olll] flux is considered to be a good isotropic indicatoristmostly produced far
from the nucleus, in the NLR, by photoionizing photons frdra AGN. Applying
this criterion to this sample, and using the [Olll] measueais reported in HFS97,
5 Compton-thick sources have been identified, i.e. WAthiokev/Flo niy < 1:
NGC 676, NGC 1068, NGC 3079, NGC 3185, and NGC 5194. Of noteeigdct
that the three candidates Compton-thick with a strong lieecanfirmed.

The dfectiveness of identifying Compton-thick vs. Compton-thirurces through
the ratioF,_1oev/Fioin is also exemplified by the third diagnostics: tNg vs.
Fo_10kev/Fionij diagram shown in Fig. 3.5. Assuming, as mentioned above, tha
the [OIIl] luminosity is an isotropic indicator of the intr$ic luminosity, one ex-
pects that the ratio df>_1aev/Fjoi1] decreases asy increases, following a path
as indicated by the dashed region in Fig. 3.5. The relationatdained assuming
that the observeH,_1xev Changes according to tiNy value given on the ordinate,
and starting from the average_1oev/Foi] ratio observed in type 1 Seyferts and
assuming a 1% scattered component. The width of the shadadfabm lower
left to upper right) was drawn considering the lower and &igfo_1okev/Floi]
ratios obtained for the type 1 objects of the present sample shaded region
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Figure 3.5: Diagram of the absorbing column denslty versus the ratio between
the observed 2-10 keV flux and the reddening-corrected [Jdllik taken from
Panessa (2004). Filled polygons are type 1 Seyferts and pgggons are type
2 Seyferts. The shaded region (lower-left to upper-righigdnals) indicates the
expected correlation under the assumption thaixev is absorbed by thaly re-
ported on the ordinate, starting from the avergge/Fo 11 ratio observed in type
1 Seyfert galaxies and by assuming a 1% reflected componédsb, the shaded
region (upper-left to lower-right diagonals) obtained bgidino et al. (1998) is
shown.



3.4 Identification of higly absorbed sources in thex M M—Newtonsample 43

(from upper left to lower right) obtained by Maiolino et all998) is also shown
for comparison and is consistent with the present reshitsigh slightly shifted to
lower flux ratios.

Table 3.3: Compton-thigkhin Seyfert 2 candidates

Name I'o_10kev  EWEe k Flux dlag Thick?

1) (2) 3) (4) (5)
NGC 676 Thick v
NGC 1058 ThickSB ?
NGC 1068  Thick Thick Thick N,
NGC 2685  Thick Thin ?
NGC 3079 Thick Thick v
NGC 3185 Thick Y,
NGC 3486  Thick ThicksSB ?
NGC 3941 Thin X
NGC 4138  Thick Thin Thin X
NGC 4258  Thick Thin Thin X
NGC 4388 Thin Thin X
NGC 4472 Thin ?
NGC 4477 Thin X
NGC 4501 Thin Thin X
NGC 4565 Thin Thin X
NGC 4698 Thin X
NGC 4725 Thin X
NGC 5194 Thick Thick v

Notes: “Thick” = Compton-thick candidate, “Thinz Compton-thin candidate, “SB”
= starburst candidate on the basis of spectral diagnostits @ and 3) and flux diagnostics
(col. 4). Final classification (col. 5):4/" = Compton-thick candidatesx” = Compton-
thin candidate, and “?"= classification uncertain (likely to contain a starburst; 60
nature cannot be excluded).

Compton-thick AGNs should occupy theservedow Ny and lowFo_1oev/Fio 111
part of the diagram, but after correction for thigitrinsic high Ny, they should oc-
cupy the highNy and lowF2_10cev/Fio 1117 region of the predicted distribution (as
indicated by the arrows in Fig. 3.5). It was found that thismdeed the case for the
previously identified Compton-thick objects of this samiN&C 676, NGC 1068,
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NGC 3079, NGC 3185, and NGC 5194). Other sources (NGC 3941 MiG28,
and NGC 4501) are located in the same area of the plot, butdepéndent con-
firmation to classify them as secure Compton-thick cand&latere found. More-
over, they haveéFo_1ev/Fio 1117 ratios exceeding 1, in the Compton-thin regime.
Interestingly, two of these sources (NGC 4698 and NGC 45@¢¢ been identi-
fied in the literature as “anomalous” cases of Seyfert 2 gadawith no intrinsic
absorption (Georgantopoulos & Zezas 2003, Terashima 208R).

By combining the X-ray spectral properties and the diago@iagrams using
isotropic indicators, Compton-thin and Compton-thickeslt$ have been identified
as indicated in Table 3.3. In total, a subsample of 5 Comfhak candidate
objects have been confidently recognized (5 from diagnds&tigrams, 3 of which
have direct spectral information as well).

It is worth considering that once the bona-fide Comptonkitsources have
been picked-up, the obtained distributions of photon inalek absorbing columns
move to average properties in agreement with what measuthdhg Be ppoS AX
sample and with the literature (see Figures 3.6 and 3.7 €fwatnal. 1987, Risaliti
etal. 1999).



3.5 The origin of the narrow component of the Fekx line 45

F ‘ ‘ ] F ‘ f

10 E_ Tot — _E 10 E_ Tot _E

n 5 ;_ pro— g g n 5 ;_ = ; :i;
s F T ] s F T ——
55 E T T T T ‘ T T ‘ T ] 55 E T T T T ‘ T T T E
% 10 E Seyfert 1 3 2 10 £ Seyfert 1 3
5 F 1 ° ¢ 3
L 5 4 o 5F E
(0} F = o r e ]
2 C I : | =t ‘ I I ‘ I ] Q C I : | =t ‘ I I ‘ I .
E : T ‘ T T T ‘ T 1 T ‘ T ] E : T T T T ‘ T 1 T ‘ T :
3 F ] =) [ ]
Z 10 £ Seyfert 2& 4 % 10| Seyfert?2 3
5F % —\ g 5 — :i:

E 1 ‘: g ‘ : 1 ] E 1 ‘ 1 g ‘ : L E:

20 22 24 20 22 24
Log Ny (ecm™?) Log Ny (ecm™2)

Figure 3.7: Distribution of the absorption column densitiefore (left, see Figure
3.4) and after (right) correction for Compton-thick carat&s. Upper and lower
limits are indicated with arrows.

3.5 The origin of the narrow component of the Fekx line

A Gaussian iron K emission line has been detected in 8 out ofp@ s
and in 6 out of 18 type 2s included in tbeMM-Newtonsample. Their mean
equivalent widths are- 215+80 eV and~700 = 220 eV, respectively, which are
consistent with previous works (Nandra et al. 1997, Turriesle 1997) when
the large errors and dispersions are taken into account. larger rate of de-
tected lines in type 1s with respect to type 2s is at first ssing but is consis-
tent with the fact that type 1s are typically brigther in tlzenple. As mentioned
in §2.3.2, the present estimates are to be taken as only rougimpterizations
because they do not take into account in detail of the maliipes often present
(i.e. in NGC1068, NGC3031, NGC4579), nor the possibilitioé broadening
(NGC3031, NGC4051, NGC4151, NGC4395) or variability.

Here | will focus on theBeppoS AXsample analysisi since its the larges re-
serviore of data available to me to study the origin of suchrafmonent.

Wherever originated, the FekKline is produced by reprocessing the primary
X-ray emission in matter surrounding the source of hard @it In the frame-
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Figure 3.8: Distribution of the Fekemission line energy centroidirét row) and
of its EW (second row. Distributions for the whole sample of observatiokeft(
pane), for the type | objectsdenter panéland for type Il objectsright pane).

work of the UM, the origin of this component can be placed immber of regions
such as the accretion disk, the dusty torus, and the broaddigions (even if this
last hypothesis is disfavored by the recent results oldaivith the XM M-Newton
andChandraobservatories and presented in Nandra 2006). If the lirginaies
in the disk close to the SMBH, relativistidtects that broaden the resulting line
are expected. For the vast majority of the sources includettheé BeppoS AX
sample, only narrow components of such features were @etentd only in a
few cases broad emission lines (e.g. IC 4329a) or rel&atuaif blurred features
were detected (for example in MCG-6-30-15). Nonetheldss,ntumber of ob-
jectgobservations included in this sample is large enough tavadl@eep investi-
gation of the origin of the Fet emission line.

As shown in Figure 3.8 (first row), the line energy centroipésked at-6.4-
6.5 keV (see also Table 3.4) in both type | and Il objects. Tdmtroid is slightly
above 6.4 keV but, considering the energy resolution of tistriiment at these
energies £200 eV FWHM, Boella et al. 1997), the results obtained heecimar
agreement with the line being mainly produced in cold or lyezsld matter (ion-
ization state below FeXVIl), i.e. in both type | and Il objecby matter in the
same physical state. However, a well knowfietience between the two classes of
objects is the EW of the narrow FeNine in type Il objects, which shows stronger
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features than type | objects (see second row of Figure 3.8Tabl& 3.4, Bassani
et al 1999, Risaliti et al. 1999). As shown in the central parfid-igure 3.8, the
Seyfert 1s peak at EWk,~100-200 eV while the type Il have a broader distri-
bution with a hard tail that reaches values well above 1 kdsoAew Seyfert 1
have large values of EW of the FaHline (above 300-400 eV). The large EW tail
of the Seyfert 1 distribution is composed mainly of objectsahich the broad
components of the FeKline are detected such as in MCG-6-30-15, Mrk 841 and
IC 4329a. The Seyfert 1 with largest EW is NGC 4051 during timeeJ9, 1998
observation when its spectrum was due to pure reflectioni{@mnzi et al. 1998).

Table 3.4: Mean properties of the Fekemission line. Col. I: spectral parameter;
Col. Il mean value for the whole sample; Col. lll: mean valoe $eyfert 1; Col.
IV: mean value for Seyfert 2. Col. V: Probability that the @aweters of type | and
type Il objects are drawn from the same parent population.

Parameter Tot. Seyferf 1 Seyfert2 Pnu

EFeka ' 6.49:0.02 6.46:0.03 6.5%0.03 32%

EWreko* 448+67 222:33 693195 <1%

Tin units of keV:* in units of eV

The larger Felk EW in Seyfert 2 galaxies is in agreement with the UM (An-
tonucci 1993). If the origin of this component is indeed teckin the dusty torus,
than the line EW has to be correlated with the absorber coldemsity. This is in-
deed what is observed also in this sample (see Figure 3.8r papel). Moreover,
the Spearmap and Kendall'sr tests indicate that a correlation between the &eK
EW and the N, is highly probable for type Il objects (R<0.1%), i.e. for that
sources for whichlcan have direct evidence of the torusrabsp column. The
robustness of the )N estimates have been tested by correlating it with the model
independent indicatorftered by the ratio of the observed fluxes at 2-10 and 20-100
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keV respectively (left panel of Figure 3.9). The two quaesitare strongly corre-
lated (generalized Spearmaiand Kendak tests give Ry<0.1%) with only a few
exceptions: the pure Compton-thick sources which are dolcex the diagram be-
low the majority of the sources. Thiffect is expected since the absorbing column
can dfect the X-ray radiation below10 keV while at harder energies the radiation
pierces the matter for columis3-5x10%4 cm=2. Otherwise, the Compton absorp-
tion dominates and also photons with energy above 10 keVtappad since the
Klein-Nishina regime is reached (s§2.4).

As stated above, when the EW of the kelémission line is tested against
the measured N (upper panel of Figure 3.9) a result in good agreement with
what is predicted by theoretical models is obtained (Makish1986; Leahy &
Creighton 1993). The majority of the sources, in fact, behas expected if the
line is produced by the absorbing matter that depressesrdw dontinuum (Mak-
ishima 1986). All the known Compton-thick sources are ledaat low Ny and
high EW, in accordance with previous results (Bassani el889, Risaliti et al.
1999). As an additional test, the EW of the kelkne has been plotted versus the
Fo_1okev/F20-10kev ratio. As expected (see right panel of Figure 3.9), a good cor
relation ( Rui<0.1% according to generalized Spearrpeend Kendallr tests) is
obtained.

These results thus confirm that the properties of thed=ihe agree with the
expectations of the UM for AGN. Nonetheless, this is not théy anformation
about the iron line. In recent papers (lwasawa & Tanigucli31Page, O'Brien
et al. 2004, Grandi, Malaguti & Fiocchi 2006; Bianchi et aD0Z) it has been
claimed that a X-rayBaldwine f fect(or lwasawa-Taniguchifect) is present in
AGN when the Fel§ intensity is probed against the 2-10 keV luminosity. Here
this dfect is tested considering for the first time both the 2-10 ked the 20-100
keV luminosities.

A strong correlation ( Rn<0.1% using Spearmanand generalized Kendal
test) is found when the EW of the FeHine is plotted both against the observed
2-10 keV (panel (a) of Figure 3.10) and 20-100 keV (panel {&igure 3.10) keV
luminosities. The nature of these correlations, howesanpt straightforward, es-
pecially for the 2-10 keV luminosity. In this energy band dfiect of the absorber
is very important. As previously demonstrated, the EW ofitba line correlates
with Ny, but stronger absorbing columns imply lower fluxes. Moreowden the
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Figure 3.9:Upper panel Log(EWrek.) VS. Log(Ny). As expected, the sources
are divided in two families: the ones that follow the expgotss if the Feky line is
produced in the absorption matter and the candidate Contptckiones that dis-
play low absorption and large EW. The solid line indicates ghediction by Mak-
ishima (1986) Left panel Log(F>_10kev/F20-10kev) VS. LOg(Ny). The two quanti-
ties are correlated as expected since the 2-10 keV banaigybirafected by the
absorption while the 20-100 band is almost free from abgmrpiThe solid line is
the best fit obtained with linear regression methRdght Panel Log(EWkekq) VS.
Log(Fo_1akev/F20-10kev). The two quantities are strongly correlated,(;x0.01).
The ratio between X-ray fluxes is a model independent indiazftthe absorption
affecting the low energy band. Thus, this correlation stronigdiicates that the
narrow component of FaKline in emission is indeed produced by the same mat-
ter responsible for the absorption. The solid line is thedinregression obtained
using Bukley-James method (Isobe et al. 1986).
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relation between the FeKline EW and the 2-10 keV flux is investigated (panel (b)
of Figure 3.10), it is found that the two quantities are claed (R1<1%). This

is explainable only in terms of instrumentdfects, since the sensitivity of the in-
struments to narrow features decreases with the source!sThwus, to be detected

in faint objects, the Fek line must be strong enough. Since the original sample is
limited to the local Universe, this correlation in flux acisleast partially, also in
the EW vs Lo_1aev relation.

This Ny effect should be negligible when the 20-100 keV band is consitler
In fact, in this case, one expects to find a correlation batvtiee observed 20-100
keV luminosity and the EW of the FeKline only in the most extreme cases, i.e.
for the “pure Compton thick” objects. Apart from NGC 1068esle sources are
too weak to be detected by the PDS, thus unable to drive tagaelobserved in
plot (c) of Figure 3.10. Moreover, panel (e) of Figure 3.1didates that the EW of
the iron line is not related to the 20-100 keV flux thus exahgdihat the “Baldwin
effect” measured using the 20-100 keV band is due to instrurhesltzction éect
as it happens for the;Fiev. On the other hand, in the 20-100 keV band the
reflection-hump at30-40 keV contributes to the observed flux. If the origin @& th
FeKa line is due to the same matter responsible of the reflectiomshould expect
that the EW of the iron line should increase as the reflectmnponent augments
the 20-100 keV flux (i.e. the iron line EW should correlatehatihe 20-100 keV
flux). Thus, the net contribution of the reflection componghnbuld act in the
opposite direction to that observed (i.e. larger iron ling Bt smaller 20-100 keV
flux). If the two classes of Seyfert galaxies are analyzedusaely it is obtained
that a strong correlation is found for Seyfert 1,(R0.1% using both Spearman
p and generalized Kendaltests, panel (d) of Figure 3.10) while no correlation is
evident for type Il objects (R~80%).

This result is not unexpected since the EW of the obscureatssare boosted
by the suppression of part of the underlying continuum. Trectade, the presence
of a X-ray Baldwin dfect for Seyfert 1 is unambiguously confirmed by the present
data if the lpg_10kev IS considered and it has the following relation:

Log(EW)=-(0.22:0.05)xLog(Loo100)+11.92:2.52. (1)

The slope of the relation found in this work is in agreemenhwhat previously
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(e) is the linear regression obtained considering only typgiects. As visible in
panel (b) the less scattered relation is obtained consigi¢hie 2-10 keV observed
flux. The relation is linear, as expected if the correlati®due to selectionfiects,
i.e.considering that in faint objects only large EW wereedtble by the MECS
instruments on-boarBeppoS AX
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obtained by Page et al. (2004) (EML_10)"%1"*098) ysing a sample containing
both radio-quiet and radio-loud objects. The present tésalso consistent with
that found by Zhou & Wang (2005) (who used a sample contaibotg radio-quiet
and radio-loud objects finding EM(L,_10)~%1%*995) and Bianchi et al. (2007)
(who used only radio-quiet objects obtaining EW»_10)*1"*%%%). On the con-
trary, Jiang, Wang & Wang (2006), excluding the radio-lou@Mfrom a sample
similar to the one used by Page et al. (2004), found that@\W/ 10)°10:005 |t
is worth recalling here, that the the present sample is ceegbof both radio-loud
and radio quiet sources. In particular, it contains 7 rddiat Seyfert 1, and only
for 5 of them are the 20-100 and iron line data available. Muwless, the presence
of these sources in the sample does rtdch the Felk EW vs. Lyg 100 relation
(EWoe(L 5_10)%21005 excluding radio-loud type | objects).

The origin of the X-rayBaldwinef fectis unclear. In the light bending sce-
nario (Miniutti & Fabian 2004) the height of the source abdwve accretion disk
determines the degree of beaming along the equatorial gihttee high energy
emission. Because of relativistid¢fects, the closer the source is to the disk, the
greater will be the fraction of X-rays beamed in the equat@iane (i.e. towards
the disk) and correspondingly lower will be the observed.fllixus, the EW of the
relativistically blurred Fel& line produced in the inner regions of the disk and the
EW of the narrow iron line produced in the outer parts of thekdivould appear
enhanced in low-state sources.

On the contrary, Page et al. (2004) speculated that théstecould indicate
that luminous sources are surrounded by dusty tori with taeeering factor thus
pointings towards a torus origin of most of the narrow kelites. The present
work supports this view. The FeKline EW of the iron line correlates with the
observed |\ as predicted by theory (Makishima 1986; Lehay & Creighto@3t9
Ghisellini, Haardt & Matt 1994). Moreover, the case ofthdremely low state
of NGC 4051 (Guainazzi et al. 1998) included in this datatss seems to point
in this direction. The very large EW of the narrow Reline recorded in this
observation is typical of Compton-thick type Il objectst the line does not show
evidence of relativistic broadening due to the contributié the inner orbits of the
accretion disk.
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3.6 Summary of the results obtained testing the UM

The average properties of Seyfert galaxies in the local &is& have been here
investigated, analyzing thBeppoS AXand XM M-Newtonsamples. The main
results may be summarized as follow:

e the average slope of the power-law is 18403 for the entireBeppoS AX
sample of objects. Considering the two families of AGN seapey,'=1.89:0.03
for type | objects (including Seyfert 1, 1.2 and 1.5) wHile1.80+0.05 for
type 1l objects (including Seyfert 1.8, 1.9 and 2). The obedrvalues are
slightly flatter if theX M M-S amplés considered, but se§3.2 for a discus-
sion on this topic. No significant flierences have been observed between
the two types of Seyfert galaxies;

¢ the average value of the relative reflected-to-direct ntimagon parameter
R obtained using thBe ppoS AX¢éample is 1.040.09 with a slight diference
between the two classes of Seyfert galaxies{R3+0.11 for type | objects
and R=0.87+0.14 for the type Il ones). No significantfiirences have been
observed between the two types of Seyfert galaxies;

¢ the high energy cut{® was measured in the entiBeppoS AXsample to
be Ec287+24 (Ec=230+22 keV for Seyfert 1 and E€376+42 keV for
Seyferts 2). No significant fierences have been observed between the two
types of Seyfert galaxies;

¢ as expected and as known from previous works, the absorblaga is very
different in the two classes of objects. ConsideringBa@poS AXample,
one obtains, on averageN3.66<10%2 cm for type | and Nyj~6.13x10%3
cm~2 for type 1l AGN. It is worth considering here, however, thiae thigh
mean value obtained for Seyfert 1 is caused by a selecffenténduced by
the energy coverage of the ME€BDS instruments (2-100 keV). Moreover,
if one considers th&X M M-Newtonsample, it is obtained that30-50% of
type Il Seyfert galaxies are Compton—thick in agreemertt witat found by
Risaliti et al. 1999.

e evidence of a X-ray Baldwinfiect is found in Seyfert 1 galaxies included in
the BeppoS AXample and when the EW of the FeKne is plotted against
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the 20-100 keV luminosity.

These results are well in agreement with the basic assunsptibthe UM for
AGN (Antonucci 1993). No dferences are measured in the observables that are
supposed to be isotropic while the absorbing column seells tioe only discrim-
inator between the fierent types of Seyfert galaxies. This is reflected also in the
properties of the Fefk line. No diference is measured in the line centroid (see
Table 3.4) between the two classes of Seyfert galaxies. Mygigects, however,
display more intense features (EA822+33 eV for Seyfert 1 and EW693+195 eV
for Seyfert 2). The physical origin of the X-ray “Baldwirfect” here measured
for Seyfert 1 using the 20-100 luminosity is unclear. Botfintibending (Miniutti
& Fabian 2004) and torus models (Page et al. 2004) are censistth the present
data even if the strong relation of the Rekine EW in type Il objects with the
absorption column indicates that most of the narrow line moment should be due
to the torus.

Finally, considering theXMM—Newonsample one can infer that the Seyfert
galaxies as a whole possess the entire randéofrom 16°° cm 2 to 10%* cm2,
fairly continuously. This is similar to what was found in teepest X-ray surveys
available to date (Mateos et al. 2005), and it is consistédttitlacal absorption dis-
tributions adopted by, e.g., La Franca et al. (2005) to fithidwel X-ray luminosity
functions of AGNSs.



Chapter 4

The X-ray emission mechanism

Figure 4.1 (see next page) shows the 2-10 keV lumiosityidisans recorded
for the XMM—-Newtonsample. It is worth recalling here that this sample is sup-
posed to be un-biased and complete. Thus it is assumed &segprthentrinsic
picture of the Seyfert galaxies in the local Universe.

As such, it is quite surprising that, despite the corredtifor the known CT
sources (i.e. the sources for which the observed emissibedsely depressed
by the intervenning and obscuring matter), there are sewexgemely weak with
Lo 10kev~10% erg s, It is worth noting here that this luminosity is of the order
of what expected for neutron stars accreting at the Eddmigtat while the mass
of the accretors considered here ranges betweBd @M, (see table b.2 ). This
evidence clearly indicates that th&ieency of the emission mechanism can be
extremely low as, for example, happens for ADAF-like adoresystems.

Here, the origin of the X-ray photons is investigated trybogdiscriminate
the emission machanisnffectively working and its #icency. To do that, | will
take advantage of thBeppoS AXand X—C f A samples since they are noumerous
enough to allow good ststistical tests. Moreover, | willdadvantage of a multi-
frequency approach.

4.1 The emission mechanism

In §3.5 it has been shown how the selectidfeets may introduce unphysical
correlations between observables obtained studying thayXspectra of nearby
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Figure 4.1: Distribution of the 2—10 keV luminosities befdleft) and after (right)
correction for Compton-thick candidates (after Table 3UB)per limits have been
indicated with arrows.

Seyfert galaxies. False correlations may be also causetiebygdgenerancy be-
tween parameters during the fitting procedures. This is #ise,cfor example, of

the photon index with the column density for low statistidservations. In that
case, one could obtain similar descriptions of the obseppttrum withflat
(smallT’) and low N4 power-law angbr with asteep(largeI’) and highly absorbed
power-law. The same could happen for the determination ofdREc, since R
introduces in the spectrum a bump peaking between 20-40 keMlaclining at
higher energies where the Ec may appear. To check if thetsgaudsented here

are dfected by suchfeects, the correlations between these parameters have been
studied and the results are presented in Figure 4.2.

The left panel of Figure 4.2 shows how, on average, the ewimid” is not
affected by the simultaneous determination of the absorbihgroo No trend is
observed betweeh and Ny. Obviously, this does not imply that this is true for
each single source included in the original sample. On therdtand, this is an
expected result since the broad bandBefppoS AXshould reduce this spurious
effect. Similar results are obtained also whenkhes. Ec, and R vs. Ec (center
panel of Figure 4.2) relations are investigated. In thesex#he Spearmanand
Kendall'st tests do not support the existence of a relation betweer themtities
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Figure 4.2:Left panel:Photon indeX" plotted versus the measureg, Kin units of
crm?). No significant trend relating these two quantities is fdutenter panel:R
vs. Ec (in units keV), no correlation is found between thasangties;right panel
R vs.T. The two quantities are correlated with a high significaevel (B,,1<1%).
The line is the linear regression best fit.

(Phun~15%). All these indications suggest that, if any, the pdesitegeneracy
in the fitting procedure did not introduce strong spurioustiens between the
spectral parameters.

However a strong correlation {f<0.01%) is recorded betwe&hand R (that
are linked by the following relation):

R=(4.54+1.15)xI-(7.41+4.51) )

It is hard to determine if this correlation is the result ofystematic &ect
since it is possible that these two quantities degenerateeifitting procedure. A
flat power-law with small reflection could be described alg@lsteep power-law
plus strong reflection. The absence of similar correlatlmetsveerl” and Ec and R
vs. Ec seems to suggest that this correlation is real.

A similar relation was previously found usi@ingaandRXT Edata (Zdziarski,
Lubinski, & Smith 1999; Gilfanov, Churazov & Revnivtsev 199 Zdziarski, Lu-
binski, & Smith (1999) interpreted this as evidence of ther@omptonization as
the origin of X-rays providing that the optical-UV seed pivd were mainly pro-
duced by the same material responsible for the reflected aoemp. In this case
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the cooling rate of the hot corona is directly linked to thevpolaw slope. But the
cooling rate is also related to the angle subtended by trectefl This result is also
in agreement with predictions of models that consider mitélativistic outflows

driven by magnetic flares (Beloborodov 1999). In generalrldfé et al. (2006)

demonstrated that any geometry in which the hot, X-ray @émgipplasma is photon
starved (i.e. geometries of the accreting systems in whietatcretion disk is only
partially covered by the Comptonizing plasma such as patohgnae, inner ADAF
plus outer disks etc.) will produce hard X-ray spectralelitioft thermal emission
and a weak reflection component. On the other hand, geometteesponding to
a very large covering fractions of the cold phase have steofigemission, softer
spectra and strong reflection fractions (Collin-8on et al. 1996). Thus, moving
along thel” vs. R relation implies moving from lower to higher accretsygtems.

The findings on the emission mechanism based on the data 8ethpoS AX
sample may be, thus, summarized as follow:

1. the accretion region is characterized by the presenceldfroatter most
probably due to cold gas (see the detection of reflectingemgi);

2. thel vs. R relation left space to mixed systems in which the aimreftow
swithch from standard accretion disk to ADAF modes in theimmegions of
low luminosity objects.

4.2 The multiwavelenght characteristics of thex—C f Asam-
ple

As stated at the beginning §#, the objects included in thé-C f A samplé
have been detected down to_kgey~10°8 erg s1. Nonetheless, since the de-
tection of an X-ray nucleus in almost all the sources, it isqilde to assess that
there is a strong evidence in favour of the presence of an AN at very low
luminosities.

Lt is worth recalling here that th MM-Newtonsample for whch the 2-10 keV luminosity
distribution is presented in Figure 4.1 is a sub—sample®KH#C f Asample.
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4.3 Picking-up Compton-thick and Starburst dominated
objects

As shown in§3.4, within X-ray selected samples of Seyfert galaxies can b
present deeply absorbed objects not classified as such lfrei-tay modelling:
i.e. the so-called Compton-thick ones. To catch these ssunto the CfA sample,
| have taken advantage of the same powerful diagnostic testribed in§3.4
(Bassani et al. 1999) adding also the diagnostic indicatgtroduced by Panessa
& Bassani (2002) to pick-up the sources with strong statkrastribution.

A flux diagram is presented in Fig. 4.3. All far-infrared flexare based on
IRAS data derived from HFS97. The [OllI$007 flux of each galaxy has been
corrected for extinction (HFS97). Type | objects are phkbtis filled polygons, type
Il as empty polygons and 'mixed Seyferts’ as crosses. Comibtick candidates,
as discussed below, have been marked with stars. Disctiminaalues, chosen for
SB (starburst), Compton thick and Compton thin regions,garen as in Panessa
& Bassani (2002).

Most of the sources of both types lie in the AGN region and anlgmall
fraction are located at the boundary between AGN and Stsitbimdeed, the X-
ray analysis of most of the CfA sample objects has shown kgt host an AGN
(Panessa 2002). The positions of the few borderline objectee diagram of
Figure 4.3 could be due to the low IRAS angular resolfjore. the presence of
enhanced star-forming regions in the host galaxy may dan#isignificantly to
increase the IR flux in these Seyferts; this translates i f7Fir ratios smaller
than that of the AGN alone. For example, NGC 5033 is known &t baght HlI
regions in the inner parts of its spiral arms (Pérez GatcRodriguez Espinosa
1998); in NGC 4639 (Gonzalez-Delgado et al. 1997) as welhddGC 4725
(Sandage & Bedke 1994) many bright HIl regions have beenrebdewhile NGC
3031 is known to host a very strong underlying stellar cantin (Alonso-Herrero
et al. 2000).

