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Completeness instead of Perfection.
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of them are still pending), and who taught me the diplomatic way of doing science
(known as the Italian way). Annalisa, who was always there, supportive, despite
everything, and could reserve an irreplaceable place for herself. T have learned
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Moving to a new society/culture was not that smooth. It needed some com-
promise, flexibility, and some “surfing” skills. This movement (was totally needed)
maturated me on the personal and professional sides. I was introduced to new
lifestyles, cultures, habits, ways of thinking, ways of expressing. This cultural
exchange is enriching for all the involved parties, which is a thing that “anti-
immigration” people do not (want to) consider. This enrichment was amplified by
two major factors: 1) friends, 2) travelling. Regarding the first point, I succeeded in
building strong friendships that went much beyond a relation between officemates.



All these “crazy” discussions with Gor, meetings in the evening in S.d.F. and V.B.
gave an additional dimension to life here, sharing science, sad and happy moments,
smart and stupid thoughts, lovely and bad memories, and some hope for the future.
Franca; with her wondering eyes, most of the time unsatisfied and trying always to
find a meaning in things; Andrej; with his (a bit) conservative scientific attitude
and his light presence, trying to reduce accurately all possible errors (good luck
with that!); Ricky; with his organized chaos, full of energy and ambition, dreaming
about a new world that starts with the independence of Sardinia; all of you guys
made these years valuable! As for the friends who are elsewhere, and are many,
you should know (but I am sure that you already know) that life would be much
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Abstract

X-ray emission of active galactic nuclei (AGN) can be considered as a powerful

probe of the close environment of supermassive black holes (SMBHs), at the centres

of these objects. The X-ray properties of AGN are studied in this dissertation,

addressing several open questions in AGN physics:

the properties of the X-ray corona in AGN (its nature and geometry) ,
the presence of a population of thermal non-relativistic electrons,

probing general relativity in the strong-field regime, addressing especially
the possibility of estimating accurately the SMBH spin in AGN, through
the identification of relativistic reflection features in their X-ray spectra and
polarization signal,

the nature of variability in X-ray light curves, and the identification of the
different physical components contributing to it.

In this dissertation, I shed light on these topics by

o Analysing the X-ray spectra and light curves of individual sources, using

simultaneous XMM-Newton and NuSTAR observations. These simultaneous
observations can provide the highest signal-to-noise data in the ~ 0.3 —79 keV
band which can be achieved with the current X-ray observatories. By covering
the broad X-ray band, XMM-Newton (in the 0.3-10 keV) and NuSTAR (in
the 3-79 keV) allow us to determine with a high precision the various spectral
and physical properties of low- and high-redshift AGNs, as well as to identify
the various spectral components responsible of the emission in these sources,

and study their temporal evolution.

Simulating high S/N spectra of local AGN, using the instrumental responses
of XMM-Newton and NuSTAR, and assuming a generic model for the X-ray
emission in AGN, in order to test the reliability of spin measurements which

can be achieved with current instruments.



o Predicting the theoretical spectral and polarimetric signatures of X-ray eclipses,
by broad-line region (BLR), clouds which can be used in order to probe the

signal arising from the innermost regions of the accretion disc.

Most of the work discussed in this dissertation has already been published
in refereed journals.

Chapter 2: Parts of this chapter are published as:

Coronal properties of the luminous radio-quiet quasar QSO B2202-209, Kam-
moun, E. S., Risaliti, G., Stern D., et al., 2017, MNRAS, 465, 4665.

Bulk Comptonization: new hints from the luminous blazar 4C+25.05, Kam-
moun, E. S., Nardini, E., Risaliti, G., Ghisellini G., Behar, E. and Celotti,
A., MNRAS, 473, L8&9.

Chapter 3: Testing the accuracy of reflection-based supermassive black hole
spin measurements in AGN, Kammoun, E. S., Nardini, E., Risaliti, G. 2018,
A&A, 614, Ad4

Chapter 4: The nature of X-ray spectral variability in MCG-6-30-15, Kam-
moun, E. S., Papadakis, I. E.,; 2017, MNRAS, 472, 3131.

Chapter 5: Spectral and polarimetric signatures of X-ray obscuration events
in AGN, Kammoun, E. S., Marin, F., Dov¢iak, M., Nardini, E., Risaliti, G. and
Sanfrutos M., 2018, MNRAS, 480, 3243.
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The term Active Galactic Nuclei (AGN) is attributed to the compact regions in
galactic centres revealing energetic phenomena which cannot be related obviously
to stellar activity. The emission from the central region of an active galaxy can
be brighter than the combined emission from all stars in the host galaxy (i.e
~ 10" L) by a factor of 100 or more. The emission from an AGN covers the whole
electromagnetic spectrum, from radio waves to gamma-rays. The overall shape of
the AGN spectral energy distribution (SED) is different from the one of a normal
galaxy as shown in figure 1.1. AGN show a strong variability in brightness over
different timescales which is not seen in normal galaxies.

The first spectrum of an AGN was obtained, in the optical range, at the Lick
Observatory for the nebula NGC 1068 by Fath (1909) who noted the presence
of strong emission lines. A few years later, Slipher (1917) at Lowell Observatory
observed the same nebula at higher spectral resolution. He was able to resolve the

emission lines and reported a line-width of hundreds km/s. Hubble (1926) noted,
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Figure 1.1: The spectral energy distribution (SED), from radio waves to gamma-rays, of
the Seyfert 1 galaxy NGC 3783. The SED of a normal galaxy is also shown for comparison.
Figure 1.3 in Peterson (1997).

in a study of extragalactic nebulae, strong emission-line spectra of three galaxies:
NGC 1068, NGC 4051, and NGC 4151. Seyfert (1943) was the first to identify a
class of spiral galaxies having high nuclear surface brightness (stellar-appearing
cores). Seyfert found that the optical spectra of these galaxies are characterized
by strong nuclear emission lines with a broadness up to 8500km/s (full width at
zero intensity). These galaxies are now known as Seyfert galaxies.

