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UNIVERSITY OF SOUTHAMPTON
ABSTRACT
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Doctor of Philosophy

Broad-Band Spectral Analysis of a Complete Sample of Typ&NMetected by
INTEGRAL

by Manuela Molina

This thesis contains results on type 1 Active Galactic Nudd¢ected and studied with
INTEGRAL The sample of sources analysed in the present thesis id basecomplete
sample of type 1 AGN extracted from the 3rd IBSGRI catalogue. Archival X-ray data
taken from several observatories, suckXdiVi-Newtonn Chandrg SwifiXRTandASCA
have been combined together with IBIS spectra, providimngte first time a broad-band
spectral analysis of a hard X-ray detected complete sanfipyg@e 1 AGN. The principal
aim of this work is to study the continuum properties of typAGN, i.e. power law
slope, reflection fraction and high energy ctit-and their relation to spectral modelling
of AGN and to synthesis models of the CosmidtDse X-ray Background.

The analysis presented in this work covers two subclassiypefl. AGN: Broad Line
Radio Galaxies (BLRG) and Radio Quiet (RQ) type 1 sourcespdrticular, among
BLRG, IGR J2124%5058 is studied in great depth (see chapter 5). This is inefaetry
peculiar source, displaying very complex absorption, mfthrm of two layers partially
covering the central emitting source. So far, only one oBIERG was known to re-
guire such complexity regarding absorption (namely 4C ddfaking IGR J2124¥5058
indeed a very peculiar and almost unique AGN.

Broad-band spectra of the other seven BLRG present iNREGRALcomplete sam-
ple have been analysed in search for a dichotomy betweepdhidation (chapter 6) and
their radio quiet counterparts (chapter 7). Several studave in fact shown in the past
that BLRG might behave fferently than radio quiet AGN, displaying weaker reprocess-
ing features (i.e. the reflection component and the streafythe iron line), possibly



associated with the presence of the jet. In the present,dtodiever, such diversity is not
found to be very striking, with the reprocessing featurethefanalysed sources not being
as weak as expected. This could imply &elient scenario for the dilution of these fea-
tures, not involving a jet but rather affirent geometry aridr accretion flow &iciency

in the accretion disk.

The analysis of the complete sample of type 1 AGN also allogsreeral picture of
the average properties of this class of sources to be obitaiifee mean power law slope
is found to bel'=1.86+0.01, in good agreement with the generally accepted caabnic
spectral index of 1.9. The average ctif-energy is E=104 keV, lower than previously
found in other works; the mean reflection fraction is 1084. Correlations between
the spectral parameters have also been investigated, mitahthem remain still to be
proven. When considering these results in the framework@fApectral modelling, we
found that the average Comptonising plasma temperatuggpisally ~50 keV with an
optical depth ranging from 2 to 5, i.e. the plasma is not tackthAs far as the Cosmic
X-ray Diffuse Background is concerned, synthesis models have scsfanad a spectral
shape for the CXB witH'=1.9 with no dispersion in values and a high energy diit-o
of at least 200 keV. However, the valuelof1.86 with a dispersion of 0.2 and a cut-o
energy with a narrow range of values around 100 keV, as fautftei present thesis, could
provide a self-consistent modelling of the CXB. The impletation of the information
provided in this thesis is clearly very important for CXB #yesis models and represents
the next step of this work.
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Chapter 1

Scientific Framework

1.1 Introduction

For most of the past century, optical astronomy has beendherént field in astro-
physical research. In the last 50 or 60 years, however, bitaerches of astronomy have
greatly developed, opening new windows on the radio, mdtim®, infrared, UV, X-ray
and gamma-ray Universe. In particular, X-ray and gammaastsonomy have known a
dramatic development that has made them part of mainstretopaysics in their own
right. In little more than 20 years, the high energy sky has/@n to be populated by
the most energetic and extreme phenomena ever observezlimiberse: from violently
interacting binary systems, to black holes, gamma-raytb(&RBs) and Active Galactic
Nuclei (AGN).

A number of physical processes are responsible for the ptmfuof high energy
radiation. In the following, some of the principal ones aséeld.

¢ Blackbody Emission. The blackbody spectrum is represented by the Planck func-
tion, that can be written in the form:

2hy3

1
B,(T) = 2 (kT —1)

ergcm?s tHz? (1.1)

Two regimes are identified for the blackbody emission, orseidieed by the Rayleigh-
Jeans Law and the other one by Wien’s Law. The former desrbgimes for
which hy/kT<1 and the Planck function is then written ag(B=2(vc)’kT erg
cm?stHzL; the latter is applied when#kT>1 and the Planck function becomes
B, (T)=(2h*/c?)e™/kT erg cnt?s'HzL. Since optically thick thermal emission in
the Universe has not been found at temperatures exceedit@ji, only the Wien
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tails from the hottest acretion discs are likely to be def@ett soft gamma-ray en-
ergies.

e Bremsstrahlung. Bremsstrahlung (braking) radiation originates from theehc
eration of electrons in Coulomb collisions with other etens and with ions and
nuclei. Itis analogous to free-free emission and the ramiatorresponds to transi-
tion between unbound states in the field of the nucleus. ttedas have a spectrum
N(E)dE=NoE"dE, then the photon flux is:

c nM

—NoE;”dE, ergcm?s™ (1.2)

dh, =F0) = X

where M is the atomic mass of the gas atoms, R is the distartbe teourcen is
the number density of target atoms, iX the radiation length and f)is a constant.
In hot gas regions (i.e. plasma), the so-called thermal Bstrahlung radiation is
produced, which emits a characteristic spectrum. Eaclsmoilproduces a photon,
whose energy corresponds approximately to the energy éased by the collision.
The distribution of photon energies thus reflects the edacenergy distribution
and its average is proportional to the temperature. Therelecfollow a Maxwell-
Boltzman distribution and therefore the probability thaiedectron has a velocity
in the range & is given by:

m

32,722 13
anT) e d°v (1.3)

dP = (
If the velocities are isotropically distributed, thedvedrv?dv and dRv2exp(-
mv?/2kT)dyv, leading to a thermal Bremsstrahlung spectrum oftqi®described
by the relation
K m
dl, = —ez  dy ergcm?st 1.4
T g (1.4)

commonly found in the X-ray domain.

e Synchrotron Radiation. Synchrotron radiation is caused by accelerated relativis-
tic electrons spiralling around the field lines of a magngéild; when considering
non-relativistic electrons, cyclotron radiation is irefeemitted. The force felt by
the electron in the magnetic field is perpendicular to thedtion of the field and to
the direction of the particle’s velocity and this causesdlgetron to change its di-
rection. The produced radiation is compressed into a s@adje of angles around
the instantaneous velocity vector of the particle, causiregso-called “beaming”.
As the electrons spiral in the magnetic field, they radiate s of a characteristic
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energy; the frequency of the emitted radiation correspdgad$e revolving fre-
guency and is proportional to the magnetic field intensity tre electron charge
and inversely proportional to the electron rest mass. Tteeabenergy loss by the
relativistic electrons can be written as:

dE 4 B2 , 1

— =—=0orC—vy‘ergs 1.5

at 30'T 2/107 g (1.5)
wherey is the Lorentz factor and+ is the Thomson cross-section. If the emission
is represented by a delta function, then the mean frequemgy-#.6x10 °B,E*(eV)
Hz, where B is the magnetic field intensity orthogonal to the directibmotion
of the electron. If the electrons have a power law distriouiN(E)dE=K.E7dE

(cm? st keV), the resulting spectrum of the photons is:
dl, = kKeBZ»Z)dy phcnr? st kev? (1.6)

If the electrons and the magnetic field are energetic enabhghemitted radiation
can be in the form of gamma-rays.

Inverse Compton Scatteringtakes place when high energy relativistic electrons
upscatter low energy photons. This process requires higtoptdensities in order
to take place. In the case of relativistic electrons wheréipie scatterings occur,
the frequency of the upscattered photons is proportion&l,to/2hv, wherey? is

the electron Lorentz factor ands the initial photon frequency. The rate of energy
loss by the electrons is given by:

dE

i —Kcornpn(hve)y? erg st (1.7)

whereny, is the number density of photons andl is the Thomson cross-section.
If the electrons have a spectrum described by:

N(E)dE = K.EdE electrons cn? s keV (1.8)
Then the emitted spectrum will be:
|()dv = NyKeKev™7 phenr?stkev (1.9)

In many astronomical sources, electrons can reach Lorantars of about 100-
1000, and consequently scatter low energy photons to vely émergies if they
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pass through a region with a high electron column densityekample, an optical
photon withv=4x10" Hz, when interacting with an electron with=1000, be-
comes a gamma-ray photon with4x10?° Hz (~1.6 MeV). An important process,
above all in AGN, is the so-called synchro-self Compton, setsynchrotron elec-
trons can inverse-Compton scatter low energy photons upry)and gamma-ray
frequencies. In this process, the photons for the Comptatiescng come from
synchrotron radiation by the same electrons which are wabin the Compton
scattering. In the external Inverse Compton scatteringahedhich is relevant for
AGN jets located near broad line regions or bright accretisks, the target pho-
tons for the inverse Compton scattering are derived froncadtV light coming,
for instance, from the nucleus of the active galaxy, or Caskhicrowave Back-
ground photons.

e Electron-Positron Annihilation. When an electron encounters its antiparticle, the
positron, they annihilate, producing two gamma-ray phsteach carrying an en-
ergy of 511 keV. Depending on the temperature of the surnogrehvironment, it
can sometimes happen that the annihilation is precededebyréation of positron-
ium, similar to a hydrogen atom but with a positron insteaa pfoton. Positronium
is unstable and has two states: the singlet and the tripleg. singlet state decays
into two 511 keV gamma-ray photons, while the triplet dedaythree gamma-ray
photons with a continuum energy extending below the 511 ke&/ |

There are also several methods in which gamma-rays intetdcatter, such as the
photoelectric fect, the Comptonféect and pair production. The dominant process is
strongly dependent on the energy of the interacting gamaygnoton and on the atomic
numberZ of the absorbing material. In the following, two of these qasses directly
relevant to the soft gamma-rays photons studietNIyEGRALare explained.

e The Photoelectric Hfect occurs when a low energy gamma-ray photon interacts
with a tightly bound electron. This process is importantfpr1 MeV and for high
Z materials. The energy carried by the photon is transfeethtatomic electron,
resulting in the ejection of the electron from the atom withemergyE,, given
by Ee = hv — E,, wherehv is the absorbed gamma-ray photon energy Bpnds
the binding energy of the electron in its shell; as it is emidiecom the formula,
the energy of the ejected electron depends solely on thedrey of the incident
photon. As the electron is ejected, a vacancy is producedheamdilled by another
electron from a higher orbit. The process emits X-rays, m @bsorbed by the
material, resulting in all the initial photon’s energy bgiabsorbed in the material.
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The probability of photoelectric absorptionrdisc Z°, where Z is the atomic number
of the material and is the probability.

e Compton Scatteringis an elastic collision between a free electron and a gamma-
ray photon and is the dominant process occurring betwe€nlEVieV and 1 MeV,
that corresponds to the energy at which atomic electrondeaconsidered free.
The collision causes the gamma-ray photons to lose parteaf émergy and mo-
mentum; the energy of the scattered photon is given by:

E/ E?’

= erg (2.10)
" 1+ (1~ co9)

whereE, is the energy of the incident photan,is the rest mass of the electron and
6 is the scattering angle of the photon. The Comptfieat cross-section depends
only on the number of free electrons and not on the matewah@tnumber.

1.2 Energy Produced in Accretion

The accretion of matter onto a compact object is one of the gaises of the powerful
high energy emission observed both in Galactic and ext@agelsources. The huge
observed power is thought to be provided by the release oftgt@nal energy as gas
spirals inward towards the compact object (generally akitade or a neutron star in the
case of Galactic sources or a supermassive black hole im#i®sof active galactic nuclei).
The gravitational potential enerdyreleased by accretion of a mas®nto the “surface”
of a compact object of madd. and radiugR; is given by:

GM.m
Eace = TC erg (1.11)

If matter is continuously supplied over time, then the luositty produced by accretion
is: GM. d
cadm 1
— ergs 1.12
=t 1 (1.12)
As matter is accreted, the gravitational potential enétgyreleased as thermal energy,

heating the material in the accretion disk. Equation 1.1Pthan be rewritten as:

I-acc =

du dGMm GM.. .
GC@ R R m = nMmc (1.13)

Lacc =

where the quantity=GM./R.¢? is the dficiency of accretion anth=dnydt is the accre-
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tion rate.n depends on the compactness of the system: the more compayistiem, the
more dficient the accretion process is. For example, for a neutammvath M.=1.4M,
andR.=10 km, the #iciency is~0.1, hence making the neutron star a powerful energy
source. If a prograde Kerr black hole instead of a neutraristansidered, thefieciency
improves ton~0.4, while for a non-rotating Schwarzschild black hole tlifieceency is
around 0.06.

There is however a limit to the luminosity produced during #tcretion process: in
fact, if the luminosity is too high, radiation pressure btoaway the infalling material.
The limiting luminosity (in the case of spherical accrejias known as Eddington lu-
minosity and is obtained by balancing the inward force of/gyaagainst the outward
radiation pressure:

47GM M
Legg = =2 2MC_ 1 385 10%(—2)erg s (1.14)
O-T M@
whereM. is the mass of the compact objewtjs the mass of an accreting particlethe

proton mass) andtt=6.65<1072° cm2 is the Thomson cross-section.

1.3 Active Galactic Nucleli

Active Galactic Nuclei (AGN) are the most violent, long ldvebjects in the Universe
and are the sites of energy released on the most powerfudisedtrates we know of.
Active nuclei can be found in the cores of “normal” galaxibst their emission is so
powerful to outshine that of their host galaxy. Such stramgssion cannot be, in general,
related to stellar activity, but has instead to be traced bathe central engines responsi-
ble for the energy production. The huge observed power isghioto be provided by the
release of gravitational energy as the gas in the galaxglspiowards a Super Massive
Black Hole (SMBH), which can have a mass of typically M, or more.

AGN continuum spectra look dramaticallyfidirent from those of normal galaxies.
They produce a large amount of energy on small spatial sealésheir emission spans
the electromagnetic spectrum from radio frequencies upatarga-rays, with peaks in
the ultraviolet and a high percentage of the bolometric hosity emitted both in the
infrared and in the X-rays. High energy emission is argualnlg of the most important
aspects to understand AGN, because of its unambiguousatssoevith nuclear activity
and diagnostic capability to study accretion mechanisms.
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Radio Quiet
QSO

Figure 1.1:A schematic view of the AGN Unified Model based on obscuraligrorientation
(Urry & Padovani 1995).

1.3.1 AGN Unification

As already mentioned, AGN derive their power from accretoito a super massive
black hole, with the primary continuum emission peaking ¥ys6ft X-ray wavelengths,
with a tail in the optical and extending up to several hundieelV. Many diterent types
of AGN are observed; however, all these classes seem to bave @mmon underlying
characteristics, thus representinffelient aspects of the same astrophysical phenomenon.
A unified scenario has been developed both for radio loudy(&rPadovani 1995) and
Seyfert galaxies (Antonucci & Miller 1985), which is expiaid in the following and in
figure 1.1.