As shown in§3.4, to identify Compton thick sources, thg/Fjoii) ratio has
been considered: the most populated region is that of Cantpio AGN where all
broad line Seyferts and 17 type |l objects are located whidgerémaining Seyfert

Note that infrared data have been taken using a beam siz&ofwhile optical and X-ray data
are derived using much smaller apertures,+.&" and ~ 2"-25" respectively.
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Figure 4.3: k/Fjon vs. Foinj/Fir diagram. Compton thin, Compton thick and
starburst regions have been separated by dashed lines1 typects are plotted as
filled polygons, type 2 as empty polygons, 'mixed Seyferteaks as crosses and
Compton thick candidates as stars.
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2 galaxies lay in the Compton thick region. As a matter of ,fémtir out of six
known Compton thick sources, namely NGC 1068, NGC 1667, N@T3z2and
NGC 5194, occupy this region confirming the reliability oftdiagnostic diagram,
while NGC 3079, a Compton thick source, is above the Comptimk boundary,
probably because of the presence of filaments in its nucdggom whose emission
contributes significantly in the 0.1-6.5 keV range (Cecihkt2002). There is a
group of Compton-thick source candidates, namely NGC 67®6CN167, NGC
3185, NGC 3982 and NGC 7743, for which X-ray spectral analgfine cannot
draw a conclusion. No FIR data are available for NGC 3489inthte plot), which
has been here classified as Compton thick from o] ratio (0.63).

Objects with an uncertain behaviour constitute a smaltifracf the Seyfert 2
sample (7 out of 34, marked with a "?” in Table B.2). Most ofsb@bjects, placed
on the SB region of the diagram, may even not contain an AGNually, NGC
1058, NGC 3627 and NGC 3486 only have upper limits in X-rays.

In summary, a sub-sample of 11 secure Compton thick caredidetve been
recognized (they have been marked witkl & Col. 6 of Table B.2); these objects
are all Compton thick according to the flux diagnostic diagemd in five cases this
indication is supported by a strong Fe line of 4 keV equivalent width, i.e. NGC
1068 (Matt et al. 1997), NGC 1667 (Bassani et al. 1999), NGZ3224aiolino
et al. 1998), NGC 3079 (Cecil et al. 2002) and NGC 5194 (Teénzest& Wilson
20015,

These tools have revealed that the fraction of objects winal be #ected
by Compton thick obscuration among type 2 Seyferts ranges 80% (if only
the secure Compton thick sources are considered) up to 3G#sdi objects with
an uncertain behaviour are Compton thick sources) in agreemith previous
estimates available for a flux-limited sample (Risaliti et1®99).

The X-ray luminosities of Compton thin sources (both typed &ype Il Seyferts)
have been corrected for the column density measured fror@-ftiekeV spectra.
Assuming that all the secure candidates are actually Camntptok, then their in-
trinsic column density should be higher tha0?* cm2. This prevents any possi-
bility to directly measure the intrinsic X-ray luminosity the 2-10 keV band, since
the latter is completely blocked by the absorbing mattertaadbserver can only

3Note that in the other six cases, the non detection of an Eetinld be due to the poor statistics
of the X-ray spectra.
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measure a reflectggtattered component, if any. Therefore, to estimate thiegit
X-ray luminosity, the observed one has been incrementedfagtar of 60. This
value has been obtained by means of the &kev/Fjoni ratio: the mean value of
this ratio has been calculated for our type 1 objects (kbg-1kev/Fjoni> ~ 1.74

+ 0.49) and for the five known CT sources (LeB2-10ev/Fjoii)> ~ -0.03+ 0.07).
The diference between these mean values can be considered as axirapf®
value of the correction factor when estimating the intédsminosity of the Comp-
ton thick sources, i.exFo_10ev/Fioi11>Typa/<F2-10keV/Flo1111>Type,cThick ~ 60,
hereafter | refer to CT corrected X-ray luminosities. In [EaB.2, X-ray luminosi-
ties for the sample sources have been corrected for thesirabsorption mea-
sured from their X-ray spectra, while for Compton thick calatkes, it was applied
the above correction factor. Although the latter should drsered as an indica-
tive value, it is however in tune with what observed with BeppX in Circinus
Galaxy (Matt et al. 1999) and NGC 4945 (Guainazzi et al. 200®reover, in the
case of NGC 1068, lwasawa, Fabian, & Matt (1997) estimatethiesic luminos-
ity to be in the range of 1§ - 10* erg's which is a factor of 100-1000 higher than
the observed luminosity. This large correction factor &aheoretically justified
by the torus model proposed by Ghisellini, Haardt & Matt (499n which they
derive, a correction factor ranging from 100 te1®?® depending on the amount of
absorption and on the viewing angle with respect to the absgtorus. Finally,
it is worth noticing that before correcting the X-ray lumgity for the Compton
thick sources, type | and type Il Seyfert galaxies showffazdint distribution in lu-
minosities (with KS test R;=0.001), type Il objects have lower luminosities than
type | objects. After correcting for Compton thick sourctt®e KS probability is
reduced to 0.05.

4.4 The X-rays and the Optical emission line characteris-
tics

A convincing way to investigate the activity of the centralice is through
the observed correlations between X-ray and optical eoriskne luminosities
since a proportionality between these quantities is exeict AGN. In luminous
sources strong correlations betweep, Hz, [OlIl] 15007 luminosities and X-ray
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luminosities have already been found (Elvis, Soltan & K&84, Ward et al. 1988,
Mulchaey et al. 1994).

It is worth investigating whether this correlation holdstlie present samples
as well, and, in particular, in thé-C f Asample since it is expected to be complete
and it is known to reach the low luminosities recorded alsthaX M M-Newton
sample (that is aX-C f Asub-sample). This kind of analysis can be used to further
test whether the same physical processes occurring in tusiAGN are also in
action in their low luminosity counterparts.

To characterize quantitatively an apparent correlatidéen two properties
of the sample under study | apply a linear regression statigtrocedure. Here |
have used the EM (Expectation-Maximization) algorithncsiit deals with cen-
sored data; this algorithm, as the other used for the asabfthe psectral param-
eters of theBeppoS AXsample, is implemented in the ASURV package (Isobe,
Feigelson & Nelson 1986).

Table 4.1 shows the statistical properties of the coratati As usual, the
sample has been grouped in sub-classes (type | and typest;dquasar samples
(as described below) have been added to the analysis.

4.4.1 X-rayvs. H, luminosity

A strong positive correlation between the X-ray and thedrission line lu-
minosity has been widely observed in classical AGN, sucheg$e®s and quasars
(Ward et al. 1988) and in low luminosity AGN, such as LINERer@shima, Ho &
Ptak 2000, Ho et al. 2001). It has been shown that this cdioela not an artifact
of distance ffects. Typical ratios observed in bright objects are Log/l4,) ~
1-2, supporting the idea that optical emission lines ariggais photoionized by the
central nucleus.

In Fig. 4.4 the logarithm of the 2-10 keV luminosity has bedottpd versus
the log Ly, the latter including both the narrow and broad (if preseathponents
of the line, corrected for extinction due to the Galaxy antheonarrow-line region
(Ho, Filippenko & Sargent 1997). The X-ray luminosities &n@m this work (Ta-
ble B.2) without (left panel) and with (right panel) corriect applied to Compton
thick candidates. A sample of low-z quasars from Ward etl#188) has also been
included to compare our results with high luminosity olgetiminosities have
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Figure 4.4: Left panel: Log of 2-10 keV luminosity versus logH,, luminosity
(narrowtbroad components) corrected for the Galactic and NLR etiinc The
dotted line shows the best fit linear regression obtainedtbnditype | Seyferts
and low-z quasars from Ward et al. (1988). Right panel: thmesplot using
the 'Compton thick’ corrected luminosity. The solid lineos¥s best fit linear re-
gression line obtained by fitting the total sample of Seydataxies and the low-z
quasars. Filled polygons are type | Seyfert, open polygea sge Il Seyfert,
'mixed Seyfert’ objects are indicated as crosses, Comphark tcandidates are
stars and low-z quasars are 'rounded-stars’.
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been adjusted to ¢+ 75 km st Mpc1). Each class of AGN has been marked
with different symbols: filled polygons are type | Seyfert, open patyggare type

Il Seyferts, crosses are 'mixed Seyferts’, stars are the @fomthick candidates
and rounded-stars are low-z quasar objects.

First, | checked whether a correlation is present among eyfe® sample. As
reported in Table 4.1, a strong correlation is found in thma. | fitted type |
Seyferts and low-z quasar objects in order to compare abyeith broad-narrow
component of the Klline. The solid line in the left panel of Figure 4.3 represent
the best-fit linear regression line obtained here. Thisetation is highly signif-
icant (Spearman’e=0.93), although type | Seyferts in the CfA sample show a
larger scatter than the low-z quasars. Note that the X-rayHyndata have not
been taken simultaneously. Consequently, the strong Xtuxyvariability ob-
served in most type Seyfert Is (see for example the cases Qf38E6, Guainazzi
et al. 2001; NGC 4051, Guainazzi et al. 1998, Lamer et al. 20@BPonti et al.
2006; NGC4151, Czerny et al. 2003b, NGC4395, Iwasawa ef08l0Yis a likely
source of scatter. At lower luminosities, Seyfert 2 galaxaad 'mixed Seyferts’
show Lx/L y, ratios lower than type | and low-z quasars. Note, howevet, iere
type | objects which have both narrow and broadiiHe components are compared
Seyfert 2 galaxies which lack the broag Ebmponent.

On the right panel of Figure 4.4, the 2-10 keV luminosity ofn@ion thick
candidates has been corrected. Again, the solid line isakefli regression line
obtained by fitting the total Seyfert sample and the low-zsquasample. This
regression line is consistent with that found by Ho et al. 0@Q0using the same
low-z quasar sample and a sample of LLAGN observed @hhndra

The correction in the X-ray luminosity of CT sources sigrfitly reduces the
scatter at low luminosities and the inclusion of type Il $#id in the calculation
of the regression line results in a steeper slope with régpethose of type 1
and low-z quasars. The steepening of the regression lineolsaply enhanced
by those Compton thin type 2 objects at low luminosities,clitshow an optical
excess emission with respect to the X-ray luminosity. Thiedaould be due to
the contribution given by a circumnuclear starburst to thedthission which is
more important in low luminosity sources than in high lunsity ones, where the
emission is completely dominated by the AGN.

The same correlation using fluxes is shown in Fig. $50(78, Ry < 0.001)
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Figure 4.5: Correlation between 2-10 keV versus fixes. H, narrow+broad
components are corrected for the Galactic and NLR extincti8ymbols as in
Fig. 4.4

strongly supporting that the luminosity-luminosity cdatén is not due to distance
effects.

It is remarkable that the present sample traces the Ly, relation for lumi-
nosities typical of luminous AGN (16 - 10* erg s1) down to low luminosities
typical of LINERs (1G7 - 10°° erg s1). The strong correlation observed between
Lx - Lue suggests that the dominant ionization source in our samsgéotoion-
ization by an AGN and that optigalVV photons are somehow linked to the X-ray
emission. A few objects at 2-10 keV luminosities~0L0%® erg sec! appear to be
systematically under the correlation. Three out of fourhafse sources are actu-
ally those classified as 'mixed Seyfert’, i.e. NGC 2683, N@2Band NGC 6503;
moreover for NGC 1058 and NGC 3627 only an upper limit to thea)(tuminosity
is available.

If the ionization mechanism of the emission lines is due terdranced by hot
stars or shocks, the resultingilL,, ratio is expected to be accordingly smaller
compared to those of AGN. Indeed, Pérez-Olea & Colina (1986e shown how
the Lx/Ly, ratio in AGN is larger than in starbursts up to a factor~df00 inde-



4.4 The X-rays and the Optical emission line characteristis 67

pendently on the intrinsic luminosity or activity level. i§hcould be a possible
scenario for these sources which, from the diagnostic diragr(Figure 4.3) , have
been recognized as our most probable starburst candiddt@gever the presence
of a very faintheavily obscured AGN in such objects cannot be ruled out.s&he
objects could be what have been definned as 'Elusive AGN’ ¢Mwai et al. 2003),
i.e. objects in which the nucleus is heavily obscured ancethee no optical evi-
dences for the presence of an AGN.

4.4.2 X-ray vs. [Olll] 15007 luminosity

As previously discussed §8.4 and§4.2, the [Olll];5007€mission line is thought
to be an isotropic indicator in the UM scenario and shouldydfore, be repre-
sentative of the intrinsic power of the central engine. Ailtgh the properties of
[OllI] 15007 have been widely investigated in the literature, thhevs. Ljoj) corre-
lation itself has been poorly studied. Mulchaey et al. ()9%e found a strong
correlation between the emission line flux and the obserwéddhtinuum in type
| Seyferts, while no correlation was observed in type Il 8egf This finding is
in agreement with the torus model, where the UV photons attesed while the
line emission is produced by a directly viewed componentvéler these authors
made use of an heterogeneous sample and did not take intar&.¢tlce presence of
Compton thick sources. More recently, Heckman et al. (20@5¢ found that k
and Ljoi) are well correlated in a sample of hard X-ray selected AGN(Ihgpe
I and type 11). They also found that for a sample of [Olll] flusiscted sources, the
correlation Lx vs. Ljoy for type | objects is consistent with that found in the type
| hard X-ray sample. However, the type Il objects spread ahmider range in
the luminosity ratio and many of them are very weak in harday(sr

In Fig. 4.6 the 2-10 keV luminosity (without correction foro@pton thick
sources, left panel, and with correction, right panel) mezdfor the CfA sources
is plotted versus their [Oll}lgo7 luminosity (corrected for the Galactic and NLR
extinction, Ho, Filippenko & Sargent 1997). Two comparissamples of bright
AGN have been included in the analysis chosen for having ¥eatys and [Olll];5007
fluxes available: 1) a sample of luminous type 1 Seyfert gataghereafter QSO)
from Mulchaey et al. (1994); 2) a sample of PG guasars (here®G) from
Alonso-Herrero et al. (1997) (luminosities have been adpliso H= 75 km st
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Table 4.1:Correlation statistics in luminosities

Variables Sample N X(ul) Yl rho Prob. a b
1) () 3 @ 5 (6 (7) (8 )
Log Lx vs Log Lye Tot 47 1 4 0.82 <0.001 1.2@0.12 -6.824.82
Log Lx vs Log Ly, S1 13 0 0 0.68 0.019 0.#0.21 12.128.34
Log Lx vs Log Ly, S2 34 1 4 0.83 <0.001 1.280.14 -10.045.61
Log Lx vs Log Lye Tot+QSC* 87 1 4 0.95 <0.001 1.060.04 -1.141.78
Log Lx vs Log Ly, S1+QSCG* 53 0 0 0.93 <0.001 0.860.05 6.982.08
Log Lx vs Log Lo Tot 45 1 4 0.88 <0.001 1.220.11 -7.554.33
Log Lx vs Log Lo S1 13 0 0 0.93 <0.001 0.860.09 6.993.51
Log Lx vs Log Lo S2 32 1 4 0.86 <0.001 1.340.15 -12.325.80
Log Lx vs Log Lo Tot+QSA® 66 1 4 0.93 <0.001 1.220.06 -7.342.53
Log Lx vs Log Lo S1+QSC® 34 0 0 0.83 <0.001 0.950.07 3.842.76

Notes: Statistical properties of the 'Compton thick’ catesl 2-10 keV X-ray luminosity
versus H and [Ol111]A45007 luminosities; Col. (1): Variables X and Y; Col. (2): Sample
considered: Tot total Seyfert sample, S& Seyfert 1 galaxies, S2 Seyfert 2 galaxies;
QSC'= low-z quasars (Ward et al. 1988); QSObright type 1 Seyfert (Mulchaey et al
1994)+ PG quasars (Alonso-Herrero et al. 1997); Col. (3): numbehgdcts; Col. (4)-
(5): Number of upper limits in variable X and Y; Col. (6-7) $man’s rho correlation
codficient and the associated probability P for accepting thehwtothesis that there is
no correlation; Col. (8)-(9): Correlation cfieient of the best fit linear regression line
calculated using EM algorithm (Isobe, Feigelson & Nelso8&)9Y=ax X + b.
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Figure 4.6: Left panel: Log of 2-10 keV luminosity versus log[OIll] 45007 lu-
minosity corrected for the Galactic and NLR extinction. ®udid line shows the
best fit linear regression line obtained by fitting type 1 8&yfa sample of bright
type 1 Seyferts (QSO, Mulchaey et al. 1994) and a sample of &Gay (PG,
Alonso-Herrero et al. 1997). Right panel: the same plotqud@ompton thick’
corrected luminosity. The solid line shows our best fit linegression line for the
total sample of Seyfert galaxies, the PG quasars and byigbtlt Seyfert. Symbols
are as in Fig. 4.4
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Mpc1). The two chosen samples of luminous AGN are not meant to trplete
and biases against low luminosity objects are probablydéhiced. However the
low luminosity ranges are covered by theC f Asample and they are just taken as
representatives of the class of luminous sources.
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Figure 4.7: Correlation between log of 2-10 keV versus lo§Qifl] ;5007 luxes,
the latter corrected for the Galactic and NLR extinction.

The solid line in the left panel of Fig. 4.6 is the best fit lineegression line
obtained by fitting type | Seyferts, the QSO sample and the&@ke. Contrary
to what is obtained in thejLvs. Ly, relation, most of the scatter here is introduced
by QSOs, while type | Seyferts of the-C f A sample follow a tighter correlation.
There is a clear separation between type | and type Il Seyfémce | correct the
X-ray luminosity assuming the presence of CT sources, thesladion between
the two luminosities is tighter as shown in the right pandFigf. 4.6 in which the
best fit linear regression line for the total sample, the QB®ORG samples is over-
plotted. As also found in theyLvs. Ly, correlation, the slope of the regression
line is steeper with respect to those obtained for only tyaed low-z quasars. At
low luminosities, a possible contribution by a circumnaclstarburst to the [Oll]
emission could explain the excess of the [Olll] luminosityhwespect to the X-ray
one observed in a few sources. Actually, at very low lumitiesj the same sources
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which lay below the correlation in the X-ray vs,hplot, lay also below the % vs.
Lioni relation (e.g., NGC 1058, NGC 2683 and NGC 3627). The X-rague
[Oll1] correlation still holds in the flux-flux plot of Fig. Z.(0=0.78, R < 0.001).
As for the H, luminosity, also the [Olll]5q07 flux appears to be a good tracer of the
AGN power, and both correlations are good tools to estimtaeekpected X-ray
luminosity. The following relations are obtained #&+C f Asample:

log Ly = (1.06+ 0.04) log Ly, + (-1.14+ 1.78)

log Lx = (1.22+ 0.06) log Loy ] + (-7.34+ 2.53)

4.5 Mgy and Eddington ratios for the X-C f Asample

Black hole mass (M) estimates are available for 44 out of 47 objects in the
X-C f Asample (col 9, Table B.2). Thepy obtained from the literature, have been
estimated in dferent ways from gas, stellar and maser kinematics to resserbe
tion mapping or inferred from the mass-velocity dispergiorrelations (Ferrarese
2002, Tremaine et al. 2002). For a group of objects stelllrcity dispersions are
available from di Nella et al. (1995), Barth et al. (2002) &ncElroy (1995), and
the Mgy has been here calculated using the Tremaine et al. (20@&orel All the
Mg estimates are reported in Table B.2, with the method usedltnlate them
and the corresponding reference.

As shown in Fig. 4.8 (left panel), black hole masses areyfaigmpled from
~ 10° to 1¢® M., with a peak at 168 M,; this figure further indicates that type |
and type Il Seyferts show a similar distribution. Woo & Ur002) presented a
large compilation of black hole masses, for an heterogensample of 234 AGN,
ranging from~ 1P to ~ 10'° M. From a comparison of flierent methods in
estimating Myy, they found that My values estimated from reverberation map-
ping and stellar velocity dispersion are those more radiabincertainties in My
estimates for thX—C f Asample are probably introduced by the scatter in the mass-
velocity dispersion correlations and are typically of thday of 0.3-0.5 dex. | refer
to the above mentioned papers for a detailed descriptioheofliferent methods
used to estimate N} and the relative errors associated to these measurements.

The Lgo)/Leqq ratio distribution is plotted in the right panel of Fig. 48 cal-
culate the bolometric luminosity | have assumed tha/L>_1ev ~ 30. The latter



72

The emission mechanism

value is typical of luminous AGN, being normally in the rarafe25-30 (Risaliti &
Elvis 2004, Elvis et al. 1994). However, it must be kept in diihat the bolometric
luminosity here is just a multiple of the X-ray luminosityhike it really depends
on the shape of the spectral energy distribution which cdiffér among high and
low luminosity AGN (Ho 1999, Marconi et al. 2004); actuallp, LLAGN, the
observed lgo/Lo_1kev ratio ranges from 3 to 16 (Ho 1999). ThedyLgqq ratio
distribution for the total Seyfert sample covers a wide eaon§ Eddington ratios
going down to 10”. If a Lgo/Lo_10kev ratio of 10 is considered, then Eddington
ratios would be a factor of 3 lower than those in Fig. 4.8. Tis¢ridbution of type

| objects has been marked with a shaded region. It is intagesd note that a
Kolmogorov-Smirnov test gives a probability of 0.01 for tigpe | and type Il sub-
samples of being drawn from the same parent population,estigg that type Il
objects are accreting at lower Eddington ratios with resgetype | Seyfert galax-
ies. However, there are some caveats to take into accouhe RS probability of
the type | and type Il X-ray luminosity distribution is 0.0&nsequently féecting
the bolometric luminosity distributions; ii) as alreadyiqmed out, the bolometric
correction could be not a constant, depending for examplaromosity and there-
fore could change from object to object; iii) objects with @mcertain behaviour,
those in which the star-formation probably dominates, Hasen included in the
type Il class. As a matter of fact, if 'mixed Seyferts’ are kexted from the type I
sub-sample, the KS probability of thesdy/L gqq ratio distributions is 0.05. More-
over, it is possible that with the present data | am not abtketect all the absorbed
low luminosity type 2s, e.g. Compton thick sources not reed to be such by
the diagnostic tools ayior objects with part of the X-ray emission absorbed by
parsec scale clumpy material detected in a lowdthte (se€3.4, and the case of
NGC 4388, Elvis et al. 2004).

However, if a trend of type Il Seyfert galaxies having lowealdihigton ratios
than type | ones is present, this would have several integegnplications: for
example it would nicely confirm a model proposed by Nicas2@0Q) that relates
the formation of the broad emission lines of active galacticlei to the accretion
rates, i.e. for very low accretion rates the BLR would no lemgxist. More data
are needed to have a complete sample and statistically wothfase findings.

In Fig. 4.9, Compton thick corrected X-ray luminosities édween plotted
against black hole mass. No correlation is found betweeseti@o parameters.
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Figure 4.8: Left panel: Distribution of the log of black hateasses in unit of solar
masses . Right panel: Distribution of the log afdl/Leqq ratio, assuming that
Leo/Lx ~ 30. In both panels the shaded areas represent the disiriboftitype 1
Seyferts only.

The same considerations can be applied whgaht [Olll] luminosities are plot-
ted against My, i.e. no correlation with My is observed, which is an expected
result given the correlation of these quantities with thea}{duminosity. Some pre-
vious studies found a correlation between the AGN lumirycesitd Mgy (Koratkar
& Gaskell 1991, Kaspi et al. 2000), however this result isgneement with that
found by Pellegrini (2005) for a sample of SMBH in the localwanse for which
Chandra nuclear luminosities were available. Also Woo &U&002) found no
correlation between bolometric luminosity and black holasses. Interestingly,
neither is radio emission correlated to black hole massamhyenuclei (Ho 2002).

| have over-plotted k as a function of My for Eddington ratios of 1.0, 0.01
and 10 (solid lines in Fig. 4.9). Woo & Urry (2002) have shown thaighbit lo-
cal AGN normally show Eddington ratios which span three mdd# magnitude
down to Lgo/LEdq ~ 1072, while at higher redshifts the Eddington ratios distribu-
tion is narrower, i.e. ko/Legq peaks at around/3 with a dispersion of 0.3 dex
rms, as recently shown by Kollmeier et al. (2005) for a sarpl&GN discovered
in the AGES Survey covering a redshift range of 0.3-4. Indeedst of theX-
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Figure 4.9: Log of 2-10 keV luminosity versus log of blackénahass (symbols as
in fig 4.6). Compton thick candidates are plotted as stars.sttid lines show the
L, 1kev @s a function of the black hole mass for Eddington ratios @fhd 0.01.

C fAsources are radiating at very low Eddington ratios if coragavith luminous
AGN. The low Eddington ratios observed here sare even lofatkeibolometric
correction considered is that of LLAGN. At such low Eddingtatios, radiatively
inefficient accretion is normally invoked as the putative medrarfor the produc-
tion of the observed emission.

For example, in Merloni et al. (2003) theLikev/LEeqq ratio for an hetero-
geneous sample of AGN and stellar masses black holes rargaslfto 108.
These authors delineate a range of dgev/LEgq ratios in which the accretion
mode changes from a radiativelyfieient to a radiatively inficient one below
1072 and above- 0.7. According to these claims, most of our sources would be
powered by radiatively irfeicient accretion. Finally, note that in Fig. 4.9 Compton
thick sources populate the upper part of the plot, at higligirigjton ratios, while
only one source hasdg/Leqq < 1073; this is probably a selectionffect, since
Compton thick sources with an observesl lgev < 10° erg s would probably
be undetectable in X-rays.
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4.6 Summary of the results obtained on the emission mech-
anism

The intrinsic nuclear X-ray luminosities of the Seyfertayaés in the local
Universe span nearly five orders of magnitude, down & &€ys in the 2-10 keV
energy range.

After taking into account the presence of Compton thick cisjen which the
nuclear emission is heavily reduced by absorbing matesiedng correlation be-
tween X-ray and optical line emission luminosities wereniu This suggests a
link between the X-ray emission and the ionization radratichich holds also at
very low luminosities. In luminous AGN, the Uwdptical radiation has the form
of a "big blue bump” feature (Elvis et al. 1994), commonly retied by a geo-
metrically thin accretion disk working in a radiativelyfieient regime (Shakura &
Sunyaev 1973) while the X-ray emission is produced by Conipation of soft
photons in a hot corona (Haardt & Maraschi 1991). On the dthed, it has been
shown that some LLAGN lack this "big blue bump” feature (H®®® Such ob-
servational evidence combined with the low Eddington satiommonly observed
in LLAGN, has lead many authors to invoke advection-dormddadccretion flow
models (ADAF, Narayan & Yi 1994) and their variants to modwtit spectral
shape.

As a matter of fact, ADAF models work in a radiatively fieient regime at
sub-Eddington ratios (k 0.01-0.1lgqq) and can reproduce the lack of UV excess
observed in the SED of LLAGN. However, also radiativeBi@ent standard ac-
cretion disks are stable at low Eddington ratios down te L0 8Lgqq (Park &
Ostriker 2001) and can reproduce the shape of the LLAGN Sk&eghe temper-
atures of a multi-colour disk scale with*/* (Ptak et al. 2004).

Moreover, thd” vs. R relation obtained for tHRe ppoS AXample makes plau-
sible a scenario in which the two mechanism co-exist wiffedent relative impor-
tance depending on the accretion rate (Merloni 2006). kigbéenario, in fact, the
accertion disk is able to deeply penetrate the hot phaser{aar ADAF flow) that
surrounds the SMBH. Being so, the emission is dominated &gthndard "two-
phase” X-ray emission. On the contrary, when the accrett@ decreases, the
hot-phase no more surrounds the accretion disk that caeaohes the innermost
regions and the X-ray emssion is dominated the ADAF compionen
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Here it was also found that the X-ray versus optical emiskr@ncorrelations
scale with luminosity, so that low luminosity Seyfert gatsxappear to be a scaled-
down version of classical AGN. The observed optical emisBiwe spectra suggest
that the amount of UV radiation produced idistient to ionize the NLR. However,
if Seyfert galaxies with very low luminosities in the-C f Asample actually lack
a "big blue bump” feature, as sometimes observed in LLAGNntAn additional
source of UV photons must be invoked which means that the AGNpbotons
are not the only contributors to the ionizing radiation, iradiation produced in
circumnuclear starburst could contribute significantlyhi® observed emission line
fluxes.

A similar scenario has been proposed by Contini (2004) folCN\d579, in
which both line and continuum emission are explained by guomite model which
accounts for the presence of an AGN, a jet which interacts thi¢ ISM creating
shocks, a starburst offtierent ages and Hll regions. Moreover, some authors have
shown that the observed emission line ratios in AGN may bedywed by both a
thermal or a non-thermal opti¢ghlV continuum (Keel & Miller 1983, Martins et
al. 2003). Indeed, to constrain the spectral shape of thmsees and compare it
with theoretical models, it is necessary to properly subtch//optical data for the
Galactic emission and have multi-waveband observations.

In summary, the results obtained on this topic can be listefdlow:

¢ a higly significantl” vs. R relation was found using tH&eppoS AXsam-
ple, thus implying that the thermal Comptonization is preése the core of
Seyfert galaxies to produce X-rays;

e both Lx vs. Ly, and Lx vs. Ljon correlations are highly significant in
the X—C f Asample, indicating that the X-ray emission and the UV iorgzi
radiation are linked.

¢ Both correlations scale with luminosity, i.e. they haveikinslopes of more
powerful objects, suggesting that low luminosity Seyfatagies are pow-
ered by the same physical processes which operate in brigd such as
QSOs.