In the late 1950s, quasi-stellar radio sources, later shortened to quasars, were
originally discovered as a result of the first radio surveys of the sky. In 1963,
Maarten Schmidt was the first to realise that the emission lines in the spectrum of
the radio source 3C273, which first did not appear to match any known chemical
elements, could be easily interpreted as redshifted Hydrogen lines with a redshift
0.16 (Schmidt 1963). He later studied a large number of quasars and defined their
properties as star-like objects identified with radio sources showing broad emission
lines, large UV flux, time variability, and found at then-large redshifts (up to 2.37
for 4C25.5; Schmidt & Olsen 1968). As the number of known quasars increased,
greater redshifts were identified, and the highest redshift quasar observed to date
is ULAS J13424-0928 at z = 7.54 (Banados et al. 2018).
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1.1 Black Holes

The current paradigm, or working model, for the AGN phenomenon explains
their large inferred luminosity (bolometric luminosity Lpq ~ 10°71° Ly), as the
result of converting the gravitational energy into radiation due to matter falling
onto a supermassive compact object of mass M ~ 10° — 10°M, (presumably a
supermassive black hole, hereafter SMBH). This hypothesis was first introduced by
Salpeter (1964), Zel’dovich (1964) and Lynden-Bell (1969). However, the origin of
these SMBHs, which are thought to be present at the centres of most galaxies, is not
known yet. It is now thought that the engine powering AGN is an accretion disc of
gaseous matter spiralling into the gravitational well of the central compact object,
through dissipative processes (whose nature remains uncertain), whence it heats
up and releases part of its gravitational potential energy into radiation (Shakura
& Sunyaev 1973; Novikov & Thorne 1973). In this context, many arguments
favour the BH paradigm with respect to other more complicated models based on
some stellar precesses that have been proposed in the past. The main arguments

can be summarised as follows:

- The release of gravitational energy via accretion can be up to ~ 10 times
more efficient (see later for more details) than thermonuclear fusion powering

stars. This can explain easily the large luminosities inferred in AGN.

- Standard accretion disc theory (e.g. Shakura & Sunyaev 1973) predicts a peak
in the spectrum of the emitted radiation at ultraviolet (UV) wavelengths,
assuming SMBH, which is thought to be related to a commonly observed UV
feature in the SED of AGN known as the “big blue bump” (see Section 1.3

for more details).

- The BH paradigm by its nature explains intuitively the compactness of,
in particular, the X-ray emitting region in AGN deduced from the rapid
variability (on timescale of a few 100 seconds) which is observed in their X-ray

flux (see Section 1.4 for more details).

Considering a non-rotating central mass M, it is convenient to describe its basic
properties using the gravitational radius r, = GM/c?, where G is the gravitational
constant, and c is the speed of light. The event horizon, which corresponds to 2r,
for a non-rotating BH, is the distance below which the gravitational forces require
an escape velocity that exceeds the speed of light. The rotating (Kerr) BHs are

described using the dimensionless spin parameter, a* = Jc/GM?, where J is the
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angular momentum of the rotation BH which a black hole acquires from its growth
history. This parameter is arguably one of the most interesting parameters as it
affects the Kerr metrics leading to various properties of astrophysical importance.
Theoretically, the spin values range in the [-0.998, 0.998] interval (Thorne 1974).
These limits are found without considering magnetohydrodynamics effects. In fact,
the magnetic fields of the plunging regions should give rise to torques that tend
to reduce the maximum spin (~ 0.9 — 0.95) that can be achieved by a black hole
(e.g. Gammie et al. 2004; McKinney & Gammie 2004).

In order to avoid infall, the outward force of radiation pressure has to be
counterbalanced by the inward gravitational force. This leads to the definition

of the Eddington luminosity,

4rGem,,

LEdd = (11)

e

of a source of mass M, where m,, is the proton mass and o, ~ 6.65 x 1072° cm?
is the Thomson scattering cross-section.

The fundamental process in AGN is the conversion of rest mass to electromagnetic
radiation due to the infall of a particle from infinity to the innermost stable circular
orbit (ISCO), beyond which this particle loses its orbital motion and falls directly
into the event horizon. This conversion is done with an efficiency 7. Thus, the

energy available for a mass M is
E =nMc? (1.2)

It should be noted that the efficiency parameter 1 depends only on the BH properties,
assuming all the gravitational energy is converted to electromagnetic radiation.
However, there are other cases in which a part of this energy is advected into
the BH, thus decreasing the efficiency of the radiation process. Equation (1.2)
implies that the rate (L) at which the energy is emitted can be related to the

mass accretion rate (M) by the nuclear source:

dE dM -
L:dt:n<> > =nMc? (1.3)

One can identify the Eddington accretion rate MEdd which is the mass accretion

rate necessary to power an AGN radiating at the Eddington luminosity Lgqq,

Mpaq = 14
Bdd = (1.4)
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Figure 1.2: Efficiency parameter n (blue) and ISCO position rigco (red) as function of
the spin parameter a*.

This value represents the maximum possible accretion rate for a mass M in a
spherical accretion. However, this limit can be exceeded with non-spherical models
(e.g. equatorial accretion in a disc).

General relativity enables us to calculate the orbits of particles in the vicinity of
stationary and rotating BHs. In particular, it allows us to solve for the location of
the ISCO. The exact value of rigco depends on the value of a*. The position of the
ISCO, in units of ry, for an equatorial disc is given by Bardeen et al. (1972):

risco = 34 Zs — [(3 = Z1)(3 4 Zy + 225)]? (1.5)

where Z; = 1+ (1 —a*?)'/3 {(1 +a*)V3 + (1 - a*)1/3], Zy = (3&*2 + 212)1/2 (plotted
in Figure 1.2). Hence, for an ISCO at a normalized radius « = rigco/rg, the general
relativistic approximation of the relationship between 7 and x is,
9 }1/2

77:1—{1—

= (1.6)

Figure 1.2 shows the dependence of n on the spin parameter.

1.1.1 SMBH spins

Measurements of SMBH spins are a key ingredient for understanding the physical

processes on scales ranging from the accretion disc out to the host galaxy. In fact,
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the spin determines the position of the ISCO of the accretion disc and of the event
horizon, which are 1.24 and 1.06 r, for a maximally rotating black hole, and 6 and
21, for a non-spinning black hole, respectively. Hence, it has been shown that for a
Schwarzschild black hole (a* = 0) half of the energy is radiated within ~ 30 r,, while
half of the radiation emerges from within ~ 57, for a rapidly spinning black hole
(e.g. Thorne 1974; Agol & Krolik 2000). This leads to an increase of the radiative
accretion efficiency from n = 0.057 for a* = 0, to 0.32 for a* = 0.998 (see Figure 1.2).
Vasudevan et al. (2016) assumed a toy model with a bimodal spin distribution and
showed that a SMBH population where only 15% of the sources are maximally
rotating can produce 50% of the cosmic X-ray background (CXB) owing to their
high radiative efficiency. Moreover, these authors showed that the spin bias is even
larger in flux-limited surveys, since half of the CXB can be accounted for if only
7% of the sources have a spin of 0.998 (see also Brenneman et al. 2011).