The structure of an AGN can be characterised by the presétice fmllowing regions:

eBlack Hole and Accretion Disk kinematic observations of a significant number of
galaxies show evidence for central black holes with massegden 160and 16 M, (Ko-
rmendy & Richstone 1995). Around the central black hole aiteretion disk is where the
primary emission comes from, although its structure andssioim mechanisms are still
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a matter of debate. Shakura & Sunyaev (1973) proposed a rnmoaklch the accretion
disk is optically thick but geometrically thin. In this mddthe dficiency of the accretion
process, i.e. the ratio between the average radiated epergarticle and the particle rest
energy, can reach the maximum allowed by a general relati\gsavitational potential.
Another model, proposed by Narayan et al. in 1998, involliesAdvection Dominated
Accretion Flowmechanism (ADAF). In this scenario, the energy transfemfizaryons
(which gain much of the gravitational energy) to electramiCh radiate mostféciently)

is highly indficient. Therefore baryons fall into the last stable orbitmte&ining most of
their energy and the ratio between the radiated luminositithe accretion mass is low.
This mechanism is the favoured one for explaining the aierefeometry of the lowest
luminosity AGN.

eBroad Line Region (BLR): the broad lines observed in Seyfert galaxies oplit\l
spectra have typical widths of 5000 km'sup to 1¢ km st. These large widths are
interpreted as due to Keplerian velocities of large numbérdouds rotating around the
central black hole at distances of 0.01-0.1 pc. The dendithise gas is believed to
be very high p >10° cm™3), as required by the observed ratio between the permittéd an
forbidden emission line transitions. The typical processeolved in the BLR are mainly
photoionisation heating and Bremsstrahlung cooling.

eNarrow Line Region (NLR): narrow lines, which are also commonly observed in
AGN, have much smaller widths-00 km s?) than broad lines. This can be explained
if these lines are produced by material placed further awamy fthe central black hole,
extending on scales of typically 100 pc. The gas is also lesself ~10°-1° cm~3) than
that present in the BLR.

e¢Obscuring Molecular Torus: this is the key component of unification schemes. It
prevents the direct observation of the BLR if the line of sigkercepts it and it is usually
located at~1 pc from the central black hole. It is thought to be made ofiekttoroidal
wall of dust and molecular gas, whose vertical axis is pedfmemar to the equatorial plane
of the accretion disk. According to the unified model develbpy Antonucci & Miller in
1985, type 2 galaxies harbour a bright type 1 nucleus hidaen ébur view by an optically
and geometrically thick torus. This picture implies thaidyl and 2 AGN are essentially
the same objects viewed atfiirent inclination angles. Direct observational evidence
for this unified model came from spectro-polarimetric olkagons of some narrow line
objects, revealing hidden polarised broad lines (Anton&cMiller 1985; Tran 2001),
scattered by free electrons in a mirror of ionised gas lac@ist outside the opening
of the torus, as well as from detection of maser-like stmggwrbiting around a central
super massive object on scales of 0.1-1 pc in some nearby &sé&e(hill et al. 1996).
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Additional strong support has been obtained from X-ray olas@ns of Seyfert 2 nuclei
showing heavy photoelectric absorption due to cold gaslylikssociated with the dusty
torus (Matt et al. 2003; De Rosa et al. 2008). Variabilityhe &X-ray column density of
type 2 sources (Risaliti et al. 2002), associated with cdanatlose proximity to the AGN
(<0.1 pc) also suggests that X-ray absorption, broad linesamsdust obscuration and
reprocessing are produced by a single, continuous disisibof clouds. According to a
recent model (Elitzur 2008) the torus can also be considesadade of dust-free clouds
that absorb X-rays. In this scenario, the torus is also cemed as a continuation of the
Broad Line Region, that extends to the inner boundary of dhest and not a separate
entity, as suggested also by IR reverberation observatfuganuma et al. 2006).
Beside orientation, the bimodality of the radio luminosifyAGN (when normalised
to their optical power) has also led to the distinction betweadio loud and radio quiet
objects. A unification model which takes into account thi&déent properties observed
among radio loud AGN, also including the presence of a ra#dit jet, has been proposed
by Urry & Padovani (1995). According to these authors, raetis in radio loud AGN in-
troduce another element of anisotropy in addition to thegorBecause of relativistic
beaming €fects, if our line of sight is along the radio jet directiongtthits emission com-
pletely dominates the underlying nuclear continuum eraisand the source is classified
as aBlazar. As the viewing angle increases, the strength of the beameganent de-
creases, thus explaining thdfdrent spectral characteristics observed along the segquenc
Blazar-RL quasar-Broad Line Radio Galaxy-Narrow Line Ra@alaxy. The latter two
classes can be considered as the radio loud counterpadgfefSl and Seyfert 2 galaxies
respectively. In table 1.1, a schematic overview of theated “AGN-z00” is outlined.

Emission Line Properties
Type 1 Type 2 Peculiar Objects
(Broad Lines) (Narrow Lines)
Seyfert 1s Seyfert 2s
RQ Objects| RQ QSOs RQ QSO 2s BAL QSOs
LINER 1s LINER 2s
BLRGs NLRGs
RL Objects| RL QSOs RL QSO 2s Blazars

Table 1.1:The AGN Zoo.

It is worth noting that the unification model illustrated &bas very simplified: over
the years, detailed observations have suggested an indwedophisticated structure for
the innermost regions of AGN, accounting for all th&elient AGN “flavours” seen in the
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sky and at dferent wavelengths.

1.4 Seyfert Galaxies

The class of AGN consists of objects showing some well-ddfared distinctive fea-
tures, such as:

¢ High nuclear luminosity (18-10% erg s1), frequently outshining that of a normal
galaxy of a dfferent morphological type.

e The presence of strong high ionisation lines in their opspactra.
¢ A broad-band continuum emission extending from radio to mannays.
¢ Rapid variability in the optical continuum as well as in theigsion lines.

Such complexity led to an heterogeneous classificationdbas¢he continuum, spec-
tral and variability properties. AGN are firstly divided iadio quiet (90% of the pop-
ulation) andradio loud Radio quiet objects are further divided in subclassesh hig
minosity radio quiet AGN (quasars), Seyfert galaxies, laminosity AGN and LINERS
(Low-lonisation Nuclear Emission-lines Regions). Radiod AGN are mainly quasars
or blazar type sources. Among all thesfetient types of sources, Seyfert galaxies, which
are the focus of this thesis, represent a major class corggEtAGN which are luminous
and located in the nearby Universe, i.e. a05.

Seyfert galaxies were first recognised as a separate cladgents by Carl Seyfert in
1943, who found that the optical spectra of these objects wlearacterised by high ion-
isation emission lines, with widths up to several thousdadsec. All Seyfert galaxies
show narrow high ionisation emission lines in their optsjactra, indicating the presence
of strong ionising radiation. However, some Seyfert gaaxXtype 1 Seyferts) also show
a broadening of the permitted lines, suggesting the preseimdense(>10° cm3) and
fast moving gasy~10* km s1). Sources which instead show only narrow emission lines
are classified as type 2 Seyferts. In between type 1 and 218eitiere is a wide variety
of intermediate types, where the broad line components aekly observable.

1.5 The X-ray Continuum Emission

The source of X-rays in AGN is located in the very inner nuctegion of the accretion
disk, where most of the gravitational energy is release@riial emission emerges from
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an optically thick disk, providing the bulk of photons withergies spanning from the
optical to the extreme Upgoft X-ray range. The Comptonisation of such photons occurs
in a hot optically thin corona made of “thermal” mildly relkastic electrons (i.e. with
kTe~200 keV) which extends above the accretion disk. There isnergé consensus

in indicating successive inverse-Compton scattering®ftésseed photons as the main
production mechanism of X-rays.

The particle acceleration, i.e. the coronal heating meshans often said to be due
to dissipation of accretion energy generated in magnettdiomal instabilities in the disk
and eventually transferred in the corona via reconnectfanagnetic loops. However,
this issue is far from being clear and also the geometry ofctirena itself is almost
unknown. The irradiated energy from the corona, in turn,daBelved to be the main
source of heating for the disk, introducing a coupling betthe corona and the disk.

The above scenario has been first proposed by Haardt & Mar(d8€88) and is usually
referred to as the “two-phase” disk model (see figure 1.2¢ &tistence of a cold phase,
occurring in the accretion disk, and a hot phase, occurrninge corona, are indeed the
main ingredients of this model.

The key physical parameters are the temperature and theabgépth of the corona
and the temperature of the accretion disk. The energy balbetween the cold and the
hot phases determines the values of these key parametergdach, the shape of the
emerging X-ray spectrum.

However, in its simplest version, such a model with a cold disvered by a uniform
hot corona cannot work properly, as it predicts too many Gompation photons for a
given number of seed photons from the disk. In fact, many mhsens indicate a soft
(i.e. UV) luminosity (Ls) several times larger than the hard (i.e. X-ray) lumino€ity),
at odds with the theoretical prediction of42xL,, (Haardt & Maraschi 1993). These
results led Haardt, Maraschi & Ghisellini (1994) and Stermle (1995) to propose a
more realistic model in which the X-ray emitting active i@gs are located only in some
“blobs” above the surface of the disk (the so-called “patatgrona). In this way some
fraction of the UV radiation emerging from the disk does maeract with the corona,
i.e. the X-ray active blobs, and no Comptonisation occurs.thls scenario, viscous
heating arising directly from dissipation in the accretftmv also provides an important
contribution to the UV bump.

Zdziarski et al. (1990) also proposed an alternative modsktl on a corona with
a non-thermal distribution of electron energies which esally works like the thermal
one. However, the presence of a high energy ¢iifwehere the cut-fi energy points to
a Maxwellian temperature of electrons in the corona) oleskim most Seyfert galaxies
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Figure 1.2:Schematic view of the two-phase Comptonisation model asguendiscrete geom-
etry (i.e. patchy and not uniform) for the corona (Petruteile2002).

(Matt 2000; Perola et al. 2002; Molina et al. 2006), togethign the lack of detection of
an annihilation line (Johnson et al. 1997) expected to begotan the non-thermal model,
have led many to consider it inappropriate and thermal nsola@e been preferred over
the non-thermal onés

Comptonisation models account for the overall “first-ofdgpectral shape of AGN
observed in the X-ray band, i.e. a high energy diitpower law with a photon index
I' ~1.8-2. However, a detailed examination of AGN spectra rsvdae existence of
many additional components to the simple power law modat,lthve been interpreted as
signatures of the reprocessing of the primary nuclear saatn by some material located
around the central engine (Mushotzky, Done & Pounds 1998)letstanding where and
how these features originate may provide the best means toaenplete description of
the geometry and the nature of the accretion process ande heow an AGN works and
ultimately how it may evolve.

1.5.1 Neutral Absorption

The most striking broad spectral feature observed in thay&spectra of Seyfert galax-
ies is the cut-f in the soft X-ray region due to absorption by material assted with the
interstellar medium in our Galaxy and by material local t® #lctive galaxy. This intrinsic
material suppresses the primary power law-like continuiarphotoelectric absorption.
The observed values for the intrinsic absorption columrsigspan from N~fewx10?°
cm? up to Ny>10%° cm2 with a distribution peaked at10?>2% cm™, as reported by

'However, note that in many Galactic black holes a hard poswetail is sometimes observed.
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Figure 1.3:Left Panel: Distribution of N values among a sample of local Seyfert 2 galaxies from
Risaliti et al. (1999). Right Panel: The energy correspogdo an optical depth=1 as a function

of the column density. The dashed line indicates the caseomily photoelectric absorption, while
the solid line refers to the case with the inclusion of Compoattering (Matt 2002).

Risaliti, Maiolino & Salvati (1999) for a large sample of kcSeyfert 2s (figure 1.3 left
panel). When N exceeds 1.610%cm2 (i.e. the inverse of the Thomson scattering cross-
section), the Compton scattering optical depth equaly amidl the source is defined to be
“Compton-thick”. In this case the primary emission in thea§+ band is totally absorbed
up to several hundreds keV (figure 1.3 right panel). On therdthnd, when N is lower
than 1.510%*cm~2 the source is called “Compton-thin”.

As proposed by Matt (2002), flierent regions could be associated with the “Compton-
thick” and the “Compton-thin” absorbing material: the f@mmight be associated with
the circumnuclear torus while the latter could also be aased with larger dust lanes
present in the host galaxy (see also Maiolino & Rieke 1995).

Even though somewhat at odds with basic unification modelshwpredict a one-to-
one relationship between optical type 1 (type 2) and X-rayhscured (obscured) sources,
many examples of broad line objectgfauning from X-ray intrinsic absorption have been
found (Maccacaro, Perola & Elvis 1982; Fiore et al. 2001;Ré8l et al. 2002). This fact
is puzzling and some possible explanations have been mdmieng the yearsi)(the
dust-to-gas ratio of the X-ray absorbing material coulddvegr than it is in the Galactic
interstellar medium (Maiolino et al. 2001aiji;)(the dust grains size of this material could
be larger than Galactic ones and thus do not extifictiently in the optical (Maiolino et
al. 2001b); i) our line of sight does not pass through the torus but inpgscanother kind
of dust-free material (such as a disk wind) located withmtthe dust sublimation radius
(Weingartner & Murray 2002). Alternatively, as recentlyoposed by Elitzur (2008)
the torus might be “clumpy”, i.e. made of dust-free cloudiedb attenuate X-rays but
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Figure 1.4:Typical X-ray spectrum of Seyfert 1 galaxies, with the indiwal spectral components
highlighted. In the bottom of the figure is reported a sch&atture of the region close to the
black hole, indicating the ftierent physical components responsible for the observectrape
features.

transparent to optical and UV wavelengths. In order for guness to befécient, the

size of the clouds has to be much smaller than the mean freeoptie photons coming
from the central illuminating source. If this model is adeghtthen the observedftérence

between type 1 and type 2 sources strongly depends on thelplibpof intercepting a
more or less large number of clouds in the torus.

1.5.2 Reflection Component

Figure 1.4 shows a typical broad-band X-ray spectrum of a ty AGN, indicating
the main spectral features as well as the place where thdyeteved to originate within
the framework of the disk-corona model as mentioned prelo he strength of these
components varies from object to object on the basis of itsllities and also among
different subclasses of AGN. However, this spectral “templs¢eims to be appropriate,
at least to the first order, for most non-Blazar type AGN (Nar& Pounds 1994; Turner
et al. 1997; Mineo et al. 2000; Perola et al. 2002), apart filoeremarkable dierence
due to the soft X-ray cutfdseen in type 2 sources.

The optically thick material of the disk is irradiated by themary X-ray emitting
source (see figure 1.2): soft X-rayX0 keV) photons incident on this material are pho-
toelectrically absorbed by ions of elements such as C, O anané subsequently ther-
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malised. On the other hand, photons with harder energi@8-40 keV) incident on the
disk are backscattered via Compton scattering, transteamly ~10% of their energy to
the disk. This scattered emission from the optically thickenial (the so-called “reflec-
tion” component; Guilbert & Rees 1988; George & Fabian 1984&lts in a broad hump,
peaking at-30-40 keV, due to the combination between Compton scatfatihigh ener-
gies and absorption at low energies (figures 1.4 and 1.5)ust ive pointed out that some
observations (see Fabian et al. 2000 for a review) also stidigat a reflection compo-
nent can also originate from the molecular torus; reflectiorthe outermost regions of
the AGN (i.e. the putative molecular torus) might result imearow emission line compo-
nent at an energy close to the Fe Kne (see next section). The reflection hump has been
effectively observed in most bright Seyfert galaxies, firstmM@inga (Nandra & Pounds
1994), then wittBeppoSAXPerola et al. 2002) and now witNTEGRAL(Panessa et al.
2008; De Rosa et al. 2008), thanks to their wide spectralregesextending above 10
keV. The intensity of the reflection hump suggests that theeriegd covers~ 2r sr of the
sky as seen by the X-ray source.

1.5.3 Fluorescent Emission Lines

A simulated spectrum of a “reflection” component (calcudaassuming a power law
model for the incident X-ray emission and a plane-paralb geometry for the illumi-
nated cold material) is shown in figure 1.5.