¢ No correlation is found between nuclear luminosity ang{Mn agreement
with some previous studies (Woo & Urry 2002, Pellegrini et24105).
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e L/Lgqq ratios span three order of magnitudes down tlgqq ~ 1077,
indicating that most of our sources are accreting at veryHddington ratios.

Overall our results suggest that Seyfert nuclei in our sarap consistent with
being a scaled-down version of luminous AGN, except for allsfrgection of ob-
jects having luminosities in the 30- 10° erg s* range and which show evidences
of stellar processes as the underlying agent responsibtbdactivity.
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Chapter 5

Key study objects: i) Mrk 509

In the previous sections it was tested that, at least at tteetheorder, the UM
is a valid geometrical framework within which we can intetpthe observational
evidences obtained in studying the Seyfert galaxies. |@ained indications§@
and §4) that a cold accretion disk could extend, at least in thghbeist sources,
close to the last stable orbits. Thus | must expect that tlaivistic effects pre-
dicted to occur in such conditions (sé&.3.3 ans§1.4.3), have to be detected. |
ahould also expect that thesegts can be used to trace the flow dynamics around
the SMBH. Nonetheless, it must be recalled here that reesnits indicated that
the matter flow close to the SMBH is not limited to the accretibsk. Several
detections of red- and blu-shifted resonant absorptiasland of shifted emission
lines obtained in the recent past, strongly support the idef close to SMBH,
radial motions both in in- and out-flows must to be present.

To study asuch phenomenons, here | focused on three welbdefase stud-
ies: Mrk 509, NGC 3783 and IRAS 13197-1627. The first two disjece type |
Seyfert galaxies while the latter is a Seyfert 1.8 (i.e. atilpbject). These ob-
jects were chosen since in their X-ray data were alreadyrebddints of ionized
abosrption lines (MKN 509, NGC 3783, IRAS 13197-1627, Dad# al. 2005,
Reeves et al 2004, Dadina & Cappi 2004), hints of variabiitythe broad and
gravitationally redshifted component of the Fek line (NGIB3, De Marco et al.
2006), evidences of variability of the narrow resonant Fsogttion line (MKN
509, Dadina et al. 2005), and traces of extreme reflectiofpaatbsorption prop-
erties (IRAs 13197-1627, Dadina & Cappi 2004). In few wottig, three sources
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showed both evidences of extreme relativisti®ets in the X-ray band where the
iron line is expected to be observed gordn the reflection continuum.

5.1 The case of Mrk 509

Mrk 509 (z=0.034397) is the brightest Seyfert 1 of the hard (2—100 keVayx
sky (Malizia et al. 1999; Revnivtsev et al. 2004; Sazonovi.eR@07) that is not
strongly dfected by a warm absorber component (Pounds et al. 2001; ¥asoo
al. 2003). The HETG observation confirms the presence of @mwaromponent
of the Fe K line with an equivalent width (EW) of 50 eV (Yaqoobat 2004).
The presence of a second ionized component of the Fe K ling/a6® keV has
been claimed by Pounds et al. (2001) who fitted this featuiregLe relativistic
profile. Page et al. (2003) showed that the same spectralréeatas consistent
with a simple Compton reflection component from distant miate The broad—
band spectrum and, in particular, the soft excess, have fittethby De Rosa et
al. (2004) with a reflection component from a ionized discddition to a neutral
reflection component. Finally, Dadina et al. (2005) foundlerce of absorption
due to transient, relativistically red—blue— shifted iad matter.

Here | present the spectral and variability analysis of tmplex Fe K band
of Mrk 509, using the whole set ¥MM-Newtonand observations.

Section 5.2 describes the observations and the data redutti Sect. 5.3 the
spectral analysis of the EPIC-pn data of the Fe K band (usirgn@menological
models) is presented. In Sect. 5.3.3, to check for the peesehan absorption
line, the EPIC-MOS data have also been considered. In Seg# the spectral
variability analysis, within th&XMM-Newton observations, is presented. Sect. 5.4
describes the spectral analysis of the Fe K band of the sunfKi&d+XIS3)
data and the detailed comparison with the spectrum acctedutiring theXxMM-
Newton observations. In Sect. 5.4.1 the HXD-pin data are introduoeorder
to estimate the amount of reflection continuum present insthece spectrum.
Finally, a more physically self-consistent fit of the EPIGejpa of all the EPIC
instruments (EPIC-pn plus the two EPIC-MOS) is investiddteSect. 5.5. The
results of this analysis are discussed in Sect. 6, followecbimclusions in Sect. 7.
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5.2 Observations and data reduction

Mrk 509 was observed 5 times BMM-Newtonon 2000-10-25, 2001-04-20,
2005-10-16, 2005-10-20 and 2006—-04-25. All the obsenstiere performed
with the EPIC—pn CCD camera operating in small window olisgrimode and
with the thin filter applied. The total pn observation timefsabout 260 ks. Since
the live—time of the pn CCD in small window mode is 71 per ctrg,net exposure
of the summed spectrum is of about 180 ks. The analysis hasrbade with the
SAS software (version 7.1.0), starting from the ODF filesigi& and double events
are selected for the pn data, while only single events ar fasehe MOS camera
because of a slight pile—ugfect. For the pn data | checked that the results obtained
using only single events (that allow a superior energy ta&ml) are consistent
with those from the MOS, finding good agreement. The sourcebackground
photons are extracted from a region of 40 arcsec within thre<2CD of the source
both for the pn and MOS data. Response matrices were gethersiteg the SAS
tasks RMFGEN and ARFGEN.

observed Mrk 509 four times on 2006—-04-25, 2006-10-14,-20D615 and
2006-11-27. The la¥MM-Newtonand the first observations overlap over a pe-
riod of ~ 25 ks. Event files from version 2.0.6.13 of the pipeline pssasy were
used and spectra were extracted using XSELECT. Responseasatnd ancillary
response files were generated for each XIS using XISRMFGENKEBRSIMARF-
GEN version 2007-05-14. The XIS1 camera data are not coesitiere because
of the relatively low €ective area in the Fe K energy interval, while the XIS2 is
unavailable for observations performed after Novembe620Qsed the data ob-
tained during the overlapping interval to check whethe&R¢C pn and MOS data
on one hand and the XIS0 and XIS3 data on the other hand aresteorswithin
the inter—calibration uncertainties. | found an overabbg@agreement between the
data from the two satellites, the parameters related to #ia iron emission fea-
tures and the power—law continuum being the same withinrtloess(except for the
XIS2 camera above 8 keV). The total XIS observation time muali08 ks. The
source and background photons are extracted from a regidr8arcmin within
the same CCD of the source. For the HRIN, instrumental background spectra
and response matrices provided by the HXD instrument team b@en used. An
additional component accounting for the CXB has been ireglud the spectral fits



82

Mrk 509
T s
5 S o .
= L ’%(
2 [ i
o ,*
S
[ |
)
w2
\
wl
= v L _
= o
(o]
(&)
o I . I . I . I . I
0 2x<10° 4=<10° 6x10° 8x10°

Figure 5.1: 3.5-10 keV EPIC—pn light curves of iiBIM-Newton observations.
The abscissa shows the observation time in seconds. Théditween the dierent
observations is arbitrary. The black, red, green, blue &ynd blue show the light
curves during the 2000-10-25, 2001-04-20, 2005-10-16-209-20 and 2006—
04-25 observations, respectively.

of the PIN data.

All spectral fits were performed using the Xspec softwareqjom 12.3.0) and
include neutral Galactic absorption (4207° cm2; Dickey & Lockman 1990), the
energies are rest frame if not specified otherwise, and tiveseaire reported at the
90 per cent confidence level for one interesting parameteni(2976). The sum
of the spectra has been performed with the MATHPHA, ADDRME ADDARF
tools within the HEASOFT package (version 6.1).

5.3 Fe Kband emission of Mrk 509: theXMM-Newton data

The primary goal of this investigation is the study of the Fdine band;
therefore, in order to avoid thefects of the warm absorber (although not strong;
Yaqgoob et al. 2003; Smith et al. 2007) and of the soft excessn¢entrate on the
analysis of the data in the 3.5-10 keV band only.

Figure 5.1 shows the source light curve in the 3.5-10 keVggnband ob-
tained from theXMM-Newton pointings. Mrk 509 shows variations of the order of
~30 per cent over the fierent observations, while almost no variability is detdcte
within each observation. Only during the fourth observative source shows sig-
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nificant variability, with a mean fractional rms of about 4.0

| start the analysis of thEMM-Newton data considering the spectra from the
EPIC-pn camera only (including the EPIC-MOS data only wherhack of the
significance of a feature is required; see Sect. 3.3). | h#texlfa simple power
law model to the 3.5-10 keV data and found that the spectdaixisteepens with
increasing flux. It goes from 1.540.03 to 1.72:0.03 for fluxes of 2.51071! and
3.3x10 M erg cm? s71, respectively (3.010°11 — 4.3x10° ! erg cnm? 571, in the
2-10 keV band).

| firstly phenomenologically fitted the Fe K complex of eachgs observa-
tion with a series of emission-absorption lines (see §&8.3) and checked that
the results on the parameters of Fe K complex obtained in ebsérvation are
consistent within the errors (not a surprising result imtigf the low statistics of
the single spectra and weakness of the ionized feature§s5séd). Hence, | con-
cluded that the continuum variations do not strongfeet the observed shape of
the narrow—band emissitabsorption structures in the Fe K band. Thus, in order
to improve the signal—to—noise ratio and thus to detail the $tructures of the Fe
K band, the spectra of all théMM-Newton observations have been summed (see
§5.3.4 for the study of the source spectral variability). Shenmed mean EPIC—pn
spectrum has been grouped in order to have at least 1000sdougdich data bin.
Moreover, this binning criterion ensures to have at least&@—points per keV
in the 4-7 keV band, where the Fexrkcomplex is expected to contribute. This
guarantees a good sampling of the energy resolution of #teliment and the pos-
sibility of fully exploiting the spectral potentials of tHePIC instruments. Figure
5.2 shows the ratio between the data and the best—fit poweiTlagvenergy band
used during the fit has been restricted to 3.5-5 and 8-10 kRel/der to avoid the
Fe K band, hence measuring the underlying continuum.

The resulting best—fit power—law continuum has a photonxiredel.63+0.01
and very well reproduces the source emissjgt=(70.0 for 163 degrees of free-
dom, dof) outside the Fe K band. The inclusion of the Fe K bdmvs that other
components are necessary to reproducg?i753.9 for 307 dof). The bad statisti-
cal result is explained by the presence of clear spectraptmxity in the 6—7 keV
band.
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Figure 5.2: (Upper panel) Observed—frame 3.5-10 keV summetMM-
Newton EPIC—pn spectrum fitted in the 3.5-5 and 8-10 keV band withveepo
law. (Panel a)Datagmodel ratio. This ratio shows a clear evidence for a neutal F
K emission line and further emission from ionized Fe, as aslbther complex-
ities around 7 keV(Panel b)Datgmodel ratio when two resolved emission lines
(for the Fe kx and KB) are included in the spectral fitting. Strong residuals are
still present, indicative of ionized Fe K emission, while msidual emission red-
ward of the neutral Fe K line appear@anel c)Datagmodel ratio when a narrow
emission line is included in the model to reproduce the ethiemission.(Panel

d) Same as panel c, but with a single broad emission line ingttadharrow line.

In both cases (panel c and d), an absorption feature is pgrasmamd 7 keV(Panel

e) Datgmodel ratio when an absorption component (modeled usitg) and a
relativistic ionized line are added to the power law and timéseion from neutral
Fe K.



Fe Ka line flux (ph cm? s?)

5.3 Fe K band emission of Mrk 509: theXMM-Newton data 85

LA e e e e e e N H S T L T T T
I &
o f ~ 9 .
&L 1% &
I s &
b ~ ;I ~ -
x %
& o
[ TE <
N ¥ 8L i
g &
[ R ol vy v v by v by
0.1 0.15 6.7 6.8 6.9 7 7.1
Fe Ka line width (sigma, keV) Fe K line Energy (keV)

Figure 5.3:(Left panel)Contour plot of the sigma vs. intensity of the neutral Fe
K line. (Right panel)Contour plot of the energy vs. intensity of the narrow line
used to fit the ionized Fe K emission. The narrow line energyoisconsistent
with emission from Fe XXV (neither with the forbidden at 6 K&V, nor with the
resonant at 6.7 keV), Fe XXVI or Fedwhose energy is indicated by the vertical
dotted lines (from left to right).

5.3.1 The 6.4 keV emission line

Panel a of Figure 5.2 shows the clear evidence for a promimigsion line,
consistent with a neutral FedKline at 6.4 keV. | therefore added a Gaussian
emission line to the model, obtaining a very significant ioygment of the fit
(Ax?=392.1 for the addition of 3 d.o.f.). The bestfit energy oflihe is 6.42-0.02
keV, consistent with emission from neutral or slightly iemil material. The line
has an equivalent width of 88 eV and is clearly resolved&0.12:0.02 keV), as
shown by the contour plot in the left panel of Figure 5.3.

The residuals in panel b of Fig. 5.2 show no excess redwardi®Emission
line, which could have been indicative of emission fromtieistically redshifted
neutral material.

5.3.2 The ionized Fe K emission line

An excess is, however, present in the range 6.5-7 keV (FR). panel a). If
modeled with a Fe K component with the expected energy (fixed at 7.06 keV)
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and forced to have an intensity of 0.15 of the Palmeri et al. 2003; Basko 1978;
Molendi et al. 2003) and a width equal to the Fe ke (i.e. assuming that thed
and K3 line originate from one and the same material), the fit impsmsignificantly
(Ax?=20.3). Nonetheless, significant residuals are still presetie 6.5-6.9 keV
band (panel b of Fig.5.2). If this further excess is modeldttt a narrow Gaussian
line (Ay?=25 for 2 additional d.o.f.), the feature (E¥¥2+4 eV) is found to peak
at E=6.86+0.04 keV (see panel ¢ of Figure 5.2 and right panel of Fig..5[8us,
the energy centroid is not consistent with the line beingdpoed by either Fe
XXV or Fe XXVI (right panel of Fig. 5.3) in a scattering mediudistant from
the X-rays source (Bianchi et al. 2002; 2004). The highergn&ansition of the
Fe XXV complex is the "resonant line” expected at 6.7 keV (sap Bianchi et
al. 2005b). Thus, to save this interpretation, it is reqliteat the photo-ionized
gas has a significant blueshift§700 knijs, if the line is associated to Fe XXV)
or redshift 4500 knjs, for Fe XXVI). Then, instead of fitting the ionized excess
with a single line,l fitted it with two narrow lines forcing éfr energies to be 6.7
and 6.96 keV. The fit clearly worseng?=326.7 for 302 dof, corresponding to a
Ax? = —-10.1 for the same d.o.f.).

However, if the gas is allowed to be outflowing, the fit imprev&y?=4.3 for
the addition of 1 new parameter?=312.3 for 301 dof; the EW are 8.9 and 12.4 eV
for the Fe XXV and Fe XXVI lines, respectively) as respecthe single narrow
emission line and it results to have a common velocity of 3_% kmy/s.

Alternatively, the excess could be produced by a singledlioa coming from
matter quite close to the source of high—energy photonshi{gndase the Fe K
emission is composed by Fersp plus another Fe K line). Leaving the width of
the line free to vary, the fit improves, wiif=311.1 (panel d Figure 5.2) arig?
of 5.5, with respect to the single narrow ionized emissioe fit, andAy? of 1.3
for the same dof with respect to the best—fit model with twaavarionized lines.
The resulting broad ionized Fe K line has E®8+9 eV ando=0.14"213 keV.

*.0.08
The best-fit energy of the line does not change significaf6(86 7 keV);
however, in this case the emission is consistent (at the ©8gue confidence level)
with either Fe XXV or Fe XXVI. Although the statistical imprement is not highly
significant, in the following | will consider that the6.8—6.9 keV excess is indeed

associated with a resolved emission line.
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5.3.3 lonized absorption?

The XMM-Newton data display a narrow absorption feature af7EkeV (ob-
served frame; see Figure 5.2, panel d). Since this featwerysclose to the broad
excess discussed in the previous section, its significandendensity are degen-
erate with the broad emission—line parameters. In ordeaito gpme insight, the
broad emission—line parameters have been fixed at the bestiuiés obtained be-
fore the addition of a narrowr(fixed at 1 eV) Gaussian absorption line component.
In this case, the line is significant at th@9 per cent confidence level (dashed con-
tours of Fig. 5.4Ay2=15.5 for 2 additional parameters; see also panel e of Fig. 2).
Once the MOS dataare added, the significance of this feature increases to 99.9
per cent (solid contours of Fig. 5.4), in both cases, of adea of a narrow ion-
ized emission line. The best fit energy and EW of the line aré.28-%% keV and

0.02

EW=-14.932 eV, E=7.33092 keV and EW=-13.153 eV, in the pn alone and in

the pntMOS, respectively.

5.3.4 Time resolved spectral variability and total rms spetrum

To measure possible variations in the Fe K band, the mean-BRI€pectra
of each of the XMM-Newton observations have been studied. The spectra are
fitted with the same model composed by a power law plus thrégsem lines for
the Fe kr, KB (with the width fixed at the best—fit value;=0.12 keV) and the
broad ionized Fe K line. The low statistics of the spectranefdingle observations
prevents us from the detection of significant spectral adiig of the weak ionised
emissiorabsorption lines. The neutral Fe K line is better consthiaed its EW
is found to be anti—correlated with the level of the contimywas expected for a
constant line.

A different, more sensitive, way to detect an excess of spectiabildy is the
total rms function. The upper panel of Fig. 5.5 displays th&pe of the summed
spectrum in the Fe K line band. The lower panel shows the tatal spectrum
(Revnivtsev et al. 1999; Papadakis et al. 2005) calculatigd tisne bins of~4.5

1The shapes of the emissjabsorption lines in the MOS instruments appear slightlyoveer,
although consistent with the values obtained with the ptrunsent.
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Figure 5.4: Superposition of the pn (green), MOS1 (black) M0S2 (red)
summed spectra of all thEMM-Newton observations. The data are fitted, in
the 3.5-5 and 8-10 keV bands with a power law, absorbed byctBalaaterial.
The same structures are present in the three spectra. laubarta narrow drop

of emission is present in all the instruments at the sameaygrfsee vertical dotted

line). (Inset panel)XConfidence contour plot of the intensity vs. energy of the nar

row unresolved ionized absorption when using the pn datsedldashed contours)
and including the MOS data as well (solid contours). Thedlimglicate the 68.3
(black), 90 (red), 99 (green) and 99.9 (blue) per cent confiddevels.
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ks. The total rms is defined by the formula:

VS2(E)- < ody >

RMS(E) = AE « arf(E)

(5.1)

where $ is the source variance in a given energy inte&; < o3, > is the
scatter introduced by the Poissonian noise arids the telescopeftective area
convolved with the response matffix This function shows the spectrum of the
varying component only, in which any constant componenemaved and has
been computed by using thefidirentXMM-Newton observations as if they were
contiguous. The total rms spectrum may be reproduced by adaw with a spec-
tral index of 2.13 £?=46.4 for 43 dof). Thus, the variable component is steeper
than the observed power law in the mean spectrum, in agrdenignthe men-
tioned observed steepening of the photon ind®w(ith flux. TheI'-flux correla-
tion is commonly observed in Seyfert galaxies and has bderpieted as being
due to the flux-correlated variations of the power-law slppeduced in a corona
above an accretion disc and related to the changes in thé sofiuseed photons
(e.g. Haardt, Maraschi & Ghisellini 1997; Maraschi & Haat@97; Poutanen &
Fabian 1999; Zdziarski et al. 2003). These models predicptesence of a pivot
point, that would correspond to a minimum in the total rmscépen. The obser-
vation of a perfect power law shape (see Fig. 5.5) indicdtasthe pivot point (if
present) has to be outside the 3—10 keV energy band. On thelahd, the slope-
flux behaviour can be explained in terms of a two-componerdeh@icHardy,
Papadakis & Uttley 1998; Shih, lwasawa & Fabian 2002) in Wwhacconstant-
slope power law varies in normalization only, while a hardemponent remains
approximately constant, hardening the spectral slopenaflioc levels only, when
it becomes prominent in the hard band. In this scenario tbetsgd index of the
variable component is equal to the one of the total rms spegtthat isT'=2.13.
Moreover, at the energy of the neutral and ionized Fe K limapanents there
is no hints of variability (Figure 5.5), in agreement witlede components being
constant, while an indication for an excess of variabilitypiesent around 6.7 keV.

2The total rms spectrum provides the intrinsic source spectf the variable component. Nev-
ertheless, we can only measure the variance as observedjthtioe instrument. Thus, the sharp
features in the source spectrum, as well as ffects of the features on th&ective area, are broad-
ened by the instrumental spectral resolution. For thisamat® obtain the total rms spectrum, we
must take into account the convolution of tHeeetive area with the spectral response.
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Figure 5.5:Lower panel:Total rms variability spectrum of th§MM-Newton ob-
servations. The data (blue crosses) show the spectrum ehtreble component.
The best—fit model is a power law with spectral indéx2.18 (red line) plus a
Gaussian emission line (improving the fit By? of 8.9 for the addition of 2 pa-
rameters). The dashed line highlights the centroid endrthemeutral Fe i line,
while the dotted line is placed at the maximum of the varigb#éxcess, modeled
with the Gaussian emission line. The excess variabilityrggneorresponds to a
drop of emission of the real spectrum.

To compute the significance of this variability feature, ao& Gaussian line has
been added to the modelling of the total rms spectrum. Thetitesnergy of the
additional line is 6.69 keV, with a fixed at the instrumental energy resolution,
while the resultingAy? is 8.9 for the addition of 2 parameters (that corresponds
to an F-test significance of 98.8 per cent). Introducing the, Ithe continuum
spectral index steepens fo~ 2.18. The dashed line in Figure 5.5 highlights the
centroid energy of the neutral Fexine, while the dotted line (at6.7 keV, rest
frame) is placed at the maximum of the variability excesss €hergy corresponds
to a drop of emission in the real spectrum, as | shall discagwadre detail in
Section 5.5.
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5.4 The view of the Fe K band emission

As mentioned ir§5.5.2, the source was also observed with Suzaku. The first 25
ks observation is simultaneous with the IX81M-Newton pointing. The source
spectra of all the instruments are in very good agreemenpglthe simultaneous
observation. The spectrum is also consistent with the poesef the emission and
absorption lines, as observed in the mé@M-Newton spectrum, nevertheless,
due to the low statistics of the 25 ks spectrum and the weakokthe ionized
features, it is not possible to perform a detailed comparisonly the presence
of the strong Fe K line can be investigated, the ionized emission and absorpti
lines are not constrained in the 25 ks exposure.

Also during the 4 pointings, Mrk 509 has shown little varlagi with flux
changes lower than 10-15 per cent, hampering any spectiabiity study. Fig-
ure 5.6 shows thXMM-Newton (black) and XIS@XIS3 (red) summed mean
spectra. The data were fitted, in the 3.5-5 and 7.5-10 keVshavith a simple
power law and Galactic absorption: the ratio of the data &lest fit model is
shown in Figure 5.6. The source emission varied betweeiXkigl-Newton and
the observations. The bestfit spectral index and the 3.ke¥(and fluxes are:
'=1.63:0.01 andl'=1.71+0.02 and 2.6810!! and 3.1k10°1! ergs cm? s,
during theXMM-Newtonand observations, respectively. The neutral and ionized
Fe K emission lines appear constant, while sonfi@génces are present at 6.7 keV,
the same energy where thiéIM-Newtondata were suggesting an increase of vari-
ability. Other more subtle ffierences appears-af7 keV, where the absorption line
imprints its presence in théMM-Newtondata only.

The spectrum of Mrk 509 shows, in good agreement wittikid-Newtonone,

a resolved neutral Fe K line smoothly joining with a higheemgy excess, most
likely due to ionized iron emission (see Fig. 5.6). Giventtha absorption lines
around 6.7 keV or 7.3 keV are present in the data, the spectraynbe useful to
infer the properties of the emission lines more clearly.

The XISO+XIS3 summed spectrum has been fitted in the 3.5-10 keV band
with a power law plus two resolved Gaussian emission lingsgooduce the emis-
sion from Fe Kv+8. The parameters of the Fexdine are free to vary, while the Fe
K ones are constrained as§h.3.2. This fit leaves large residualg£1379.8 for
1337 dof) in the Fe K band. In this respect, it ihdult to describe the-6.5 keV
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Figure 5.6:XMM-Newton (black) and XIS@XIS3 (red) summed mean spectra.
The data are fitted, in the 3.5-5 and 7.5-10 keV bands, witmplsipower law,
absorbed by Galactic material, and the ratio of the data eédbtst fit model is

shown. The arrows mark absorption features in the spectrum.

excess with a single narrow ionized Fe line (either due to K& Xr Fe XXVI).

In fact, although the addition of a narrow line is significéf?=20.1 for 2 more

parameters), it leaves residuals in the Fe K band. This réntaexcess can be

reproduced £y?=5.9 for 1 more parameter), in a photoionized gas scenaria, by

blend of two unresolved ionized lines, requiring three aiis lines to fit the Fe
K band (Feky+B, Fe XXV and Fe XXVI). In this case, such as in the analysis
of the XMM-Newton mean spectrum, a blueshift of this component is suggested

(v=2600289 km

2000

s1). However, the best—fit model (this scenario is strengttiene

by the lack of narrow peaks) suggests that the excess may faetiassociated
with a broad ionized Fe line (over which the6.7 keV and~ 7.3 keV absorp-
tion lines are most likely superimposed, but during XMM-Newton observation

only). In fact considering a broad Fe line instead of the tagoaow lines | obtain

an improvement ohy?=9.7 for the same dof (see Table 5.1, model A).



3.5-10 keV BEST-FIT SPECTRA
Suzaku
r pl nornf ENeut O Neut ANeulb (EW)C Eion. Tion/lin AIon.b (EW)C Xz/dOf
keV keV keV keVrg
A 1.72+0.02 1.120.02 6.42:0.03 <0.06 1.%405(32) 6.540.09 0.4@0.1 4.6:1.2 (90) 13441340
B 1.72+0.02 1.120.02 6.42:0.02 <0.07 2.1:0.5(40) 6.6%0.08 24:10 3.40.8(79) 13441340
Self-consistent model
XMM-Newton
r pl nornf Eneut O Neut ANeutb Incl. 3 ARefllon.b
keV keV deg ergcmd
C 1.70:0.01 0.920.04  6.4%0.01  0.020.01 2.2:0.3 472 11200 0.9°32
Ny log(€) z x?/dof
58752 515325  -0.04840%12  894.3876

Table 5.1: Top panel: Best—fit values of the summed spectra (X¥3X0S3) of all observations fitted in the 3.5-10 keV band. Both
model A and B include a power law and two Gaussian lines-Kto fit the 6.4 keV excess. In addition to this baseline modéige
another Gaussian component (Model A) ddESKLINE profile (Model B) have been added to reproduce the ionizey liespectively.

In Table the best—fit power law spectral ind&} &nd normalization as well as the Fe knergy, width and normalization are reported
for model A and B. The energy, width and normalization areoreggl when a Gaussian profile for the ionized Fe K line is aarsd
(Model A), while the best fit energy, inner radius and norzetion are presented whem#SKLINE profile is fitted (Model B). Standard
disc reflectivity index, outer disc radius and disc inclioatof @ = 3, ro,t = 400 Iy and 30 have been assumed for the relativistic profile.
Bottom panel:Best fit results of the summexMM-Newton EPIC-pn and EPIC-MOS data of Mrk 509 (fitted in the 3.5-10 keMid).
The model yvabs*zxipcf*(powzgaus-zgaus-pexravkdblur*(reflion))) consists of: i) a power law; ii) two Gaussian emission lifas
the Fe Ky and KB emission (this latter has energy is fixed to the expectedeyalid6 keV, intensity and width tied to thexkalues); iii)

a neutral reflection continuum componepexravin Xspec) withR=1 (value broadly consistent with the pin constraints andviiiees

previously observed; De Rosa et al. 2004), Solar abundamténigh energy cut fd of the illuminating power law at 100 keV; iv) a
ionized disc reflection spectrumeflion model; Ross & Fabian 2005) with the disc inner and outer aatii the emissivity of 6, 40Q;r
and-3, respectively. The best fit disc inclination and ionizatamd the normalization of the disc reflection component laog/g; v) an
ionized absorption componermpc) totally covering the nuclear source. The best fit columrsitgnionization parameter and outflow
velocity are reporteda) In units of 102 photons keVt cnt2 s1 at 1 keV; b) In units of 1P photons cm? s ¢) In units of eV; d) In
units of 162 atoms cm?.
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Thus, the data indicate that the broad excess at 6.5-6.6keMaed due to
a broad line rather than a blend of narrow ionized Fe linesceSbroad lines may
arise because of relativistidfects in the inner regions of the accretion flow, we
tested this hypothesis by fitting the excess at 6.5-6.6 kdk awdiskline profile.
The statistics of the spectrum is not such to allow us to caimstll the parameters
of the ionizeddiskline model. Thus, the disc reflectivity index has been fixed at
the standard valuex(= —3, where the emissivity is proportional t&), the outer
disc radius and inclinations to 400 gravitational radj) @nd 30, respectively. The
broad line is consistent with being produced in the acanedisc (Table 5.1, Model
B); however, the emission from the innermost part of the @iswt required, the
lower limit on the inner disc radius being 10-1% rAs clear from Fig. 5.6, the
data do not require any ionized Fe K absorption structures.