The SMBH spin distribution is also fundamental for understanding the SMBH-
host galaxy co-evolution. In fact, the angular momentum of a black hole matures
over cosmic time and its final value is determined by the accretion and merger history
of the galaxy. For instance, mergers tend to spin down the black hole (Volonteri et al.
2013), while the SMBH spins up through prograde accretion of material through
the galactic disc (King et al. 2008). Spin measurements are also important in order
to understand the astrophysical consequences of spin and, particularly, to give
observational support to theoretical notions such as the spin-driving of relativistic
jets (Blandford & Znajek 1977), which are observed in some AGN. Relativistic
jets are one of the main indicators of AGN feedback which, in addition to the
high radiative efficiency, seems to play a crucial role in the evolution of the host
galaxy and its star formation history. Hence, understanding the growth of SMBHs
and their spin distribution is a key point for our understanding of the larger scale
structure of the Universe (see Fabian 2012, for a review about AGN feedback).

In addition to the importance of SMBH spin in cosmology and galaxy evolution,
the nuclear regions in AGN can be considered as unique laboratories to directly test
the effects of general relativity in its strong-field regime, which manifest themselves
as extreme physical phenomena such as light bending (e.g. Miniutti & Fabian 2004)
and reverberation lags (e.g. Fabian et al. 2009; Emmanoulopoulos et al. 2011a; Kara
et al. 2016, see Section 1.4 for more details). This requires a characterisation, with
high precision, of signals from within a few gravitational radii of the BH, which can
be achieved mainly via high-quality X-ray observations. In fact, AGN are strong
X-ray emitters and it is widely accepted that the X-rays arise, from the innermost

regions of the accretion disc, due to the Comptonization of UV disc photons by



1. Introduction 7

a hot (~ 10°K) transrelativistic medium, usually referred to as the X-ray corona
(e.g. Shapiro et al. 1976; Haardt & Maraschi 1993; Petrucci et al. 2001a,b, see
Section 1.4 for more details about the X-ray emission in AGN). As the measure
of the spin is strongly dependent on the irradiation and subsequent emissivity of
the disc, its success is tightly connected to the study of the X-ray corona itself,

whose nature and properties are still largely unknown.

1.2 Classes of AGN and unified model

The classification of AGN is based on their observational properties. This classi-
fication has evolved significantly due to the higher-quality observations and the
better understanding of the physical processes in these sources.

Seyfert galaxies are low-luminosity AGN, with a B-band magnitude Mp > —23
(Véron-Cetty & Véron 2003), that have stellar-like nuclei but the host galaxies are
clearly detectable. These AGN are classified as radio-quiet AGN . The spectra of
these galaxies reveal the presence of strong high-ionization emission lines. Seyfert
galaxies are divided into two main subclasses, known as Type-1 and Type-2. Two
kinds of emission lines characterize the Type-1 Seyfert galaxies (or Seyfert-1 galaxies).
These lines can be superposed on one another. The first are narrow lines (e.g.
[O111] A5007) that have widths on the order of 100 km/s and are characteristic of
low-density ionized gas (electron density n. ~ 10% — 10% cm™3) which defines the
narrow-line region (NLR). The low density property of the gas allows forbidden-line
transitions to occur instead of collisionally suppressed transitions. The second are
the broad lines but seen as permitted-line transitions (e.g. Ha, Hf) only. These
lines have widths up to 107 km/s. The absence of broad forbidden-lines indicates
that the broad line emission occurs in a high density gas (n, = 10° cm™3) which
defines the broad-line region (BLR). Type-2 Seyfert galaxies differ from the Seyfert-1
galaxies in that only narrow (forbidden and permitted) lines are observed in their
spectra. In addition to emission lines, weak absorption lines related to the presence
of late-type giant stars in the host galaxy can be observed in both Seyfert 1 and 2
spectra. An interesting subclass of Seyfert-1 galaxies is the Narrow-Line Seyfert-1
(NLS1) galaxies characterized by “narrow” broad lines (FWHMpyz < 2000 km/s),
weak forbidden lines with a flux ratio [O 111 /HfB;0re; < 3, and strong Fe 11 emission
in the optical/UV (Osterbrock & Pogge 1985; Goodrich 1989).

'Radio-quiet/loud AGN are characterized by the radio loudness factor R = F(5GHz)/F(B)
being smaller or larger than 10, respectively (where F'(5GHz) is the radio flux at 5GHz and F(B)
is the optical B-band (~ 4400 A) flux) and radio powers P; 4gu, that are smaller or larger than
10%*W Hz !, respectively.
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Quasars consist of the most luminous subclass of AGN, their B-band magnitude
is less than —23 (Véron-Cetty & Véron 2003). In the X-ray band, the approximate
dividing line is that quasars have a 2.0 — 10.0keV luminosity Lx greater than

! whereas the luminosity of Seyfert galaxies is lower than this (Loaring

~ 10% erg s~
et al. 2003). Nowadays, the term quasar is used interchangeably for both radio-loud
and radio-quiet sources?, in spite of the fact that only around 10% of quasars are
strong radio sources that originally defined the quasar class (e.g. Padovani 2011).
Using high-resolution observations, astronomers were able to resolve low-redshift
quasars (z < 0.5) and study their host galaxies (Karhunen et al. 2014).

Another class of AGN is the Low-Ionization Nuclear Emission-lines Region
galaxies (LINERs) identified by Heckman (1980). Their spectra resemble those of
Seyfert 2 galaxies, except that the low ionization lines like [O1] A6300, and [N 11
AN66548,6583 are relatively strong. LINERs are very common and might be present
in a large fraction of nearby spiral galaxies (Ho et al. 1997).

Another group of AGN known as “blazars” includes highly variable (on timescales
as short as a few minutes in 7-rays) core-dominated radio-loud sources emitting
polarized light (observed so far in the radio and optical ranges), in which a jet is
aligned closely along the observed line of sight (Blandford & Rees 1978). Blazars

are characterised by one or more of the following properties:
1. Intense, variable y-ray emission (with L., ~ 10%% ergs1).

2. Intense, variable radio emission associated with a flat radio spectrum and,

occasionally, superluminal motion (with a radio power ~ 1013746 ergs™1).
3. Radio, X-ray, and/or y-ray jets revealing a relativistic motion.

4. A double-peak SED with a lower-frequency peak at radio-to-X-ray energies
and a high-frequency peak at X-ray-to-y-ray energies (see next section for

more details).

Blazars can be divided into BL Lacertae (BL-Lac) objects (after the first source of
this type that showed, for years, no sign of emission lines) and flat-spectrum radio
quasars (FRSQs). The distinction between BL-Lacs and FRSQs is “historically”
based on whether any optical broad emission lines have rest-frame equivalent width
below (in the case of BL-Lacs) or above (in the case of FRSQs) 5 A(e.g. Stickel
et al. 1991; Urry & Padovani 1995).