In this figure several emission lines can be noted: they maigi via photoelectric
absorption followed by fluorescence emission from sevex@he species. The most
prominent among these lines is the typically narrow ke ¢hie emerging at 6.4 keV
in the case of neutral iron. This value slowly rises up to &Y kn the case of fully
ionised iron. The combination of fluorescence yiet@f) and relative abundance of iron
justifies the strength of this feature. A line arising fronotating disk is expected to have
a double-peaked profile (e.g. Fabian et al. 2002): howekierdetailed profile of the
observed line strongly depends on several parameters suble geometry assumed for
the primary X-ray source, the inclination of the emittingin with respect to our line of
sight andor the disk emissivity law. Moreover, contributions to the lka emission are
also expected from reflection onto the optically thick toamsl onto the BLR and NLR
clouds (Ogle et al. 2000). Hence the final profile as well agritensity of the line are
both quite dificult to interpret.

The determination of the properties of the Fe ke has been the object of much the-
oretical work (e.g. Matt, Perola & Piro 1991; Ghisellini, &dt & Matt 1994). Detailed
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Figure 1.5:The spectrum of the reflected X-rays expected assuming ardaweX-ray spec-
trum (dashed line) irradiates a semi-infinite slab of coldtera Solar abundances are assumed
(Reynolds 1997).

calculations have predicted an average line equivalentmi¥V~150-230 eV, which
roughly increases linearly with the covering factor andrdases as the inclination in-
creases. These values are in rough agreement with the aliees: From a compilation
of archival results of Seyfert galaxies observed bothGigga and ASCA Gilli et al.
(2000) found an EW267+186 eV (EW=154+ 89 eV) for type 1s and EW363:254 eV
(EW=300+£163 eV) for type 2s wittASCA(Ginga). Also Guainazzi et al. (2006) found a
similar range in EW values for their sample of 102 AGN detédig XMM-Newton

Note that type 2 AGN are expected to have larger keEV, since most of their pri-
mary continuum is intercepted by the torus and the lepkotons are also produced
by transmission through such absorbing material. Moremtber Fe k photons origi-
nate by reflection in the inner, farthest, part of the torusthle most extreme cases (i.e.
Compton-thick sources) the direct continuum is completélgorbed, only the reflected
component can be observed, thus providing the most extratnes of EWs (up te-2
keV, e.g. Levenson et al. 2002).

The advent oiXMM-Newtonand Chandrahas allowed more detailed investigations
of these features to be performed. UsibigandraHETGS observations of a sample of
Seyfert 1 galaxies, Padmanabhan & Yaqoob (2003) confirmeeddaimplexity in the shape
of iron emission lines, which consist of a broad (FWHMY-10° km/s) andor a narrow
component. This latter feature (centered at 6400862 keV), which is thought to arise
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in cold iron located in the torus or in the BLR clouds, appéanise a common feature of
type 1 AGN.

However, in some cases (such as in MCG-06-30-015, PadmanabhNagoob 2003;
Vaughan & Fabian 2004) the narrow component superimpostm aibroad disk line
feature is characterised by very rapid variability, stigreyiggesting that it could be the
blue peak of the broad disk line itself; Guainazzi et al. @0&bserved, in a sample of
102 AGN detected bXMM, that relativistically broadened iron lines could be prese
at least 25% of the studied population. Nevertheless, itaglwnoting that reprocess-
ing features, both the iron line and the reflection hump alddvkeV, are not commonly
observed in the X-ray spectra of radio quiet QSOs and radid &GN and, when de-
tected, they are usually weaker than in Seyfert galaxiesmf®ana et al. 1999; Reeves &
Turner 2000; Grandi et al. 2006). To explain thigeet in radio quiet objects, lwasawa
& Taniguchi (1993) have suggested the existence of an XBaydwin efect” such that,
as the X-ray luminosity increases, the outer layers of tek piogressively become more
ionised until any reprocessed feature is suppressed.

The weakness of the reprocessing feature in radio loud A@GNIstead be interpreted
as the result of dilution of the primary continuum by emisdimm a jet (e.g. Cappi et al.
1997) angbr the result of a dferent disk-source geometry, for example where the inner
portion of the disk is so hot and ionised to prevent any reggsing of the incident X-ray
photons (Grandi et al. 2000).

1.5.4 Warm Absorber and Soft Excess Emission

The spectrum reported in figure 1.4 shows the presence of twve nomponents oc-
curring in the soft band: the warm absorber and the soft excEsen though ionised
absorbing gas had already been observed with previous ¥elascopes in many Seyfert
1 galaxies (Reynolds 1997) and in some QSOs (George et a0)260ly observations
performed with grating spectrometers and calorimetere Ipaovided the adequate tool
to deeply constrain the physical nature of these featurks. high resolution soft X-ray
spectra of bright type 1 AGN obtained with botMM-NewtonandChandrashow many
absorption lines and few emission lines from hydrogen-tikd helium-like ions of the
most common metals (see Krolik & Kriss, 1995, for a theosdtreview). The column
densities of several atomic species are typically in thgeasf ~10'°-10°* cm2. More-
over, absorption lines are found to be blueshifted, sugyg#tat they are emitted from
an outflowing wind (Kaspi et al. 2001). The most plausibleatazn for this photoionised
gas appears to be a stratified absorber wiffecent ionisation levels, lying a few parsecs
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from the nucleus and extending up to the NLR. On the basi€t@ndraand XMM-
Newtondata, Kinkhabwala et al. (2002) and Sako et al. (2001) hawedadhat this warm
ionised absorber is also responsible for the soft X-raytsead emission seen in obscured
Seyfert 2 galaxies. The same gas absorbing the primaryrmeanti in face-on (type 1)
objects produces the “secondary” emission line spectrusemied in edge-on (type 2)
sources. These findings allow to infer many important pataregsuch as the geome-
try and the physical conditions of the innermost regions GNAand they also provide a
further strong support to Unified Models.

As far as the soft excess emission in type 1 objects is coadetwo physical inter-
pretations are given on the basis of the observational piep¢Pounds & Reeves 2002).
In the case of a “sharp” soft excess, the most plausible aafilan is that it originates
as reprocessing of the hard X-ray emission by the inner drtise disk (i.e. the soft
X-ray portion of the reflection spectrum, see also BrandeReymont et al. 2001). On
the other hand, if the upturn gradually emerges below 2-3 Kgxadual” soft excess)
the emission is believed to be the Comptonised hard taileBilg Blue Bump (i.e. the
thermal emission arising directly from the disk).

1.6 AGN Continuum Spectra

As mentioned above, AGN spectra span a large range in fregegefiom hard X-rays
to the far infrared and radio, with almost equal power peadeof frequency. The most
remarkable features include:

e The X-ray continuum can be broadly described as a power lanv &nergies of 1
keV up to an eventual cutdbsomewhere beyond 100 keV.

e The “Big Blue Bump”, which covers the wavelength range fre4000 A to at least
1000 A and can be explained as thermal emission from the dhs @ccretion disk
within a wide range of temperatures. Whether this featutersls further into the
extreme ultraviolet is unclear. Our Galaxy becomes vilu@aque at wavelengths
between 912 A aneé 100 A due to absorption by neutral hydrogen.

e The “near infrared inflection”, which appears as a dip betwegm and 1.5um,
corresponding to the sublimation temperature of the redrggas that envelops the
central regions. This is practically the only continuumtéea with a well defined
wavelength.

¢ The “infrared bump” is a broad feature longward of then inflection.
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e The “submillimetre break” marks a sharp drop in emission enthe strongest
feature seen in normal quasar continua. The exact locafithiofeature and the
size of the drop varies within the AGN population. In radiadicobjects the drop in
power output is only2 decades, while for the more common radio quiet objects it
may be~5 or 6 decades (Elvis et al. 1994).

e Radio emission is sometimes characterised by a flat speengna compact radio
core. Radio emission takes place above all in jets of plasesalting in large radio
lobes. Jets and lobes are the sources of the continuum radssien, provided
chiefly by synchrotron radiation from relativistic eleatsospiralling in magnetic
fields in the jets and lobes. Radio emission is a negligilaletion of the bolometric
luminosity. It is worth mentioning that all AGN are radio dters at some level,
although in the so-called radio quiet sources the origifefdbserved radio emis-
sion does not come from a powerful jet, but is probably geedrhy jets or plasma
outflows on much smaller scales.

The origin of these continuum features is not well understddey cannot in general
be satisfactorily fitted with simple thermal or non-thermadission mechanisms, possibly
implying the presence of various production sites and edlaadiation output. For these
reasons, in the following, the various properites obsemegkyfert galaxies in dierent
wavebands, from radio to infrared and optitAl will be described; the X-ray emission,
which was treated before, is omitted.

1.6.1 Radio Emission

Radio emission constitutes a very small fraction of thel totdometric luminosity of
Seyfert galaxies, being 5 to 6 orders of magnitude lower tharuV/optical flux contin-
uum. The origin of the radio emission in radio loud AGN is totksced in kiloparsec-
scale jets (Kukula et al. 1995). In radio quiet sources, tdhor emission is mostly
unresolved on large scales, but sub-arcsecond imagingsstmwpact radio emission on
arcsec scales; radio variability of radio quiet AGN alsogesjs the presence of a com-
pact non thermal source (Barvainis et al. 2005; Anderson ®ektiad 2005). This radio
emission in radio quiet AGN is thought to originate in a sdalewn version of radio loud
AGN, i.e. in low power jets that dissipate before leaving tlvee, thus explaining why
no resolved emission is seen. The radio spectrum is typittat] indicating non thermal
emission (Ho & Ulvestad 2001). By virtue of their proximigyhigh fraction of Seyfert
galaxies are detectable as radio sources but have beeiotmatly regarded as radio quiet
objects. However, it has been recently shown by Ho & PengiR0tat, on the basis of
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the radio-to-optical luminosity ratios, a substantiatfran (~60%) of Seyferts are “radio
loud”. Traditionally a source is classified as radio loud Has a radio power density at 5
GHz Rgu2>10%2 erg st Hzt and and the 5 GHz radio to optical B band flux density ratio
Rg>10 (i.e. Kellerman et al. 1989); In phenomenological clssions of AGN, type

1 and type 2 Seyferts are often viewed as the radio quiet equants of broad line and
narrow line radio galaxies respectively (Krolik 1998); hemer, the search for intrinsic
differences between the radio properties of type 1 and type 2eig still essentially
inconclusive.

1.6.2 Infrared Emission

The infrared emission of Seyfert galaxies is thought to béhefmal origin, due to
reprocessing of the primary radiation from dust. Indeee pitesence of a local minimum
at ~1 um hints at a thermal emission mechanism. This is likely dueefirocessing
from the dust located closer to the nuclear sourd® 1 pc) having a temperature of the
order of 2000 K; at higher temperatures, the grains subémé&in the other hand, the
submillimetre break at the end of the far-infrared band caedsily reconciled with the
rapid loss of éiciency of dust grains at longer wavelengths.

Infrared continuum variability is also consistent with esion from dust. In the case
of the Seyfert galaxy Fairall 9, for instance, the observadylbetween infrared and UV
continuum is consistent with emission from dust located40 light days (0~0.3 pc)
from the nucleus (Clavel, Wamsteker & Glass 1989).

Many models have proposed a toroidal geometry for the ergidust (e.g. Pier &
Krolik 1992; Granato & Danese 1994; Efstathiou & Rowan-Raoin 1995). These gen-
erally extend only to mid-infrared wavelengths and find ffidult to account for the cool
far-infrared radiation. This may be produced further outiigircumnuclear starburst.
However, the observed correlation between the mid- anthfeared luminosities indi-
cates that the emission processes must be linked. It isipesisat the starburst and AGN
are indeed triggered by the same interaction or merger éRemtan-Robinson 2001).

Whatever the geometry of the emitting dust, it is clear tfaatan observer behind the
optically thick medium, the view of the central radiatinguste will be obscured. These
AGN will appear very diferent and may not be immediately recognised as such at all.

1.6.3 Optical-UV Emission

The main feature which dominates the optical-UV spectra o$t"\GN is the “big
blue bump”. The exact shape of this feature is confused byge laumber of broad and
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blended lines thought to be emitted from the fast movingsediclouds of the BLR and
NLR. In particular, superimposed on the continuum betwe2d00 A and 4000 A is a
feature known as the “small blue bump”, made up of the Balmatinuum and blended
Balmer and Fe Il emission lines.

Contamination by the host galaxy can play a major role in kamihosity AGN, espe-
cially if there is a nuclear starburst that is ofteffidult to resolve. Intrinsic reddening by
dust very close to the AGN can also have a dramdfieceé on the slope of the observed
spectrum. It should also be emphasised that in the extremeud\@alaxy is for the most
part opaque and few data are available in that region of teetgpm.

Most current models interpret the big blue bump as therm&son from an optically
thick, geometrically thin accretion disk. A radial tempera distribution in the disk re-
sults in emission approximated by a multi-blackbody speuotr Therefore, the majority
of the flux at diferent wavelengths is emitted from physically separateddistdnt re-
gions of the disk. This immediately causes a problem fortifpe of models as variations
in the continuum are observed to be virtually simultanedogtcal and UV wavelengths
(Ulrich et al. 1997). Changes would therefore need to prafegt speeds much greater
than the sound speed in the optically thick medium. The rildtckbody model also
has problems fitting the optical continuum slope, usualtydpcing spectra that are too
“blue” to fit the data.

According to unification models, type 2 objects should best§pnuclei heavily ob-
scured by material along the line of sight. Indeed, the mammonent of the optical
continuum of Seyfert 2 galaxies is the starlight from thettyadaxy. However, the pres-
ence of a “featureless continuum?” (i.e. no spectral linéuess) contributes significantly
to the spectrum. This component is interpreted in terms aftaied light from the ob-
scured type 1 nucleus, as found for the broad lines. Neuesgbgethis solution seems to
explain only 20% of the total UV-optical continuum (Heckmeinal. 1995). A number
of alternative solutions have been proposed, includingpstat emission (Heckman et al.
1995) and reprocessing from NLR clouds (Contini & Viegas@00



Chapter 2

The INTEGRAL mission

2.1 Introduction

The ESA satellitdNTEGRAL(INTErnational Gamma Ray Astrophysics Laborajory
is dedicated to high resolution spectroscopy (2.5 keV FWHNM &eV) and high res-
olution imaging (angular resolution: 1EWHM) in the energy range 15 keV-10 MeV.
INTEGRALcan also perform simultaneous observations of the X-ra&35(8eV) and op-
tical (V band, 550 nm) bands thanks to two smaller monitorsRfeér et al. 2003).

INTEGRAL one of ESAs medium size missions within theldrizon 2000 pro-
gramme, was successfully launched from Baikonour (Kazakh®n October 17, 2002.
The mission is managed by ESA with contributions from 16 [peem countries, as well
as from Russia (participating with the PROTON launcher)famich NASA (participating
with the Deep Space Netwokound stations).

The satellite (see figures 2.1 and 2.2) was placed in a higiagreric orbit with a high
perigee, so to allow long uninterrupted observations witbractically constant back-
ground, far from the radiation belts around the Earth. Thteairorbital parameters were:
an orbital period of 72 hours with an inclination of 52.perigee at 9000 km; apogee at
154 000 km. In order to reduce the instrumental backgrouthdceentific observations
are conducted when the satellite is at a nominal altitude®di@ km when approaching
the radiation belts and above 40 000 km when moving away flfabelts. This means
that during a single orbit, the satellite can perform sdfenbbservations for about 90%
of the time.