In order to quantify the dierences between the addiM-Newton spectra
(and, in particular, the reality of the absorption struetuat 6.7 and 7.3 keV appear-
ing in the XMM-Newton spectrum only) | fixed all the parameters of the model
(apart from the intensity and spectral index of the direatgolaw) and fit the
XMM-Newton data with that model. This corresponds to assuming thanthie-
sic line shapes do not vary between the two observations, Bhearrow Gaussian
line has been added to tbdIM-Newton model to estimate the significance of the
putative absorption structures. The improvement in thetsplfitting is evident,
as indicated by th&y?=28.3 and 22 in the case of a line at&72+0.04 keV and
E=7.29+0.04 keV, respectively. The presence of these spectralrg=abnly in the
XMM-Newton observations is thus indicative of variability at energie€s6—-6.7
and~7.3 keV.

5.4.1 TheSuzaku pirdata to constrain the reflection fraction

| add thepin data to measure the amount of reflection continuum. androbtai
that thepin data provide a good quality spectrum up to 50 keV. The modedi us
involves a direct power law plus a neutral reflection compbripexravmodel in
Xspe¢Magdziarz & Zdziarski 1995) plus the Fexds resolved lines and a broad
(DISKLINE) component of the line. As for model B fix some of tharameters of
the DISKLINE profile (disc inclinatior30°, ro,+=400 Iy anda=-3). Moreover |
assume a high—energy cuf of 100 keV and Solar abundance. Thus, by fitting the
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3-50 keV band data, | obtained a reflection fracfoa 0.4*05 and a spectral index

I=1.76'322. The total EW of the emission lines above the reflected coatim

(about 1.2 keV) is broadly consistent with the theoretiogleetations (Matt et
al. 1996) and with what observed in CT Seyfert 2 galaxies, raliiee primary

continuum is absorbed and only the reflection is observedeiteeless, also for
this source, as already known from previous studies (Zsgkiiat al. 1999), the
spectral index and the reflection fraction are degeneratstmongly depend on the
energy band considered. In fact, if the 2-10 keV band is dened, the reflection
fraction increases, resulting to IRe=1.1"52

I'=1.88"233. The total EW of the Fe emission lines above the reflectedmamt

are about 750 eV. Again these values are broadly in agreewitinexpectations
(Matt et al. 1996).

and the power—law photon index of

5.5 A physically self-consistent fit: possible origin of the
spectral features

The analysis of thKMM-Newton and data shows evidence for the presence
of: i) a resolved, although not very broad; ¢0.12 keV) neutral Fe k line and
associated Fe Kemission; ii) an ionized Fe K emission line inconsistenthwit
emission from a distant scattering material at rest and tikady produced in the
accretion disc; iii) an absorption line a?.3 keV, present in the summed spectrum
of all XMM-Newton observations only; iv) an indication for an enhancement of
variability - both by considering thEMM-Newton data alone and by comparison
between the two data sets --&6.7 keV that could be either due to the high vari-
ability of the red wing of the broad ionized Fe K line, posgibksociated with a
variation of the ionisation of the disc, or to a second iodiabsorption line.

These emissigabsorption components are partially inter—connected ¢h ea
other given the limited CCD resolution onboax#M-Newton and . Thus, the
XMM-Newton (both the pn and MOS in the 3.5-10 keV energy band) have been
fit again with a model containing components that betterrilgsthe physical pro-
cesses occurring in the AGN. In particular, | consider twausa#an lines for the
Fe Ka and KB emission plus a neutral reflection compongrexavin xspeg with
a reflection fractiorR = 1 (consistent with the constraints given by the pin data).
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The Fe K line has an equivalent width of 1 keV above the reflection icowim.
Moreover, the broad ionized Fe K line is now fit with a fully fs&lonsistent rela-
tivistic ionised disc reflection componeneflion model inXspe¢ Ross & Fabian
2005, convolved with 8 AORkernel;KDBLURIn Xspec).

The statistics prevents us from constraining the parametethe relativistic
profile. Standard values for the relativistic profile areuassd, with the disc inner
and outer radii and the emissivity of 6, 40f) and-3, respectively. Finally, the
~7.3 keV absorption line has been fitted with a photoionisesbgiiion model
(zxipcfmodel inXspeg¢ Miller et al. 2007; Reeves et al. 2008; Model C, Table 1),
assuming a total covering factor.

Table 5.1 shows the best—fit parameters. Once the preseribe oéflection
continuum is taken into account, the power law slope becateeper{=1.70:0.01,
A" ~0.07) as compared to the fit with a simple power law and enisaksorp-
tion lines (se€5.3). The best fit energy of the neutral Fe Kne is E=6.41+0.01
keV, consistent with being produced by neutral materiad, rasults to be narrower
(0=0.070.01 keV) than in the previous fits. The ionized emission Imétted
with a ionized disc reflection model. The only free parangetdrsuch a compo-
nent are the inclination and ionisation parameter of the tfiat result to be 4i72°
andé=11"2%erg cm s* (Model C, Table 1). The material producing the 7.3 keV
absorption feature in théMM-Newton data has to be highly ionized, as also indi-
cated by the absence of a strong continuum curvature. Intfaxtbest ionization
parameter is log(=5.15'325 and the column densitiy = 5.852 x 10°P2 cm2.
Nevertheless the observed energy of the absorption fedtw® not correspond to
any strong absorption features, thus there is evidencéhimmabsorption compo-
nent to be outflowing with a shift = —0.0484' 5912 ¢ (~ 14000350 km s°1). The
resultingy? is 894.3 for 876 dof.

5.6 Discussion

This study clearly shows that long exposures are need tatdisgle the dier-
ent emittingabsorbing components contributing to the shape—vartalifithe Fe
K complex in Seyfert galaxies. Here, the origin of both naluéind ionized emis-
sion and absorption Fe lines in Mrk 509 are discussed ragatiat they allow to
have insights in the innermost regions of the accretion flow.
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5.6.1 Neutraflowly ionized Fe emission line

Once the broad ionized line is fitted, the width of the e lihe lowers to a
value of 7211 eV (see Fig. 5.3) that corresponds to a FWHM(l@+8000:1300
km s (see Model C, Table 5.1). This value is slightly higher thaat measured
by Yaqoob & Padmanabhan (2004) with-80 ks HETG observation (28265
km s1). The FWHM of the Fe I line is larger than the width of the Hiine
(FWHM(HB)=3430:240 km s?; Peterson et al. 2004; Marziani et al. 2003),
indicating that the Fe line is produced closer to the cehtn the optical BLR and
the torus; | note that a wide range of FWHM values is obsereedhe BLR and
the Fe K lines in local Seyfert galaxies (Nandra 2006). Havethe UV and soft
X-ray spectra of Mrk 509 show evidence for the presence addbemission lines
with FWHM of 11000 km st (Kriss et al. 2000). The origin of these UV and soft—
X lines is still highly debated, nevertheless they may iathchat the BLR region
is stratified, i.e. that these lines are not produced in thieaBLR but in the inner
part of a stratified BLR region (see also Kaastra et al. 20@atahtini et al. 2007),
possibly as close as 2009from the center (about 0.012 pc, being the mass of the
black hole in Mrk 509 My ~1.43:0.12<10% M, Peterson et al. 2004; Marziani et
al. 2003). Nevertheless, if the line is produced in the immast part of a stratified
BLR, it would require either a higher covering fraction orighter column density
than generally derived from the optical and ultravioletdmrSimulations by Leahy
& Creighton (1993) show that about 70 per cent of the sky, aa &y the central
source, has to be covered in order to produce thed-kni€, if the broad line clouds
have column densities of about?2@m 2, while the typical values for the BLR
clouds covering fractions are of the order of 10-25 per cBavidson & Netzer
1979; Goad & Koratkar 1998). Alternatively, the Fexkine may be produced by
reflection by the outer part of the accretion disc.

5.6.2 lonized Fe emission lines

The spectrum of Mrk 509 shows emission from ionized iron,sistent with
either Fe XXV or Fe XXVI, implying photoionized gas outflovgor inflowing re-
spectively. Alternatively, the ionized Fe K emission maypbeduced by reflection
from the inner part of the accretion disc.

In fact, both theXMM-Newton and the data are consistent with the two sce-
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narios, even if a slightly better fing?=5.5 and 9.7 foXMM-Newtonand , respec-
tively) is obtained in the case of broad line. Moreover inthse of narrow emis-
sion lines the emitting gas should have a significant outffowRFe XXV, v~3500
and 2600 km st for XMM-Newton and , respectively) or inflow (for Fe XXVI,
v~4500 km s1) with velocities higher than what generally observed (Réys et
al. 2004; Longinotti et al. 2007; but see also Bianchi et @0&that detect an out-
flow of v=900"353 km s). On the other hand, the high radiativégency of the
source §=0.12; Woo & Urry 2002) suggests that the accretion disc islstdown
to the innermost regions around the BH, where the reflecttomppnent should be
shaped by relativisticfiects. For these reasons, although an outflowing emitting
gas is not excluded, the broad line interpretation seenmifad. In fact, the pro-
file of the line is compatible with being shaped by relaticigiffects, consistent
with its origin being in the surface of an accretion disc, iicinity of a black hole.
Nevertheless, the width of the line is not a compelling entde The observed
broadening of the line can be reproduced also with the Comiggtion process
occurring in the upper layer of the ionized accretion discordbver, it must be
kept in mind that the main evidences for the presence of albfeaK line comes
from the mean summed spectrum. The process of summing apalthough is a
powerful way to extract information, might be dangerous iiesence of spectral
variability and when applied to observations taken manysyapart. Thus, the fi-
nal answer on the origin of these ionized lines will be oledimwith either a higher
resolution observation or with significantly longeMM-Newtonexposures.

5.6.3 lonized Fe absorption lines

The XMM-Newton data indicate the presence of a highly ionized absorption
component, the best fit column density being=6.8"53x10?? cm2 and ioniza-
tion log)=5.15"325. Moreover, fitting the absorption with this model, it result
that the absorber has to be blueshifted by O.Qg% c. The blueshift corre-
sponds to an outflow velocity 614000 km st. The structure implies a significant
blueshift if the absorber is located in the core of Mrk 509 lsonsidering the sys-
temic velocity of the galaxy, its energy is also consisteithva local absorber
(McKernan et al. 2004; 2005; Risaliti et al. 2005; Young et2005; Miniutti et

al. 2007; but see also Reeves et al. 2008). Neverthelessbdwved variabil-
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ity between theXMM-Newton and observations points towards an origin within
Mrk 509.

An hint of variability is observed around 6.7 keV both in iKieIM-Newtondata
and by comparing thE¥MM-Newton and spectra. This could be due in principle
to variability in the red wing of the ionized emission lineowever, the total rms
spectrum shows a peak of variability that is consistent Wwéng narrow, thus it
may suggest an alternative explanation. Indeed, the obdetiference between
the XMM-Newton and Fe K line shapes could be due to a further ionized ab-
sorption component, present only tiIM-Newton observations, with a column
density Ny=5.4"38x10%* cm2 and ionization parameter la9E2.0470.¢5. When
the structure at 6.7 keV is fitted with such a component, aorakien structure
appears around 7.3 keV, nevertheless its equivalent wsdtloti strong enough to
reproduce the total absorption feature; moreover, it agpatslightly diferent
energy, not completely fitting the7.3 keV line. Thus, the absorption structures
at 6.7 and the one at 7.3 keV may be connected and they may ioatine of
another absorption screen. If this further lower ionizatasorption component
is present, dferent absorption feature would be expected (due to the loizae
tion and high column density) at lower energies. Smith e{2007) analyzed the
RGS data and detected two absorption components with @hymscameters sim-
ilar (log(¢)=2.14"213 and 3.26218 N=0.75"01; and 5.513 x 10°* cm™2) to the

0.12 2027 2011
ones inferred here, strengthening this interpretation.

The observation of highly ionized matter in the core of Mri@5€in line with
its high BH mass and accretion rate. In fact, the Eddingtoit lthe radiation
pressure equals the gravitational pull, however the dessilf the matter lowers
with the BH mass (Shakura & Sunyaev 1976). Thus the ioniaaticthe material
surrounding high accretion rate and BH mass AGNs, such astig®k should be
higher than normal. If true, however, this hypothesis ndad®etter X-ray data
than the (indeed excellent) ones used here.

5.7 Conclusions

The Fe K band of Mrk 509 shows a rich variety of emisgansorption com-
ponents. Th&KMM-Newtonand data shows evidence for the presence of:
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e aresolved, although not very broad; £0.07 keV) neutral Fe k line and
associated Fe Kemission. The width of the line suggests that the 6.4 keV
line is produced in the outer part of the accretion disc (ttoad line region
or torus emission seem unlikely). The measured reflectiactifm is con-
sistent in this case with the intensity of the line, while aexing factor or
column density higher than generally observed would beiredf the line
were produced in the BLR or the torus;

e both the and thexMM-Newton data show an excess due to ionized Fe
K emission. Both datasets show a superior fit when a broaaedniine
coming from the central parts of the accretion disc is carsid. The data
are inconsistent with narrow emission from a distant sdatiematerial at
rest, while it can not be excluded if the gas is outflowing3800 km s1)

¢ both EPIC—pn and MOS data show an absorption line7a8 keV, present
in the summed spectrum of AMM-Newton observations only. This com-
ponent confirms the presence of highly ionized, outflowing1@000 s1),
gas along the line of sight. The comparison betw&&tM-Newton and
suggests a variability of this component;

¢ a hint of an enhancement of variability - both by considerihg XMM-
Newton data alone and by comparison between the two data sets6.at
keV that could be either due to the high variability of the weithg of the
broad ionized Fe K line, possibly associated with a vanatibthe ionisation
of the disc, or to a second ionized absorption line.



Chapter 6

Key study objects: i) NGC 3783

NGC 3783 has been taken as example of objects in which maultigkm ab-
sorbers can mimic the broad iron line feature (Reeves et0@l4)Y contrary to the
initial claim of the presence of a broad iron line emissiomgASCA data (Nandra
et al. 1997). However, the recent study by De Marco et al. §28@und evidence
for atransient excess feature in the 5-6 keV energy baratpirgted as a redshifted
component of the Fe K line. This result is also supported barability study by
O’Neill & Nandra (2006), who examined rms variability specof a sample of
bright active galaxies observed wi¥MM-Newton Given the above considera-
tions, all theXMM-Newtonobservations of NGC 3783 have been re-examined so
as to perform a comprehensive study of the iron line tempevalution, on the
shortest possible time-scale.

6.1 XMM-Newtonobservations

XMM-Newtonobserved NGC 3783 on 2000 December 28-29 and on 2001

December 17-21. The first observation (ID 0112210101) hasatidn of ~40

ks while the second (ID 0112210201 and ID 0112210501, himreabservation
2001a and 2001b respectively) lasts over two completesofbita total duration
of ~270 ks. Only the EPIC pn data are used in the following analgscause of
the high sensitivity in the Fe K band. The EPIC pn camera wasated in the
Small Window mode with the Medium filter both during the 200@lahe 2001
observations. The live time fraction is thus 0.7. The dateeweduced using the

101
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Figure 6.1: The X-ray light curves of NGC 3783 in the 0.3—-1% kmand. Left
panel light curve of the 2000 observatioRight panel light curves of the 2001a
and 2001b observations.

XMM-SAS v. 6.5.0 software while the analysis was carried simg thelheasoftv.

5.0 package. High background time intervals were excludad the analysis. The
useful exposure time intervals are listed in Tab. 1, togetfith the mean 0.3-10
keV count rate for each observation. Only single and doux@ts were selected.
Source photons were collected from a circular region of &8ewr radius, while
the background data were extracted from rectangular, yneatdrce-free regions
on the detector. The background is assumed to be constangtiout the useful
exposure. The 0.3-10 keV light curves are shown in Fig. &.&dch observation.

6.2 Data analysis

6.2.1 Spectral features of interest and selection of the ergy resolu-
tion

The time-averaged spectrum was analyzed using the XSPEC %.sthftware
package. For simplicity, | limited the analysis to the 4-¥ lkand. In this energy
band, | checked that the complex and highly ionized warm rdeso(with logf
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Obs. ID Date Duration Exposure{CR)
(ks) (ks) (¢s)
0112210101 2000 Dec 28-29 40.412 35 8.5

0112210201 2001 Dec17-19 137.818 115 6.5
0112210501 2001 Dec 19-21 137.815 120 8.5

Table 6.1: Date, duration, useful exposure and mean EPIC3+0 keV count
rate for eaclKMM-Newtonobservation of NGC 3783.

and Ny up to~2.9 erg cm 3! and 5<10%2 cm 2, Reeves et al. 2004) shall not
affect the conclusions below. The residuals against a simpleplaw plus cold
absorption continuum model for the 2001b observation, timgést continuous
dataset available, are shown in Fig. 6.2. In this fit the Fe &gnband (i.e. 5-
7 keV) was excluded and the best fit parameters afe+(D.6) x 107> cm=2 and
1.81+ 0.04, for the absorber column density and power-law slopecsly.

Four excess emission features are identified: the main &e&dfe at~6.4
keV, a wing to the line core at around 6 keV, a peak @tkeV (possibly Fe Ig)
and a narrow peak at5.4 keV. Moreover two absorption features~8.7 keV
and~7.6 keV have been also picked-up. When fitted with Gaussidasémn and
absorption lines, all these features are significant at ti@e~99% confidence
level. Similar results were also obtained by a detailedyaiglwith more complex
models (Reeves et al. 2004). | will focus here on the analybithe features
variability properties.

The application of the excess map technique to the ident#fiedrption fea-
tures did not give significant results, thus, in the follogyin will focus on the
analysis of emission features variability only. The 200baeasvation has been di-
vided into two parts because of the gap in the data betwe®xli0* s and +6x10*

s. Since all the selected spectral features are comparatiie CCD spectral reso-
lution, | chose 100 eV for the energy resolution of the execeaps.

6.2.2 Selection of the time resolution

In choosing the time resolution for the excess maps, it walkdd for the best
trade-df between getting a $liciently short time-scale, in order to oversample
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Figure 6.2: The 4-9 keV residuals against a simple powerlas cold absorption
continuum model for the spectrum of NGC 3783 during the 206kervation.
The data are obtained from EPIC pn.

variability, and keeping enough counts in each energy uésol bin. It was first
considered the 2001b observation, having the longest antihcous exposure.
Spectra were extracted duringférent time intervals (1 ks, 2.5 ks and 5 ks) around
the local minimum flux state at215 ks. The required condition is that each 100
eV energy bin in the 4-9 keV band has to contain at least 50tsoutt the time
resolution of 2.5 ks | got90 counts per energy bin at the energies of the red feature
(5.3-5.4 keV), and-80 counts per energy bin in the wing feature energy band (5.8—
6.1 keV). Moreover, for a 10M,, black hole we expect the Keplerian orbital period
to be~10* s at a radius of 10yt Thus, selecting 2.5 ks as the excess maps time
resolution, enables to completely oversample this tygioa¢-scale. This choice

of time resolution, optimized for the 2001b observationswatended to the 2000
and 2001a data.

6.3 [Excess emission maps

Energy spectra for a duration of the chosen exposure tirbe&k§.are extracted
in time sequence. 14 spectra are obtained from the 2000watieer, 46 and 48
spectra are obtained from 2001a and 2001b observationectesgly. For each
spectrum the continuum is determined and subtracted. Tdiduads in counts
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Feature Energy band I
(keV) (10°phstiecm™)
red 5.3-5.4 0.6
wing 5.8-6.1 2
core (Ka) 6.2-6.5 5.3
KB 6.8-7.1 1.2
Red+Wing 5.3-6.1 3.2

Table 6.2: Spectral features of interest in the 4-9 keV baitiutive selected band-

passes and mean intensity.

Ener gy (KkeV) Energy (keV)
8 8

0 50 100 150 200 250
Time (ks)

0.02 0.04 0.06

0 0.05
Excess (phi 25003/ cnt2) Excess (phf 2500/ cni'2)

Figure 6.3: The excess emission maps of the 4-9 keV band tmikesnergy plane

at 2.5 ks time resolution. The images have been smoothede 8ie 6.4 keV line
core is very strong and stable, the color map is adjustedtoeta the line core and
allow lower surface brightness features to be visilileft panel excess emission
map from the 2000 observatioRight panel excess emission map from the 2001a

and 2001b observations.
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unit are corrected for the detector response and put tagethiene sequence to
construct an image in the time-energy plane.

6.3.1 Continuum subtraction

The continuum model is assumed to be always a simple abspdweelr-law,
throughout all the observations. For each spectrum thggiand of the observed
spectral features (i.e. 5—7 keV) is excluded during theinaom fit. The 4-5 keV
and 7-9 keV data are rebinned so that each channel contanestham 50 counts
to enable the use of the&® minimization process when performing spectral fitting
and to ensure that the high energy end of the data (7-9 ke\é)draaugh statistical
weight. Because of the chosen low energy bound (4 keV), the fibt sensitive
to cold absorption. Thus the cold absorption column derisifixed to the time-
averaged spectrum valuBlif ~ 2.5 x 10?2 cm™2). Each 4-9 keV spectrum at 100
eV energy resolution is then fitted with its best-fit contimumodel and residuals
are used to construct the excess emission map in the timgyeplane.

Once all the continuum spectral fits have been done, it waskekdeaf contin-
uum changes couldff@ct the measurements of the line fluxes. The mean power-
law slopes during the three observations are 1.85, 1.75 af8dréspectively, with
standard deviations of 0.08, 0.1 and 0.09. The power-lapesi@re indeed quite
constant, consistent with values obtained from the meaatrspe §3.1), which
result in a very marginalfiect < 0.1%) in the flux measurement of the narrow
features | found here. These power-law continuum slopeslamein agreement
with those previously found in observations using othetrimaents with overlap-
ping spectral coverage, likBeppoSAXDe Rosa et al. 2002ASCA RXTEand
Chandra(Kaspi et al. 2001).

6.3.2 Image smoothing

As discussed in Iwasawa, Miniutti & Fabian (2004), if theadate acquired
continuously and the characteristic time-scale of anyatianm in a feature of in-
terest is longer than the sampling time (i.e. the time regwl)y it is possible to
suppress random noise between neighboring pixels by aygplyilow-pass filter.
Here it was used a circular Gaussian filter with0.85 pixel (200 eV in energy and
5 ks intime, FWHM). The Gaussian-filtered images of the exoeap for each ob-
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servation are shown in Fig. 6.3. Systematic variations beexved in the 5.3-5.4
keV and in the 5.8-6.1 keV energy bands of the 2001b observatiowever, the
image filtering can slightly smear these narrow featuresraddce their intensity.

6.4 Results

6.4.1 Light curves of the individual spectral features

Light curves of the four emission features are extractethffiltered images
of the excess map. The selected band-passes are listed.i@.TBring the im-
age filtering process individual pixels lose their indepamzk to the neighbouring
ones. This means that a simple counting statistics is imgpiate for estimating
the features light curves errors. For this reason the estimaf the errors has been
done by extensive Monte Carlo simulations. 1000 simulatiere implemented
following the same procedure in making the excess map imagdse simulations
all the spectral features parameters and the power-lawe siapassumed to be con-
stant, while letting the power-law normalization vary acting to the 0.3-10 keV
light curve. Light curves of individual spectral featurem/d been extracted from
each simulation and their mean values and variances ratofdee square root of
the mean of the variances (i.e. the dispersion) has beerdeztjas the light curves
error. In Fig. 6.4 the emission features light curves for2001a and 2001b ob-
servations are shown. The 2000 observation light curvesa@treeported because
they do not show any sign of variability. The most intenseatems are registered
in the light curves of the red &5.3-5.4 keV) and wing (E5.8-6.1 keV) features
during the 2001b observation. The observed peaks seemlaw fthle same kind
of variability pattern and, as shown in more details beloppesar to be in phase
with the continuum emission. In order to check the signifieanf the observed
variability both real and simulated data light curves wextrated in the entire
5.3-6.1 keV band, i.e. of the reding structure. Tha? values were then probed
against a constant hypothesis for the real data and the 190Gasions; equivalent
results can be derived comparing the variances directlyy @ of 1000 simula-
tions show variability at the same or larger level than tra data, therefore the
variability confidence level was of 93%.
The light curves of the excess emission features in the 5V6ekergy band (red,
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Figure 6.4: The light curves of the total 0.3—10 keV contimuflux and of the four
spectral features (Tab. 2) extracted from the excess maihe @001a and 2001b
observations (Fig. 6.3, Right panel), with errors compdtecth simulations. The

time resolution is 2.5 ks.

wing and red-wing) seem to show a variability pattern with a recurrencthefflux

peaks on time-scales of 27 ks. Thus it was investigated hdsvlikely to occur

by chance applying a method that makes use of the 1000 Momke €haulations.

The real data light curve was foleded with the interval of 27akd fitted with a

constant, obtaining g2 =

88 for 19 degrees of freedom. The same was done to

the simulated redwing light curves but, this time, folding in = 9 trial periods,

from 17 to 37 ks at intervals of 2.5 ks, and recorded)gﬁe/alues. IfN is the

total number of simulated reaving light curves for which? > y2, the confidence

level can be derived as H%)- Only N = 54 of the simulated reeving light

curves folded at the trial periods show chi-square valueatgr than the real one.

Therefore, it can be derived a confidence level for the recue pattern on the 27

ks time scale of 99.4%.

Finally, the continuum above 7 keV (which carries the phetewentually re-

sponsible for the Fe line production) was checked foundiag it varies following
the same pattern of the 0.3-10 keV band (Fig. 6.4, Top panel).
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6.4.2 Correlation with the continuum light curve

In the 0.3-10 keV light curve of observation 2001b (Fig. &pper panel) flux
variations of~30% are visible with four peaks separated by approximatgliak
time intervals. Given such peculiar time series shape,uded on this observation
and searched for some typical time-scale in the variakplititern. Thus, | applied
the efsearchtask (inXrono9, which searches for periodicities in a time series cal-
culating the maximum chi-square of the folded light curvera range of periods.
A typical time-scale for variability of 26:62.2 ks was found. The underlying long-
term variability trend was then removed by subtracting adétpree polynomial to
the 0.3-10 keV continuum light curve (see Fig 6.5, MiddlegdarThe polynomial
has been determined using tleairve task (in Xrono9, which makes use of the
least-square technique. Applying again #isearchtask, a typical time-scale for
short-term variability o&~27.4 ks was found.

The peaks observed in the continuum light curve seem to agpehe same
times at which those observed in the wing and red light cudas In order to
look for some correlation between the continuum and the®13keV (red-wing)
feature flux, it was calculated the cross correlation fumciCCF) between the
two time series where the input continuum light curve is thetrénded one. It
is reported in Fig. 6.6 as a function of time delay, measurét mespect to the
continuum flux variations. No delay is evident, with an estied error at the peak
of 2.5 ks. The continuum and reding fluxes seem to show a correlation, with
peak value 0.7. To estimate the significance of the corogldtie CCFs was then
computed between the continuum and the simulatedwéty light curves. IfN is
the number of simulated light curves which have a highersccosrelation than the
real one, the significance of the correlation is-(1/1000). Applying this method,
a confidence level greater than 99.9% was found.

6.4.3 High/Low flux state line profiles

Looking at the “redwing” light curve (Fig. 6.5, Lower panel) | constructed
two spectra from the integrated high and low flux intervalsddfy the variability

1t should be noted that the variability PSD study of tKisIM-Newtondataset by Markowitz
(2005) suggests an excess of power arourii(4® Hz (corresponding to about 25 ks) during the
2001b observation (square symbols in his Fig. 6.3).
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Figure 6.5:Upper panel The 0.3-10 keV light curve of NGC 3783 during 2001b
observation at 2.5 ks time resolutioMiddle panel The 0.3-10 keV light curve
of NGC 3783 during the 2001b observation after subtractica4th degree poly-
nomial (long-term variations) at 2.5 ks time resolutitumwer panel The 5.3-6.1

Flux (10E-5 ph/s/cm2)

keV (‘red+wing energy band) light curve extracted from the excess sarisnap
of the 2001b observation (Fig. 6.3, Right panel) at 2.5 ke tiesolution.

in this energy band. The line profiles are shown in Fig. 6. 7revltiee ratio between
the data and a simple power-law plus cold absorption modsh@vn. While
the 6.4 keV and 6.9 keV features remain the same, a smallaseref counts is
visible in the 5.3-5.4 keV and 5.8-6.1 keV bands in the higk $kate. Adding an
emission Gaussian model to the simple power law plus Gaubs@&(at the Fe &
energy) model in the high flux state integrated spectra ingsthey? of 18. Thus
the significance of the excess+i89.9%.

6.5 The deduced scenario for NGC 3783

The most remarkable result of this analysis is the detecffardshifted (5.3—
6.1 keV) Fe K emission and of its variability. The redshifeatlission appears to
respond only to the shorter27 ks time-scale modulation and shows a good cor-
relation with the continuum with a time-lag consistent witiro within the errors
(At ~ 1.25 ks). This indicates that the continuum modulation ontihie interval
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Figure 6.6: The cross correlation function calculated leetwthe de-trended 0.3—
10 keV continuum light curve and the 5.3-6.1 keV feature<{ithg) light curve.
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Figure 6.7: The Fe K line profile during the High flux (open sgsa and the Low
flux (solid circles) phases of the 5.3-6.1 keV feature. Thmsaare computed
against the best-fitting continuum model. The energiesratiee observer frame.
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is likely to induce Fe K emission from dense material closédblack hole (which
explains the observed redshift of the emission featureyemeer the lack of time-
lags implies that the distance between the sites of continand line production is
smaller than a7 ~ 4 x 10 cm~ 8 ry (for the black hole mass given above). We
are therefore most likely observing emission from the immst accretion flow in
both the continuum and line emission (corona and disc).