2Historically the term “quasi-stellar objects” (QSO) was used to refer to radio-quiet sources,
while “quasar” was reserved for radio-loud quasi-stellar sources.
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The physical distinction between the two types of blazars is suspected to be
caused by the divergent natures of their accretion flows (Maraschi & Tavecchio
2003; Ghisellini & Tavecchio 2008). FSRQs are thought to host geometrically-thin,
optically-thick accretion discs that are accreting with Eddington ratios (L/Lgaq)
larger than 0.1. Their optical spectra reveal the presence of broad emission lines from
high-velocity clouds, while their infrared spectra show a strong emission from dusty
torii. Instead, BL-Lacs are thought to accrete through geometrically-thick, optically-
thin accretion discs, in a radiatively inefficient way (e.g. Narayan & Yi 1994), having
low Eddingtion ratios of the order of 0.01. The lack of broad emission lines and dust
emission in these objects suggests that the structure of the surrounding medium and
the properties of the accretion flow are physically different from FSRQs. Ghisellini
et al. (2011) suggested a new classification scheme in order to distinguish between
FSRQs and BL-Lacs, based on a physical property of the source. They suggested a
definition based on the luminosity of the broad emission lines, normalized to the
corresponding Eddington luminosity, with a threshold of Lgir/Lgaq ~ 5 x 1074,

Recently, Padovani (2017) noted that the old classification of radio-quiet and
radio-loud AGN may be misleading. The author points out the fact that the classical
distinction that is based on the radio loudness (R) or radio power is valid only for
broad-line unobsucured AGN. R can be used in quasar samples, where one can
safely assume that the optical emission is a proxy of the accretion disc and therefore
the radio-to-optical flux density ratio represents a measurement of the jet radio
emission as compared to the disc emission. However, the jet-disc ratio cannot act as
a measurement of the jet strength if the optical band is dominated by jet emission or
by the host galaxy. Moreover, in the case of Seyfert galaxies, the spatial resolution
of the optical and radio observations can affect the value of R. In fact, most Seyfert
1 galaxies would be radio loud, by considering their nuclear luminosities. This create
more confusion for the classification (Ho & Peng 2001). Thus, Padovani argues that
the main and most simple difference between the two AGN classes is a fundamental
physical one: the presence (or absence) of a strong relativistic jet. Based on this,
he suggested “new and better” names: jetted and non-jetted AGN. Hence, I will
use hereafter, in this dissertation, the jetted and non-jetted classification referring

to the classically classified radio-loud and radio-quiet AGN, respectively.

Unified Model

In order to explain the variety of AGN, Antonucci (1993) proposed a “Unified
Model”. Tt is believed that the dichotomy between Type-1 and Type-2 AGN
depends on the vantage point. Antonucci & Miller (1985) found the first evidence
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Figure 1.3: Unscaled sketch of the AGN unification theory. A type-1 AGN is seen at
inclinations 0-60° while a type-2 AGN is seen at 60-90°, approximately. Color code: the
central supermassive black hole is in black, the surrounding X-ray corona is in violet,
the multi-temperature accretion disk is shown with the color pattern of a rainbow, the
BLR is in red and light brown, the circumnuclear dust in dark brown, the polar ionized
winds in dark green and the final extension of the NLR in yellow-green. A double-sided,
kilo-parsec jet is added to account for radio-loud AGN (Figure 1 in Marin 2016).

for the unified model. They discovered a hidden Seyfert 1 nucleus in the Seyfert 2
NGC 1068 by polarization measurements.

The basic features of the current unified model, presented in Figure 1.3, are as
follows: at the center of an AGN a SMBH is accreting matter through an accretion
disc. This disc is surrounded by high-velocity broad-line clouds within a few light
months of the center (spanning from 107 to 107! pc), from which the permitted
lines are emitted. A massive, dusty, and optically thick equatorial molecular torus,
whose radius is estimated between 10~ and 10 pc, obscures the central regions.
Hundreds of parsecs in extent, lies the low-density narrow-line emitting region in two
ionization cones. If one is looking at the central source with low inclination (below
~ 60°), then no obscuration is present and both the broad and narrow line regions

can be observed (Seyfert 1s). Looking through the torus, the observer will only see
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the narrow line region clouds, the broad line regions will be obscured (Seyfert 2s).
It should be noted that blazars are observed in the case when a jetted source is
observed pole-on (its axis is nearly parallel to the line of sight). It should be also
mentioned that several counter examples to the classical original unified model has
been presented. For example, Bianchi et al. (2008) presented simultaneous X-ray
and optical observations of the type-2 Seyfert NGC 3147 showing no absorption
in X-rays, and an absence of broad lines in optical. A revision of the “classical”

unified model is thus needed (see for a review, e.g. Netzer 2015).

1.3 AGN broad-band spectra

AGN spectra can range from radio waves to y-rays. Broadband SEDs for different
types of AGNs are shown in Figure 1.4. At energies below ~ 100eV, two gaps can
be seen. One gap is in the extreme ultraviolet (EUV) part and the other in the
millimeter-wavelength regime (between ~ 1 cm and 300 um). The ‘EUV gap’ is due
mainly to the opacity of the ISM in our Galaxy (absorption by neutral Hydrogen).
The ‘millimeter gap’ is due to the opacity of the Earth’s atmosphere (caused
by water vapour absorption) and a lack of sensitive detectors for wavelengths
larger than 300 pm.

The broadband spectrum of a non-jetted AGN can be divided into three major
components: the big blue bump (BBB), the infrared bump, and the X-ray region:

o The BBB continuum component in AGNs extends from the near-infrared at
~ 1 pm up to the UV (~ 1000 A). This component is attributed to thermal
emission that originates from a geometrically thin, optically thick accretion
disk (Shakura & Sunyaev 1973). More than half of the bolometric luminosity
of an unobscured AGN is typically emitted in this spectral range. However,
one of the most important observational problems is that a substantial part
of the BBB cannot be observed as it falls within the EUV gap.