INTEGRALmMain scientific objectives are (Winkler et al. 2003):

¢ studies of compact objects (Black Holes, Neutron Stars t&\Dwarves);

¢ analysis and monitoring of high energy transient sources;
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coded masks

Figure 2.1:TheINTEGRALsatellite (Winkler et al. 2003).

e studies of the stellar nucleosynthesis (novae and supaejov
¢ studies of the Galactic Plane and Centre;

e studies of Galactic structures (clusters, maps of the woath and of emission
lines, interstellar medium, cosmic ray distribution);

¢ studies of extragalactic sources (Active Galactic Nuciegrby galaxies, cluster of
galaxies, cosmic dliuse background);

e detection and identification of high energy sources;
e gamma-ray bursts.

These objectives are achieved thanks to the spectroscapabities of the spectrom-
eter SPI, which operates in a wide energy range (0.2-10 MeW)ta the high angular
resolution (12) of the imager IBIS. These instruments also possess a gaodesposi-
tion accuracy and a sensitivity of a few mCrab, thus allowingad-band spectroscopy,
which is fundamental for measuring spectral shapes andifgieg spectral lines. The
production of wide field of view images also allows the idéadtion of the position and



2. ThelNTEGRALmission —24—

Payload module

IEIS coded meask
JEM-X coded mask

OMC

Star lrackers

5Pl

Instrumen| cormputers
and elecironics
Instrurment uomputea.
' i ﬂiJ"L" < andekctronics
S detector | : e
IBIS OEtSctor | - oy

JEMEXdeientiord - .| Detector banch

Aﬁituc;:‘a control

i s o ekclionics

Power regulation - S  Batleried
3 Fuel tanks

Reaction wheels for L .

pointing the spzeecraft . i s 4 __ Adlitude sensors

¥

s Service module d
Data handling and
telecommunic¢ation

i solar paneis

Figure 2.2:A detailed view ofINTEGRAL(Jensen et al. 2003).

the direction of the incident signal. This is a very impottaspect, since once the correct
position of an object is known, it is then possible to studgtibther wavelengths, such
as the radio, the infrared (100gin), the opticglJV (1um-10 nm) and the X-ray band
(below 10 keV). Finally the large fields of view ¢NTEGRALS two main instruments,
SPIl and IBIS, are ideal for survey studies over large areteessky, that can be mosaiced
together providing an almost complete all-sky coverage.

2.2 Scientific Payload

The overall dimensions of tHBITEGRALsatellite are %2.8x3.2 m. When deployed,
the solar panels are 16 m long; the total mass4g including~2t of scientific instru-
mentationsINTEGRALhas two main gamma ray instruments on board: a spectrometer,
SPI Spectrometer on INTEGRANedrenne et al. 2003), and an imager, IBI&dger
on Board INTEGRAL SatellifeJbertini et al. 2003). Two monitors, JEM-X (Lund et
al. 2003) for the X-ray band and OMC (Mas-Hesse et al. 2008¢rating at optical
wavelengths, are also part of the payload. An exploded m@abf the satellite can be
seen in figure 2.2, where all the instruments are clearlypldsiin table 2.1 the technical
characteristics are also reported.
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Parameter SPI IBIS
Energy Range 18keV-8MeV 15keV-10MeV
Detector 19 Ge detectors 16384 CdTe detectors
of (6 x 7)cm each of (& 4 x 2)mm each
cooled to 85K 4096 Csl detectors of
(8.4 x 8.4 x 30)mm each
Detector Areanr) 500 2600 (CdTe), 2890 (Csl)

Spectral Resolution (FWHM)

3keV @ 1.7 MeV

8keV @ 100keV

Continuum Sensitivity
(phcnm? s tkevd)
(AE = E/2, 37, 10Ps)

5x 10°% @ 100keV
1.2x10% @ 1MeV

6x 107 @ 100keV
5x 107’ @ 1MeV

Line Sensitivity

3B x 10° @ 100keV

19x 10 @ 100keV

(phent? s71) 24x10° @ 1MeV 38x10* @ 1MeV
(30, 10°s)
Field of View (fully coded) 18 (diagonal) 9x 9
Angular Resolution (FWHM) 5° (point source) 12
Source Positioning (radius) <13 < 1’ (100 source)
Temporal Accuracy (@) < 20Qus < 20Qus
Mass (kg) 1309 746
Power [mayav](W) 385110 24(208
Parameter JEM-X OoMC
Energy Range 4keV-35keV 500nm-600nm
Detectors Microstrip Xg&CH, CCD + V filter
gas detectors (1.5bar)
Detectors Areaqr) 500 for each of the two CCD: (2064 1056)pixels

JEM-X detectors

Image area:
(1024 x 1024)pixels

Spectral Resolution (FWHM)

2.0keV @ 22keV

Continuum Sensitivity
(phenm? st keVY)

Px 10> @ 6keV

(30, 1Ps)

Line Sensitivity 19x 10° @ 6keV -
(phenr? st

(30, 10°s)

Limit Magnitude (mag) - 17.8
(30, 5000s)

Field of View (fully coded) 48° 5° x 5°
Angular Resolution (FWHM) 3 25
Source Positioning at 1O(radius) < 307 6"
Temporal Accuracy (@) < 20Qus >1s
Mass (kg) 65 17
Power [mayav](W) 5037 2017

Table 2.1:Scientific Payload main parameters (taken from Winkler .e2@03).
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The spectrometer, imager and the X-ray detector share a oarpnmciple: they are
all, in fact, coded mask telescopes. The coded mask teohisagerucial for high energy
imaging and for the separation and positioning of sourcesle@ mask instruments also
offer an almost perfect background subtraction, since, forpaiyting direction, the de-
tector pixels can be considered as split into two separéie see able to “see” the source
and another in which the flux is blocked by the opaque elenddrttee mask. The latter
set provides a simultaneous measurement of the backgrourtdef other on-source set
under the same conditions.

All the instruments are co-aligned, with overlapping futlyded fields of view, ranging
from 4.8° for JEM-X, to 5 x 5° for OMC, & x 9° for IBIS and 16 (diagonal) for SPI.
All the instruments on boartNTEGRALare designed in order to optimise the satellite
performances. Their main characteristics can be sumnaaaiséollows:

they are co-aligned in order to point approximately all ia #ame direction;

they can operate one at a time, independently from one anothe

each of the instruments is optimised to operate in a speciitcgy range, some-
times overlapping those of the other instruments. Thisalor a better instrument
calibration to be achieved;

three out of the four instruments operate over a wide enemgge, together cover-
ing from 3 keV up to 10 MeV.

2.3 The IBIS Imager

IBIS (figure 2.3) is agamma-ray telescope capable of ohsgmiany kinds of celestial
objects, ranging from compact Galactic objects to extiagad high energy sources. It
was designed for fine imaging and for source identificatiorglso has a fairly good
spectral sensitivity both for the continuum and for thedinBIS covers the entire energy
range from 15 keV up to a few MeV; it has a large field of view as@ble to localise
faint sources at low energies with an accuracy better thawaafcminutes. Since this
thesis will concentrate on data obtained by IBIS, in thedkwlhg this instrument will be
described in more detail.

2.3.1 Instrument Description

IBIS is a coded mask telescope, constituted by two main comps: a mask which
poses as the telescope aperture and a detector for cajjebtnncident radiation. The
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Figure 2.3:IBIS during the last phases of mechanical integration atlBES{Ubertini et al. 2003).

detector is positioned on-axis below the mask and consigtgmlayers: ISGRI (NTE-
GRAL Soft Gamma Ray Imagérebrun et al. 2003) and PICsIPixellated Imaging Csl
TelescopgeLabanti et al. 2003). ISGRI is constituted of solid stateipon sensitive CdTe
(Cadmium Telluride) detectors, optimised to operate betwts keV and 1 MeV. PIC-
sIT is instead made of scintillating Csl (Cesium lodide)stays, optimised for a higher
energy range between 175 keV and 20 MeV. This double-layefiguration ensures a
good continuum and broad line sensitivity over the wholergyeange in which IBIS
operates. Besides this, the double-layer design allowsrélo&ing of the 3-D path of
interacting photons when an event is detected both in ISGRPACSIT. The subsequent
use of Compton algorithms for such events enables an imprenreof the signal-to-noise
ratio by rejecting those events with a low probability ofrimpcaused by photons emitted
by the sources in the field of view. The instrument also paesean anticoincidence sys-
tem in order to be able to reject events caused by photonsrmirgsthe background or
produced inside the satellite itself. A collimation systisralso present so to keep the low
energy response of IBIS; it consists of a passive lateraldhiat limits the solid angle
(and therefore the cosmic gamma-ray background) viewetttlrby the IBIS FOV up
to a few hundreds of keV.

2.3.2 The Coded Mask

IBIS coded mask is a rectangle of 118A142 mnt and 114 mm thick, constuted of
three main subsystems: theded maskself, asupport paneand aperipheral frame
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Ideally, a coded mask should have a null thickness in ordevéid auto-collimation
effects of the incident radiation; also, opaque elements dhimiotally opaque and trans-
parent elements should be totally transparent to radiatioiBIS the closest configura-
tion to the ideal situation has been achieved in the follgwiray. In order to have the
maximum opacity, tungsten has been used: this metal hahatogiic number (Z92),
it is very densed=19.3 gcn?®) and it is very opaque to high energy photons. As far as the
mask is concerned, its thickness has been set to 16 mm in tordesiximise the weight
while avoiding auto-collimationféects.

The mask consists of a surface made of elements some of wpaue and some
transparent to radiation, arranged in a specific patteomkrmathematical point of view,
the mask can be considered as a maftixa; where ifa; is 1, then the mask element is
opaque; if it is O, then the element is transparent. In ngdibwever, the mask elements
are neither completely transparent nor completely opagugamma-ray photons; each
coded mask instrument has, in fact, a characteristic gpg@itransparency) curve, which
describes the capability of the instrument to modulatedk&tion as a function of energy,
position and interaction of the photon with the mask.

The mask alone is a cuboid of 10641064x 16 mn?, constituted by 9% 95 square
cells of 112 x 11.2 mn? each. The cells form a coded pattern, calieodified uniformly
redundant arra{ MURA), of 53x53 elements. Approximately half of the cells are opaque
to photons in the IBIS energy range, providing an opacity @7at 1 MeV. The other
half of the cells are open, with an on-axis transparency & @020 keV (see figure 2.4).

The support panel includes those elements necessary fairgng the coded pixels,
providing the required strength for the launch conditiond ¢he temperatures in orbit.
The peripheral frame has the task of keeping together théevdystem.

The image produced on the detector plane is coded and a roeangecoding process
is thus necessary before performing any scientific anatysige data. The useful ele-
ments required for the image reconstruction are the infaonan the incident photons
direction and on the spatial modulation of the flux in the figldiew. In the assumption
that a source could be considered as positioned at infinitgnvithe photons arrive on
the mask the opaque elements prevent them from arrivingeoddtector plane and only
where there are transparent elements will the radiatiochréae detector. As a conse-
guence, the source casts a shadow of the mask, the so-sladlddwgramon the detector
plane. The shadow position depends only on the directioh@iricident photons and
thus on the position of the object in the sky; the intensityth@ radiation, and so the
contrast of the shadow, depends on the real intensity ofthres. Another source in the
field of view, in a diferent position, will cast a éierent shadow and so on for all other
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Figure 2.4:The IBIS coded mask pattern (Goldwurm et al. 2003).

sources in the FOV. The detector records several mask sisadaeh shifted with respect
to one another: these are the coded images of the sourcesHONM The shadow of the
mask is, in other words, shifted with respect to the pos#tiohthe sources in the sky.
The image decoding process is based on the shifting of thdogfsaone on top of the
other. This is accomplished by knowing the orientation & slatellite in space and by
analysing the data from the detector, until the original F®Yeconstructed. Then a spe-
cific algorithm is applied, such ascaoss-correlatioralgorithm, and the image is finally
decoded. In this way, positions and count rates for eaclte@re obtained, appearing as
peaks in the correlation function. This type of spatial dkeg, which exploits the flux
modulation in spatial coordinates, is used in each of theethigh energy instruments on
boardINTEGRAL

2.3.3 The Detection System

As previously mentioned, IBIS is made of two detectors, hmikition sensitive and
independent from one another. Photons can be detectecemways:

1. Direct detection in ISGRI: a photon arrives on a singleepof the semi-conductor,
interacts and generates an electrical pulse.

2. Direct detection in PICSIT: a photon passes through IS&@RI it is detected in
PICsIT, producing one or more scintillation events.
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Figure 2.5:The ISGRI detector (Lebrun et al. 2003).

3. Detection in both ISGRI and PCsIT (Compton mode): the @m®arrive both in
ISGRI and in PICsIT and produce secondary photons throughpBmn scattering,
then are detected by the two instruments. Multiple eventswimg only in ISGRI
are rejected.

Note, however, that the system cannot determine the ordiéreahteractions, i.e. if
the interactions occur first in ISGRI and then in PICsIT oeviersa.

*ISGRI

ISGRI (see figure 2.5) consists of a pixellated array of CaéFeisconductors, forming
a position sensitive detector plane optimised to operateenl5-1000 keV band. The
semi-conductors operate at room temperature, with an aptemperature range between
0°C and+20C°C.

These detectors work in a very simple way: when the photanthéisolid material,
electrons are extracted from the metal atoms, thus formexjren-hole pairs. The elec-
trons are then collected under the action of an externalreldield. The measure of the
generated charge is essentially proportional to the enarthye incident photons, after a
correction for the collection time of the electrons is apgli

ISGRI is constituted by 8 identicModular Detection Unit§MDUS), each containing
2048 pixels read by 512pplication Specific Integrated Circuif®\SICs). Each of the
16348 CdTe pixels of which ISGRI is made have dimensions«@f@n? and a thickness
of 2 mm. The small pixel area is responsible for the good apegsolution, even if the
pixels relative thinness implies that they can be used ohlgva energies. ISGRI total
area is about 3600 ciywhile the operative area is 2621 €m

*PICsIT
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PICsIT is composed of an array of scintillation countersthis kind of detectors, the
physical process of scintillation is exploited: when a gaaraly photon enters one of the
crystals of the detectors, it interacts with its atoms,aoting electrons via the photoelec-
tric and Compton fects. The extracted electrons, in turn, have enough energycite
bound electrons that, when de-exited, emit optical ramiatirhe photons emitted during
the de-excitation process are then collected by a photgehettwhich produces a signal
proportional to the number of collected photons and theeefdso to the energy loss of
the incident high energy photon.

PICsIT is made up of a pixellated array of CsI(Tl) bars, agticbound to custom-
made PIN photodiodes. The instrument design provides adeghee of modularity; the
Csl layer is divided in 8 rectangular modules of 512 detecti@ments each, for a total of
4064 Csl pixels. Each pixel has dimensions &B8nnY and is 3 cm thick; the sensitive
area is 2890 cf

2.3.4 The Anticoincidence System

IBIS uses an anticoincidence system to reject or accepte&wehether these are pho-
tons detected in the field of view or background particles lastpns propagated by or
induced in the satellite itself.

The anticoincidence system is made of 16 independent medhieVETO Detector
Modules(VDM), each constructed from 2 BGO (Bismuth Germanate) tatgsl 575
mn¥ and 20 mm thick; the crystals are coupled together and redlolydwo photomulti-
pliers. The entire anticoincidence system is divided imto halves: 8 VDMs (2 on each
side) shield every side of the detector, while the other 8 \&dvk positioned below the
detector array. The structure provides shielding from phetangor charged particles
produced in the satellite; it is also very sensitive to esar@used by energetic protons
and heavy ions.

2.3.5 The Anticollimation System

The IBIS anticollimation system comprises two mechanjcaldependent subsys-
tems, built with passive materials such as tungsten and l&&& subsystems are the
Hopper, a 550 mm high structure positioned above the first deteatar) and thdube
made of four walls that link the upper part of the Hopper tofthe sides of the coded
mask, geometrically defining the field of view of the two déves and IBIS. The Tube
is made of lead, with a variable thickness that becomes pssgrely thinner towards the
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mask, adopted in order to minimise the total mass; the Hogpeade of tungsten layers
1.0 mm thick.