As discussed above, the variability time-scale suggestswe are looking
at emission from around9-10 . As a consistency check, | thus fit the time-
averaged spectrum by includinglsklinecomponent to account for the redshifted
features. | forced the emission region to be an annulusf0.5 ry with uniform
emissivity because the purpose of this test is to assesspfirexamate location
of the line-emitting region. Good fits are obtained with ameadt face-on disc
(i = 11+ 4°) and an annulus at 9-13 depending on the assumed Fe line rest-
frame energy (from neutral at 6.4 keV to highly ionized af/6k8V). For all cases
| tested, the statistical improvement is &f? ~ 16 for 3 additional degrees of
freedom, corresponding to a confidence level of 99.7%. Thishfiws that the
detected redshifted Fe line emission is indeed consistesthape with being pro-
duced around 1Qyr where the disc orbital period is of the order of 27 ks, which
agrees well with the correlated (and zero-lag) variabiitghe two components.

The interpretation of this results is not straightforwandwever. The quasi-
sinusoidal modulations of the continuum and line emissese (Fig. 6.5) would
suggest the presence of a localized co-rotating flare albevadcretion disc which
irradiates a small spot on its surface. The intensity mdaha (Fig. 6.5) would
then be produced by Doppler beaminieets (acting on both the flare and spot
emission, i.e. on both continuum and line) and the charatitetime-scale of
27 ks would be identified with the orbital period (because mivigational time
dilation, the period measured by an observer on the disc af W0uld be shorter
by ~10%). As demonstrated above, a flapot system orbiting the black hole
at ~10 ry would also produce a time-averaged line profile in agreemstht the
observations. However, such a model makes definite predicth the Fe line
energy modulation within one orbital period. In this frantely the orbiting spot
on the accretion disc would also give rise to energy modiatiof the Fe line
due to the Dopplerféect and such energy modulation is barely seen in the data
(see Fig. 6.3). It must be stressed that the adopted timtutieso(2.5 ks) is good
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enough to detect energy modulations with a characteristiks2ime-scale. This
has been demonstrated wi¥MM-Newtonin the case of NGC 3516, where the
modulation occurs on a very similar time-scale (lwasawal.et2804; see also
Dovciak et al.2004 for theoretical models). Therefore lck of Fe line energy
modulation disfavours the orbiting flagspot interpretation for NGC 3783.

However, a variability time-scale of the order of the orbitiae at a given radius
does not necessarily imply the motion of a point-like X-rayise. In fact, since
the orbital time-scale is the fastest at a given disc rading, since the observed
time-scale of~27 ks corresponds to the orbital period~dt0 ry, one could argue
that the data only imply that the X-ray variability likelyiginates from within
~10 1g. The apparent recurrence in the X-ray continuum modulatiag not nec-
essarily be related to a real physical periodicity, esplgatansidering the limited
length of the observation (only four putative cycles arexdietd).

A possible explanation for the observed behaviour is tratdray continuum
source(s) (located withir 10 ry from the center) irradiates the whole accretion
disc, but only a ring-like structure around 1fis responsible for the fluorescent
Fe emission. This is possible if the bulk of the accretiort éisso highly ionized
that little Fe line is produced, while an over-dense (andetftoee lower ionization)
structure is responsible for the fluorescent emission. @uchver-dense region
could have an approximate ring-like geometry if it is fortarsce associated with a
spiral-wave density perturbation. In this case, the Fetagitegion is extended in
the azimuthal direction and there is not need of strong grmaagulation with time,
whatever the origin of the continuum modulation. The spihsity distributions
could result from the ordered magnetic fields in the innefore@f the disc and
the energy dissipation (via e.g. magnetic reconnectionjdcbe enhanced there,
thereby providing a common site for the production of thea}-continuum and
the Fe line (e.g. Machida & Matsumoto 2003).

On the other hand, if the apparent recurrence is in fact tgialworth noting
that the continuous theoreticafert in understanding the origin of quasi-periodic
oscillations (QPO) in neutron star and black hole systerosiges a wealth of
mechanisms inducing quasi-periodic variability, althiougpne is firmly estab-
lished (Psaltis 2001; Kato 2001; Rezzolla et al. 2003; Le&l.eR004; Zycki &
Sobolewska 2005 and many others). A connection between QB§2@nd Fe line
intensity has been previously claimed in the Galactic blagle GRS 1915105
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(Miller & Homan 2005). Although in this case, the presence @PO cannot be
claimed because of the very small number of detected cyitlesanalogy is sug-
gestive. In the case of GRS 194805, Miller & Homan consider that a warp in the
inner disc, possibly due to Lense-Thirring precession, pragluce the observed
QPO-Fe line connection (e.g. Markovic & Lamb 1998). Howeteproduce the
observed~15% rms variability in the X-ray lightcurve, the black holpirs axis
should be inclined with respect to the line of sight by ati€&®8 (which is at odds
with theinclination estimate of 144° and with the Seyfert 1 nature of NGC 3783),
and the tilt precession angle should be larger tha®-20 (Schnittman, Homan,
Miller 2006). Both requirements make it highly unlikely tHaense-Thirring pre-
cession can successfully account for the observed moditaiin NGC 3783.

While the origin of the coherent intensity modulation stmains unclear, the
correlated variation of the continuum and line emission #redFe line shape are
consistent with an emission site a10 rg. Moreover, the fact that the iron line
variability responds to the 27 ks time-scale modulatiory émiplies that this short
time-scale variation is somehow detached from the long+-tariability. The latter
may be associated with perturbations in the accretion dispgmating inwards
from outer radii and modulating the X-ray emitting regiory@barskii 1997), while
the former seems to genuinely originate in the inner disc.



Chapter 7

Key study objects: iii) IRAS
13197-1627

IRAS 13197-1627 (also MCG-03-34-064,001654) is avarm( fog,m/ fegum
~ 0.48) and luminous IR—galaxy withj=L(8—1000um)=1.7 x 10'1L, (Sanders
et al. 2003). It was first classified as a moderately reddemgie 2 by Oster-
brock and de Robertis (1985) & de Robertis, Hutchings & Rit@98). However,
as pointed out by these authors, the source has peculiasiemine properties:
in particular its Hy, [O,], [N;], and [S,] are both exceptionally broad for Seyfert 2
galaxies (with FWHMs from 480 kn$ to 860 km s1) and asymmetric, with ex-
cess flux blue—wards of their centres. In the UV, most of thediare broad at the
level seen in the Optical, and\cas a width comparable to those typically mea-
sured in Seyfert 1 galaxies. Aguero et al (1994) were abladendangle broad
and narrow components of thentand H3 lines which led to a Seyfert 1.8 clas-
sification. A broad component todHwas also detected by Young et al (1996) in
polarised light. Signatures of the presence of Wolf-Ratg@sdhave been reported
by Cid Fernandes et al (2004) who also estimate that abou¢28amt of the stel-
lar population is relatively young (less than 25 Myr). Exded Radio emission is
also detected with a linear extension of about 280 pc, alad@gied with the host
galaxy major axis (Schmitt et al. 2001a; 2001b) while the@Hgz luminosity is
1.6x 10 erg s Hz* (Condon et al. 1996).

In the X-rays, the source was first observed WMBCAIn 1995 revealing a
very steep spectral shape (photon indlex 3), a large absorbing column density
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Ny =~ 6 + 8 x 10?3 cm2, a narrow Fe emission line at 6.4 keV, andaft excess
component emerging below about 2 keV (Ueno 1997 Be&ppoSAXobservation
was obtained in 1998 and was first published by Risaliti (2062a statistical
study of 20 bright Seyfert 2 galaxies. A variation in the abstg column den-
sity between theASCAand theBeppoSAXobservations was later suggested by
Risaliti, Elvis & Nicastro (2002). A more detailed analysisthe BeppoSAXata
was presented by Dadina & Cappi (2004). The absorbing colwasfound to
be dependent on the adopted spectral model so that the calansity variation
could not be confirmed (this topic will be discuss in the nedtions). The bet-
ter quality, broadbanBeppoSAXiata also revealed spectral complexity that could
be modelled in terms of a partial covering scenario or of actith—dominated
model in which X—ray reflection from the accretion disc doat@s the hard spec-
tral shape. In both cases, Dadina & Cappi estimated an $idr2+10 keV lumi-
nosity of ~ 2 x 10* erg s, making IRAS 13197-1627 the nearest and brightest
type—1.8 quasar known to date. An absorption line &5 keV was also detected
and, if interpreted as He-like Fe resonant absorption, itfeednergy implies an
outflow with a velocity of the order of 0.1 c.

7.1 The XMM-Newton observation and first—look analy-
sis

IRAS 13197-1627 was observed ByMM—Newtonon 2005 January 24 for
a total exposure of 45 ks. The data have been processedgtadim theODF
files with theXMM—NewtorSAS software (version 6.5.0). Source spectra and light
curves of the EPIC cameras were extracted from circulaonsgcentred on the
source, while background products were extracted fréifaset regions close to
the source. | remind here that the background region of theapmera has to be
taken as close to the centre as possible to avoid contamninfatim the strong spa-
tially dependent fluorescent Cuskemission line originating from the electronics
board mounted below the pn CCD which would result in a spgratsorption line
around 8 keV in the (background subtracted) source spectiith the adopted
choice of the background extraction region, such contatioimés negligible. After
filtering for periods of high background the net exposure7ks in the pn cam-
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Figure 7.1: Soft (S: 0.3-3 keV) and a hard (H: 3—-12 keV) EPICspurce light
curve together with the resulting hardness ratio (bottomepa As revealed by
fitting a constant to the data, the hard band is more varidida the soft one
(x? = 1.65 vs.x? = 0.85 for 67 dof). However, the hardness ratio is still consiste
with a constant value throughout the observation.

era and 39 ks (43 ks) in the MOS 1 (MOS 2) detectors. The EPICtspwere
grouped to have at least 20 counts per bin to ensure thetyatitly? statistical
analysis. The RGS were operated in the standard spectsosonge and standard
data reduction was performed resulting in a net exposurbaftad3 ks in the RGS
detectors.

In Figure 7.1 the background—subtracted source light cuirve soft (S: 0.3—
3 keV) and a hard (H: 3-12 keV) energy band are shown: thesegswvere ob-
tained after removal the residual background flares. Nagtr@riability is seen
in the soft band and a fit with a constant is very satisfactefy~ 0.85 for 67 dof).
More fluctuations are present in the hard baptl£ 1.65). In the bottom panel, it
is plotted the hardness ratio and it is compared with the-figiBig constant value
producing an acceptable fit wigff = 1.1. Given the limited evidence for spec-
tral variability, in the following only the time—averagegextrum of the source is
considered. The broadband EPIC—pn spectrum of IRAS 1382/ shown in
Figure 7.2. The MOS data are not shown for visual clarity agicee very well
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Figure 7.2: The broadband (0.3-12 keV) EPIC—pn spectrurRAS 13197-1627.
The spectrum exhibits strong curvature in the hard bandiwikia clear sign of ab-
sorption by a substantial column of gas in the line of sigletemission is detected
at 6.4 keV in the rest—frame (vertical dotted line) togetivéh a deep absorption
edge at 7 keV. A soft excess is present belo8 keV and is characterised by a
bump around 0.9 keV. Data have been rebinned for visuakglari

with the pn. The main features of the spectrum are i) stromgature in the hard
band with a~ 3—4 keV low—energy cutfband a deep spectral drop around 7 keV
where the Fe absorption edge is expected; ii) a clear nareenfission feature
at 6.4 keV (vertical dotted line in Figure 7.2); iii) a softa@ss emerging below
2-3 keV which seems structured rather than smooth, esjyearaund 0.9-1 keV.

In this thesis | adopt standard cosmology parametdgs<(75 km s, Ag = 0.73,
andqp = 0).

7.2 The 2-12 keV spectrum of IRAS 13197-1627

In the analysis, joint fits to the EPIC—pn and MOS (1 and 2) casavere
considered. The pn data are considered up to 12 keV, whil¢hiotMOS the
analysis is limited up to 9.5 keV due to the lack of signalrtmise above that
energy. As a first attempt to describe the hard spectrum abke¥, it is first used
a simple model in which a power law is absorbed by neutralanattthe redshift
of the source (th&WABS model in XSPEC). A second power law component
emerging at soft energies, to account for the soft excesssdsincluded. The two



7.2 The 2-12 keV spectrum of IRAS 13197-1627 119

Cts/sec/keV

5 10
Observed Energy (keV)

Figure 7.3: The 2-12 keV pn spectrum is shown together withmple model
(solid line) comprising a power law absorbed by a column e ~ 6.2 x
1072 cm2 of neutral matter at the redshift of the source and a resdlved 90 eV)
Gaussian emission line at 6.4 keV. Only the pn data are shawmlbspectral
analysis is performed simultaneously with the MOS data dt Wmtice several
residuals: absorption structures are seen around 6.8 ké\¥.dnkeV. Moreover
the model systematically underestimates the data in thekév&and and above
10 keV. In the Figure, data have been rebinned for visuaitglar
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power law slopedl{, andI's respectively) are allowed to beffiirent. The observed
Fe line at 6.4 keV is modelled with a Gaussian emission liné width, energy,
and normalisation free to vary. All subsequent fits inclu@daGtic absorption with
column density fixed at its nominal value.§5< 10?° cm2, Dickey & Lockman
1990).

With this simple model, an acceptable fit to the 2—-12 keV datibtained with
¥? = 519 for 447 degrees of freedom (d.o.f.). The hard power lasvéhalope
I' = 2.9 + 0.4, marginally consistent with the soft orlés(= 2.4 + 0.4). The ratio
of the soft to the hard power law normalisations is of abo fer cent only. The
neutral absorberfgects the hard band abowe keV and is Compton-thin with a
column density of @ + 0.5 x 10?3 cm™.

The Fe emission line is clearly detectetyf = 160 for 2 more free parame-
ters) and has an energy o6 + 0.02 keV indicating an origin in neutral matter.
The line has an observed equivalent width (EW) of B0 eV when computed
with respect to the unabsorbed continuum, to be comparéuatingttheoretical pre-
diction of 80 eV for a line transmitted through the observetlimn density (e.g.
Matt 2002). Thus, the Compton-thin absorber (if solar Fendbace is assumed)
is not suficient to explain the strength of the Fe line and the issueasined in a
more detailed analysis in the next Section.

The Fe line width sb- = 90j‘2‘8 eV, significantly broader than the EPIC cam-
eras spectral resolution-40 eV ing). The measured Fe line width corresponds
to a FWHM= 1.21794% x 10* kmys. Under the assumption that the line emitting
gas is gravitationally bound and that gas motion occursridaenly oriented cir-
cular orbits, the line width places the emitting geithin 2x 10° gravitational radii
(rg = GM/c?) from the central black hole (Krolik 2001). If the line, adilely, is
transmitted through the Compton-thin absorber, the lirttwivould place the ab-
sorber much closer to the nucleus than often thought (e.lc@Gadiscs, Maiolino
& Rieke 1995; dust lanes, Malkan, Gorijn & Tam 1998; Guainakiatt & Per-
ola 2005; starburst clouds, Weaver 2001; see also Lam&srala & Matt 2006).
However, a much closer location of the absorbing gas, cemdiwith the measured
line width, has been proposed by e.g. Elvis (2000; 2004).cHse for an absorber
located close to the nucleus is particularly compelling i@®N1365 (Risaliti et
al. 2005) in which rapid transitions between Compton—thid &ompton-thick
absorption have been observed. On the other hand, as itendlidzuss below, the
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Figure 7.4:Top: A Gaussian line is added to the baseline model and its energy

and normalisation are varied. The contours represent arpirement ofAy? =
-1,-2.3,-4.61,-9.21 in fitting the joint pn—MOS data. Th&y? = —1 contour
(outermost) is shown as a reference of the best—fitting wonth model Bottom:

In this case the Fe &line of the baseline model is forced to be unresolved. The

shape of the residuals strongly suggests the presence af Xefiection from the

disc (broad Fe emission line and broad Fe absorption edge).
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Figure 7.5: Same as in Figure 7.4, but now for the best—fittiroglel comprising

Compton-thin absorption and reflection from the accretisn,doth with slightly

super—solar Fe abundance (see text for details). The omgingng residual is a
narrow absorption line at 6.8 keV. The rest—frame enerditdseaclosest transitions
(Fexxv and Fexxvi resonant absorption) are shown as vertical lines.

observed Fe line width could be due to an unmodelled broameponent to the
Fe line profile.

Although this simple spectral model (hereafter the “baseinodel”) provides
a reasonable description of the hard spectrum, severaluadsi are present as
shown in Figure 7.3. Two absorption features are seen a®@kkV and 7.1 keV,
while positive residuals are left at high energy (above M)kend in the 56 keV
band where the model seems to systematically underestimatgata. As a first
check for the significance of the residuals, an unresolvads&an line is added to
the baseline model, varying its energy in the 4-8 keV rangkitsmormalisation
inthe+1x107° ph cnt! s range. and thg? improvement is recorded (see Mini-
utti & Fabian 2006 for more details). The results are presitint the top panel of
Figure 7.4 where the 68, 90, and 99 per cent confidence coleteels are shown
both for the additional Gaussian line rest-frame energyiatahsity in the most
relevant band around the Fe K complex. The outermost line/siioeAy? = —1
contour as reference.
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Although the contours should not be taken as a precise gignife test, they
indicate the relative importance of the residuals. Figureclearly reveals both
positive and negative residuals on the red and blue sidectgply of the Fe k
line (6.4 keV). If the Fe & emission line in the bestfitting model is forced to be
narrow (i.e. unresolved, as in most Compton-thin sourtles}yottom panel figure
is obtained, where the positive residuals are very remgnisof X—ray reflection
from the accretion disc resulting in a skewed and broad Feséami line and Fe
absorption edge. With the caveats mentioned above, thdisigte of the whole
structure seem to be higher than 99 per cent. A more detgilectral modelling
of these absorption and emission features is presented.belo

7.2.1 X-ray reflection from the accretion disc and Fexv resonant ab-
sorption

The shape of the residuals in Figure 7.4 strongly suggeatbdth the positive
and negative residuals could be accounted for by a reflecbamponent from the
accretion disc. Thus, a relativistically blurred reflentgpectrum has been added.
It is warth considering here that the used model for the riédfleccomputes the
continuum and emission lines self—consistently (from Rb$sbian 2005). The
model free parameters are the ionization paramgtdre illuminating power law
slope, the normalisation, and the Fe abundance. To teshertidie Fe abundance
is different from solar, it is let free to vary, replacing the Conmpthin absorber
model with one which allows to vary the Fe abundar@F£ABS). The Fe abun-
dance in the two models is forced to be the same. The illumniggiower law
slope is forced to have the same photon index as the hard paweaontinuum.
The relativistic blurring is obtained by usindg.aoR kernel in which the emissivity
profile is fixed at its standard value £ r~3), the outer disc radius at 409, while
the inner disc radius and observer inclination are freematars. The reflection
spectrum is absorbed by the same column density as the gontin

This model allows to obtain a very significant improvemerntwespect to the
previous model, witthy? = 63 for 5 more free parameterg’(= 456 for 442 dof).
Since the reflection model does not include emission fronsbié (Ross & Fabian
2005), a Gaussian emission line with energy between 7.4 ke &6 keV is added
and to it it is applied the same relativistic blurring as floe reflection spectrum,
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Table 7.1: The bestfitting parameters from joint fits to thd2keV (pn) and
2-9.5 keV (MOS) spectrum of IRAS 13197-167 & 442 for 438 dof).

Parameter Value F—test
Continuum

Th 25+0.3

Np [1073 ph cnT? 571 5718

I's 21+04

Ns [107° ph cnT? 571 82+48

Absorption > 99.99%
Ny [10%2 cm™2] 39+04

Fe abundance 99.8%
Are [solar] 15+03

Transmitted Fe Ka line > 99.99%
E [keV] 6.40+ 0.02

o [eV] <85

EWJ[eV] 105+ 18

Disc reflection 99.8%
£lergecm s <60

Eni [keV] 7.5+ 0.06 948%
EWyi [eV] 60 + 40

R 10+ 3

lin [rg = GM/c?] 7+ 99.1%
i [degrees] 2% 17

Fexxv absorption line 98.1%
E [keV] 6.817008

EWJ[eV] -50+ 30

Flux and Luminosity
Fo_10[10ergem?s!] 21+0.2

L3P, [10* erg 5] 0.7+0.2
LSS, [10*3 erg s1] 4228

The EW of the Fe & emission line is computed with respect to the unabsorbed
continuum assuming it is transmitted and not absorbedelfitie is assumed to be
absorbed by the same column as the continuum its EW istI8DeV. The F—test
results are obtained by removing the relevant component fte model and by
re—fitting the data. The F—test corresponding;tan the Disc reflectionsection

is relative to the relativistic blurring kernel, i.e. it pides the significance of the
relativistic dfects.
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obtaining a marginal improvement a2 = 6 for 2 more free parameters. Before
discussing the best—fit parameters, here it is condideraith sige procedure used
to produce Figure 7.4 on this best—fitting model to searctafgr other possible
residual (see Figure 7.5). The X-ray reflection from the discounted for all
positive and negative residuals (compare Figure 7.5 wigluéi 7.4) except what
appears to be an absorption line~a6.8 keV whose significance can be roughly
estimated to be between 90 and 99 per cent.

A further narrow Gaussian absorption line is then addeddapectral model
finding a marginal improvement afy? = 8 for 2 more free parameters (98.1 per
cent significance level according to the F—test) for a linergy of 6817308 keV
with equivalent width of-50+ 30 eV and a final statistics gf = 442 for 438 dof.
The absorption line energy suggests an origin in resonarption due to Fexv
or Fexxvi (see e.g. Bianchi et al. 2005b) but is inconsistent with #peeted rest—
frame energies (weighted mean of 6.697 keV and 6.966 ke\éctisply). If Fexxv
is assumed, the line energy indicates an outflow velocity06f5500 km s™2.

It should be stressed that the inferred outflow velocity magkably similar to
the systemic velocity of the galaxy. IRAS 13197-1627 is dshéft z=0.016541
which corresponds to a receding velocity of 4959 krh. sSuch a coincidence
raises the possibility that the line has a local origin (Galactic) as it was recently
suggested by McKernan, Yaqoob & Reynolds (2004; 2005) ctses of extreme
relativistic outflows inferred from X-ray spectroscopy &veral AGNs (see e.g.
Pounds et al 2003; Reeves, O'Brien, & Ward 2003).

The data, residuals, and bestfitting model are shown imtbganels of Fig-
ure 7.6. linclude the Ni emission line from the disc and tt8@&\V absorption line
in the final model, but it must be stressed again that theyemectively detected
at about the 95 and 98 per cent level only. The bestfittingrpaters are reported
in Table 7.1 where it is also computed the F-test significdbcghe most im-
portant spectral components obtained by re—fitting the s having excluded
the relevant component. In the case of the disc reflectionpomient, the F—test
is computed for the overall blurred reflection (%), for the addition of the Ni
emission line (98%), and for the relativistic blurring only (98%) separately.

The most important result is that we infer a very strong (aedrky neutral)
reflection component from the accretion disc which domm#te hard spectrum.
Notice also that the transmitted Fe line width is now only pper limit, consistent
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Figure 7.6: In the top panel | show the result of our bestafittmodel in the 2—
12 keV band (see Table 1). Only the pn data are shown forgldritthe bottom
panel, | show the model components.

with an absorber far away from the nucleus. The transmitiedirfe equivalent
width is also slightly reduced because of the broad Fe lise@ated with the disc
reflection component. Part of the hard curvature is now dubealisc reflection
component which results in a slightly smaller column dgnsftthe absorber. As
for the disc parameters, the inner disc radius is consistghtboth a spinning and
a non-spinning black hole, while the inclination is relaljvpoorly constrained.

The large value of the reflection fractiGh= 10+ 3 (whereR = Q/2r andQ is
the solid angle subtended by the reflector) is unusual ancethdting reflection—
dominated spectrum has consequences on luminosity esiroithe nuclear emis-
sion. If the spectrum is indeed reflection—dominated, ttrénsic AGN luminosity
is much higher than the observed one. For this reason, ireTall| report two
different measures of the 2-10 keV luminosity, with twifetent meanings. The
first one is the absorption—corrected observed Iuminotsgg/ig), while the second
is the estimated intrinsic luminosity of the AGmg(ftlo): this is the absorption—
corrected luminosity of the direct AGN emission (the harevgplaw continuum)
multiplied by the reflection fraction i.e. the observed AQMNninosity plus the
luminosity needed to produce the reflection spectrum | nredsult is clearly a
model-dependent, but in my opinion meaningful, estimate.
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7.2.2 A partial covering alternative

In previous analysis of th8eppoSAXobservation, Dadina & Cappi (2004)
pointed out that, besides the Compton—thin absorbeBd#ppoSAXard spectrum
could be described either in terms of a strong and dominarayreflection com-
ponent from the disc or in terms of a partial covering modéleil partial-covering
solution was an attempt to describe the 5—6 keV af@ keV positive residuals
seen in Fig 4 (and visible in thBeppoSAXdata as well) with the curvature pro-
duced by a high—column(5x 10°* cm~2) absorber. Motivated by that study, | also
considered a similar model and allowed the Fe abundance @dmpton-thin ab-
sorber and of the partial coverer to vary, but forcing it ofis® to be the same.
| also include the 6.8 keV absorption line. However, theiphtovering bestfit
is statistically worse than thee flection dominatedest—fit model with? = 470
for 442 dof (to be compared with?> = 442 for 438 dof). The partial-coverer
hasNy =~ 5 x 10?* cm™2 and a covering fraction of about 97 per cent, while the
Compton-thin absorber parameters are consistent witle ttegorted in Table 7.1.
The partial coverer accounts for the residuals above 10 ke¥ [Figure 7.3) but not
for the positive residuals in the 5-6 keV band and the absorgtructure around
7 keV is only poorly modelled (see Figure 7.4).

7.3 The previousASCAand BeppoSAXobservations

IRAS 13197-1627 has been observed twice previously in X;iiayJuly 1995
by ASCAIn the 0.5-10 keV band for 37 ks (Ueno 1997), and in July 1998 by
BeppoSAXn the 0.5-100 keV band for 44 ks, reduced to 20 ks above 10 keV
(Risaliti 2002; Dadina & Cappi 2004). Th&SCAdata were retrieved from the
Tartarus database and the event files were processed aardt@md verified to
give consistent results with the products obtained by Tastéeam. | used data
from the SIS 0 and 1 and from the GIS 2 and 3 detectors and pegtbjoint fit to
the X—ray spectra in the 2-10 keV band. TBeppoSAXiata were retrieved from
theBeppoSAJScience Data Centre and event files were processed as stamtiar
final MECS and PDS spectra were found to be in excellent agraemith those
from the automated pipeline (available on-line).
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Figure 7.7: In the top panel | show the baselkiM—Newtormodel applied to

the BeppoSAXdata (MECS and PDS detectors). The fit is acceptable but large
residuals are seen around 20-30 keV where reflection is ®@péc dominate.

In the bottom panel, | add the disc reflection component, lizpply the XMM-
Newtonbest—fitting model to thBeppoSAXiata.
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7.3.1 Confirming the reflection—dominated spectrum withBeppoSAX

Besides the broad Fe line and edge, the X—ray reflection nwéeicts the
presence of a strong Compton hump around 20-30 keV. TheopieBeppoSAX
observation can thus be used to confirm the detection of thep&m hump in
the high—energy PDS detector. Thus I first apply to the 2—-80BeppoSAXiata
the baseline model (no disc reflection). As already repdnedadina & Cappi
(2004) an absorption line is tentatively detected.&&0.2 keV, while none is seen
at 6.8 keV. If related to resonant absorption fronxfe(Fexxvi), the energy of the
line implies an outflow of at least 27000 (13000) km.sl confirm this result and
add that the line is detected only marginally (at the 98 pat lawel) but if true, its
presence could indicate that an outflow with variable v&jomn long timescales is
indeed present in IRAS 13197-1627.

The BeppoSAXata and baseline (plus absorption line) bestfitting macke|
shown in the top panel of Figure 7.7. The fit is acceptapfe= 76 for 69 dof),
but clear residuals are left around 20-30 keV, where refladti expected to dom-
inate. | thus consider theMM—Newtorbest—fitting model comprising the X—ray
reflection component from the disc. Given the poorer qualftyhe data, the Fe
abundance, inner disc radius, inclination and Ni emissiioe énergy were fixed
to the bestfittingKMM—Newtonvalues and th&eppoSAXiata were fit with the
other parameters free to vary. The result is shown in th@bogtanel of Figure 7.7
and shows that the X-ray reflection component is requirech&yPDS data. The
final fit is good withy? = 52 for 66 d.o.f., significantly better than the baseline
model one BeppoSAXneasures a reflection fractionigf= 11+ 2, consistent with
the XMM—-Newtorone R = 10+ 3).