e The broad infrared bump extends from ~ 1 to ~ 100 um. It is accepted
that this feature arises from reprocessing of the BBB emission by dust with
temperature ranging between ~ 10 and ~ 1800 K (e.g. Barvainis 1987; Sanders
et al. 1989) located at a range of distance from the BH. The spectral dip at
~ 1 pm is then naturally explained by the finite sublimation temperature (~
1800 K, for graphite grains) of dust. It should be noted also that the infrared
bump does not show strong variability on short timescales (e.g. Hunt et al.
1994).
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Figure 1.4: A schematic representation of an AGN spectral energy distribution (SED),
based on the observed SEDs of non-jetted quasars. The black solid curve represents the
total emission and the various coloured curves (shifted down for clarity) represent the
individual components. The intrinsic shape of the SED in the mm-far infrared (FIR)
regime is uncertain; however, it is widely believed to have a minimal contribution (to an
overall galaxy SED) compared to star formation, except in the most intrinsically luminous
quasars and powerful jetted AGN. The emission from the AGN accretion disk peaks in
the UV region. The jet SED is also shown for a high synchrotron peaked blazar (HSP,
based on the SED of Mrk 421) and a low synchrotron peaked blazar (LSP, based on the
SED of 3C 454.3). Adapted from Harrison (2014) and Padovani (2017).

o In the X-ray band, the AGN spectrum can be well described by a power law
with a spectral index ~ —0.9. It is accepted that this component is due to
Compton upscattering of optical/UV photons, arising from the accretion disc,
by hot electrons located in the vicinity of the BH (the X-ray emission in AGN

is discussed with more details in the next section).

Broad-band SEDs of jetted AGN (shown in Figure 1.4) are dominated by two
broad peaks one in the millimeter to near infrared range and one in the X-ray
to y-ray band. There are noticeable distinctions between the broadband SED of
BL-Lac objects and FSRQs (high-synchrotron and low-synchrotron peaked quasars,
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HSP and LSP, respectively). The former shows lower-luminosity, higher-energy
peak emission extending up to several GeV. The high energy peak of the latter is
typically in the MeV range. The peaked feature in the millimeter range is attributed
to synchrotron emission from the jet. While the high-energy peaked feature is
attributed to inverse Compton (IC) emission. This component can be emitted
through two different channels at least: internal Compton and external Compton
(EC). The former process is the case where the seed-scattered photons are the
locally produced synchrotron photons (synchrotron-self Compton, SSC; e.g. Jones
et al. 1974; Ghisellini et al. 1985). Such SSC sources show a very high energy
Compton peak with a power-law spectrum of the same slope as the synchrotron
source. However, the more powerful jets are probably dominated by external seed
photons (EC sources). The external radiation field near the boosted core can be of
high enough energy density to explain a very powerful IC bump. The dimension of
the sub-parsec central radio source in such cases is similar to the typical dimension of
the BLR and/or the molecular torus (e.g. Sikora et al. 1994, 2002). IC scattering of
photons from the BLR or the torus can produce a high-luminosity, high-energy peak
that has higher luminosity but lower frequency compared with the high-energy peak
in BL-Lac objects. Other potentially important sources of external photons are the
central accretion disk itself (e.g. Dermer et al. 1992), or from the cosmic microwave
background at large scales (e.g. Bottcher et al. 2008; Celotti & Fabian 2004).

1.4 The X-ray spectrum of a non-jetted AGN

X-ray emission is a common property of AGN which radiate a considerable fraction
of their bolometric luminosity in the 2-10 keV band (~ 10% for an AGN radiation
at < 0.1 Lgqgq; e.g. Vasudevan & Fabian 2007).

X-ray flux variability in AGN is the largest among any of the observed wavelength
ranges (e.g. McHardy 1989). This indicates that the X-ray emission arises from
a very compact region. Assuming a variability timescale in the order of ~ 1 h
accompanied by a change of the observed flux a factor of ~ 2, one can argue
that during a phase of uniform brightening or dimming, the linear dimensions
of the X-ray source cannot exceed the corresponding light crossing time. For a
BH mass of 10® M, a variability of ~ 1 h would correspond to ~ 7 r,. This
rough estimate has recently been confirmed by gravitational microlensing studies
which suggest that the X-ray emitting source in some quasars may be as small
as ~ 10 ry (Chartas et al. 2009; Mosquera et al. 2013; Reis & Miller 2013). The
production of X-rays requires a high-temperature medium, which, in addition to
the rapid X-ray variability, is suggestive that the emitting region is compact, and
located in the vicinity of the SMBH.
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Figure 1.5: A schematic representation of a non-jetted AGN X-ray spectrum (taking into
account Galactic absorption only). The black solid curve represents the total emission and
the various coloured curves represent the individual components: the primary emission
from the hot corona (red dashed line), the ionized blurred reflection (blue dash-dotted
line) arising from an accretion disc with a constant ionisation parameter of log & = 2, and
distant neutral reflection (green dotted line).

1.4.1 The primary emission

It is generally thought that the hard X-ray continuum emission (known as the
primary emission) arising around accreting black holes, is due to Compton up-
scattering of UV /soft X-ray disc photons off a hot (T, ~ 10° K), trans-relativistic
medium, usually referred to as the X-ray corona (e.g. Shapiro et al. 1976; Haardt &
Maraschi 1993; Petrucci et al. 2001a,b). The Compton up-scattering of photons
(with mean energy (E)) by hot electrons occurs when (E) < 4kT,. These electrons
are thought to be heated and confined by magnetic fields emerging from the ionized
accretion disc (e.g. Galeev et al. 1979; Haardt & Maraschi 1991). If the electron
gas is optically thin, then the y—Compton® parameter is in the order of unity, and

it can be shown that a power-law with a photon index of

9 4 1
F=,>+--=2 1.7
1ty 7 (1.7)

3The y—Compton parameter represents the total relative energy change of photons due to
scattering. It’s given by y = friﬂ;; x max(7, 72), where 7 is the optical depth of the medium and
me is the electron mass.
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can describe the emerging spectrum. If y = 1, then I' = 2 which is comparable
to what is commonly observed in non-jetted AGN. As the energy of the photons
become comparable to the electron thermal energy, the photons cannot gain energy
anymore, and a sharp cutoff is expected in the spectrum at F.,, ~ 2 — 3kT, (see
e.g. Petrucci et al. 2001a). As a result, the primary emission arising from the
corona (red dashed line in Figure 1.5) can be well approximated by a power-law

with a high-energy exponential cutoff of the form

-]
Ecut ‘

The geometry (extended or point-like) and physics (thermal/nonthermal popu-

Foim(E) = NE " exp {—

lation of electrons, and its heating mechanism) of the X-ray source remain major

uncertainties. Several models have been proposed:

o an extended, optically-thin region slab above a cold, optically-thick disc
(Haardt & Maraschi 1991),

e a discrete, optically-thin blobs above an optically-thick disc that could be
related to magnetic reconnection events which create hot flares above the
accretion disc (e.g. Haardt et al. 1994; Nayakshin & Melia 1997),

« a hot accretion flow (e.g. Shapiro et al. 1976; Narayan & Yi 1994),

« a mildly relativistic electrons moving along the axis of a jet (“aborted jet”
according to Ghisellini et al. 2004).