2.3.6 The Detector-Mask System

The mask and detector of a coded mask telescope can havealsewefigurations,
depending on their relative dimensions:
a) the mask and the detectors have the same dimensions;
b) the detector is larger than the mask;
c) the mask is larger than the detector.

What changes among these configurations is the field of vidwe field of view is
constituted by two major zones:

- Fully Coded Field of View (FCFQV), defined as the solid angle under which the de-
tected flux is completely modulated by the mask. In other wpadsource is con-
sidered to be in the FCFOV if it projects the whole shadow efrttask pattern on
the detector plane. In this case the image will be fully coded

- Partially Coded Field of View (PCFQV), defined as the solid angle under which the
detected flux is not fully coded by the mask pattern. This kappfor sources
that project onto the detector only part of the mask patteecause some of the
projected rays miss the detector plane.

The mask-detector geometry is therefore very importanufigaration (a) generally
produces a partially coded field of view, except for on-axigrses; configurations (b)
and (c) allow for large fully coded fields of view. The most aoon geometrical configu-
ration used in gamma-ray astronomy is the one with the mag&iahan the detector, i.e.
configuration (c), which is the one used in IBIS. The reasarchmosing configuration
(c) instead of (b) resides in the fact that, despite havirgstime field of view, the for-
mer allows for the use of smaller detectors, thus limiting dietection of the gamma-ray
background. In configuration (c), the mask is generally mafde mosaic twice as big
as the basic pattern, minus a line and a column in order taambiguity in the signal
decoding procedure. In IBIS the FCFOV i5@®°, while the PCFOV is 2%29.

At such high energies as in the X-ray and gamma-ray domairesemtitraction is
negligible, the angular resolution (i.e. the minimum argflevhich two nearby sources
are distinguishable) depends both on the dimensions of #sk mlements and on their
distance from the detector. For an on-axis object one wileha
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Figure 2.6:PSLA (90% confidence level) as a function of the signal-ts@aatio (Gros et al.
2003).

Af = tan‘l(%) (2.1)

for the point spread function, whedas the linear dimension of the mask element &hd
is the distance of the mask from the detector. If the souraesiead @-axis at a certain
angleyp, the angular resolution is:

Af = tan‘l(%) X COSp (2.2)

The angular resolution is consequently determined bydtHeratio; since in IBIS
d=11.2 mm and H3.2 m, the angular resolution turns out to bé fi2 on-axis sources
and higher for &-axis sources.

Another important parameter is the capability of the detetd localise sources; this
parameter is the so-called Point Source Location AccurB8LA) and it is determined
by the signal-to-noise ratier{), by the pixel area on the detectdn) and by the distance
(H) between the mask and the detector:

Aa ~ (ﬁ—g) (2.3)

Figure 2.6 shows ISGRI PSLA as a function of the signal-ts@oatio derived from
the observations (points) and from theory (lines) as rewobly Gros et al. (2003). The
absolute localisation (after correcting for bad alignmeéstess than “Lfor sources de-
tected at a significance level higher tharwr2énd 3 for sources at a significance level of
about 7.
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Instrument | Background (solar max.) | Crab (on-axis)
cts? cts?
ISGRI 600 220
PICsIT 3650 7.7

Table 2.2:Ratios between the observed background and the Crab Neturiésc

2.3.7 The Instrumental Background in IBIS

In the energy range in which IBIS operates, the backgrouhilger than the measured
intensity for most of the sources. The main background corapts in IBIS are:

¢ the cosmic diuse gamma-ray background, relevant above all at low erse(ges
low 100 keV). It is a very important component in ISGRI;

¢ the background due to energetic particles induced by theohadn cosmic rays
interacting with the satellite. This component is relevariSGRI at high energies
(above 100 keV) and for PICsIT in the whole operating eneagyge.

There are also otheffects that can influence the background, such as solar gaiivit
the anticoincidence system performance. The solar patteetkground varies during the
solar cycle; it has its minimum during the peak of solar atstiwhen the solar magnetic
field is more intense, preventing the propagation of cosays throughout the inner solar
system. The solar background is instead higher by a factwwatluring solar minima.

The reduction of the background counts by the anticoin@ddesystem has been eval-
uated during the verification phase of in-flight IBIS perfamaes. Its value is about 50%
for ISGRI and about 40% for PICsIT, compared with when theécairicidence system
is switched &. The ratios of the observed background during the solar maxi and
the on-axis Crab Nebula counts are reported in table 2.2.rd@p@rted ratios have been
determined during the in-flight calibration.

Occasionally a high count number can be observed in someC#HiIPlpixels close to
the lower energy threshold of the instrument (160-250 k&Vimages obtained after few
thousands second of integration time, the peaks are nbterisecause they are uniformly
distributed on the entire detector and thus cannot be rethdMee contribution of these
events is about 30% at low energies and 10% on the whole Pl§jsiiating energy band.

IBIS is positioned close to SPI and JEM-X, which all have samconfigurations.
Since gamma-ray photons are highly penetrating, it is ptes$or them to pass through
the satellite or the instruments, as well as through the d¢odesks, thus being detected
by all the instruments. For this reasori-axis gamma-rays (generally above 300 keV)
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passing through the SPI coded mask can produce a shadowgtaenmask on the IBIS
detectors. Although in this case the IBIS field of view is amted, a bright gamma-ray
source adds additional counts and modulations to the IB$®fiams, complicating the
image reconstruction.

In order to solve the problem of the background determinato opportune dithering
observation strategy has been devised. This strategyatensa series of pointings aff-
axis with respect to the target of the observation. The lgatébllows the dither pattern
continuously during a single observation. There are tvikeint types of dithering:

1. therectangular ditheringemploys a square pattern centered on the target position
(one on-axis pointing and 24ffeaxis pointings, each separated Byi2 a rectan-
gular pattern). This mode is used when there are severa gaimces in the FOV,
sources with unknown positions andtfdse extended emission;

2. thehexagonal ditheringmploys a hexagonal pattern centered on the target position
(one on-axis pointing and @lkaxis pointings, each separated I5yoh a hexagonal
pattern). This mode is used only for observations of poinsolated sources, with
known positions, where no contribution fronff-@xis sources is expected.

2.3.8 IBIS Sensitivity

The gamma-ray energy band is faced with the unfavourablatsin in which the
source signal is smaller than the instrumental noise, /d<3.. In this case, the contin-
uum sensitivity can only be computed in a simplified way, assg both the mask and
the detector to be ideal. The expression used, to a first appation, is:

Fnin = (07/(E,)) \/4B(Ey)/(A x T x AE) photons cr® s L ket (2.4)

where AE is the energy band, B is the background relative to that lfarehsured in
counts cm?s! keV1), o is the significance in the same band, A is the detector ares, T i
the observing period ane(E,) is the detectorféiciency.

As far as the line sensitivity is concerned, it is describgpraximately by:

g
&(E))
whereAE is the detector resolution (FWHM) in keV, relative to thensimlered emission

line; F depends on the signal-to-noise ratio and varieséatvl.2 (when the background
dominates) and 1.0 (when the signal dominates).

Frin = F(——) \/4B(Ey)AE/(A » T) photons cr? s~ (2.5)
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Figure 2.7:1BIS continuum sensitivity, obtained from in-flight backgind measurements, with
an exposure of f0s, 3 detection level and samplifgE=E/2. The solid line refers to ISGRI;
the solid-dashed line to PICsIT and dashed line to sourcesfluxes of 1, 10, 100 mCrab and 1
Crab {'=-2) (Ubertini et al. 2003).

Using these two formulae it is possible to evaluate both IS8R PICsIT sensitivities
for the continuum and discrete lines (figure 2.7). The plo¢sralative to a 3 detection
with observing times of 10(continuum) and 19(lines) seconds. The continuum sensi-
tivity is given by AE=E/2. The line sensitivity relates to a narrow, unresolved &nd to
pre-launch estimates. As can be seen from figure 2.7, at lenggreven sources with a
few mCrab flux can be detected.

2.4 The Other Instruments On-Board I NTEGRAL

2.4.1 The Spectrometer SPI

The spectrometer SPI is characterised by a high specti@utes over a very wide
energy range (20 keV to 8 MeV, see table 1) and partly overtapthe IBIS energy
range. The instruments have especially been designed tohlwabn independently and
together: if, on one hand, IBIS provides a good angular tegwi, on the other SPI has
a good spectral resolution so that, when operated togetteetyo instruments produce
complementary results.

As already mentioned, SPI is a coded mask instrument. Thygsten mask (see figure
2.8) is made of 127 hexagonal blocks, 30 mm thick and 60 mmsaditee flats, 63 of
which are opaque (93% at 1 MeV) and 64 transparent to radiatie. empty (60% at
20 keV, 80% at 60 keV due to support materials). The mask igipoed 1.7 m above
the detector and it is held in place by a carbon fibre panel. détector is made of 19



2.4. The Other Instruments On-BodMITEGRAL -37—-

Figure 2.8:The spectrometer SPI (Vedrenne er al. 2003).

hexagonal elements of germanium crystals, 3.2 cm wide s¢hesflats and 7 cm deep,
cooled down at 85 The detector area (500 éjris smaller than that of the mask. The
geometry of the detector-mask system allows large portadrike sky to be observed
even if with a poor angular resolution of 2.5 degrees. Thiy ftdded field of view is 16
degrees wide, while the partially coded field of view is 31reeg wide.

Despite the poor angular resolution, SBeos a better spectral resolution of 2.5 keV
at 1.3 MeV when compared with IBIS. The temporal resolutibthe two instruments
is comparable (52s for SPI and 61us for IBIS/ISGRI). SPI continuum sensitivity is
lower than that of IBIS at low energy, while it is comparableeound 1 MeV, whereas
line sensitivity is better in SPI. In the present work, dailected with SPI have not been
used, since its poor angular resolution may result in sooorgamination in the field
of view; in this thesis some of the analysed AGN are seen tiirabe Galactic plane
and thus are located in very crowed regions, making the jittyaof a contaminated
detection very high.

2.4.2 The X-ray Monitor JEM-X

JEM-X (figure 2.9 and table 1) plays a role in the identificatod sources and in the
analysis and interpretation ti TEGRALdata from X-ray emission of sources. JEM-X
can perform simultaneous X-ray observations togetherthélsatellite main instruments,
IBIS and SPI, and produces images with an angular resolofi@hwith a 30" PSLA in
the 3-35 keV range. JEM-X can thus localise sources morgaieaty than IBIS; spectra
can also be extracted down to 3 keV, i.e. below the IBIS opeganergy range, where
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Figure 2.9:The X-ray monitor JEM-X (Lund et al. 2003).

many interesting physical processes occur. However, JE-¢haracterised by a low
sensitivity and operates in a narrow energy range; besidesmall field of view implies
that a source is visible for a shorter period of time than ifS|Besulting in a weaker
signal from the observed object. For these reasons, ddecta with JEM-X have not
been used in this thesis, in which we made use of more sengistruments likeXMM-
Newtonor Chandra(see next chapter).

This instrument consists of two identical coded mask tepss, independent from
one another. The tungsten mask is circular, with a diamét&3®mm and a thickness of
0.5 mm. The mask has about 24247 hexagonal holes 3.3 mm whaedé&iectors are gas
counters based on a gas proportionalCté, counter and employ microstrips to locate
the position of X-ray events. The gas in the detector is caagdy 90% xenon and 10%
methane at a pressure of 1.5 bar, while the main body is madtaifiess steel; each
of the two detectors has an area of 500 cifhe geometry of the mask-detector system
allows only a small portion of the sky to be observed at onet(th8x4.8 FCFQV).
The energy resolution is 2 keV at 22 keV, while the temporalbaa&cy is better than 200
us. The sensitivity is less than those of the other instrumbat it is enough to extend
the spectral information to low energies for bright souraleserved by IBIS and SPI.

2.4.3 The Optical Monitor OMC

The OMC (figure 2.10 and table 1) allows optical observatiorise performed simul-
taneously with the X-ray and gamma-ray observations ahaig by the other instruments
on board. The instrument is an optical monitor based aro@®@R of 2055¢1056 pixels
(with an imaging area of 1024L024 pixels), cooled down to a temperature of&0The
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Figure 2.10:The optical monitor OMC (Mas-Hesse et al. 2003).

CCD is placed on the focal plane of a refractive optical systeonstituted by a 50 mm
lens with a 8x5° field of view. The filter applied is a Johnson V filter, operagtibe-
tween 550 and 850 nm. The detectable limiting magnitude f®18 5 ksec observation;
the angular resolution is 25vith a 6 PSLA, while the temporal accuracy is around 1
second.



Chapter 3

X-ray Missions

3.1 Introduction

In order to get a thorough picture of the mechanisms poweki@dl, broad-band X-
and gamma-ray observations are essential. The analysmadband spectra of AGN
allows to study and determine their continuum emission dsa those features occur-
ring at high energy, such as the reflection hump and the highggrcut-df. As already
mentioned in the previous chapter, in this thesis data cilteby the IBIASGRI in-
strument on-board thtNTEGRALsatellite are combined together with archival X-ray
measurements taken from several X-ray observatories,aXMM-Newton Chandrg
SwiffXRTandASCA

The combination of IBIBSGRI data with other instruments’ measurements poses
however the problem of the non-simultaneity of the obsémat This problem can be
solved by introducing normalisation constants betweets 1&hd the other instruments.
These take into account cross-calibration mismatchegmririnsic variability in the
spectra of the observed objects.

The instruments chosen for this thesis are all charactebyegood sensitivity and
good positional accuracy, which in many cases allowed usdalise sources previously
not recognised as AGN. Thanks to the accurate positionirthesfe sources, follow-up
optical spectroscopy and subsequent classification hasrbade possible, enlarging the
number of newly discovered, gamma-ray detected activexigala

The X-ray telescopes and instruments employed in the fatiganalysis ar&kMM/MOS
and pn,ChandrgdACIS, SwifyXRT and BAT andASCAGIS; a brief description of each
instrument and relevant X-ray detectors is given in theofeihg sections.
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Instruments EPIC MOS EPIC pn RGS oM
Bandpass 0.15-12keV | 0.15-15keV 0.35-2.5 keV 180-600 nm
Orbital target visibility 5-135 ks 5-135 ks 5-135 ks 5-145 ks
Sensitivity ~10714@ ~10714@ ~8x107°0) 20.7 mag
Field of View 30 30 ~5 17
PSF (FWHMHEW) 57/14" 6"”/15” - 1.47-2.0"
Pixel size 40um (1.77) | 150um (4.177) | 81um (9x10°2 A) 0.48’
Timeing Resolution 1.5ms 0.03ms 0.6s 05s
Spectral Resolution (at 1 keV) ~ 70 eV ~80 eV 0.040.025 A 3509

a: in units of erg cm? s1; b: O VI 0.57 keV line flux in photons cnfs;

c: resolving power /A1) with UV and optical grism.

Table 3.1:XMM-Newtoninstruments Main Characteristics (from fleenphXMM-Newton User’s
Handbook).

3.2 TheXMM-Newton Observatory

The XMM-Newtonsatellite was launched on December 10, 1999 by an Ariane V
rocket. The satellite, still in orbit and performing wellaw inserted into a highly ec-
centric orbit with a period 0£48 hours. The perigee is 7000 km and the apogee 114 000
km, with an inclination o~-40°. This particular orbit was chosen so that the main X-ray
instruments could be passively cooled to temperaturesdasstw80 and -100. Scientific
operations can only be performed when the satellite is abtiitades of~60 000 km,
since the lower part of the orbit passes through the Eardldigtion belts XMM-Newton
is part of ESA's cornerstone missions within tHerizon 2000programme.