7.3.2 Long—term spectral variability

| have studied the long—term spectral variability of IRAS.23-1627 by using
the three available X—ray observations with the goal of meit@ing i) changes
in the continuum slope, column density of the absorber, arcbw Fe line flux,
and ii) variability of the two main spectral components, me#rthe continuum
power law and the disc reflection. | mention here that, baseliterature results
from ASCA(Ueno 1997) and on the Risaliti (2002) analysis of BeppoSAXiata,
Risaliti, Elvis & Nicastro (2002) have pointed out that adeterm variability in
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Table 7.2: The bestfitting model to thidM—-Newtordata is applied to the previ-
0USASCA(2-10 keV) andBeppoSAX2—-80 keV) observations. | report the most
relevant bestfitting parameters and the resulting statigt?/dof). For theBep-
poSAX(XMM-Newtoh observation, the baseline model also compriseg.a keV

(~6.8 keV) absorption line.
Parameter. ASCA  BeppoSAX XMM-Newton

(1995) (1998) (2005)
Th 26795 22704 25+0.3
N 4333 3708 39+ 04
Ere 65+01 64+01 6.40+ 0.02
Nre 65+09 68+08 62+04
Fcont 92+16 114+13 6873
Frefi 70+£27 80x11 39+08
Best Fit 156150 5266 447438
Baseline 16853 7669 505445

The column density of the absorbeNy) is in units of 1% cm™ and the
Fe line energy Kre) is in keV. The Fe line normalisationNge) is in units of
107 ph cnm2 s71. The continuum and reflection fluxeBgn: andFef)) are unab-
sorbed and given in the 2—10 keV band in units of*G&rg cnT? s71.
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Figure 7.8: The 2—-10 keV reflection flux is plotted againstzh#0 keV continuum
flux from the three available observations. This demoredréitat the reflection
component responds to the continuum long—term variahilithin the errors. As
a reference the bestfitting linear relationship is shown.

the absorbing column density could be claimed in IRAS 13182+, which would
be consistent with a clumpy absorbing medium close to thgaleengine.

| applied the best—fit model to thaSCAspectrum as well and the results
are reported in Table 7.2 for the three observations. Theceoobserved (i.e.
absorbed) 2-10 keV flux was low during tbdMM—Newtonobservation (24 +
0.2 x 107*? erg cnt? s1), about a factor 2 higher during tHBeppoSAXone
(4.7 + 0.7 x 101? erg cnt? s71), and intermediate during thaSCA pointing
(35+0.9x 102 erg cmr? s71). Table 7.2 shows that the hard power law photon
index, the column density of the Compton-thin absorber, tandransmitted Fe
line normalisation are all consistent with being the santhénthree observations.
| conclude that the data collected so far are consistent thihlux variability oc-
curring at constant spectral slope and absorption, medhaigve have no obser-
vational evidence to support the conclusion that the alesagblocated relatively
close to the central engine (although it cannot be excluded)

As for the variability of the continuum and reflection compats, it is found
that they are consistent with being correlated. This is shimFigure 7.8 where
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the 2-10 keV flux of the reflection component is plotted agatihe 2—10 keV
flux of the continuum (both unabsorbed). The origin of theefon—dominated
spectrum and of its variability are discussed below.

7.4 Origin of the reflection—dominated spectrum

The most remarkable result of this analysis is the preseirmdaminant reflec-
tion component from the accretion disc with a reflectiontfitacof R = 10+ 3. In
other words, the hard X-ray spectrum of IRAS 13197-1627rigely reflection—
dominated. Since reflection comes from the inner accretise, dnd since most
of the accretion power has to be radiated from there (or iranzoabove it), it is
very difficult to imagine a situation in which the spectrum is reflattidlominated
because absorption covers the direct continuum X-ray soamd not the inner
disc. | tried anyway a spectral model in which the hard powwer &nd the reflec-
tion component are absorbed byfdirent column densities to check whether this
could help explaining the large reflection fraction. Howewee did not find any
statistical improvement and, more importantly, the twaomh densities turned out
to be consistent with each other and with the value reportd@dble 7.1.

One possibility is that the large observed reflection fractis due to strong
gravity dfects. If the primary emitting source of X—rays is locatedyoalfew
rqy from the black hole, light bending focus the continuum ta¥gathe accretion
disc (and black hole) dramatically reducing the primarytcwum at infinity and
enhancing the reflection fraction up to the very large otemalues (see the light
bending model proposed by Miniutti et al. 2003; Miniutti &i#tan 2004; see also
Fabian et al 2005; Ponti et al 2006; Miniutti et al 2006 foramtcapplications). As
for the variability, the model was devised to reproducedargntinuum variation
with no or little reflection variability (as observed e.gMCG—6-30-15, see Fabian
& Vaughan 2003; Miniutti et al 2006). The model successfuiproduces this
behaviour for sources witR between~ 1 and~ 3 — 4 (such as MCG-6-30-15),
while it predicts a correlated variability for reflectiorerdinated sources witR >
3-4. Thus, in the present case, the contingnefitection correlated variability (see
Figure 7.8) is consistent with the model (sifke~ 10). However, a correlation
between disc reflection and continuum is expected in anylsimigc reflection
model and is not specific of the light bending one. The mairaathge of the
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model is that the large reflection fraction is naturally expéd.

As recently pointed out by Merloni et al. (2006), reflectidominated spectra
could also be produced from discs which are subject to ifligted® making both
density and heating rate in the inner disc inhomogeneoushelfclouds gener-
ated by the inhomogeneous flow have hidfeetive optical depth, steep spectra
(' ~ 2.4) emerge and they are associated with a dominant refleatioypanent,
in good agreement with our analysis. It is a natural consegpief this model that
some of the inner—disc clouds responsible for the X—rayatdie would be seen in
absorption with a range of column densities (sa§?£00?> cm™2). Given the loca-
tion of the clouds (few innermosg) short-timescale variability in absorption has
to be expected and could be used to disentangle betweenadhaddels in future
longer observations. At the present time, here there is erwe for absorption
variability (notice that the Compton-thin absorber detddiere has nothing to do
with this scenario since the transmitted Fe line is too matmbe produced in the
inner—disc).
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Chapter 8

Overview on the obtained results

The main goal of this dissertation has been probing physmadiitions of mat-
ter in the inner pc of nearby Seyfert galaxies. The resultaioed on the dierent
topic touched for this thesis have been summarized andstisduat the end of the
due chapters. Here, a general overview of the obtainedtsdsuresented.

The Seyfert galaxies are the closest AGN known. As such taeye possibly
used to test the physical properties of the entire class dfl A&Bipposing that all
AGN are similar, independently from distance.

To investigate the general properties of nearby Seyfeetxigs | took advan-
tage of diferent methods of analysis. In particular | used thrékedint samples
of objects, that, despite frequent overlaps, have beergtiido be tuned to takle
different topics: the heterogeneBeppoS AXsample (seé2.1) was thought to be
optimized to test the average hard X-ray-( keV) properties of nearby Seyfert
galaxies; theX-C f A (see§2.2) was thought the be optimized to compare the prop-
erties of LLAGN to the ones at higher luminosity and, thustest the emission
mechanism; thX M M-Newton(§2.3) sample was extracted from tKeC f Asam-
ple so as to be sure to have a truly unbiased and well defineglsahobjects to
test the average properties of Seyfert galaxies.

The three samples were also used to test the validity of theoUM5N (An-
tonucci 1993). It is important to stress here that the UMpdesbeing only little
more than a geometrical scenario, is a fundamental keybawmladel the synthesis
of the CXB (Comastri et al. 1995, Gilli et al. 2001, 2007). $henodels, on the
other hand, put important constraints to the scenariosithésg the evolution and
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co-evolution of SMBH with their host galaxies (see Marcarale 2004).

One of the structures assumed to be present in the UM is thetmerdisk. As
introduced in§1, it is assumed to be formed by the infalling matter that igeair
onto the SMBH while the disk, thanks to viscosity, drivesveartds the angular
momentum. This structure iseededfor this reason but also to explain the BBB
observed in many type | objects (s&B. It's presence was alsmsedto develop the
most popular models for the production of X-ray photons sihealledwo-phase
models (Haardt 1991, Haardt & Maraschi 1991, 1993).

Nonetheless, the presence of such a structure intringigapliyes that rel-
ativistic efects due to the interaction between the high-energy emissid the
matter that reach the last stable orbits around the SMBH#R£000, Miniutti &
Fabian 2004) must occurr. As such, X-rays may also be useabzmeneral rel-
ativity in AGN. Here theseféects have been studied focusing on three case study
objects (namely Mrk 509, NGC 3783 and IRAS 13197-1627). €hugects were
chosen since they were known to display in their X-ray sectenidences of radial
motions in the form of shifted resonant absorption X-ragdinThus, accretion and
possibly other types of flowing matter were supposed to ¢si-@xthese objects.

8.1 The UM

The UM has been positively tested taking advantage of thaydata collected
both with BeppoS AXand XM M—Newtonand no major departure have been ob-
served with respect to the predictigespectations of the UM itself.

The UM has been tested also using the Ec and R, two quantitéfiave been
available for such studies only since the completion of tee@SAX archive of
pointed observation$8.2). In particular, type | and Il objects do noti@r signif-
icantly on the spectral shape if the absorption due taltigty torusis accounted
for (see§3.2, 3.3 and 3.4). On average, the X-ray spectrum is well teddey
a power-law with a spectral inddx1.9, Ec-200-300 keV and R1. It is worth
considering here that the value of Ec caffsuthe contribution of the large num-
ber of lower limits (with values generally higher than 20@XeV) measured with
BeppoS AXAs such, the average value is probably not fully represiestaf the
intrinsic distribution of such quantity in the nearby Seyfgalaxies. Nonetheless,
it must be recalled here, that tiBe ppoS AXample isab originea heterogeneus
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sample of objects (s€§3.2).

On the other hand, the average spectral parameters obt@ingte XM M-
Newtonsample are slightly dlierent {'=1.62+0.3) from the ones obtained for the
BeppoS AXsample. In particular, thélatter spectra measured byM M-Newton
is most probably due, and in any case certapdyuted by the fact that the latter
data cannot ensure the detection of a reflection componeht@mng considered
between 0.1-10 keV (thBeppoS AXdata were considered between 2-100 keV)
they also sffered for a poor treatment of the contribution frormarm absorber
Both these ffects carmimicflat spectra if not properly accounted for. The major
advantage of thXM M—Newtonsample is the fact that it allows to investigate the
intrinsic distribution of absorbing columns. It has beeurfd that Seyfert galaxies
as a whole exhibit absorption columns in the entire rangé-offrom 1¢° cm 2 to
1074 cm2, fairly continuously and that 30-50% of the type |l objeats @ompton-
thick (see§3.3 and 3.4).

Moreover, also the origin of the FekKemission line has been tested using the
BeppoS AXample. The results are well in agreement wittuaty torusorigin of
such a spectral feature. This scenario is directly confirfoetype Il objects where
a direct correlation is measured between the absorbingreoand the EW of the
emission line. Type | and Il sources are on the same relabiotisin the EW vs.
Ny and EW vs. B ioev/F2o-10akev (S€€ fig. 3.9) thus indicating that also in type
| sources the narrow component of the iron line comes fronmthtter constituing
thedusty torugsee§3.5).

Finally, the lwasawa-Taniguchiffiect is confirmed for type | objects consid-
ering the 20-100 keV luminosity. Assuming that the narrolK &eemission line
is indeed produced idusty torus this seems to indicate that the torus covering
fraction of the sky as seen by the X-ray source decreaseg astince’s luminosity
increases (se$3.5).

8.2 The emission mechanism

The standard scenario in which X-ray photons are producetidrynal Com-
potonization of seed UV photons coming from an accretiok Has been, at least
at the zero-th order, confirmed by the measurememnt of afisigini relation be-
tween R and’. As discussed§d.l), this relation naturally emerges iffidirent
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accretion rates are considered or, in other words, if it [goeged that the accre-
tion disk penetrates the central corona dfedent depths (Merloni et al. 2006).
Thus, highly accreting systems have accretion disks thapeaetrate deeply into
the inner coron®DAF phase and are thus dominated by the stantl@odphases
emission mechanism while in low accreting systems the diskot extend deeply
into the coronfADAF phase reducing thefigciency of the system.

This is consistent with what found for the study of the welfied X-C fA
sample of Seyfert galaxies (type I, type Il and 'mixed Seyfesee §2.2). The
analysis of such sample has proven that the intrinsic X-uayiiosity of nearby
Seyfert galaxies can span betweerf®1t? erg s, i.e. covering a huge range of
accretion rates. The lessfieient systems are supposed to host ADAF systems.
Moreover, the study of th¥—C f A sample has also proven the existence of corre-
lations between optical lines and X-ray luminosity in thérerrange of Ly covered
by the sample. These relations are similar to the ones auatafrhigh-L objects
are considered. Thus the emission mechanism must be simifa luminous and
weak systems.

A possible scenario is that the ADAF ahslo phaseanechanism co-exist with
different relative importance moving from low-to-high acaetsystems (as sug-
gested by th& vs. R relation). The present data require that no abrupsitian
between the two regimes is present.

8.3 Matter flows close to SMBHSs

The study of the three samples of objects presented heradighted that the
matter form an accretion disk before disappearing onto 813 hosted at the
center of the galaxies. This was expected since the forinnlaf the UM.

Nonetheless, the study of the ‘case study sources’ has ddratad that in
some sources matter can reach down to the inner orbits a®itiBH and thus,
extreme relativistic #ects, such aight bendingcan be recorded and used to probe
the general releativity theory around SMBH (this is the cgelRAS 13197-
1627). Moreover, in some cases (e.g NGC 3783) matter camtaceia spiral-
ing in the last orbits. In this case, a modulation betweernctinuum emission
and the red wing of the relativistically broadened ke&mission line can be ob-
served. In Mrk 509, it was observed that the narrow compoogttte iron line is
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most probably produced in the outer parts of the accretisk @hile also a faint
relativistically broadened Fek emission line is observed.

Apart from a sometimes questioned existence of an accreiglq all these
evidences demonstrate that little is known about the flotepat of gas in the
innermost regions close to the black-holes in AGNs. It mestdealled here, how-
ever that probing the gas kinematics (velocities) and, rimygortantly, dynamics
(accelerations) around black holes is a fundamental ritgifisve want to under-
stand the sources geometry and energy generation mechargsrthe accretion
mode.

The analysis of the 'case study objects’ demonstrated tigaaitcretion flow
can significantly dier between the objects when it is inspected with appropriate
details. For instance the accretion disk seems to hatereint characteristics be-
tween the three objects (stable down to last stable orbitdarasystem for IRAS
13197-1627, formed by spiral arms in the inrdI0-30 g in NGC 3783 andarely
detectablen Mrk 509).

Moreover blueshifted resonant absorption lines have bettted in the three
objects, most likely produced by outflowing matter. Thismsedo indicate that,
around SMBH, there is matter that does not remains in the atiskmoves with
velocities as large as~0.01-0.4c. Wether this matter forms a wind or blobs is
still unknown as well as the real significance of the measatesbrption lines.
Nonetheless, if confirmed, these phenomena are of outstanciierest because
they dfer new potential to probe the dynamics of innermost regidrecoretion
flows, to tackle the formation of eje¢faets and to place constraints on the rate
of kinetic energy injected by AGNSs into the ISM and IGM. Futurigh energy
missions (such as the planned Simbol-X and IXO) will likejo& an exciting
step forward in our understanding of the flow dynamics ardaladk holes and the
formation of the highest velocity outflows.
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Appendix A

The BeppoSAX data

Table A.1: List of the sources analyzed in this thesis. CdDHject Name; Col. Il
and lll: Right ascension and declination (Equinox 2000)l. @d: Redshift; Col.
V: Seyfert type; Col. VI: Radio class.

Obj. name R.a. Dec. Redshift  Obj. type Class
MARK 335 0006 19.50 +201211.0 0.025 S1.2 RQ
IRAS 00198-792 002153.80 -791008.0 0.073 S2 °RQ
TON S180 005720.20 -222256.0 0.062 Sin °RQ
Tololo 109-383 011127.70 -380501.0 0.011 S2 ‘RQ
MARK 1152 011350.10 -145045.0 0.052 S1.5 RQ
F9 012345.80 -584821.0 0.046 S1.2 RQ
NGC 526A 01235440 -350356.0 0.019 S1.9 RQ
NGC 985 023437.80 -084715.0 0.043 S1.5 RQ
ESO 198-G24 023819.70 -521132.0 0.045 S1.0 RQ?
NGC 1052 02410480 -081520.8 0.005 S2 RQ
NGC 1068 0242 40.70  -000047.0 0.003 S2 RQ
3C78 030826.20 +04 06 39.0 0.029 S1 RL
MARK 1073 031501.40 +420209.0 0.023 S2 RQ
MARK 609 032525.36 -06 0837.9 0.034 S1.8 RQ
3C 88 032754.20 +023342.0 0.003 S2 RQ
NGC 1365 033336.60 -360817.0 0.006 S1.8 °RQ
NGC 1358 033339.70 -050522.0 0.013 S2 RQ
NGC 1386 03364540 -355957.0 0.002 S2 RQ
3C 111.0 04 1821.30 +380135.0 0.048 S1 R
3C 120 043311.10 +052115.0 0.033 S1.5 RL

continued on next page
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continued from previous page

Obj. name R.a. Dec. Redshift  Obj. type Class
UGC 3134 04 41 48.20 -011807.0 0.029 S2 RQ
ESO 033-G02 045558.80 -753228.0 0.019 S2 2RQ
IRAS 05189-252 052101.40 -252145.0 0.042 S2 °RQ
NGC 2110 055211.40 -072723.0 0.007 S2 RQ
MCG 8-11-11 0554 53.60 +46 26 21.0 0.020 S1.5 RQ
H 0557-385 0558 02.10 -38 20 05.0 0.034 S1.2 1RQ
MARK 3 06 1536.30 +710215.0 0.014 S2 RQ
NGC 2273 06 50 08.70 +60 50 45.0 0.006 S2 RQ
MARK 6 0652 12.30 +742538.0 0.019 S1.5 RQ
MCG-5-18-2 07 16 31.20 -2919 28.0 0.005 S2 RQ
MARK 1210 08 04 05.90 +05 06 50.0 0.013 S2 RQ
MCG-1-24-12 092046.25 -080322.1 0.020 S2 RQ
MARK 110 09251290 +521711.0 0.036 S1.5 RQ
NGC 2992 094542.00 -141935.0 0.008 S1.9 ‘RQ
MCG-5-23-16 094740.20 -305654.0 0.008 S2 RQ
M 81 095533.17 +690355.0 0.0001 S1.8 RQ
NGC 3081 09 59 29.60 -2249 34.0 0.007 S2 ‘RQ
NGC 3079 1001 58.50 +55 40 50.0 0.004 S2 4
NGC 3147 1016 53.20 +732402.0 0.010 S2 RS
NGC 3281 1031 52.10 -345113.0 0.011 S2 ‘RQ
RE J1034-393 10 34 38.60 +393829.0 0.042 Siln Rd
NGC 3393 104823.40 -250944.0 0.012 S2 RQ
NGC 3516 1106 47.40 +723407.0 0.009 S1.5 RQ
IRAS 11058-113 11 08 20.30 -114811.0 0.054 S2 RQ
NGC 3627 1120 15.03 +1259 29.6 0.002 S2 RA
NGC 3660 112332.20 -083930.0 0.011 S2 RQ
NGC 3783 113901.80 -374419.0 0.009 S1.5 ‘RQ
NGC 3998 115756.11 +5527 12.7 0.003 S1 RQ
NGC 4051 1203 09.60 +443153.0 0.002 Sin RQ
NGC 4151 121032.50 +392421.0 0.003 S1.5 RQ
MARK 766 12 1826.70 +294847.0 0.012 S1.5 F\QQ
NGC 4258 12 1857.50 +47 18 14.0 0.002 S2 RQ
NGC 4261 1219 23.22 +0549 30.8 0.007 S2 RP
MARK 205 12214410 +751838.0 0.070 S1.0 F\‘Q
NGC 4388 12 2546.70 +123941.0 0.008 S2 RQ
NGC 4507 12 35 36.50 -39 54 33.0 0.012 S2 ‘RQ
NGC 4579 12374352 +114905.5 0.005 S1.9 F\‘Q
NGC 4593 123939.40 -052039.0 0.009 S1.0 ‘RQ
M 104 123959.30 -113723.0 0.002 S1.9 Ro
IC 3639 124052.90 -364521.0 0.011 S2 RQ
M 94 125053.06 +4107 13.6 0.001 S2 RO
MARK 231 1256 14.20 +56 52 25.0 0.041 S1.0 4]

continued on next page
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Obj. name R.a. Dec. Redshift  Obj. type Class
NGC 4826 1256 43.76 +214051.9  0.001 S2 RQ
NGC 4941 1304 13.10 -053306.0 0.003 S2 RQ
NGC 4939 130414.30 -102023.0 0.010 S2 RQ
NGC 4945 130527.50 -492805.6 0.002 S2 RQ
IRAS 13197-162 13222450 -164342.0 0.017 S2 1RQ
IRAS 13224-380  132519.20 -382454.0 0.065 Sin RQ
Centaurus A 132527.62 -430108.8 0.002 S2 2RL
M 51 132952.40 +471141.0  0.001 S2 RS
MCG-6-30-15 133553.40 -341748.0 0.008 S1.5 1RQ
NGC 5252 133815.90 +043233.0  0.022 S2 RQ
MARK 266SW 133817.30 +481634.0  0.028 S2 RQ
IC 4329A 134919.30 -301834.0 0.016 S1.2 RQ
MARK 463E 1356 02.89 +182219.0  0.050 S2 RO
Circinus 141309.80 -652017.0 0.001 S2 RQ
NGC 5506 141314.80 -031226.0 0.007 S2 RQ
NGC 5548 141759.60 +250813.0  0.017 S1.5 RQ
NGC 5643 143240.70 -441028.0 0.003 S2 RQ
NGC 5674 143352.30 +052730.0 0.025 S1.9 RQ
NPM1G-14.0541 1437 38.40 -150023.0 0.081 s1 2RQ
MARK 478 14420750 +352623.0  0.077 Sin RQ
IRAS 14454-434 14484250 -435552.0 0.037 S2 1RQ
NGC 5793 145927.50 -164151.0 0.011 S2 2RL
MARK 841 150401.20 +102616.0  0.036 S1.5 RQ
NGC 6251 163232.10 +823217.0 0.024 S2 RL
NGC 6212 164323.10 +394824.0  0.030 S1 RQ
NGC 6240 165258.90 +022403.0 0.024 S2 RQ
NGC 6300 1716 59.20 -62 49 05.0 0.003 S2 RQ
3C 382.0 183503.40 +324147.0  0.059 S1.0 RL

F 49 183658.30  -59 24 09.0 0.019 S1.9 RQ
ESO 103-G35 183820.50 -652539.0 0.013 s1.9  RQ
3C 390.3 1842 09.00 +794617.0  0.057 S1.5 RL

H 1846-786 184701.70 -783159.0 0.074 S1.2 RQ?
ESO 141-G55 192114.30 -584013.0 0.037 s1.2  RQ
Cygnus A 195928.30 +404402.0  0.056 S1.9 RE
IRAS 20051-111 2007 51.30 -110834.5 0.031 S? 5RQ
IRAS 20216-112 202325.60 +113134.0  0.056 S2 RS
MARK 509 204409.70 -104324.0 0.035 S1.5 RQ
S5211681 211401.60 +820447.0 0.086 S1.0 RY
PKS 2153-69 215705.80 -694123.0 0.028 S2 1RL
NGC 7172 220201.90 -315208.0 0.008 S2 RQ
IRAS 22017031 220419.20 +033351.0  0.066 S2 RO
NGC 7213 220916.25 -471000.0 0.06 S15 RQ

continued on next page
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Obj. name R.a. Dec. Redshift  Obj. type Class
3C 445.0 22 2349.70 -02 06 13.0 0.057 S1.5 4RL
NGC 7314 22 3546.10 -26 03 02.0 0.005 S1.9 RQ
AKN 564 224239.30 +294332.0 0.025 Sln R¢
MR 2251-178 22 54 05.90 -17 34 55.0 0.068 S1.5 4RQ
NGC 7469 2303 15.60 +0852 26.0 0.017 S1.5 RQ
MARK 926 2304 43.50 -08 41 08.0 0.047 S1.5 RQ
NGC 7582 231823.50 -422214.0 0.005 S1 RQ
NGC 7674 232756.70 +08 46 44.0 0.029 S2 RQ
NGC 7679 2328 46.60 +03 3042.0 0.016 S2 RQ

1Barvainis et al. (2005¢Roy et al. (1994)3Yuan et al. (1998)* Xu et al. (1999)°
No radio-data available in literaturYee & Oke (1978)/Marx et al. (1994)%Petre et al.
(1984);°Condon et al. (2002} Brindle et al. (1990)'Morganti et al. (1999)}°Nagar et
al. (1999);*Ulvestad & Ho (2001)*Wang et al. (2004):>Yun et al. (2001)°Roy et al.
(1998);1’Condon & Broderick (1991)'8Thean et al. (2000):°Chiaberge et al. (2002);
20Giuricin et al. (1990)?!Colbert et al. (1996¥?Harris & Krawczynski (2002)?*Rush et
al. (1996)>*Yun et al. (2001)2°Baan & Klockner (2006)?°Perley et al. (1984} Taylor
et al. (1996)

RL, radio loud object; RQ, radio quiet object; I, internediabject.

Table A.2: Observations Log. Col. I: Object name; Col. Il:98bvation date;
Col. lll: MECS exposure in ks; Col. IV: PDS exposure in ks; CM: MECS
detection significance in the 2-10 keV band express in tefrataadard deviation;
Col. VI: PDS detection significance in the 20-100 keV bandregp in terms of
standard deviations. In parentheses, values concerné@@b0 keV band for
those sources that are not detected in the 15-100 keV band.

Name Start date MECS exp. PDSexp. 2-10keVsig. 20-100 (2650 sig.
ks ks o o
MARK 335 1998-12-10 86.7 42.6 90.3 2.75(3.0)

continued on next page
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continued from previous page