Non-jetted AGN show often a sharp rise above the aforementioned primary
component, at energies below ~ 1 keV, referred to as the “Soft X-ray Excess”
whose origin is still debated since its discovery in 1985 (Singh et al. 1985). The
soft excess in many unabsorbed AGN could be fitted by a blackbody model with a
best-fit temperature in the range 0.1-0.2 keV (Walter & Fink 1993, e,g), however,
this temperature is significantly higher than the maximum temperatures expected
in AGN accretion discs. It has been shown that the temperature associated with
this region, if fitted by a blackbody model, is constant over a wide range of AGN
luminosity and black hole mass (e.g. Walter & Fink 1993; Gierliniski & Done 2004;
Crummy et al. 2006), favouring an origin through atomic processes instead of
purely continuum emission. Several scenarios were proposed in order to explain
this feature. It was proposed, for example, that the excess arises due to ionized
reflection with light bending, in which soft X-ray lines are relativistically blurred as

they are produced very close to the BH (see next section for details; Miniutti &
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Figure 1.6: Effects of the ionisation level on the shape of the reflection spectra. The
reflection spectra were estimated for disc ionisations logé = 0,2,4 (blue solid, red
dashed, black dotted lines, respectively) assuming a power-law primary with I" = 2, solar
abundance, and an inclination of 30°.

Fabian 2004; Crummy et al. 2006). It has also been proposed that the soft excess
could arise from Compton up-scattering of disc photons, in a “warm” medium
of an electron population with a temperature much lower and an optical depth
much higher than those of the X-ray corona that are responsible for the emission at
energies above 2 keV (e.g. Czerny & Elvis 1987; Magdziarz et al. 1998; Petrucci et al.
2013, 2018). It should be noted that both scenarios were able to give acceptable

results in terms of spectral fitting.

1.4.2 X-ray reprocessing

In addition to being emitted in the direction of the observer, the primary emission
will irradiate and be reprocessed by the accretion disc (e.g. George & Fabian 1991;
Ross & Fabian 2005). X-rays incident on the disc will be subjected to Compton
scattering by free or bound electrons, and photoelectric absorption followed either by
Auger de-excitation or by fluorescent line emission (see e.g. Lightman & White 1988;
George & Fabian 1991). The resulting spectrum is known as the reflection spectrum.
The dotted and dash-dotted lines in Figure 1.5 represent the reflection spectra
expected from ionised/relativistically blurred and neutral material, respectively.

The reflection spectrum is characterized by:
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o A soft emission due to bremsstrahlung from ionised elements as well a

multitude of emission lines, that are prominent for low ionisation material.

o A prominent emission line at ~ 6.4 keV, associated with the iron Ko (Fe
Ka) emission line. The presence of strong Fe Ko emission is expected due
to its abundance and high fluorescent yield*. The Fe Ka (and all emission
lines) broadens as the material gets more ionised (see Figure 1.6). In fact,
for high ionisation parameters®, £, a significant part of the upper layer of the
disc is ionised. Since the lines originate from deep layers of the disc which
are more neutral, the emission lines escaping from the disc will be Compton
up-scattered and broadened as they interact with the electrons in the upper

ionised layers of the disc.

o An Fe K-shell absorption edge at ~ 7 keV which is thought to be the result
of an increase in the absorption cross-section for photons with energies larger

than the binding energy of Fe K-shell electron.

o A broad component peaked at around 20-30keV, known as ‘Compton hump’.
This feature is due to Compton scattering, as the absorption cross-section
decreases with increasing energy. Furthermore, it is expected that photons
with energies larger than ~ 100 keV will loose a considerable amount of their

energy as they escape from the slab upon being scattered down.

It should be noted that the accretion disc is not the only material able to
reprocess the primary emission in AGN. Many sources reveal the presence of narrow
Fe Ko emission lines (e.g. Bianchi et al. 2009) that could be explained by reflection
from distant, dense material such as the BLR or the putative molecular torus
invoked in AGN unification models (Ghisellini et al. 1994a).

Relativistic effects on the reprocessed spectrum

In the case of the accretion disc, special and general relativistic effects result in
blurring the ionized reflection spectrum and asymmetrically broadening the emission
lines owing to the gravitational redshift and the motion of the emitting particles
in the disc (see Iwasawa et al. 1996; Fabian et al. 2000a; Miniutti & Fabian 2004;
Iwasawa et al. 2004; Miniutti et al. 2007). Let us consider a single emission line,

emitted from a rotating ring of the accretion disc:

4An element’s fluorescent yield is defined as the probability in a particular atomic shell leads
to a radiative transition rather than the ejection of an Auger electron.

5¢ = 4nFyc/ny (in units of ergems™1), where F,. is the incident flux of the X-ray source,
and ny is the volume density of the reprocessing material.
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Figure 1.7: Schematic profile of an intrinsically narrow emission line, modified by the
interplay of Doppler/gravitational energy shifts, relativistic beaming, and gravitational
light bending occurring in the accretion disc. Upper panel: the symmetric double-peaked
profile from an annulus of a non-relativistic Newtonian disc. Second panel: the transverse
Doppler shifts make the profiles redder; the relativistic beaming enhances the blue peak
with respect to the red. Third panel: the gravitational redshift shifts the overall profile
to the red side and reduces the blue peak strength. Bottom panel: The integration over
all annuli gives rise to a broad, skewed line profile (figure adapted from Ghisellini 2013).

o If the accretion disc is seen from a non-zero angle (not a face on configuration),
and the emitting material is moving with a non-relativistic speed, then one
expects to see a symmetric double peaked emission line due to Doppler effect.
The approaching/receding parts of the disc will emit a line that will be
blueshifted /redshifted. The symmetry refers to the fact that all the parts of

the ring are emitting at the same flux (see upper panel in Figure 1.7).

o Considering that the material is orbiting with relativistic speed, the Doppler
boosting becomes important, and the blue peak will have more flux than the

red one (see second panel in Figure 1.7).

o If the emission takes place from material very close to the BH, then in this

case gravitational redshift will affect the overall spectrum, all frequencies
will be redshifted (the closer to the BH, the higher the redshift), and light
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bending becomes important as well, changing the profile of the line and thus

the received flux (see third panel in Figure 1.7).

o Integrating over the whole accretion disc and taking into consideration all
the aforementioned effects will result in a broad and skewed line profile (see

bottom panel in Figure 1.7).