The satellite comprises two large payload modules andesaon-board two types
of telescopes: three grazing incidence Wolter type | X-edgdcopes, with dierent X-
ray detectors in their focal planes, and a 30 cm optitédltelescope. The scientific
instruments on-boardMM are:

e The European Photon Imaging Came(&PIC), which employs 3 CCD cameras
for X-ray imaging and also provides moderate resolutiorcgpscopy and X-ray
photometry. The EPIC instrument has twdfdient sets of cameras, MOS and pn,
which will be described in more detail later, mounted on tbeaf planes of the
X-ray telescopes.

e TheReflection Grating Spectromet@RGS), made of 2 identical spectrometers for
high resolution X-ray spectroscopy and spectro-photometr

e TheOptical Monitor(OM), designed for opticAUV imaging and grism spectroscopy.
The satellite main characteristics can be summarised lasv(see also table 3.1):

1. Allthe instruments can operate simultaneously when itiomd are favourable (i.e.
brightness constraints). The instruments can also workpaddently.
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2. The X-ray telescopes on-boaxdM-Newtonhave a total mirror geometridtec-
tive area of 1550 ciat 1.5 keV for each telescope, reaching 4656 antotal. The
very large &ective area implies a very high sensitivity.

3. The X-ray telescope Point Spread Function (PSF) ic8VHM), providing a very
good angular resolution.

4. The EPIC cameras have a moderate spectral resolutianirespower: FAE~20-
50). The RGS spectrometers have a much higher spectralitesolvith EFAE~200-
800.

5. Simultaneous optic&lV observations allow the identification of X-ray sourced an
provide imaging of the surrounding field.

6. TheXMM-Newtonhighly elliptical orbit dfers almost continuous target visibility
for up to 40 hours.

Since in this thesis only data taken from the EPIC cameras bagn employed, in the
following a more detailed description of this instrumenltiwe given.

3.2.1 The X-ray Telescopes and the EPIC Cameras

XMM-Newtonis equipped with three X-ray telescopes, consisting of 2&igg inci-
dence Wolter | mirrors, nested in a coaxial and co-focal guméition, providing a large
collecting area over a wide energy band (figure 3.1). Thearsrgrazing incident angles
vary from 17 to 42 arcminutes, their focal length is 7.5 m dreldiameter of the largest
mirror is 70 cm. The X-ray detectors (i.e. the EPIC camersspkced on the focal plane
of each telescope.

TheXMM-NewtorEPIC cameras (2 MOS CCDs and a pn CCD; Turner et al. 2001 and
Struder et al. 2001)fEer the possibility to perform highly sensitive imaging oeefield
of view of ~ 30 in the 0.15-15 keV energy range, with moderate spectral agdlar
resolution. A sketch of the detector layout and thélbd X-ray telescope FOV of the
EPIC MOS and pn cameras is shown in figure 3.2.

The two MOS and the pn CCDs operate in photon counting modeuging an event
list which contains every detected photon, its attributes K,y position), its arrival time
and its energy.

The MOS chip array consists of 7 individual, front illumiedtidentical CCDs, &
set with respect to each other, and each made 0k600 pixels. The imaging area is
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Parabaiokd

Hypertaloid

Figure 3.1:The light path inXMM-Newtors open X-ray telescope with the pn camera in focus
(not to scale; from th&XMM-NewtonUser’'s Handbook).

30 are min
diameter cirdles

EPIC MOS EPICpn
7 CCDs each 109 x 109 arrminutes 12CCDs each 136 ¥ 4 4 arcmin

Figure 3.2:A sketch of the field of view of the EPIC MOS and pn cameras. Taled circle
depicts a 30diameter area (from th€MM-NewtonUser’'s Handbook).
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~2.5x2.5 cnt, so that a mosaic of seven images (1 for each CCD) covers thre &
cal plane (62 mm in diameter, corresponding to 28.#he pn camera is composed of a
single silicon wafer with 12 integrated CCD chips, each maidglx189 pixels.

The EPIC cameras are designed to produce X-ray images okyhehe number of
images taken depends on the speed at which the detectoesadreut from a storage area
where data are temporarily collected. There are two mainamofldata acquisition:

e “Full Frame” and “Extended Full Frame” (pn only): in both mexdall pixels are
read out and the entire FOV is covered. The observer can levwhoose to receive
different types of images: a full 68600 pixels image every 2.6 s, a 30800
pixels image every 0.9 4 &rge Window Modgor a 10100 pixels image every
0.3 s Emall Window Mode

e “Partial Window”. The central CCD of the MOS cameras can berafed in a dif-
ferent data acquisition mode, reading out only part of th®CEbr the pn camera,
only half of the area of the 12 CCDs is read out.

¢ “Timing Mode”, in which a 10&1 pixels image is produced every 1.5 ms.

The observer can also choose to employ an optical blockitey fit the low energy
part of the passband, influencing the EPH&etive area. The need for using filters is due
to the fact that the EPIC CCDs are also sensitive to infransthle and UV light. In fact,
if a source has a high optical flux, the X-ray signal might betaminated by the optical
photons, giving problems when analysing the data. In o@exbid any problem during
data analysis, the EPIC cameras are equipped with aluntdiragstecal blocking filters;
there are three types of filters: thick, medium and thin.

As far as the background is concerned, in the EPIC cameraggisentially made of
two components, one due to the cosmic X-ray background aedrmtrumental. The
instrumental background is then divided in two: a compormerm to the detector noise
(important below 0.2 keV) and one due to particles intergpitvith the satellite or the de-
tectors themselves (important above a few keV). Again, Hréige induced background
can be further subdivided in two more components: an extéemang component with a
strong and rapid variability, and a second internal comptnkhe flaring component can
be caused by soft photons, funneled towards the detectottsebmirrors. The internal
component can be ascribed to high energy particles integagith the satellite structure
and the detectors.

In the EPIC cameras the centre of the on-axis PSF is narrovde@sl not vary much
over a wide energy range (0.1-4 keV); above 4 keV the PSF ig glightly energy de-
pendent. The PSF is not the same for all the detectors, batié¢s/from 12.5 for the pn
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to ~4” for the two MOS cameras. Extended sources in the centre di@\&could be
observed with a spatial resolution of 50ne of the problems that caiffect the PSF is
when pile-up occurs (i.e. when two X-ray photons hit the samel) and the count rate
exceeds a few counts per frame. Another factteaing the PSF is its dependence on the
off-axis angle.

3.3 Chandra

The ChandraObservatory (figure 3.3), previously known alsoARSAF (Advanced
X-ray Astrophysics Facility), is one of NASAs “Great Obsatories” and is the product
of a large cooperation between the United States and Eurbipe spacecraft, which is
still fully operational, was launched on July 23, 1999 by 8pace Shuttl€olumbiaand
initially deployed on a low-Earth orbit at an altitude of aib@40 km. The satellite was
subsequently boosted to its operational orbit, with a @erigf 10 000 km and an apogee
of 140 000 km. The inclination of the orbit is 28.5 degreedhwin orbital period of 63.5
hours. The satellite remains above the Earth’s radiatidts i@ more than 70% of the
orbital period, ensuring, together with the charactersstf the orbit, a high observing
efficiency.

The main scientific instrument on-board the satellite isXhmy telescope, made of
concentric, precision-figured, superpolished Wolterléseopes. The telescope PSF is
0.5” (FWHM) and the Half-Power Diameter (HPD) is less thdan Dn the focal plane
is positioned the ACIS (Advanced CCD Imaging SpectromdBatrmine et al. 2003).
The ACIS-I instrument, made of 2-by-2 array of large-forrrant illuminated CCDs of
2.5 cnt, is designed for high angular resolution spectrometricgimgiover a 17-arcmin-
square field of view. The ACIS-S, a 6-by-1 array of 4 frontilimated CCDs and two
back illuminated CCDs, serves both as the primary read dette for the High Energy
Transmission Grating (HETG) and also provides high angudaolution spectrometric
imaging extending to lower energies over a smaller field eéw{8-arcmin-square). The
other camera placed on the focal plane of the X-ray telestopiee High Resolution
Camera (HRC; Murray et al. 2000), which provides high angidaolution imaging over
a 30-arcmin-square field of view. The scientific payload alsmprises a Low Energy
Transmission Grating (LETG; Brinkman et al. 2000) and a Higlergy Transmission
Grating (HETG; Market et al. 1994). The LETG provides highalation spectroscopy
(E/AE>1000) between 0.07 and 0.15 keV, while the HETG is designextiweve high
resolution spectroscopy from 0.4 to 4 keV (with the Mediunefy Gratings, MEG) and
from 0.8 to 8 keV (with the High Energy Gratings, HEG).
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Figure 3.3:A sketch of theChandraObservatory. The main components and scientific instru-
ments are labelled (credits: httighandra.harvard.edu

In this thesis,Chandradata have been employed only for one source, namely QSO
B0241+62 (see chapter 4 and 6).

3.4 Swift

The Swift Gamma-ray Burst Explorer (Gehrels et al. 2004) is a NASAdtiwvave-
length observatory mainly dedicated to the study of gamayaburst (GRBs) and their
afterglows. Swiftis one of NASA's medium explorer (MIDEX) programmes and was
launched on November 20, 2004 on a Delta 7320 rocket andéujécto a low-Earth or-
bit. The hardware on-board the satellite has been developad international team from
the US, the UK and Italy; France, Japan, Germany, Denmadin&mnd South Africa are
also scientifically involved in the mission.

The Swift satellite (figure 3.4) is composed of three main instrumeatBurst Alert
Telescope (BAT; Barthelmy 2004), aimed at identifying GR®B®l determining their
position with an accuracy of few arcminutes; an Ultravid@gttical Telescope (UVOT;
Roming et al. 2005); and an X-ray Telescope (XRT; Burrowd.e2@04).

3.4.1 The BAT Instrument

The Burst Alert Telescope (figure 3.5), operating in the 58-keV energy range is a
large field of view (2 sr), coded aperture instrument withghlsensitivity. It is designed
to provide critical GRB triggers and a few arcminute posiioSince its coded aperture
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Spacecraft

Figure 3.4:A computer generated image of tBavift satellite and its main instruments (credits:
http;/swift.gsfc.nasa.ggdocgswift/swiftsc.html).

field of view always covers both the XRT and UVOT FOVs, longetl gamma-ray emis-
sion from GRBs can be studied simultaneously with the X-nag aptical instruments.
Along with the search for GRBs, BAT is also surveying the héfdhy sky and monitor-
ing X-ray transients. The BAT accumulates sky maps every riutes; sky images are
then searched to detect sources and their positions withsitiséy of ~1 mCrab.

Despite using BAT data for the analysis (see following cheg)t these have not been
reduced as part of this thesis work, but have been downlofrideda public database
made available by thBwiftteam. Therefore the instrument will not be described in much
detail here.

3.4.2 The XRT Telescope

The XRT (see figure 3.6 and table 3.2 for a technical overviewg focussing X-
ray telescope with a 110 cneffective area, a 23 arcmin field of view and an 18 arcsec
resolution (HPD), operating in the 0.2-10 keV energy rangeses a grazing incidence
Wolter | telescope that focusses the X-rays onto a CCD atal fength of 3.5 m.

The instrument has three read-out modes: the Imaging MbdeMindowed Timing
Mode and the Photon Counting Mode. The Imaging Mode prodanestegrated im-
age by measuring the total energy deposited per pixel, beg dot allow spectroscopy.
The Windowed Timing Mode has a high time resolution (2.2 msljows spectroscopy
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Figure 3.5: A diagram of the Burst Alert Telescope aboard tBeift satellite (credits:
httpy/swift.gsfc.nasa.ggdocgswift/swiftsc.html).
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Figure 3.6: A diagram of the X-ray Telescope aboard ti&wift satellite (credits:
httpy//swift.gsfc.nasa.ggdocgswift/swiftsc.html).
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Telescope: Wolter 1 (3.5 m focal length)
Detector: e2v CCD-22

Detector Format: 600600 pixels

Pixel Size: 4Qumx40 um

Readout Modes: Image Mode (IM)

Windowed Timing (WT) Mode
Photon-Counting (PC) Mode

Pixel Scale: 2.36 arcshuxel
Field of View: 23.6<23.6 arcmin
PSF: 18 HPD @ 1.5 keV

22" HPD @ 8.1 keV
Position Accuracy: 3

Time Resolution 0.14ms,1.8msor25s
Energy Range: 0.2-10 keV
Energy Resolution: 140 eV @ 5.9 keV (at launch)
Effective Area: ~125cnt @ 1.5 keV

~20 cn? @ 8.1 keV
Sensitivity: %101 erg cnt?s7t in 10* sec
Operation: Autonomous

Table 3.2:XRT Instrument Characteristics.

for bright sources and is most useful for objects withlB~’ erg cnt?s™* (5 mCrab).
The Photon Counting Mode is capable of retrieving spectrdl spatial information for
sources with 10 *<F<2x10* erg cnt? s7* (1 mCrab to 45 mCrab).

The mirror module is composed of 12 nested gold-coated Niomsy the focal plane
camera houses akMM/EPIC MOS CCD, which has an image area of 602 pixels
(40 umx40 um in size, corresponding to 2.36 arcsec). The XRT structuredde of an
optical bench interface flange and a telescope tube combygea sections: the forward
telescope tube, supporting the star trackers and the tgestoors, and the rear section
which houses the focal plane camera.

The main scientific requirements of the XRT instrument apd@and accurate posi-
tioning (<5 arcsec), moderate resolution spectrosco0Q eV at 6 keV) and accurate
photometry. The centroid of a point source image can be mé@ted to sub-arcsec accu-
racy in detector coordinates (Hill et al. 2004); the XRT g@yeresolution at the time of
launch was 140 eV at 6 keV. The XRT read-out modes are destgradlbw spectroscopy
for sources up te-6x1078 erg cnT? st in the 0.2-10 keV energy range. The XRT is also
capable of producing accurate photometry and light curv#is avtime resolution of at
least 10 ms.
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3.5 ASCA

ASCA(Advanced Satellite for Cosmology and Astrophysics, figduwg Tanaka et al.
1994), was launched on February 20, 1993 and inserted irdatmawst circular orbit, with
a perigee of 520 km and an apogee of 620 km and an inclinati@i df degrees. The
orbital period was about 96 minutes. The satellite ceaseattivities in March 2001.

In this thesis only two sources (GRS 1734-292 and NGC 68lelckapter 7) have
been analysed usilgSCAdata.

ASCA also known ag\stro-D, was Japan’s fourth X-ray mission, built with a large co-
operation with the United States which provided part of tierttific payload. It was one
of the first satellites to make use of CCDs for astronomy,giesi to combine imaging
capabilities over a broad energy range, good spectralugésoland a largeféective area.

ASCAinstrumentation consisted in four identical grazing ircide X-ray telescopes,
each equipped with an imaging spectrometer. The angulatutesn of the telescopes
was quite modest, with a half power diameter@f and a PSF of1’. On the telescopes
focal planes, there were the detectors: two CCD camera§dhe-state Imaging Spec-
trometers (SIS), and two gas scintillation imaging projol counters (Gas Imaging
Spectrometer, GIS). The SIS had a resolving powa&E=50 at 6 keV and-20 at 1.5
keV. The GIS had a resolving powefAE~13 at 6 keV and-7 at 1.5 keV. The field of
view of the detectors was 2020 for the SIS and 50(circular) for the GIS.