Name Start date MECS exp. PDSexp. 2-10keVsig. 20-100 (260 sig.
ks ks o o
IRAS 00198-7926  1997-12-20 20.2 9.5 S1.33 1.44
TON S180 1996-12-03 24.7 10.7 44.2 neg.
Tololo 0109-383 1999-07-26 65.0 32.2 20.9 4.92
MARK 1152 2000-01-04 79.1 39.7 70.1 2.31(3.1)
F9 1996-09-25 94.1 40.8 206 11.2
NGC 526A 1998-12-31 93.2 44.2 128 12.9
NGC 985 1999-08-20 95.0 44.0 119 9.00
ESO 198-G24-a 2001-01-23 143 62.2 161 11.1
ESO 198-G24-b 2001-07-05 97.0 44.4 97.2 8.40
NGC 1052 2000-01-11 63.9 30.0 43.0 5.22
NGC 1068-a 1996-12-30 101 62.5 83.7 7.15
NGC 1068-b 1998-01-11 37.3 17.7 47.6 2.57 (2.32)
3C78 1997-01-07 19.4 9.44 18.9 0.81 (0.52)
MARK 1073 1999-02-15 58.9 28.1 cont. cont.
MARK 609-a 2000-01-20 18.1 8.26 16.7 0.63 (0.83)
MARK 609-b 2000-02-14 2.34 1.08 0.38 0.46 (neg.)
MARK 609-c 2000-03-04 28.3 13.1 28.3 0.20 (0.13)
3C 88 1999-02-03 427 20.6 9.68 neg. (neg.)
NGC 1365 1997-08-12 27.6 13.0 30.2 9.0
NGC 1358 2000-02-08 337 16.6 431 2.92 (2.69)
NGC 1386 1996-12-10 30.1 13.6 9.86 cont.
3C111.0 1998-03-08 69.6 33.0 137 11.8
3C 120 1997-09-20 77.9 35.8 207 18.0
UGC 3134 2001-09-14 25.9 13.1 38.0 2.92 (3.42)
ESO 033-G02 2001-04-20 106 50.0 81.1 9.99
IRAS 05189-2524  1999-10-03 42.1 19.4 36.6 1.75 (3.35)
NGC 2110 1997-10-12 83.9 38.7 155 18.5
MCG 8-11-011 1998-10-07 74.9 36.2 220 24.7
H 0557-385-a 2000-12-19 29.3 14.8 107 7.65
H 0557-385-b 2001-01-26 14.2 5.8 81.6 7.83
MARK 3 1997-04-16 113 44.8 9E3 40.0
NGC 2273 1997-02-22 24.0 9.9 16.4 0.9 (0.85)
MARK 6 1999-09-14 109 52.0 163 19.5
MCG-5-18-002 1997-11-21 8.9 35 neg. 1.33(1.21)
MARK 1210 2001-05-05 95.3 41.3 82.6 17.6
MCG-1-24-12 2001-05-15 75.7 35.4 81.9 12.1
MARK 110-a 2000-05-23 35.7 15.7 107 8.91
MARK 110-b 2000-11-02 41.4 18.6 97.3 7.42
MARK 110-c 2001-04-02 31.2 15.2 55.9 3.10
NGC 2992-a 1997-12-01 72.0 33.2 67.3 4.98
NGC 2992-b 1998-11-25 59.2 27.1 219 31.3
MCG-5-23-16 1998-04-24 77.0 325 277 41.0
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Name Start date MECS exp. PDSexp. 2-10keVsig. 20-100 (2660 sig.
ks ks o o
M 81 1998-04-06 100 36.6 217 9.69
NGC 3081 1996-12-20 15.3 2.0 131 neg. (neg.)
NGC 3079-a 2000-05-26 44.6 20.1 10.6 3.75
NGC 3079-b 2001-03-28 36.4 16.4 11.0 5.08
NGC 3147 1997-11-15 34.4 16.3 27.8 0.37 (0.40)
NGC 3281 2000-05-20 71.3 35.0 335 20.7
RE J1034-396 1997-04-18 43.0 19.5 27.8 0.95(1.19)
NGC 3393 1997-01-08 14.6 7.2 8.88 2.52(1.94)
NGC 3516-a 1996-11-08 55.7 20.8 144 16.2
NGC 3516-b 1997-03-11 57.6 21.7 208 21.2
NGC 3516-c 2001-04-10 87.4 39.9 164 26.4
NGC 3516-d 2001-11-09 171 64.1 159 24.1
NGC 3516-e 2001-11-19 64.9 23.1 98 16.7
NGC 3516-f 2001-11-28 48.9 19.6 116 14.0
IRAS 11058-1131-a  1998-05-29 35.4 16.6 5.21 0.45 (0.42)
IRAS 11058-1131-b  1998-12-09 27.7 12.8 4.25 neg. (neg)
NGC 3627 1998-12-18 47.6 22.2 171 neg. (neg.)
NGC 3660 2001-06-05 78.0 36.0 42.8 7.42
NGC 3783 1998-06-06 154 70.4 333 41.8
NGC 3998 1999-06-29 76.9 38.0 105 5,51
NGC 4051-a 1998-05-09 69.2 33.0 26.8 3.86
NGC 4051-b 1998-06-28 11.6 9.0 51.4 7.30
NGC 4151-a 1996-07-06 73.6 35.2 718 123
NGC 4151-b 1996-12-04 24.3 11.2 166 65.8
NGC 4151-c 1996-12-06 235 10.8 162 64.5
NGC 4151-d 1999-01-04 83.4 38.5 296 142
NGC 4151-e 2000-12-22 18.6 8.8 93.0 26.6
NGC 4151-f 2001-12-18 115 53.3 481 152
MARK 766-a 1997-05-17 78.1 34.2 139 cont.
MARK 766-b 2001-05-20 81.8 38.0 156 cont.
NGC 4258 1998-12-19 99.6 46.9 84.0 4.14
NGC 4261 2000-12-27 67.4 32.6 25 1.44 (0.59)
MARK 205-a 1997-03-12 47.0 6.6 46.0 1.98 (1.11)
MARK 205-b 2001-12-21 166 70.5 146 7.38
MARK 205-c 2002-01-05 32.7 12.6 52.9 3.57
NGC 4388-a 1999-01-09 67.9 51.2 108 60.0
NGC 4388-b 2000-01-03 28.3 14.6 42.7 15.2
NGC 4507-a 1997-12-26 55.2 27.0 78.8 39.8
NGC 4507-b 1998-07-02 41.4 20.1 47.2 21.9
NGC 4507-c 1999-01-13 314 17.0 56.3 27.8
NGC 4579 2001-06-17 102 47.7 78.8 2.68(4.72)
NGC 4593 1997-12-31 84.2 38.5 192 20.8
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Name Start date MECS exp. PDSexp. 2-10keVsig. 20-100 (2@ sig.
ks ks o o
M 104 2000-06-29 72.1 32.8 36.3 1.46 (1.88)
IC 3639 1998-06-30 83.3 38.8 10.7 neg. (neg.)
M 94 2000-12-29 76.2 34.7 36.9 1.52(0.91)
MARK 231 2001-12-29 144 71.3 24.4 2.79 (4.0)
NGC 4826 2001-06-26 90.0 41.8 6.5 neg. (neg.)
NGC 4941 1997-01-22 28.6 12.6 15.44 1.17 (1.67)
NGC 4939 1997-01-27 33.1 14.7 24.0 3.25
NGC 4945 1999-07-01 93.8 43.8 70.5 82.3
IRAS 13197-1627 1998-07-22 43.8 18.6 36.7 6.31
IRAS 13224-3809-a  1998-01-29 47.0 10.2 10.4 neg. (neg.)
IRAS 13224-3809-b  1998-06-29 14.9 6.9 3.93 neg. (neg.)
Cen A-a 1997-02-27 334 14.9 283 70.2
Cen A-b 1998-01-16 54.2 23.0 344 120
Cen A-c 1999-07-10 38.8 17.8 280 102
Cen A-d 1999-08-02 36.1 16.1 245 79.4
Cen A-e 200-01-08 34.0 17.9 260 105
M 51 2000-01-18 97.0 44.9 36.2 5.63
MCG -6-30-15-a 1996-07-29 183 85.7 407 25.4
MCG -6-30-15-b 2001-07-31 72.9 49.6 189 21.6
NGC 5252 1998-01-20 61.3 29.2 34.0 2.10 (3.00)
MARK 266SW 1998-12-29 40.7 20.1 10.4 0.12(0.11)
IC 4329A-a 1998-01-02 81.9 37.6 355 54.9
IC 4329A-b 1998-07-17 40.0 18.3 203 27.6
IC 4329A-c 1998-07-21 37.8 17.8 237 33.8
IC 4329A-d 1998-07-27 47.0 11.2 196 24.6
IC 4329A-e 2001-01-31 325 16.4 251 41.2
MARK 463-a 1998-07-03 5.3 2.2 n.d nd
MARK 463-b 1998-07-05 28.4 13.0 7.68 0.87 (0.68)
MARK 463-c 1998-07-28 53.2 23.5 13.4 1.47 (1.26)
Circinus-a 2001-01-07 138 63.2 130 63.4
Circinus-b 1998-03-13 52.0 38.0 96.2 52.7
NGC 5506-a 1997-01-30 39.4 17.0 205 25.6
NGC 5506-b 1998-01-14 39.0 17.5 166 27.9
NGC 5506-c 2001-02-01 78.0 37.9 248 44.4
NGC 5548-a 1997-08-14 88.3 19.2 186 14.8
NGC 5548-b 1997-08-16 91.0 40.6 194 21.1
NGC 5548-c 1997-08-19 85.3 38.1 191 21.6
NGC 5548-d 1997-08-21 48.8 21.7 128 16.4
NGC 5548-e 1999-12-10 88.3 42.9 218 29.2
NGC 5548-f 2001-07-08 99.0 48.0 208 28.1
NGC 5643 1997-03-01 10.4 4.4 14.4 0.28 (0.16)
NGC 5674 2000-02-12 45.0 20.8 445 4.83
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Name Start date MECS exp. PDSexp. 2-10keVsig. 20-100 (2@&0sig.
ks ks o o
NPM1G-14.0541 2001-07-18 23.5 11.1 n.d. 1.21(1.28)
MARK 478 2000-08-09 53.3 24.5 50.2 neg. (neg.)
IRAS 14454-4343 1997-03-02 24.0 12.8 4.27 1.25(2.84)
NGC 5793 2001-07-25 78.8 36.4 n.d. cont.
MARK 841-a 1999-07-30 87.8 41.5 116 6.47
MARK 841-b 2001-01-11 90.3 40.6 138 8.97
NGC 6251 2001-07-19 80.9 36.2 65.3 3.82
NGC 6212 1999-02-19 25.9 13.0 38.0 2.93(3.42)
NGC 6240 1998-08-14 119 57.2 43.2 11.6
NGC 6300 1999-08-28 86.3 38.6 89.1 20.6
3C 382.0 1998-09-20 85.6 41.6 251 25.8
F 49 2000-03-31 116 59.4 171 4.80
ESO 103-G35 1997-10-14 14.4 5.9 40.2 7.00
3C 390.3 1997-01-09 101 45.7 190 14.9
H 1846-786 2001-03-08 345 17.9 57.8 3.92
ESO 141-G55 1999-11-01 89.0 39.2 161 135
Cygnus A 1999-10-27 73.1 34.1 216 24.0
IRAS 20051-1117 2001-10-29 56.1 24.4 36.6 2.12 (3.55)
IRAS 20216-1121  1996-10-02 39.2 18.6 14.4 1.07 (3.0)
MARK 509-a 1998-05-18 51.9 24.1 180 16.2
MARK 509-b 1998-10-11 36.0 17.0 166 15.8
MARK 509-c 2000-11-03 41.3 18.8 117 12.0
MARK 509-d 2000-11-08 38.1 17.6 105 12.1
MARK 509-e 2000-11-18 39.9 17.8 108 8.85
MARK 509-f 2000-11-24 33.1 14.6 100 10.1
S5211681-a 1998-04-29 28.9 13.3 73.4 4.52
S5211681-b 1998-10-12 19.7 10.5 52.3 4.47
PKS 2153-69 1996-09-29 16.9 6.9 45.3 1.18(1.88)
NGC 7172-a 1996-10-14 39.2 17.3 73.6 7.52
NGC 7172-b 1997-11-06 49.4 21.1 47.9 4.99
IRAS 220140319  1997-11-28 47.6 22.2 36.7 2.69 (3.53)
NGC 7213-a 1999-05-30 46.8 56.0 119 18.0
NGC 7213-b 1999-11-23 14.9 33.6 64.7 14.4
NGC 7213-c 2000-05-03 45.9 30.8 136 16.7
NGC 7213-d 2001-05-27 61.6 37.9 113 10.0
3C445.0 1999-11-30 99.9 46.4 67.2 9.03
NGC 7314 1999-06-08 90.0 42.6 155 16.9
AKN 564-a 1997-11-14 26.2 12.2 73.8 1.29 (1.37)
AKN 564-b 1998-06-12 29.2 125 80.1 1.85(3.0)
AKN 564-c 1998-11-22 46.8 21.5 96.8 3.04
MR 2251-178-a 1998-06-14 82.7 40.9 197 18.9
MR 2251-178-b 1998-11-12 71.6 35.1 185 18.9
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Name Start date MECS exp. PDSexp. 2-10keVsig. 20-100 (2680 sig.
ks ks o o

NGC 7469 1999-11-23 250 122 341 24.9

MARK 926  2000-12-01 25.0 46.1 98.6 20.0

NGC 7582 1998-11-09 56.4 26.1 93.9 21.8

NGC 7674 1996-11-25 116 51.2 35.0 1.96 (3.0)

NGC 7679 1998-12-06 90.9 453 77.3 4.25

neg., negative PDS counts in the background subtracted data
cont., PDS counts most probably contaminated by other ssunche FOV.

[8pt]



Table A.3: Best-fit spectral parameter. Col. I: Observatiame; Col. II: Total absorber Col. density; Col. Ill: Photodex; Col. IV:
Energy centroid of the emission FeKine; Col. V; EW of the emission line; Col. VI: Reflection pamater R; Col. VII: High-energy
cut-of; Col. VIII: 2-10 keV flux; Col. IX: 2-10 keV observed lumindgi Col. X: 20-100 keV flux. Upper limits (@ confidence level)
have been calculated following the method presented in Se&tCol. XI: 20-100 keV observed luminosity.

Name Ny r Eine EWLine R E Fo_1okev Lo-1okev F2o-10tkev L20-100kev
10%%m2 keV eV keV ergstcm? ergs! ergstcm? erg st
MARK 335" 7.66155 2501018 635008 20680 7.85E-12  9.75E42  3.26E-12  4.09E42
TonsS 180 <0.37 234217 68903  759:500 4.34E-12  357E43 <157E-11 <1.37E+44
Tololo 109 339500 247058 656000 133031 »0.21 116E-12  3.02841 1.67E-11  4.43E42
MARK 1152 <0.28 17099 633980 1148 562E-12  3.10E43  1.00E-11  5.50E43
Fairall 9 <0.00 2.143% 6.81917 79T 1.0033 =395  2.65E-11  1.20E44  3.12E-11  1.42E44
NGC 526a 168021 15600 49015 17645 173E-11  1.21E43  437E-11  3.07E43
NGC 985 123031 175020 40025 797499 0091:0%  >72  142E-11 5.24E43 268E-11  1.01E44
ESO198-G24-a <0.25 17602 631018 7942 <253 9732 150E-11  6.28843 223E-11  9.59E43

ESO198-G24-b <1.12  1.94040 6.920% 93.2101 35035 >457 8.80E-12 3.5943 165E-11  7.03E43
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Name Ny r Eiine EWLine R E Fo_1aev Lo-ikev  Foo-10ev L2o-100cev
10°%m2 keV eV keV ergstcm? ergs! ergs'cm? ergs?t
NGC 1052 21.8280 151028 651017 280122  0.15372 3.89E-12  1.86E42  1.86E-11  8.93E42
NGC1068-& <0.35  2.23331 6.48700; 128033 >0.20 >116  4.84E-12 149842 1.77E-11  8.53E42
NGC 1068-8  <0.15  1.493%7 6.53'9%+ 25003% <0.87  >35 5.88E-12  1.81E42  1.22E-11  3.78E42
3C78 <0.58 25003 6.24'02% 10803 1.70E-12  2.02E42 <1.65E-11 <1.96E+43
MARK 609-a  <10.1  1.872%% 7.840%% 8963 2.55E-12  6.63E42 <1.75E-11 <4.55E+43
MARK 609-c  <0.54  1.77221 6.7603 435733 2.70E-12  7.16E42 <1.44E-11 <3.82E+43
3c88 <168  2.173% 3.31E-13  6.00E42 <1.19E-11 <2.15E+44
NGC 1365 60.5173 1.930% 6.2170% 38227 1.86777 >110  6.83E-12  3.25E41  5.12E-11 = 2.47E42
NGC 1386 <259 2573 6.3101 6820238 3.57E-13  6.16E39 cont. cont.
3C111 09132 1.75%1% 6.400%9 <72 <225  >82 2.50E-11  1.15E44  4.43E-11  2.09E44
3C120 <131  1.8339 6.257% 39.3335 1.277% 76.63; 4.99E-11  1.09E44  552E-11  1.23E44
UGC 3134 <0.34 1573} 5.19E-12  9.22E42  1.26E-11  2.24E43
ES033-G02 25202 199218 6.4251° 112210 0.61°0% 6.19E-12  4.35E42  2.28E-11  1.62E43
IRAS05189  10.3140 28523 650024 255171 3.21E-12  1.16E43 <1.22E-11 <4.41E+43
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Name Ny r Eiine EWline R E Fo-10ev Lo-ikev  Foo-10mev  L2o-100ev
10°%m? keV eV keV ergsicm? ergs! ergstcm™ erg st
NGC 2110 492078 1.740% 6.4109; 2083 0.60%% >705  3.00E-11 34943  6.15E-11  7.21E43
MCG 8-11-11  <1.21  1.8051% 6.495%7 12730 0.4093% 14171%  552E-11  4.33E43  8.26E-11  6.54E43
HO557-a 0.860%% 2.09047 6.41°218 15019 3.02%3% 35717°  3.35E-11  7.66E43  2.59E-11  6.24E43
HO557-1% 103930 22693 6.420%0 <161 228330 >155  3.65E-11  8.38E43  4.66E-11  1.09E44
MARK 3 11078%5  1.807093 6.39°3%% 542345 0.9501°  >187  6.73E-12  2.32E42  1.05E-10  3.71E43
NGC 2273 <161  0.48235 6.420%5 273087 1.24E-12  855E40 <1.62E-11 <1.12E+42
MARK 6 246020 1.6670% 6.3801 9732 054703 >133  2.91E-11  2.05E43  7.85E-11  5.57E43
MARK 1210  20.0970 1.83097 6.4801% 1443 1.34070 >107  9.91E-12  3.20842 5.03E-11  1.65E43
MCG-1-24-12  6.9402 19003 6.389315 1657; 1.49%  >420  2.68E-12 2.08E42 2.96E-11  2.31E43
MARK 110-a  <0.07  1.825% 6.63032  91°& 252E-11  6.18E43  3.63E-11  8.91E43
MARK 110-b  <0.25  1.763%% 2.09E-11  5.13E43  3.28E-11  8.04E43
MARK 110-c <059  1.71512 8.83E-12  2.16E43  167E-11  4.07E43
NGC2992-a  1.4§71 1.8905¢ 644511 <333  >045  >35 6.30E-12  7.20E41  151E-11  1.73E42
NGC2992-b  0.8817 168752 6.49017 9932 <273 1531%° 7.34E-11  8.40E42 1.17E-10  1.34E43
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Name Ny r Eiine EWLine R E Fo-10cev Lo-ikev  Foo-10mev  L2o-100cev
10°%cm2 keV eV keV  ergstcm? ergs! ergstcm? erg st
MCG-5-23-16  1.745% 179507 6.490% 9322 074922 191110 920E-11  1.29843  1.46E-10  1.29E43
M 81 0.1851%8 190035 6.835%s 93.33°5 <197 10712 3.87E-11  9.49E38  3.82E-11  9.34E38
NGC 3081 <230  -0.599% 6.39912 152033 1.61E-12  1.96E41 <3.17E-11 <3.86E+42
NGC3079-a 795400 2.439%0 62903 <4300 3.68E-13  6.36E39  2.20E-11  3.79E41
NGC 3079-b 24150 2.499°%1 59812l <4800 7.27E-13 14380  1.79E-11  3.55E41
NGC 3147 <166  1.92592 6.4753% 4417329 2.26E-12  4.37E41 <1.31E-11 <2.53E+42
NGC 3281 14627 1.3692F  6.480%¢ 150011260 0.7212% 6528  2.80E-12 528841  6.82E-11  1.32E44
RE J1034396 <0.18  2.15%17 1.11E-12  4.03E42 <1.22E-11 <4.43E+43
NGC 3393 <275  0.405%¢ 6.3251% 27001580 7.19E-13  1.98E41 <1.85E-11 <5.09E+42
NGC3516-4  2.08920 171021 64101l 644176 12318 18337  253E-11  3.77E42  7.18E-11  1.08E43
NGC3516-8  0.61928 172930 6.42090 919312 13778 10139* 453E-11  6.76E42  8.35E-11  1.25E43
NGC 3516-¢ <0.00 191397 6.362% 16273 161718  >185 293E-11  4.38E42 7.52E-11  1.13E43
NGC3516-d  <1.60  2.065%% 6.4400 281730 2.773%2 >233 156E-11  2.34E42 561E-11  8.59E42
NGC 3516-¢ <212  2.0751% 6.45508 2043 262235  >405 1.58E-11  2.36E42 5.70E-11  8.56E42
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Name M r Bine EWLine R Ec F2-10kev Lo-10kev F20-100ev L 20-100kev
10°%m? keV eV keV ergstecm? ergs! ergstcm? erg st
NGC 3516+ <027 207%7 63391 15147 158118  >379  356E-11 5.33E42  6.43E-11  9.67EA2
NGC 3627 <0.90 1.918:2; 7.62E-13 8.41E39 <1.15E-11 <1.27E41
NGC 3660 263%  1.83%U 236E-12 6.59E41  2.67E-11  7.79E42
NGC 3783 <011 17934 64397 175 05009 1830  640E-11 117843  1.04E-10 19144
NGC 3998 <047  1.940%0 118E-11 204840 127E-11  2.19E41
NGC4051-a 19080 256045 6.42012 886360 033068 162E-12 164E40 1.18E-11  1.20E42
NGC 4051-b <0.28 1.618:ig 1.86E-11 1.43E41 4.56E-11 3.50E41
NGC4151-4 8347124 145017 616006 839128 118065 669258 116E-10 24242 431E-10  9.01E42

NGC 41518  12.2081 145012 45004 375735 10209 923348  925E-11  193E42 4.28E-10  8.96E42

NGC4151-¢  10.03% 1.20013 6.4450 540352 <0.63 56.4}37 1.36E-10 2.82E42  4.18E-10  8.73EA2

NGC 4151-d  7.73M7 162015 63990 124743 <032  147°%  1.29E-10 2.66E42  4.94E-10  1.03E43

NGC 4151-¢ 9.07119 167014 646908 307879 <142  >201  523E-11 109E42 1.94E-10  4.07E42

NGC 4151-f 1.91045 175002 542003 1712118 9 42013 404 +19° 2.03E-10  4.24E42 5.34E-10 1.12E43

=0.20 =0.02 =-0.03 —116 =-0.08 -109
MARK 766-a°  <0.23  1.9530] 1.96E-11  6.44E42 cont. cont.
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Name Ny r Eiine EWLine R E Fo-10cev Lo-ikev  Foo-10mev  L2o-100cev
10°%cm2 keV eV keV  ergstcm? ergs! ergslcm™ erg st
MARK 766-b'!  <0.12  2.033% 6.46'52] 85.5%5 2.31E-11  7.60E42 cont. cont.
NGC 4258 1175, 2.18%% 65702 815842 7.99E-12  6.12E40 9.19E-12  7.05E40
NGC 4261 <0.27  1.65%18 1.11E-12  1.05E42 <9.81E-12 <9.28E+42
MARK 205-a  <0.15  1.8635] 8.36E-12  8.61E43 <1.92E-11 <1.98E+44
MARK 205-b  <0.08  1.862% 6.50:920 117184 1.11E-11  1.14E44  1.42E-11  1.47E44
MARK 205-c ~ <0.18  1.733%8 7.49E-12  7.66E43  1.33E-11  1.36E44
NGC4388-a  40.857 1.650% 6.450%5 19592 <038  >457 250E-11  3.37E42 1.86E-10  2.54E43
NGC4388-b  51.0;81 1.52912 6.3770% 6367163 >135  9.24E-12  1.24E42  829E-11  1.13E43
NGC 4507-a 6072  1.62918 6.41°0% 19057 054024 152+3%0  1.78E-11  4.70E42  1.70E-10  4.60E43
NGC 4507-b 554182 125042 643097 87525 26733 <303  8.47E-12 224E42 1.01E-10  2.75E43
NGC4507-c  64.585 1.853% 65701 3018 09092  >68 1.61E-11  4.26E42  1.48E-10  4.01E43
NGC 4579 <0.33  1.80%% 6.6621 417133 5.52E-12  2.66E41  7.65E-12  3.68E41
NGC 4593 <0.38  1.91%10 6.43%12 26912 1.052%  >200 3.66E-11  5.74E42  7.02E-11  1.11E43
M 104 <0.87  1.99327 654034 283210 1.80E-12  3.10E40 <2.58E-12 <4.40E+40

=0.17

—-0.30

—238
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Name N4 r Eiine EWLine R E Fo-10cev Lo-ikev  Foo-10mev  L2o-100cev
10°%cm2 keV eV keV ergstcm? ergs! ergslcm? erg st
IC3639 <5.43 15719 6.462%2 203089 3.70E-13  8.63E40 <9.12E-12 <2.13E+42
M94 0.910% 1.9702 6.6993% 24522 1.89E-12  3.61E39 <9.56E-12 <1.82E+40
MARK 231 <161 07203 528220 455739 8.13E-13  2.65E42 <7.06E-12 <2.30E+43
NGC 4826 <426  1.84%2% 1.53E-13  2.93E38 <8.84E-12 <16.9E+40
NGC 4941 67.228 2.73%% 64131 6753 1.03E-12  2.71E40 <3.85E-11 <1.37E+42
NGC 4939 45.0478  1.3503% 6.6501¢ 48138 1.94E-12  3.67E43  2.08E-11  4.33E44
NGC 4945 4965 15709 6.501994 909180 12241 5.21E-12  3.23E40  2.90E-10  1.80E42
IRAS13197  47.1°¢%0 31004 6.42013 236275 4.49E-12  2.35E42  2.77E-11  1.50E43
IRAS13224-a  4.254> 2.82080 6.88:9%2 1760132 5.73E-13  5.07E42 <1.60E-11 <1.42E+44
CenA-a 10.5002 1.8070%3 6.43%%7 10377 <0.30 >252  1.89E-10 1.17E42  4.44E-10  2.76E42
CenA-b 10509  1.849%2 6.499%° 49114 <0.12 >374  252E-10 1.56B42 5.94E-10  3.69E42
CenA-c 9.820%% 1.80°9%2 657700 12718 <019 >500  2.34E-10  1.45E42  5.44E-10  3.38E42
CenA-d 9.972%  1.80°0% 6.470% 9121 <0.08 >274  1.92E-10 1.19E42  4.49E-10  2.79E42
CenA-e 9.6900; 177902 652002 11218 <0.03 >349  2.30E-10 1.42EA3  556E-10  3.45E42
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Name Ny r Eiine EWLine R E Fo-10cev Lo-ikev  Foo-10mev L 20-100kev
10%%m2 keV eV keV ergstcm? ergs! ergslcm™ erg st
M 51 >403  1.92211 6.50077 382388 1.38E-12  1.06E40  1.98E-11  1.52E41
MCG-6-30-15-4 0.383%% 208312 6.900% 16338 13108 1702° 502E-11  6.22E42 5.59E-11  6.95E42
MCG-6-30-15-8  <1.08  2.3001% 6.100%° 2143, 26608 >292  451E-11 557E42 5.80E-11  7.19E42
NGC 5252 9.152% 17393 6.4691° 2531 2.56E-12  2.32E42  6.63E-12  6.30E42
MARK 266 5.326%5 1.8gl12 5.32E-13  8.12E41 <1.20E-11 <18.3E+43
IC4329a-4 0.550%° 1.870%% 6.4801 1264 042011 38890  136E-10 7.42E43  1.92E-10  1.09E44
IC4329a-B 05404 20109 6.6007 17633° 148755 >179  6.89E-11  4.92643  1.33E-10  7.59E43
IC4329a-¢ 053926 184017 6.63251 5127 046130 1559  120E-10 6.81E43  164E-10  9.32E43
IC4329a-d 057222 1.9901° 65302 1773 1.107% >121  1.18E-10 6.67E43 1.85E-10  1.06E44
IC4329a-é 0.4891 1.899% 6.35018 17115 05495 20410  169E-10 9.56E43  2.43E-10  1.38E44
MARK 463-b <289  1.99% 3.61E-13  1.86E42 <1.44E-11 <7.43E+43
MARK 463-c <6.77  2.02%% 473E-13  2.38E42 <1.13E-11 <5.82E+43
Circ-& 82580  1.6991% 6.44051 20608 0.293% <53 1.53E-11 293840 1.83E-10  3.51E41
Circ-t? 558+301 127020 64899 211014 03503 <50 1.92E-11  3.68E40  1.80E-10  3.45€41
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Name Ny r Eiine EWLine R E Fo-10kev Lo-ikev  Foo-10ev L2o-100cev
10°%m? keV eV keV  ergstcm? ergs! ergslcm™? ergs?t
NGC5506-a  4.3§2] 21101 643219 13137 130128 >177  2.06E-11  4.99E42  1.24E-10  8.61E42
NGC5506-b  3.38% 205399 6.44'993 12941  2.260% 4.91E-11  3.40E42  1.38E-10  9.60E42
NGC5506-c  3.873% 2.08313 6.475% 13530  1.610% >210 7.73E-11  7.27E42  1.36E-10  1.29E43
NGC5548-a 0281 16309 6.399%7 1173 06223 107*2° 346E-11 195843  6.92E-11  3.94E43
NGC5548-b 04817 187212 6.395% 93.13% 168190 >131 3.60E-11  2.03E43  7.05E-11  4.00E43
NGC5548-c  0.22% 16492 6.39914 803325 0.74%% 901!  365E-11 205843 6.87E-11  3.91E43
NGC5548-d  0.5%2¢ 1.68%1 6.49207 208%¢ 05793 >102  3.14E-11  1.77E43  7.26E-11  4.12F43
NGC 5548-e <028  1.7701% 6.40015 7632  1.0214 180735  4.59E-11  2.59E43  8.27E-11  4.70E43
NGC 5548-f 0.38320 1.83210 6359010 7328 0.7303%  >197 4.17E-11  2.36E43  8.00E-11  4.53E43
NGC 5643 <410  1.752% 6.75020 1220'7% 1.64E-12  5.02E40 <2.28E-11 <6.98E+41
NGC 5674 57903 16191 6.3691F 2527118 5.35E-12  6.47E42  1.61E-11  1.97E43
MARK 478 <1.08  2.3821 3.77E-12  5.16E43 cont. cont.
MARK 841-a°®  <0.30  2.12231 640040 30038 3.00432  >50 1.26E-11  3.27E43  1.88E-11  4.98E43
MARK 841-b <120  2.2133 35435 =67 1.64E-11  4.29E43  2.05E-11  5.49E43
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84T



continued from previous page

Name M r Eiine EWLine R Ec Fo-10kev Lo-10kev Fao-10aev  L20-10aev
10°%cm2 keV eV keV ergstem? ergs! ergslcm? ergs?t
NGC 6251  <0.62  1.86913 4.75E-12  5.87E42  6.43E-12  7.96E42
NGC6212 <051  1.63%1 5.03E-12 895842 107E-11  1.91E43
NGC 6240 1799 1.9802 650015 18801159 2.20E-12 2.41E42 3.32E-11  3.78E43
NGC 6300 2518 19600 £26023 16253 18704 127E-11  3.61E41  6.30E-11  1.80E42
3C382 <0.07  1.88006 651027 37,3643 110057 170284 §OIE-11  4.18E44  7.64E-11  5.43E44
Fairall 49 134015 215005 54012 17640 3.65E-12  1.68843  1.27E-11  1.00E43
ES0103 202452 181020 64801l 278142 05718 000090 152E-11  4.93E42  6.24E-11  2.05E43
3C390 <017  173%% 639009 107317 137113 16382  220E-11  1.40E44  4.50E-11  2.95E44
H 1846-786 <0.30 1.8@8:89 0. 8.18E-11 9.48E43 1.14E-11 1.32E44
ESO141 <0.15 19302 645000  137+48  1772% 5850  245E-11  6.35843  3.84E-11  1.02E44
Cyg A 228382 177708 672 1.88E-11  1.12E44  8.01E-11  5.15E44
IRAS20051 <021  1.87%12 224E-12 402842 270E-12  4.85E42
IRAS20210  <3.16  0.75938 6.74%18 107048 6.65E-13  4.08842 8.94E-12  5.46E43
MARK509-a <179  1.8492L 6.399% 473  0.76072 5.16E-11  9.24E43  6.45E-11  1.17E44
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Name N4 r Eiine EWLine R E Fo-10kev Lo-ikev  Foo-10ev L2o-100cev
10°%m2 keV eV keV ergstcm? ergs! ergslcm erg st
MARK509-b  <0.10  1.95% 6.52041 <80  1.351%5  >90 6.27E-11  1.45E44  7.67E-11  1.80E44
MARK 509-¢  <0.30  1.743%2 620021 640 1.15%2¢ 83120  292E-11  6.73E43  5.16E-11  1.22E44
MARK 509-d  <1.12  1.60037 6.400% 703 11723 607  2.63E-11  6.04E43 543E-11  1.28E44
MARK 509-e ~ <0.12  1.590% 6.742% 127+% 13338  258E-11  5.94E43  4.13E-11  9.61E43
MARK 509-f ~ <0.19  1.6003% 6.1922] 154'% 075122 6251  256E-11 5.87E43  4.47E-11  1.06E44
S52116-81-a  <0.33  1.760%2 1.55E-11  2.32E44  2.40E-11  3.60E44
S52116-81-b  <0.81  1.84315 1.15E-12  1.74E44  152E-11  2.30E44
PKS2153-69  <0.76  1.8291% 65002 214181 7.35E-12  1.14E43 <1.88E-11 <2.92E+43
NGC7172-a 10832 189018 650921 11198 053342 >76 1.14E-11  1.65E42 3.77E-11  5.53E42
NGC7172-b  11.28%0 190032 655933 15512° 20332  >35 5.96E-12  8.66E41  2.23E-11  3.27E42
IRAS22017 4.64118 142019 656020 323145 3.57E-12  2.62E43  1.48E-11  1.12E44
NGC7213-4  <0.14 17733 6.852%2 489-1%0 >188  3.24E-11  2.24E42  4.78E-11  3.31E42
NGC7213-b  <0.42  1.86%¥ 6.8902 1181%° <128 >236  3.25E-11 2.25842 4.49E-11  3.11E42
NGC7213-¢c <021  1.743%% 652537 80.47373 <0.49  >148  4.16E-11  2.88E42 5.95E-11  4.13E42
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Name Ny r Eiine EWLine R E Fo-10cev Lo-ikev  Foo-tomev  L2o-100cev
10°%cm2 keV eV keV ergstem?  ergs! ergstcm? erg st
NGC 7213-d <0.38  1.8231> 6.7022° 1981€ <210 <300 2.31E-11  1.60E42 259E-11  1.80E42
3C 4453 13.337> 192031 6.43%12 19722 6.18E-12  3.74E43  3.20E-11  2.09E44
NGC 7314 09322 1.94007 651020 1517 11632  >403 2.36E-11  1.13E42  4.72E-11  2.27E42
AKN564-a  <0.10  2.4450¢ 6.37°228 237130 1.47E-11  1.83E42 <1.48E-11 <1.84E+42
AKN564-b  <0.11  2.4550¢ 6.60228 125197 1.55E-11  1.93E42  5.03E-12  6.24E41
AKN564-c  <0.12 25153 6.917025 14577 1.40E-11  1.74E42  4.02E-12  5.00E41
MR2251-a 02315 1.6670% 650015 723 04095 132710 405E-11  3.86E44  5.94E-11  5.83E44
MR2251-b  0.40013 1.690% 657214 8132 4.08E-11  3.91E44  7.06E-11  6.77E44
NGC 746§  <0.03 208022 6.3501% 84.3202 16605 211'2°  3.72E-11  1.86E43  3.89E-11  1.96E43
MARK 926 ~ <0.42 17701 65408 82.31%  <2.60 >98 3.34E-11  1.49E44  539E-11  2.44E44
NGC 7582  13.1799% 164737 6.459335 <133 11533  >50 1.95E-11  1.01E42  8.37E-11  4.37E42
NGC 7674 <043 19933 651012 36115  >0.34 >41 1.18E-12  1.90E42  4.03E-12  6.94E42
NGC7679  <0.20  1.730%8 7.15923 12295 0.000% 0.000%  158E-12  3.39E42  1.04E-11  5.88E42
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Name Ny I' Bine EWune R E Fo_1okev Lo-1kev  Foo-10kev

10°%cm? keV eV keV ergstcm? ergs! ergs!cm?