Thus, the black hole spin plays a crucial role in the final profile of the emitted line.
In fact, as already mentioned, the higher the spin the closer the ISCO is to the BH.
In other words, the emitting material can reach closer distances to the BH where the
special and general relativistic effects are maximal. In that way, fitting the observed
X-ray spectra with reflection models can potentially be a powerful tool in order to
determine BH spins. Figure 1.8 shows the effect of the BH spin on the resulting
reflection spectrum. It should be noted that the resulting features depend also on the
parameters of the accretion disc (ionization, iron abundance), on the characteristics
of the illuminating primary source (see later) and the viewing angle of the observer.
For large inclination gravitational lensing and light bending play a crucial role as
photons coming from behind the black hole are bent and can reach the observer.

It should be noted that evidence of reprocessing (from the disc or distant
material) can be also obtained by studying time delays between various energy
bands. In fact, the reprocessed emission should vary in response to the variability of
the primary emission (regardless its nature). This is known as “X-ray reverberation”
and is due to the different light travel paths between the primary photons that arrive
directly to a distant observer, and the ones which reach the observer after being
reprocessed by the disc or more distant material. The magnitude of these delays
depends on: a) the physical and geometrical properties of the X-ray source, and b)
the characteristics and location of the reprocessing material. These reverberations,
if caused by reflection off the inner disc where relativistic effects are important,
should additionally depend on the spin of the SMBH. The lags can be studied by
estimating the temporal correlations between light curves in energy bands which
are the most representative of the primary emission, and the ones which can be
considered as a proxy of the reflected emission. The delays studies are codified in
the so-called ‘time-lag spectrum’, which consists of studying the delays as function
of temporal frequency or photon energy, in order to understand the dependence of
these delays on the physics and the geometry of the X-ray emitting source and the
reprocessing media. Recent studies (e.g. Emmanoulopoulos et al. 2011b; De Marco
et al. 2013; Kara et al. 2016) have revealed the presence of such reverberation where

the emission in energy bands which are primary dominated (say 1-4 keV for example)
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Figure 1.8: The effects of relativistic blurring on the reflection spectrum, assuming
a disc with solar abundance and log& = 2, which is illuminated by a power-law X-ray
source of I' = 2 and observed with an inclination of 20°. The dotted line represents the
reflection spectrum in the absence of relativistic effects. The dashed and solids lines show
the corresponding reprocessed spectrum including relativistic effects for BH spins of 0
and 0.998, respectively. In the latter cases, the disc extends from the ISCO up to 1000 rg.

leads the emission in the reflection-dominated energy bands (below 1 keV, dominated
by the soft excess, or 4-7 keV where the Fe Ko line is prominent, for example) by a
few tens up to a few hundreds of seconds, as expected in the case of reverberation
(from the inner regions of the disc). If the time delays are due to reprocessing, then
the magnitudes of these lags (|7.|) are set by the light-crossing time (¢, = r4/c)
which is proportional the BH mass (Mpg). Thus it is expected that |m,.| o< Mpy.
Indeed, De Marco et al. (2013) and Kara et al. (2016) show a positive correlation

between these two quantities which is in favour of the reprocessing scenario.

The lamp-post geometry

As discussed earlier, several pieces of evidence suggest that the X-ray emitting
region is compact and located close to the BH. This led to the so called “lamp-post”
scheme (George et al. 1989; Matt et al. 1991), as shown by a schematic illustration
in Figure 1.9, where the corona is assumed to be a point source located at a height
(h) on the rotational axis of BH. The idea of a compact X-ray source positioned on

the rotational axis of the black hole was also used to explain the observed X-ray
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Figure 1.9: Lamp-post geometry scheme.

variability of AGN (Miniutti & Fabian 2004; NiedZwiecki & Miyakawa 2010). The
primary flux, that reaches the observer, decreases when the height of the corona
decreases because of the larger photon capture by the central black hole. Moreover,
at low heights, more primary radiation will be focused towards the innermost
regions of the accretion disc due to light-bending and gravitational redshift (see
e.g. Martocchia & Matt 1996). The reflection fraction therefore increases in this
state (for quantitative estimates see, e.g., Dauser et al. 2013).

However, in a more realistic situation the corona may be a more complex
inhomogeneous medium extended in both radial and vertical direction to larger
radii (e.g. Wilkins & Gallo 2015). Dovciak & Done (2016) pointed out that
the source needs to be extended to be able to produce sufficiently enough X-ray
photons to match the observations. However, the more complex models that would
account for the spatial extension of the corona would contain more free parameters
that would be difficult to be uniquely constrained with the current quality of the
data. Therefore, owing to its simplicity, the lamp-post scheme is still popular
and frequently used in the most recent codes for relativistic smearing (Dauser
et al. 2013; Dovciak et al. 2014). Besides to an isotropic homogeneous corona,
the lamp-post scheme represents a simple approximation of a spatially compact
corona, which is concentrated towards the centre.

Often, instead of assuming any particular geometry, the radial emissivity® (¢)

8The emissivity of a body is defined as the ratio of its radiated energy to the corresponding
energy radiated by a blackbody of the same temperature
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profile can be introduced in the relativistic reflection models,:
e(r) o< r 9. (1.8)

For an isotropic corona, the thermal energy dissipation is assumed to decrease
with the third power of radius (¢ = 3), following the standard prescription of the
accretion disc temperature (Shakura & Sunyaev 1973). Also, for the lamp-post
geometry, the irradiation at distant parts of the accretion disc should follow r—3
(Esin et al. 1997). Thus, index ¢ = 3 is considered as a “standard” index of the
emissivity. However, the emissivity profile in the lamp-post geometry significantly
changes in the innermost regions depending on the source height (see e.g. Martocchia
et al. 2000, 2002; Dauser et al. 2013; Dovciak et al. 2014). It is very steep at the
innermost radii, then it flattens and finally reaches ¢ = 3 at further radii, where the
contribution to the total reflection spectrum is often relatively small. Therefore,
with the current quality of the data, broken (or twice-broken) power laws can be
used as adequate approximations of the intrinsic emissivity profiles (e.g. Wilkins
& Fabian 2012; Gonzalez et al. 2017).