ASCAwas designed to perform imaging and spectroscopic obsemgadf the sky in
the 0.5-10 keV energy range. The satellite’s main scientifiectives were the study
of X-ray binaries, cataclysmic variables, supernova ramsjactive galactic nuclei and
clusters of galaxies.
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Figure 3.7:A sketch of theASCAsatellite. The main components and scientific instrumergs a
labelled (credits: httgtheasarc.gsfc.nasa.gdecgascgascagof.html).
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Chapter 4

The INTEGRAL AGN Sample

4.1 Introduction

The extragalactic gamma-ray sky has been, so far, poorlioeeg and up to now
only a few surveys have been performed above 10 keV. Amorggetherveys, there is
the HEAOYA4 all-sky survey conducted in the 80’s in the 13-180 keV banrel{he et
al 1984), the survey conducted by t88GMAtelescope on board tH@RANATsatellite
in the 35-100 keV band (Revnivtsev et al. 2004a) and morentBcthose performed
by RXTEPCAand SwiffBAT in the 8-20 and 14-195 keV respectively (Revnivtsev et al.
2004b; Markwardt et al. 2005).

IBIS has so far surveyed large fractions of the sky at ensrglve 20 keV, with
good sensitivity and positional accuracy. The first yeatNNFEGRALobservations of
the Galactic Plane and Centre provided a first sample of 10rgamay selected AGN
(Bassani et al. 2004); the second IBIS survey (Bird et al.62@hlarged the sample to
32 AGN and theNTEGRALIBIS extragalcatic survey (Bassani et al. 2006) listed 62
Active Galactic Nuclei detected in the 20-100 keV energyearMore recently, the third
IBIS catalogue (Bird et al. 2007) listed more than 420 highrgp emitting sources, a
large number of which (130) are now firmly identified as AGNorfarthese source lists, a
complete sample of AGN detected above ther3lreshold has been extracted, making it
possible and important to study thefdrences and similarities betweerffdient classes
of AGN, by measuring the shape of the primary continuum togrewvith the high energy
cut-off and the reflection component. Previous broad-band stutigS (above all with
BeppoSAXdata) concentrated mostly on incomplete X-ray selectegpkamnte.g. Perola
et al. 2002; Dadina 2007); these were generally made of tlyhtlest objects observed
in the X-ray band. The availability of a complete sample iscal to obtain an unbiased
view of the general properties of high energy selected agalaxies.
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The present thesis will focus on the broad-band (1-110 ke}érsal analysis of a
complete sample of type 1 AGN, combinixgIM-Newton Chandrg SwiffXRT, ASCA
andBAT data together withNTEGRAIUSGRImeasurements.

4.2 The Complete Sample

The 35 type 1 sources which will be the object of the presesttitthave been selected
from the complete sample of AGN extracted from the third IBB&RI catalogue (Bird
et al. 2007), which comprises 421 high energy emitting segirobserved in a systematic
analysis of IBI9ISGRI data spanning more than 3.5 years of operations. [@atated
here, in fact, belong to Core Programme and public obsemnstpanning from revolution
12 to revolution 429 inclusive, i.e. the period from launchtie end of April 2006. This
represents a significant extension, both in exposure andalgrage, with respect to the
2"4|BIS catalogue (Bird et al. 2006), which covered the periarf February 2003 (rev.
46) to the end of June 2004 (rev. 209) and listed 209 gammeéeatected sources.

The complete sample has been extracted starting from théG30listed in the &
IBIS/ISGRI catalogue; most of these objects were already idedtifiith active galax-
ies in the catalogue, while others were subsequently élegsis such following optical
spectroscopy From this larger list, a complete sample has been extramtadeans of
the V/V qnaxtest.

The V/Vmax test was first introduced by Schmidt (1968) as a test of umifiyr of
distribution in space for a flux-limited sample of objectiscan, however, be used in the
opposite sense, that is, assuming that the sample is digtdluniformly in space (and
that there is no evolution), it is possible to test if the senpcomplete. The test consists
of comparing the volumes contained within the distancegatiee sources are observed
(V) with the maximum volumes (Max), defined as those within the distance at which
each source would be at the limit of detection. If the sanglet complete, the expected
value for<V/Vmax> is less than 0.5, while when complete it should be equal to 0.5

In the case of the ISGRI catalogue, the sky exposure, andftirerthe limiting sensi-
tivity is a function of position. This can be taken into calesiation by using the ¥V,
variation introduced by Avni & Bahcall (1980). Once agair tixpected mean value
m=<V¢/V,> will be 0.5 when the sample is complete. The error on eachtmain be
shown to be:

For optical classification ofNTEGRALsources, including some of the AGN analysed here, please
refer to Nicola Masetti's web page at hitfww.iasfbo.inaf.itextragl GR/main.html
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Figure 4.1:The Ir limiting flux as a function of exposure for the complefé 8atalogue, fitted
with a straight line (in log-log) of slope -0.5. Only for veshort exposures (and, for this catalogue
very small sky areas) does the data diverge for the fit.

om(N) = \/ 1/3- <”r"1> +(m? (4.1)

wheren is the number of objects in the sample above the significange |

For our specific case, the significance for each source givdreicatalogue is not that
found in the sky map, but a value which is adjusted after thecsis detected and a light
curve created for it. In applying the ¥/, test, the significances used are those which are
the basis of finding the source i.e. from the sky map. In ptacthis analysis requires
the following steps:

e The limiting flux as a function of exposure is calculated gdime entire catalogue;
the error in every source flux is plotted against the expoatitke position of the
source (figure 4.1).

e For a series of limiting significances, in this case fromtb 110, the V/V, ratio
is calculated for each source observed with a significanogethis limit. The
average value of the ratio is then plotted as a function ofith#ing significance
(figure 4.2).

Figure 4.3 shows the value elV¢/V,> as a function of limiting sensitivity. It can be
seen that the increasing trend becomes flat above abatt Bie mean value above this
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Figure 4.2:The number of AGN in the'd ISGRI catalogue as a function of limiting significance.

significance is 0.49%0.020, consistent with the expected value of 0.5. There Z/AGN
detected at a significance higher than this value.

The sample contains 35 type 1 objects, 30 type 2 sources,®Waine Seyfert 1s,
and 7 Blazar®SOs (see figure 4.4). In this work, we only concentrate orfiteeset
of objects, i.e. those classified as type 1-1.5. In figure Bebpiot of the hard X-ray
luminosity (20-100 keV) versus the redshift is shown: thet glives an estimate of the
limiting sensitivity of the sample.

In table 4.1, relevant parameters for each source are l{stamdinates, 20-100 keV
flux, 1.4 GHz flux density), together with the optical clagsifion and redshift obtained
from NED? or from other recent publications. For objects with knowstaices, 20-100
keV fluxes have been converted to gamma-ray monochromatimbsities, assuming
Ho=71 km s'Mpc and g=0 (Spergel et al. 2003). 1.4 GHz information have been
obtained from the HEASARC databdder 29 objects in the sample; only in the case of
IGR J13109-5552, the 1.4 GHz flux was interpolated using t&8& dand 0.83 GHz fluxes
available in the HEASARC radio catalogues (see followingptbr).

2httpy/nedwww.ipac.caltech.edu
3http;/heasarc.gsfc.nasa.gov
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Figure 4.3:The value ofV¢/V 4> as a function of limiting significance.
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Figure 4.4: Pie diagram showing the ftiérent typologies of sources in thHRTEGRALAGN
complete sample.
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Figure 4.5:The 20-100 keV luminosity versus redshift for opticallysgéied type 1 AGN in the
complete sample.

4.3 Data Reduction

The sources in the sample presented in this thesis haveall digserved byXMM-
Newtonwith the exception of GRS 1734-292 and NGC 6814, observeA3$A QSO
B0241+62 observed by’handraand IGR J003386122, Swift J0917.2-6221, Mrk 50,
IGR J13109-555, IGR J16119-6033, IGR J17488-3253, 2E 183534 and S5 21181
for which SwiffXRTdata have instead been used. For 4U 1344-60 only MOS1 andgn da
were available, while for IGR J16482-3036 only MOS1 and M@&fa. In the cases of
MCG+08-11-011 and IC 4329A only pn data were analysed, followiladt et al. (2006)
for the former source and Markowitz et al. (2006) for thedattTable 4.2, reports the
observation logs for the sources analysed here, togethietié relative exposures (both
for the X-ray andNTEGRALmeasurements).

MOS and PN (Struder et al. 2001; Turner et al. 2001) data vegmecessed using the
XMM-NewtonStandard Analysis Software (SAS) version 7.0 employinddtest avail-
able calibration files. Only patterns corresponding tolgindouble, triple and quadruple
X-ray events for the two MOS cameras were selected (PATTERY, while for the PN
only single and double events (PATTERMH)) were taken into account; the standard selec-
tion filter FLAG=0 was applied. Exposures have been filtered for periods &f k-
ground and the resulting exposures are listed in table oRrc® counts were extracted
from circular regions of typically 4050” of radius centered on the source, while back-
ground spectra were extracted from circular regions clodbd source or from source-
free regions of typically 20 of radius. The ancillary response matrices (ARFs) and the
detector response matrices (RMFs) were generated usingMMe SAS tasksarfgenand
rmfgen spectral channels were rebinned in order to achieve a mmiwf 20 counts per
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Complete Sample of Type 1 AGN detected above Gr5in the 20-40 keV band

Name RA DEC Zz F20-10kev L 20-10tkev FiacHz Ref. Type
10 ergem?st  10™ergs-1 mJy
IGR J003336122 8.360 61.457 0.105 1.19 2.73 9.2 1 Sy1l5
QSO B024%62 41.285 62.48 0.044 1.19 2.73 364.1 Syl
B3 B0309+411B 48.273 41.343 0.136 2.57 9.75 360.9 BLRG
3C 111 64.573 38.014 0.0485 9.46 4.75 7726.1 BLRG
LEDA 168563 73.028 49.514 0.029 6.30 1.14 13.4 Syl
4U 051417 77.676 16.477 0.01788 6.30 4.37 6.0 Sy1l5
MCG+08-11-011 88.717 46.442 0.0205 6.25 0.57 245.5 Sy1l5
Mrk 6 103.032 74.423 0.018813 5.02 0.38 269.5 Sy 1.5
IGR J07597-3842 119.923 -38.719 0.04 3.83 1.32 3.8 Sy1l.2
FRL 1146 129.620 -36.013 0.031578 1.76 0.38 19.8 Syl5
Swift J0917.2-6221  139.040 -62.314 0.0573 2.17 1.52 - Syl
NGC 3783 174.733  -37.745 0.00973 13.41 0.28 43.6 Syl
NGC 4151 182.636 39.409 0.003319 63.19 0.15 359.6 Sy 1.5
Mrk 50 185.862 2.693 0.023433 1.40 0.17 - Syl
NGC 4593 189.905 -5.353 0.009 7.23 0.13 4.4 Syl
IGR J12415-5750 190.377 -57.825 0.0244 2.28 0.29 - Syl
IGR J13109-5552 197.682 -55.863 0.0850 2.42 0.33 512.0 2 Syl
MCG-06-30-015 203.995 -34.302 0.007749 4.68 0.06 1.7 Sy1l.2
4U 1344-60 206.883 -60.610 0.013 7.40 0.27 - Sy1l5
IC 4329A 207.339 -30.309 0.016054 21.52 1.20 66.4 Syl.2
IGR J16119-6036 242.988 -60.658 0.016 2.55 0.14 - Syl
IGR J16482-3036 252.062 -30.590 0.031 3.08 0.64 35 Syl
IGR J16558-5203 254.010 -52.062 0.054 3.34 2.08 - 3 Sy1l.2
GRS 1734-292 264.377 -29.137 0.0214 8.40 0.83 48.0 Syl
2E 1739.1-1210 265.474  -12.215 0.037 2.75 0.81 35 Syl
IGR J17488-3253 267.217 -32.926 0.02 3.96 0.34 10.5 3 Syl
IGR J18027-1455 270.685 -14.916 0.035 4.34 1.14 10.5 4 Syl
3C 390.3 280.586 79.781 0.0561 6.06 4.06 11226.0 /BYRG
2E 1853.%41534 283.970 15.618 0.084 2.45 3.64 3.4 Syl
NGC 6814 295.657 -10.320 0.005214 591 0.03 49.7 Sy1l5
4C 74.26 310.585 75145  0.104 4.87 10.97 207.2 /BYRG
S5211681 318.492 82.072 0.084 4.06 6.02 286.5 BLRG
IGR J2124%5058 321.172 50.972 0.02 10.90 0.94 381.5 4 BLRG
MR 2251-178 343.543 -17.607 0.064 7.28 6.32 16.2 Syl
MCG-02-58-022 346.200 -8.666 0.04686 3.91 1.84 32.6 Sy1l5

a: type and redshift according to NED or quoted reference.
(2): Parisi et al. 2008; (2): Masetti et al. 2008; (3): Maisettial. 2006; (4): Masetti et al. 2004.

Table 4.1:TheINTEGRALComplete Sample of Type 1 AGN.

each bin. For sourcestacted by pile-up, the central ®f the PSF have been excised and
spectra have been extracted from annular regions of typis@t (external radius).

Chandradata reduction for QSO B02462 was performed with CIAO 3.4 and CALDB
3.2.4 to apply the latest gain corrections. Subsequentifiggeon event grade and to ex-
clude times of high background resulted in a total exposti@idks. The CIAO script
“psextract” was used to generate the spectrum, with aptedrsackground and response
files, of the point source; the source spectrum was extracsaty a radius o~ 4”
while background files were generated using regior@f. With a count rate of 0.14
countgframe, the pile-up fraction is insignificant ai.0%.

XRT data reduction was performed using the XRTDAS v1.8.0 stahdata pipeline
packagefrtpipeline v. 0.10.3) in order to produce screened event files. All dagsew
collected in the Photon Counting (PC) mode (Hill et al. 20G#opting the standard
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grade filtering (0-12 for PC) according to tXé& T nomenclature. Source data have been
extracted using photons in a circular region of typicallgiua 20'; background data have
instead been taken from various uncontaminated regionstheaX-ray source, using
either a circular region of éierent radius or an annulus surrounding the source.

ASCAdata (spectra and associated files) were downloaded frofMMREARUS database
version 3.1. The cross calibration constant between the A&CAGIS instruments has
always been assumed to be 1.

The INTEGRALdata reported here consist of several pointings perfornye G RI
(Lebrun et al. 2003) between revolutions 12 and 429, i.e pthed from launch to the
end of April 2006. ISGRI images for each available pointingravgenerated in various
energy bands using the ISD@me scientific analysis software OSA (Goldwurm et al.
2003) version 5.1. Count rates at the position of the souare wxtracted from individual
images in order to provide light curves in various energydsafrom these light curves,
average fluxes were then extracted and combined to produesaage source spectrum
(see Bird et al. 2007 for details). Analysis was performeth@20-150 keV band.