L20-100ev

erg st

1 Complex absorbef FeKg emission line is detected;Broad Feky emission linecont. PDS data contaminated by other sources.
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A.1 Atlas of the 2-100 keV spectra

Here the X-ray spectra of the sources are presented. Foseaote the data-to-model ratio for an absorbed
power law fit, the best-fit model and its data-to-model ratie presented in upper, middle and lower panel
respectively (see the scheme below). The data-to-modetrate expressed in terms of standard deviation.

Source Name

=

Data-to-model ratio for an absorbed power law ffi

Best-fit model

Data-to-maodel ratio for the best fit
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Appendix B

The X—C f Asample data

Table B.1: The X—C f A galaxy sampleCol. (1): Galaxy name; Col. (2): optical
classification, *'= objects with a changed classification with respect to thgiral

given by HFS97. The quality rating is given by “:” and

[P L]

fancertain and highly

uncertain classification, respectively, as reported in 5#=Col. (3): Hubble type;
Col. (4) total apparenB magnitude of the galaxy; Col. (5): galaxy distances; Col.
(6): Col. (7)-(8) optical position in epoch J2000.

Name

@

NGC185

NGC676

NGC777

NGC1058
NGC1068
NGC1167
NGC1275
NGC1358
NGC1667
NGC2273
NGC2336
NGC2639

Seyfert

Type
@
S2
S2:
SA2
S2
S1.9
S2
S15
S2
S2
S2
L2S2
S1.9

Hubble
Type
(©)]
dE3pec
S@:spin
El
Sc
Sb
SO-
Pec
SAB&
SABcC
SBa
SABbc

Sa?

B
(mag)
4
10.10
10.50
12.49
11.82
9.61
13.38
12.64
13.04
12.77
12.55
10.61
12.46

Distance

(Mpc)
5)
0.64
19.5
66.5
9.1
14.4
65.3
70.1
53.6
61.2
28.4
33.9
42.6

Ref.

@)

a

o o T T

b

R.A. Dec.
(2000) (2000)
) ®
003857.4482014.4

014857.4 +0554 25.7
0200 15.0 +312545.5
02 43 30.2+37 20 27.2
024240.7 -000047.6
03 01 42.4+35 12 20.7
031948.2413042.4
033339.7 -050521.8
044837.1 -061911.9
06 50 08.7+60 50 45.0
07 27 03.8 +80 10 39.6

08 43 38.6-50 12 20.3

continued on next page
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continued from previous page

Name Seyfert Hubble B Distance  Ref. R.A. Dec.
Type Type (mag) (Mpc) (2000) (2000)
@ 2 3 4 ®) (6) ] ®
NGC2655 S2 SAB@& 10.96 24.4 b 08 5538.8 +78 13 25.2
NGC2683 L2S2 SAb 9.62 7.7 a 0852 41.7 +332510.4
NGC2685 SZr2:  SBO+pec 12.12 16.2 b 08 55 34.8 +58 44 01.6
NGC3031 S1.5 Sab 7.89 3.5 c 09 55 33.2+69 03 55.0
NGC3079 S2 SBc spin 11.54 17.3 d 10 01 58.5+55 40 50.1
NGC3147 S2 Shc 11.43 40.9 b 1016 53.3+73 24 02.4
NGC3185 S2: SB@ 12.99 21.3 b 1017 38.7 +214117.2
NGC3227 S1.5 SABapec 11.10 20.6 b 1023 30.6-19 51 53.9
NGC3254 S2 Shc 12.41 23.6 b 10 29 19.9+29 29 29.6
NGC3486 S2 SABc 11.05 7.4 b 1100 24.1+28 58 31.6
NGC3489 T2S2 SAB+ 11.15 6.4 b 110018.6 +135404.0
NGC3516 S1.2 SBO 12.50 35.7 b 1106 47.5+72 34 06.9
NGC3608 L2S2 E2 11.69 234 b 111659.1 +18 08 54.6
NGC3627 T2S2 SABb 9.13 6.6 b 112015.1 +125921.6
NGC3655 HS2 SAc 12.08 26.5 b 112254.7 +16 35 22.0
NGC3735 S2 Sc: spin 12.50 41.0 b 11 3557.5+70 32 07.7
NGC3941 S2: SBO 11.25 12.2 a 11 52 55.4+36 59 10.5
NGC3976 S2 SABb 12.30 37.7 b 115557.3+06 44 57.0
NGC3982 S1.9 SABb: 11.78 20.5 e 11 56 28.1+55 07 30.6
NGC4051 S1.2 SABbc 10.83 17.0 b 12 03 09.6+44 31 52.8
NGC4138 S1.9 SO 12.16 13.8 a 1209 29.9 +434106.0
NGC4151 S1.5 SABab: 11.50 20.3 b 1210 32.6+39 24 20.6
NGC4168 S1.9: E2 12.11 31.7 f 121217.3+13 12 17.9
NGC4169 S2 SO 13.15 50.4 b 1212 18.9+291044.0
NGC4235 S1.2 Sa spin 12.62 35.1 b 1217 09.907 11 29.1
NGC4258 S1.9 SABbc 9.10 7.2 a 12 18 57.5+47 18 14.3
NGC4378 S2 Sa 12.63 35.1 12 2518.1+04 55 31.6
NGC4388 S1.9 Sh: spin 11.76 16.7 b 12 25 46.7%412 39 40.9
NGC4395 S1* Sm: 10.64 2.6 b 12 25 48.9+33 32 47.8
NGC4472 S2: E2 9.37 16.7 b 12 29 46.8+07 59 59.9
NGC4477 S2 SB0? 11.38 16.8 b 1230 02.2+13 38 11.3
NGC4501 S1.9 Shb 10.36 16.8 b 12 3159.3+142513.4

continued on next page
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continued from previous page
Name Seyfert Hubble B Distance  Ref. R.A. Dec.
Type Type (mag) (Mpc) (2000) (2000)
1 @) 3 4 ®) (6) ] ®

NGC4565 S1.9 Sh? spin 10.42 9.7 a 12 36 21.1425 59 13.5
NGC4579 S1* SABb 10.48 16.8 b 12 37 43.5+11 49 04.9
NGC4639 S1.0 SABbc 12.24 22.9 b 1242 52.5+131524.1
NGC4698 S2 Sab 11.46 16.8 b 12 48 22.9+08 29 14.8
NGC4725 S2: SABabpec 10.11 13.2 a 12 50 26.%25 30 02.3
NGC5033 S1.5 Sc 10.75 18.7 b 1313 27.5+36 35 37.8
NGC5194 S2 Shc pec 8.96 8.4 bx  132952.4+47 11 40.8
NGC5273 S1.5 SO 12.44 16.5 a 1342 08.3+35 39 15.2
NGC5395 SA2 Sb pec 12.10 46.7 b 1358 38.0+37 25 28.3
NGC5548 S15 sa 13.30 70.2 b 1417 59.5 +2508 12.4
NGC5631 SA2 SO 12.41 27.8 a 14 26 33.3 +56 34 58.3
NGC6482 T2S2 E 11.84 52.3 b 1751 48.9 +23 04 19.1
NGC6503 T2S2 SAcd 10.11 52 g 17 49 26.6 +70 08 40.1
NGC6951 S2 SABbc 11.64 24.1 b 20 37 14.4+66 06 19.7
NGC7479 S1.9 SBc 11.60 324 b 2304 56.7+12 19 23.2
NGC7743 S2 SBo 12.38 24.4 b 2344 21.4 +09 56 03.6

Notes: References on distances: (a) Tonry et al. (2001);uly (1988); (c) Paturel et al. (2002); (d) Cecil et al.
2002; (e) Stetson et al. (2001); (f) Merritt & Ferrarese (B0Qg) Karachentsev & Sharina (1997).



Table B.2:Multi-wavelength luminosities and Mgy of the total X-ray sample: Col. (1): galaxy name; Col. (2): optical classification;
Col. (3): Satellite used: 'GChandra, 'X=XMM-Newton 'A =ASCA; Col. (4): logarithm of the 2-10 keV flux in units of erg cf
s71, not corrected for Compton thick candidates. Col. (5): tiben of the 2-10 keV luminosity, corrected for Compton thzandidates.
Col. (6): X-RAY REFERENCES: (1) Cappi et al. 2006; (2) Thisnkio(3) Pappa et al. 2001; (4) Guainazzi et al. 2005b; (5) Sid@raa
et al. 2002; (6) Eracleous et al. (2002); Col. (7): Final sifisation: /'=Compton thick candidatesx’=Compton thin candidate and
'?'=doubtful objects.; Col. (8): logarithm of the [Ol}§ooAuminosity corrected for Galactic absorption and NLR estiion; Col. (9):
logarithm of the h (broadrnarrow component) luminosity corrected for Galactic apgon and NLR extinction; Col. (10): logarithm
of the Mgy value in units of M; Col. (11): Mgy meaurement methods; M: maser kinematics; G: gas kinem&icgellar kinematics;
R: reverberation mapping,1 inferred from the mass-velocity dispersion correlatiGoj. (12): Mgy REFERENCES.

Name Class Sat LogFikev LOoglLo_ikev Ref. CThick Loglkoi; Loglh, LogMpy Method Ref.
@ @ 4 ®) (6) M ) € (10) (1) (@12

NGC676 S2: X -13.62 40.79 1 v 39.04 38.62
NGC1058 S2 C <-14.42 <37.55 2 ? 37.90 38.16 4.88 o | 8
NGC1068 S1.9 X -11.31 42.84 1 v 41.91 41.53 7.20 M 1
NGC1167 S2 A -13.39 42.07 3 v 40.76 40.81
NGC1275 S1.5 X -10.91 42.83 2 X 41.91 42.07 8.51 o 2
NGC1667 S2 A -13.1 42.31 3 vV 40.42 40.17 7.88 2
NGC2273 S2 A -12.16 42.58 4 v 40.94 40.92 7.30 2
NGC2639 S19 A -12.49 40.82 5 ? 40.40 40.56 8.02 o | 9

continued on next page
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Name Class Sat  LogFikev LOgLoikev Ref. CThick Loglkoi; Loglh, LogMpy Method Ref.
@ @ 3 ()] ®) (6) ™ G C) (10) (1) @12

NGC2655 S2 A -10.98 41.85 5 X 39.92 40.03 7.77 o 9
NGC2683  L2S2 C -13.62 38.21 2 ? 38.58 37.69 7.51 s | 9
NGC2685 Spr2: X :-12.53 39.94 1 X 38.96 39.21 7.15 ol 9
NGC3031 S1.5 X -10.89 40.25 1 38.56 38.94 7.80 S 1
NGC3079 S2 C -11.69 42.62 2 v 40.07 40.89 7.65 o 3
NGC3147 S2 C -11.39 41.89 2 X 40.07 40.01 8.79 ol 3
NGC3185 S2: X -13.7 40.79 1 vV 39.90 40.07 6.06 o 2
NGC3227 S15 X -10.94 41.74 1 X 40.51 40.20 7.59 R 4
NGC3486 S2 X -12.93 38.86 1 ? 37.99 37.85 6.14 o | 8
NGC3489 T2S2 C <-13.57 <39.88 2 v 38.86 38.48 7.48 o 5
NGC3516 S1.2 C -10.87 42.29 2 X 40.50 39.91 7.36 R 1
NGC3608 L2S2 C -13.69 39.10 2 X 38.22 38.23 8.04 S 1
NGC3627 T2S2 C <-13.81 < 37.88 2 ? 38.79 39.35 7.99 o | 5
NGC3941 S2: X -13.35 38.88 1 X 38.63 38.78 8.15 ol 7
NGC3982 S1.9 A -13.28 41.18 2 vV 40.50 39.87 6.09 o 2
NGC4051 S1.2 C -11.2 41.31 2 X 39.81 39.68 6.11 R 4
NGC4138 S1.9 X -11.04 41.29 1 X 38.74 38.69 7.75 o 9
NGC4151 S1.5 X -10.2 42.47 1 X 41.47 40.94 7.18 R 4
NGC4168 S1.9: X -13.19 39.87 1 X 38.46 38.93 7.95 o 6

continued on next page
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Name Class Sat LogFikev LOgL21okev Ref. CThick Loglon; Loglh, LogMpy Method Ref.
(1) @ @O (C)] (5) (6) O 8 9) (10) (11) (12

NGC4235 S1.2 A -10.92 42.22 2 X 40.41 40.97 - - -
NGC4258  S1.9 c -10.91 40.86 2 X 39.07 38.65 7.61 M 1
NGC4388 S1.9 C -10.78 41.72 2 X 40.54 40.26 6.80 o 3
NGC4395 S1 X -11.07 39.81 1 X 38.28 38.53 5.04 S 1
NGC4472  S2: C <-13.18 <39.32 2 X <37.81 < 37.59 8.80 6
NGC4477 S2 X -12.85 39.65 1 X 39.04 39.06 7.92 9
NGC4501  S1.9 X -12.91 39.59 1 X 39.23 39.06 7.90 ol 3
NGC4565 S1.9 X -12.6 39.43 1 X 38.69 38.72 7.70 o 3
NGC4579 S1 C -11.47 41.03 6 X 39.42 39.72 7.78 o 3
NGC4639  S1.0 X -12.55 40.22 1 X 38.71 39.90 6.85 ol 8
NGC4698 S2 X -13.34 39.16 1 X 38.86 38.74 7.84 o 9
NGC4725 S2: X -13.4 38.89 1 X 38.58 38.24 7.49 o 3
NGC5033  S1.5 X -11.52 41.08 1 X 39.72 40.42 7.30 ol 3
NGC5194 S2 C -12.77 40.91 2 v 39.90 39.87 6.95 o 2
NGC5273  S1.5 X -11.13 41.36 1 X 39.03 38.48 6.51 ol 2
NGC5548 S15 X -10.5 43.25 2 X 41.16 40.26 8.03 o 4
NGC6482 T2S2 C -13.33 40.16 2 X - 39.26 8.75 + 9
NGC6503 T2S2 C -14.39 37.10 2 ? - 37.41 5.56 o | 8
NGC7479 S1.9 X -11.95 41.12 2 ? 40.25 40.67 7.07 o | 9

continued on next page
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Name Class Sat LogFikev LOoglLo_ikev Ref. CThick Loglkoi; Loglh, LogMpy Method Ref.
1) @ O 4 (5) (6) (7 (8) 9) (10) (11) (12)
NGC7743 S2 A -13.14 41.47 5 vV 40.21 40.24 6.59 o 2

REFERENCES (1) Ho (2002); (2) Woo & Urry (2002); (3) Merlonia. (2003); (4) Kaspi et al. (2000); (5) Pellegrini (2008) Merritt & Ferrarese (2001); (7) di Nella et al. (1995);
(8) Barth et al. (2002); (9) McElroy (1995).
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Appendix C

The XMM-Newtonsample data

Table C.1:The XMM-Newtonsample Col. (1): galaxy name. Col. (2): other
name. Col. (3): optical classification as given by HFS97: t&§jresents Seyfert,
“L" represents LINER, and “T" represents objects with LINERs H II-region
spectra. “2” implies that no broaddHis detected; “1.9” implies that broadaH
is present, but not broada4“1.5” implies that both broad H and broad I8 are
detected, with substantial contributions from both the BdriRl NLR (Osterbrock
1981). Objects with a changed classification with respethecoriginal given by
HFS97 (see also Ho et al. 1997b and HUOQ1) are denoted by “&t dfieir name.
Col. (4): Hubble type as listed in HFS97. Col. (5): distaneaf Tully (1988),
except when marked with (a) Paturel et al. (2002), (b) Ceécil.g2002), (c) Tonry
et al. (2001), and (d) Thim et al. (2004). Col. (6): total ampa By magnitude
of the galaxy. Col. (7)—(8): nuclear optical position in epal2000 as given by
HUO1.

Galaxy Other Seyfert Hubble Distance Bt R.A. Decl.
Name Name Type Type (Mpc) (mag) (J2000) (J2000)
1 2 3 4 ®) (6) ] ®

NGC 676 S2: Sf&: spin 195 1050 014857.4 +055425.7
NGC 1058 S2 Sc 9.1 1182 024330.2+372027.2
NGC 1068 S1.9 Sb 14.4 9.61 024240.7 -000047.6
NGC 2685 Arp336 SA2: SBO+ pec 16.2 12.12 0855 34.8 +58 44 01.6
NGC 3031 m81 S1415 Sab 3.8 7.89 095533.2 +690355.0

continued on next page
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Galaxy Other Seyfert Hubble Distance Bt R.A. Decl.
Name Name Type Type (Mpc) (mag) (J2000) (J2000)
@ @ (©)] 4 (5) (6) ™ (G
NGC 3079 S2 SBc spin 123 1154 1001585 +554050.1
NGC 3185 S2: SB@ 21.3 1299 101738.7 +214117.2
NGC 3227 Arp94 S15 SABa pec 206 11.10 102330.6195153.9
NGC 3486 S2 SABc 74 1105 110024.1+285831.6
NGC 3941 S2: SBO 122 1125 115255.4 +365910.5
NGC 4051 S1.5 SABbc 170 10.83 120309.6 +443152.8
NGC 4138 S1.9 So 13.8& 1216 120929.9 +434106.0
NGC 4151 S1.5 SABab: 20.3 1150 121032.6+392420.6
NGC 4258 M106 S1.9 SABbc 72 910 1218575 +471814.3
NGC 4388 S1.9 Sh: spin 16.7 11.76 122546.%4123940.9
NGC 4395 S15 Sm: 4.7 10.64 1225489 +333247.8
NGC 4472  M49 S2: E2 16.7 9.37 1229 46.8+07 59 59.9
NGC 4477 S2 SB0? 16.8 11.38 123002.2+133811.3
NGC 4501 M88 S2 Sh 16.8 10.36 123159.3+14 25134
NGC 4565 S1.9 Sb? spin 9.7 1042 123621.1 +255913.5
NGC 4579 M58 S1A41.5 SABb 16.8 10.48 1237434 +114904.9
NGC 4639 S15 SABbc 16.8 12.24 1242525 +131524.1
NGC 4698 S2 Sab 16.8 11.46 124822.9+0829 14.8
NGC 4725 S2: SABab pec 130 10.11 125026.7 +253002.3
NGC 5033 S1.5 Sc 18.7 10.75 131327.5+363537.8
NGC 5194 M51 S2 Shc pec 8.4 8.96 132952.4+47 1140.8
NGC 5273 S1.5 SO 1665 12.44 134208.3 +353915.2

Notes: Two sources (NGC 3031 and NGC 4579) have classifitatidich fall near the somewhat arbitrary
boundary between a Seyfert and a LINER, depending on thetedi@piteria. Because they are on the Seyfert
side in HFS97, they are included here and classified AS.“B objects like NGC 676, NGC 2685, NGC 3185,
NGC 4472, and NGC 4725, the starlight subtraction process$ban particularly dicult, leading to uncertain
classifications. Following HFS97, we marked these sourdgsanquality rating “:” (uncertain) or “::” (highly
uncertain).



C The XMM-Newtonsample data

201

XMM-Newtonobservation log Col. (1): galaxy name. Col. (2): observation start datd. (3): observa-
tion orbital period. Col. (4): cleaned exposure of M@BDS2pn. Col. (5): filters used for MOSMOSZpn.

Galaxy Start Obs. Exposure (s) Filter
Name Date (UT)  orbit MAM2/pn MI/M2/pn
@ 2 3 4 (5)

NGC 676 2002-07-14 475 172@657815757  thirithin/thick
NGC 1058 2002-02-01 393 117497986574  thinthin/med
NGC 1068 2000-07-29 117 3838873533521 mefinedmed
NGC 2685 2001-10-15 339 63%6874841 thinthin/thin
NGC 3031 2001-04-22 251 /-£84400 -/-/med
NGC 3079 2001-04-13 246 2142477610922  megmedthin
NGC 3185 2001-05-07 258 117421178041 thinthin/thick
NGC 3227 2000-11-28 178  365B451732579 mefmedmed
NGC 3486 2001-05-09 259 46QB635061 thinthin/med
NGC 3941 2001-05-09 259 6282865302 thinthin/med
NGC 4051 2002-11-22 541 4781831141889 megmedmed
NGC 4138 2001-11-26 360 135135678856 thinthin/med
NGC 4151 2000-12-21 190 2922325321241 mefmedmed
NGC 4168 2001-12-04 364 2182491616009  thirthin/med
NGC 4258 2000-12-08 183 2022024613535 mefinedmed
NGC 4388 2002-07-07 472 8783993866 megmedthin
NGC 4395 2002-05-31 562 3703645310873 thirithin/thin
NGC 4472  2002-06-05 456 1518530011043 thirithin/thin
NGC 4477 2002-06-08 457 1332983938457  thinthin/med
NGC 4501 2001-12-04 364 126426372565 thinthin/med
NGC 4565 2001-07-01 286 1410@1138912  thinthin/med
NGC 4579 2003-06-12 642 1958801515396 thirthin/thin
NGC 4639 2001-12-16 370 136136838863 thinthin/med
NGC 4698 2001-12-16 370 1432484278961  thinthin/med
NGC 4725 2002-06-14 460 1708207611941  thirthi/med
NGC 5033 2001-07-02 286 73232869 thinthin/med
NGC 5194 2003-01-15 568 2042946517218 thirithin/thin
NGC 5273 2002-06-14 460 1541564749263 thinthin/med

Notes: “*” means that MOS1 was not considered because it wasted in fast uncompressed mode, and

MOS2 was not considered because it was operated in fullérarade, so the data could thus &eated by

pile-up.



Table C.2: Col. (1): galaxy name. Col (2): Galactic absorptalong the line of sight, in units of #cm=2. Col. (3): measured
absorption column density, in units of #0cm2. Col. (4): power-law photon index. Col. (5): photon indextbé soft power-law
component. Col. (6): temperature of the thermal compor€entif units of keV. Col. (7): equivalent width of the Fe K ling, uinits of

keV. Col. (8): reduced chi-squared and number of degreeeetlbm. Col. (9)—(10): observed fluxes in the soft (0.5-2)ka\d hard
(2—10 keV) X-ray bands, in units of 1& erg cnt? s™1. Col. (11)—(12): Log of the absorption-corrected lumitiesiin the soft (0.5-2
keV) and hard (2-10 keV) X-ray bands (computed using digsfiom Table C.1)

Galaxy name  Nyg, N Thix Tsx KT EW(FeK) x24v Fsx Fux logLt log LItk
) @ ®) 4) ®) (6) "N ® © (9 (1) (12)
NGC 676 4.4 <01 1.903 - - - 1712 01 02 38.9 39.0
NGC 1058 6.7 <0.6 1.30.9 - - - 0722 <01 <04 <381 <386
NGC 1068* 35 <01 1001 3505 0.7%02 1206500 4.31399 1113  46.2 41.4 411
NGC 2685 41 <03 0.50.2 - - - 158 02 27 38.8 39.9
NGC 303t 4.1 <01 1.90.1 - 0.6:0.1 40:20 121651  87.0 120.0 40.2 40.3
NGC 3079 0.8 0.0%0.03 1.%0.1 - 0201 1488500 1.J264 <25 33  <40.0 40.1
NGC 3185 2.1 <02 2101 - - - 065 02 02 39.0 39.0
NGC 3227 22 6803 1501  =Iux - 190:40 1.71863 4.0 814 41.2 41.7
NGC 3486 1.9 <03 0.9:0.2 - - - 116 02 11 38.0 38.9
NGC 3941 1.9 <01 2103 - - - 198 04 04 38.8 38.9
NGC 4051 1.3 <0.3 1201 305 0.20.1 240:40 222006 473 627 41.2 41.3

continued on next page

20¢

D dalpuaddy O



Galaxy name Ny, NH Thx T'sx KT EW(FeK) x2,v Fsx  Fux logLi% log LDt
(1) (2 (3) C)] (5) (6) mn ® 9 (0 (11) (12)
NGC 4138 1.4 881 1501  =Iyyx 0.3:0.1 8330  1.0408 0.6 55.0 40.9 41.3
NGC 415t 2.0 751 1.6:02 1.805 - 30630 1.92785 29.7 451.0 42.0 425
NGC 4258 1.2 8203 1701 1.901 0501 2720  1.0899 <34 837 <407 40.9
NGC 4388 2.6 222 1.3:0.2  =Iyx 0.3:0.1 450:70  1.0283 22 762 412 41.8
NGC 4395 1.3 520.3 1.20.1  =Iyx 0.2+0.1 10G:25 0.97535 1.0 616 39.2 39.8
NGC 4473 1.7 0.2:01 2.7%0.3 - 0.80.2 - 19483 <198 <38 <408  <40.1
NGC 4477 2.6 <2 1903 - 0.40.1 - 1.0106 <2.0 12 <400 39.6
NGC 4501 25 <02 1503 - 0.40.1 - 1328 0.9 1.1 39.5 39.6
NGC 4565 1.3 0.120.04 1.80.2 - - - 1.270 1.1 2.4 39.2 39.4
NGC 4579 2.4 <0.02 1.%01 - 0.60.1 17G:50  1.71043 253 385 41.0 41.1
NGC 4639 2.4 <001 1.80.1 - - - 1.0176 3.0 4.9 40.0 40.2
NGC 4698 1.9 <04 2002 - - - 17217 0.3 0.4 390.1 39.2
NGC 4725 0.1 <5 1.90.5 - 0.20.1 - 0.8444 0.7 0.4 39.2 38.9
NGC 5033 0.1 <0.03 1.20.1 - - 466:215 0.97335 150 287 40.8 41.1
NGC 5194 1.6 <0.03 0.6&0.1 - 0.50.1 986210 1.63361 7.3 4.8 39.8 39.6
NGC 5273 0.1 0.80.1 1.4:0.1  =Iyx 0.2+0.1 226:75  1.71009 132 67.1 41.0 41.4

Notes: SX= 0.5-2 keV, HX= 2-10 keV. Galaxies marked withand* indicate that the nuclear regions are contaminated (by thare10%) by &-nuclear point-sources afut diffuse
emission in only the soft band) or in both the soft and hard bandg.(Galaxies marked with “*” indicate sources with very compbpectra for which only a rough parametrization is

given here.
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C.1 Atlas of X-ray spectra

Spectra in order of increasing NGC number are shown. For@gjelot, the upper panel shows the unfolded
spectrum and the baseline parameterization, togethertiticontributions to the model of the various additive

components. Residuals are shown in the lower panel in uhits o
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