It should be noted that X-ray photons from the corona which are emitted towards
the accretion disc will ionise the matter. Thus, the strong radial dependence of
the irradiation will lead to a radial dependence in terms of ionisation as well. The
top panel of Figure 1.10 shows the dependence of the ionisation profile of the disc
on the height of the lamp-post. By increasing the height of the lamp-post further
out regions of the disc are illuminated, which leads to a flattening in the ionisation
profile below ~ 20 r,. The bottom panel of Figure 1.10 shows the emitted reflection
spectrum from various rings of an accretion disc illuminated by a lamp-post located
at 4 ry above a maximally rotating Kerr BH. The material becomes less ionised and
emits with less flux as the considered ring is far from the center of the system. It
should be noted that the gradient of the ionisation of the disc may play a crucial
role in determining the emissivity profiles. In fact, many models that are commonly
used in spectral fittings neglect the gradient of ionisation and assume instead a
constant ionisation. However, as Figure 1.10 shows clearly, the innermost regions of
the disc will be more ionised and will have softer reflection spectra with respect
to the outer regions of the disc which are less ionised. Thus, a model assuming a
single ionisation parameter of the disc will underestimate the ionisation from the
innermost regions which will be compensated by requiring a steep emissivity profile

(¢ ~ T; see Svoboda et al. 2012, for more details on this topic).
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Figure 1.10: Top panel: the radial ionisation profile £(r), for various lamp-post heights
1.5 rg (solid blue line), 3 ry (dashed red line), 6 ry (dotted black line), and 12 ry (dash-
dotted green line). I assume the same inner ionisation parameter (log&, = 2.5) for all
the cases. Bottom panel: eflection spectrum from various annuli of an accretion disc
illuminated by a lamp-post (with I' = 2) located at 4 r, above a maximally rotating Kerr
BH. The accretion is assumed to have a solar abundance and to be viewed at an angle of
45°. The thick solid line corresponds to the reflection spectrum integrated over the whole
accretion disc.
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1.5 Outline of the dissertation

As mentioned earlier, the X-ray emission of AGN can be considered as an exceptional
means in order to probe the innermost regions of accretion disc, and test general
relativity in the strong-field regime. The high sensitivity of XMM-Newton (Jansen
et al. 2001, in the 0.3-10 keV rangel) combined with that of NuSTAR (in the
3-79 keV range; Harrison et al. 2013) allow us to explore, with high precision, the
spectral and temporal characteristics of AGN in the broad X-ray range. In this
dissertation, I exploit this potential in addition to the development and improvement
of various spectral models (e.g. Dauser et al. 2013; Dovciak et al. 2014) in order
to get a better understanding of the physics of SMBHs in low- and high-redshift
AGN, through spectral and timing analyses.

The physics of the X-ray corona (nature, geometry, heating mechanism, etc.)
remain among the main uncertainties in AGN. Assuming that the primary X-ray
emission is due to Compton up-scattering of UV photons from accretion disc, the
coronal properties (temperature and optical depth) could be then retrieved through
the shape of the spectra as discussed earlier. Thanks to the high signal-to-noise ratio
(S/N) which can be provided by joint XMM-Newton and NuSTAR observations in
the 0.3-79 keV band, it would be then possible to determine these coronal with
higher precision. XMM-Newton allows us to characterize the spectral features in
the soft and mid-X-ray ranges (below 10 keV) while NuSTAR is necessary in order
to constrain the spectral (featureless) shape at high energies. In the first part of
Chapter 2, I explore the spectral properties of high-redshift AGN. I analyse the joint
XMM-Newton and NuSTAR observations of a luminous non-jetted quasar QSO
B2202-209. Considering the previously assumed redshift of this source, z = 1.77,
E.. is shifted to lower observed energies, helping compensate for the cosmological
dimming. In this chapter, I revised the redshift of the source from 1.77 to 0.532, using
optical spectra from the Palomar Observatory. Despite the lower estimated redshift,
I was able to determine the coronal properties of this quasar showing that they are
in agreement with the ones determined for less luminous AGN in the local Universe.

In the second part of Chapter 2, I shed light on the jet emission of blazars in
X-rays. Most of this emission is expected to be caused by non-thermal relativistic
electrons. However, a population of thermal non-relativistic electrons is expected to
be present in the jet. The presence of these electrons can be manifested through the
bulk Comptonization of photons from the accretion disc or the BLR, dominating
over the non-thermal emission in soft X-rays. Bulk Comptonization is expected

to be present in all blazars but has never been confirmed. In this part, I analyse
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the simultaneous XMM-Newton and NuSTAR observations of the FSRQ 4C+25.05
(z = 2.37) revealing the presence of an excess at soft X-rays, which I interpreted
in the context of bulk Comptonization.

The identification of relativistic reflection X-ray spectra is one of the most robust
ways in order to determine SMBH spins in AGN. In Chapter 3, I address the question
of how accurate these measurements can be, taken into account the complexity of
the X-ray emission in AGN. I attempt to answer this question by fitting blindly
high-quality simulated XMM-Newton + NuSTAR spectra of low-redshift and bright
non-jetted AGN. I show in this analysis how the human factor in addition to the
characteristics and the complexity of the system may affect the measurements. 1
show that the major factor in determining the spin, assuming a lamp-post geometry,
is the position of the X-ray source with respect to the BH. The closer the source to
the BH, the largest the relativistic effects, which leads to a more accurate estimate
of the spin, using the current quality of the data.

In Chapter 4, I present a model-independent way (flux-flux analysis) to analyse
X-ray light curves of bright and variable AGN. I apply this method to the Seyfert 1
galaxy MCG-6-30-15, one of the sources where the presence of relativistic reflection
was questioned. Several authors proposed in the past that the broadening of
the Fe line in this source may be due to a complexity in the structure of the
absorbing medium. I show that the flux-flux analysis can be a robust and straight-
forward way to break some degeneracies between various spectral models, since
it allows us to identify the various variable and stable components in the X-
ray spectra of a given source.

An additional way to probe the innermost regions of AGN is the study of X-ray
eclipses by BLR cloud. As a cloud passes through the line of sight, it shades various
regions of the accretion disc which are affected differently by special and general
relativity (Doppler and gravitational shifts). In Chapter 5, I simulate obscuration
events in AGN and analyse their X-ray spectral and polarimetric characteristics. |
show that the detection of such events with the next generation of X-ray observatories
would improve our understanding the close environment of SMBHs, and would allow
us to test the strong-gravity regime in their vicinity. This could be achieved thanks
to the emerging field X-ray polarimetry which may open a new window in X-ray
astronomy, as it addresses several key questions which could not be answered using
neither spectral nor timing analyses. I show in this chapter that X-ray polarimetry
could be a key method to constrain not only the emission from the X-ray emitting
region and the accretion disc, but it also gives valuable information about the

nature and the structure of the parsec-scale material (NLR and torus).
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A summary of the results and discussion of future prospects are presented in
Chapter 6.

The following cosmological parameters are assumed throughout the manuscript,
Oum = 0.27, Qp = 0.73, and Hy = 70kms~! Mpc1.



Wine is sunlight, held together by water.
Galileo Galilei
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