In the present analysis we also made use of publiafyBAT spectra, retrieved on
the wels; spectra are from the first 9 months of operations of SméffBAT telescope
(Baumgartner et al. 2008).

httpy/tartarus.gsfc.nasa.gov
Shttpy/swift.gsfc.nasa.ggdocgswift/resultgbsOmon



Observations Log

Name Obs. Date  Exp. (PN) Exp. (MOS) Exp.XRT®) Exp. (ASCA) Exp. (Chandra) Exp. (INTEGRALY)
(ksec) (ksec) (ksec) (ksec) (ksec) (ksec)
IGR J00333-6122 1411/2007 - - 6.04 - - 1787
QSO B024%62 0604/2001 - - - - 34 372
07/04/2001
B3 0309+411 04092005 11.0 19/16.1 - - - 5067
3C111 14032001 14.5 76.1 - - - 2006
LEDA 168563 2@02/2007 9.6 10.8.4 - - - 157
MCG+08-11-011 0804/2004 10.3 12.A46.9 - - - 48
Mrk 6 27/031001 9.0 14.9.4 - - - 581
IGR J07597-3842 084/2006 11.9 1433.3 - - - 1049
FRL 1146 1212/2006 6.9 6.5.1 - - - 1172
Swift J0917.2-6221  1/11/2005 - - 12.9 - - 1140
13/12/2005
NGC 3783 2@12/2000 32.2 35.33.9 - - - 39
NGC 4151 27052003 10.4 15.845.8 - - - 449
Mrk 50 1411/2007 - - 18.3 - - 1164
1511/2007
16/11/2007
NGC 4593 0207/2000 3.5 6.0 (MOS2) - - - 1040
IGR J12415-5750 002/2006 4.0 8./%.6 - - - 1604
IGR J13109-5552 2%2/2006 - - 6.58 - - 1288
28/12/2006
MCG-06-30-015 082001 98 83./92.1 - - - 473
4U 1344-60 2882001 28.7 38.7 (MOS1) - - - 1510
IC 4329A 06082003 47.2 44/41.9 - - - 382
IGR J16119-6036 186/2007 - - 2.5 - - 1786
IGR J16482-3036 Q032006 - 7.97.0 - - - 2460
IGR J16558-5203 00372006 4.8 5/58.4 - - - 2502
GRS 1734-292 0891998 - - - 6.1 - 6087
2E 1739.1-1210 094/2006 13.1 14/14.7 - - - 1515
IGR J17488-3253 021/2005 - - 16.8 - - 5766
IGR J18027-1455 2632006 14.2 17.46.9 - - - 2500
3C 390.3 08102004 38.8 32.84.60 - - - 3058
2E 1853.41534 2007/2007 - - 2.6 - - 785
29/07/2007
NGC 6814 04051993 - - - 41.7 - 1853
4C 74.26 0/02/2004 25.6 29.29.0 - - - 1213
S5211681 2506/2006 - - 10.2 - - 1985
17/10/2006 - -
IGR J212445058 0611/2005 22.2 24,/23.6 - - - 1067
MR 2251-178 1852002 8.5 13.80.9 - - - 307
MCG-02-58-022 011.2/2000 7.2 - - - - 320

T: note that fodNTEGRALthe exposure refer to a number of pointings in the period &etwaunch and April 2006.

*: total exposure of the summed pha files.

Table 4.2: Observation logs of the sources in the sample.

a|dwes NOVIVHOILNIBYL v
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4.4 Data Analysis Outline

The objective of the present thesis is the analysis of thadtiand spectral data of the
complete sample of all but odnTEGRALdetected type 1 AGN; the only missing source
is 4U 051417, for which no public available X-ray data could be found.

This study includes both radio loud (RL) and radio quiet (R@jects. The analysis
will start with the study of a peculiar source, IGR J2128058, which lies on the Galac-
tic plane and was not known to be a type 1 AGN befiNé EGRALobservations. The
peculiarity of this source lies in its strong radio emissand structure, which immedi-
ately suggest its classification as a Broad Line Radio GaBkRRG).

This sources served as a landmark to discriminate radio fiaual radio quiet AGN,
which in this work are analysed separately. Chapter 5 watefore be centered on IGR
J2124 45058, while chapter 6 will focus on the radio loud AGN prederthe complete
sample, leaving the analysis of the remaining type 1 AGN tpbér 7.

Here and in the following, spectral analysis was performéd ¥SPEC v.11.2.3 (Ar-
naud 1996) and errors are quoted at 90% confidence level Boparameter of interest
(Ax?=2.71¥. Galactic absorption towards each source (Dickey & Lockd@80) has al-
ways been included in each fit, so that the quoted absorbingcodensities are always
in excess of this Galactic value.

6A test was also made for checking if systematic errors shbelthken into consideration. It resulted
that the systematic error could be around or below 2%. Intcod) it in our fits does not alter significantly
the results of the analysis.



Chapter 5

A case study: the peculiar Broad Line
Radio Galaxy IGR J2124 45058

5.1 Introduction

IGR J2124 45058 was initially reported in the firfl TEGRALsurvey catalogue (Bird
et al. 2004) and listed in subsequent survey papers. Soen iggtdiscovery, IGR
J2124%5058 was associated by Ribo et al. (2004) with the radiocsd€ 50.55, also
known as GPSR 93.319.394, KR2, NRAO 659 or BG 212X%0: this object has the
typical morphology of a radio galaxy showing a bright corel awo lobes. The esti-
mated position of the core from the NVSS map is RA (J2620524™39.25 and Dec
(J2000¥%+50°5823.80" (1” uncertainty).

Confirmation of the AGN nature of IGR J21245058 came via optical observations
obtained at the Loiano telescope (Masetti et al. 2004), itkefipe fact that the optical
spectrum of the source looks very peculiar. It has in factoathy redshifted Hcomplex
superimposed onto a “normal/G-type Galactic star continuum. While most of the ob-
served features (Na, Ca and Mg) are consistent with redsHifand thus with a Galactic
stellar origin, the | complex leads to a redshifd.02. This feature is very similar to
the one observed in another bright radio galaxy, namely 3C3@ietrich et al. 1998).
The H, complex, together with the spatially coincident extendstio emission and the
detection of strong hard X-ray radiation, strongly indesathe unfortunate situation of a
chance alignment between a relatively nearby star and agbaoid radio galaxy. Indeed
theINTEGRAUBIS spectrum of this source is compatible with the canonical ASpiic-
trum (Molina et al. 2006). Because the only optical line aoled is broad, the source was
tentatively classified as a Seyfert 1 or alternatively asoadidine radio galaxy (BLRG).
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Unfortunately, given the confusion with the nearby staisitmpossible to gain more
information on the source optical characteristics with therently available data (see
Masetti et al. 2004); in particular no reliable measurenadrine B magnitude can be
used to estimate the source radio loudness using the reRtislog[F(5GHZ)YF(B)]. At
the observed redshift, the source luminosity in the 20-18@ band is 8.5%10% erg s?,
making IGR J2124¥5058 one of the brightest AGN in the local Universe

In the following, a detailed radio analysis of the sourceddasn archival VLA data is
presented, together with a broad-band spectral analys{$/dfl-Newtonand SwifyXRT
combined with theNTEGRAIABIS data.

5.2 Radio Observations

At the very low energy part of the electromagnetic spectmadio observations pro-
vide valuable information on the nature of IGR J2128358. Radio images at various
resolutions have been presented in several works (e.g.dviamitet al. 1982, Pandey et al.
2006). In figure 5.1 is shown a 1.4 GHz image of the field of IGR21+5058 obtained
with data from the VLA archive. The circle indicates the ltbea and positional error
of theINTEGRALdetection, which clearly points to the nucleus of IGR J21%058 as
the source of the gamma-ray emission. The radio source bdgpltal edge-brightened
morphology of an FR Il radio galaxy, with a central compaatecand two large lobes.
The size of IGR J2124i/5058 is~ 9.5 and the total flux density at 1.4 GHz is 2.5 Jy. At
the redshift proposed for this source, these data corresjpamtotal extent LS of 230 kpc
and a monochromatic radio power, = 10°44W Hz. This makes IGR J21245058 a
typical radio galaxy in size, with a radio power at the lowed ®f the observed range in
FR 1l sources.

In figure 5.2 is shown the spectrum of the core of IGR J2%5068 between 610 MHz
and 15 GHz. The points between 1.4 and 15 GHz were obtaineddeaia in the VLA
archive, while the 610 MHz point is taken from the GMRT datar(éey et al. 2006). The
spectrum is typical of synchrotron self-absorbed radmtigith a peak at about 8 GHz
and a low frequency turnover.

The core fraction at 1.4 GHz is aboB{/S; = 0.1, which is suggestive of a moderate
Doppler boosting of the base of the jet. In fact, the core ighter than what would be
expected on the basis of the correlation between core aabréatio power (Giovannini
et al. 1988). From the total flux density at low frequen8y4{ = 5.4 Jy, Mantovani et
al. 1982), the core flux density should be orlys0 mJy at 5 GHz, i.e. about a factor 10

LAssuming H=70 km s'Mpc and a flat Universe.
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Figure 5.1:A 1.4 GHz image of the field of IGR J2124%3058 from VLA data (in B configura-
tion). Contours are traced at, 1, 2, 4, ...x0.5 mJy beam* and the peak is 244 mJy beah
The restoring beam is 5&.4 arcsec. The circle shows the ISGRI position and errordfd&R
J212445058.

less than observed. If we assume a typical Lorentz factathiradio jet =5, see e.g.
Giovannini et al 2001), we can use this constraint to esBraatiewing angle ~ 35°.
This seems to be small enough to allow us to peer into the BLdRitaalso explains
the broadening of the Hline. Put altogether, the radio data seem to indicate that th
counterpart of IGR J21245058 is an FR 1l broad line radio galaxy.

It is however dificult to guess which is the approaching side of the source.NWe
lobe is brighter, but a knot of enhanced brightness is \asibthe SE jet at 90from the
core. If this brightness asymmetry is due to Doppler bogstinen the approaching side
would be the SE one. A look at the parsec scale structure wmelldiesirable to better
study the properties of the inner jet and define this issue.

It is also interesting to note that a weak feature is cleaghgcted in several VLA data
sets at- 2’ south of the core (RA:= 21"24M39.97, Dec= +50°56'05.4"). It has a flux of
~ 4 mJy at 1.4 GHz and 2 mJy at 4.8 GHz. This source is probably unrelated to the
INTEGRALsource, as it falls outside its 90% error circle and it is retedted in X-rays
(see next section).
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Figure 5.2:Average spectrum of the core of IGR J2125D58 with VLA data (between 1.4 and
15 GHz) and the GMRT (0.6 GHz). The error bars show the rms e@fvllrious measurements
considered, as well as the absolute calibration unceytaint

5.3 X-ray Observations and Data Analysis

IGR J212445058 was observed bYMM-Newtonon 2005 November 6 during or-
bit 1083, in theXMM-NewtonGuest Observer Programme. Two other observations are
present in the archive, but have not been used due to theirgpaiistical quality. Dur-
ing this orbit, the EPIC pn (Struder et al. 2001) exposurs w25 ks, while the EPIC
MOS1 and MOS2 (Turner et al. 2001) exposures wet@é ks (see table 5.1). The EPIC
pn camera was operated in Large Window Mode with a thick féigplied, while the
two MOS cameras were both operated in Small Window Mode. MQBRN data were
reprocessed using th&MM-NewtonStandard Analysis Software (SAS) version 7.0 (see
previous chapter for details on the data analysis). Imagéysis indicates that a bright
source, localised at RA21"24™39.36 and Dec (J200@)+50°5823.86’, compatible with
the position of the radio core, is detected with high sigariice, while no emission is seen
at the location of the radio lobes nor in correspondencethéhadio source located south
of the core of IGR J2124i5058. As for the Galactic star which is aligned with the radio
galaxy by chance, it could emit X-rays by coronal activitysaen in many stars of similar
late spectroscopic type. However, any contamination el\iko be negligible as the star
is likely at 2.5 kpc (Masetti et al. 2004), i.e. too far awayptovide significant flux if the
emission is from a stellar corona.
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Obs date Exposures (ksec)  Filter  Source counts (sf
XMM-MOS1 06-11-2005 24.2 Thick 1.918.009
XMM-MOS2 06-11-2005 23.6 Thick 1.9090.009
XMM-PN 06-11-2005 22.0 Thick 5.580.02
XRT1 17-10-2006 7.2 - 0.4953.01
XRT2 25-01-2007 3.7 - 0.32220.01
INTEGRAL  Nov. 2002 to Apr. 2006 768 - 1.428.04

Table 5.1:0bservations log for IGR J2124B8058.

Cross calibration constants /MOS1 and MOSAMOS1 were left free to vary and al-
ways found to be close to unity as expected. Data from the tBRIC cameras were ini-
tially fitted in the 0.4-10 keV range using a simple power lds@bed only by the Galac-
tic column density (f'=1.11x10?? cm2; see figure 5.3). This model does not yield an
acceptable fity?=4974.7 for 2624 d.o.f.) as evident in figure 5.3 and the ragyftower
law slope is very flat{=0.94"3%}). Since the data to model ratio are indicative of intrinsic
absorption, the data were re-fitted adding this componegta*po in XSPEC); this new
model provides a significant improvement in the §t£2526.2 for 2623 d.o.f.), a column
density Ny=0.62"05x10P%cm 2 but a still rather flat spectrunii€1.28307). An even bet-
ter fit (v>=2446.1 for 2622 dof) is obtained using an ionised absoristea of a cold one
(wag*absori*po in XSPEC): the column density in this case is 1:§23x10Pcm? and
the ionisation staté (= L/nR?, Done et al. 1992) is 18:43, i.e. the absorber is at most
mildly ionised. The slope of the power law hardens but onlygimeally (['=1.33'533).
The absorption (cold or ionised) has then been substitutédapartial covering com-
ponent fwag*pcfabs*po, see table 5.2). This model provide\g?=103.8 compared
to the cold absorption model and a beférfor the same d.o.f. compared to the ionised
absorption model; the resulting spectrum has a similarghioidex and the same column
density as obtained for the ionised absorber model, butliberption is now colder and
covers around 80% of the source. At this stage we also chehkethta for the presence
of a cold iron line, adding to the partially covering modelanow Gaussian component,
having fixed the width to 10 eV. This model provides a fit imgment (?=2405.9 for
2620 d.o.f. orAy?=16.5 for 2 d.o.f.), a line energy at 6.335 keV and an equivalent
width (EW) of 2I'%, eV (see figure 5.4 for the confidence contours of the line gnerg
versus line normalisation). The improvement is significrihe 99.9% confidence level;
however the EW is rather small, i.e. too close to the cagghifhits of moderate resolu-
tion CCD instruments likXMM, calling for some caution in considering the line as a real
feature or just local noise. Without going into more detali® important point to stress
here is that in IGR J2124/5058 a cold iron line is either very weak or not present. There
is also a hint for a line at around 1.7 keV, but again its EW ig/\&@mall and its energy
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Figure 5.3:The XMM data fitted using a simple power law absorbed by Galacticxcoldensity.

suspiciously close to background features present in trendrMOS camera to consider
it as a real feature.

Despite the fact that a fit with just one absorber (cold, ngildhised or partially cov-
ering the source) is quite acceptable, the resulting sypeas still rather flat. Hence, two
different scenarios to steepen tkBIM spectral data have been tried: reflection from
neutral material (with the Compton reflection componentcdbed by the parameter
R=Q/2r; pexrav model inXSPEC) or an extra layer of absorbing material (again cold,
ionized or partially covering the source). In the first caseinhclination angle was fixed
at 30, implying a nearly face-on geometry. The reflection commbmesulting from the
fit was small R-0.59345 and the photon index still rather fldt£1.43'53%); the low value
of the reflection parameter, although not well constrairsedynsistent with the weak iron
line observed in the spectrum of IGR J2124D58, suggesting that the reprocessing of
the power law photons in the accretion disk plays a negkgible in the source. In the
second case, the best fit is obtained with another layer dfroalterial partially covering
the sourcea*pcfabs*pcfabs*po, see table 5.2). This model provides a power law
slope of~1.6, close to the 1.7 value measured in other BLRG (Sambruah €.999;
Grandi et al. 2006), although still flatter than the 1.9 valygcally observed in radio
quite AGN (Perola et al. 2002). The absorbing column desssaie around>a10°? cm2
and 1G%cm2, covering 27% and 83% of the central source. Given the fattki® highest
steepening of the spectrum is obtained with a double absorbéel and that reflection is
either not required or small (also from the weakness of threline), we chose the second
model as a better description of tX&M data. As some excess counts (mostly pn) are
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Figure 5.4:The confidence contours of the line energy versus line ndsatain.

still visible at low energies, we have further added to thestlfit model a soft thermal
component (in the form of a black body omakal model) or a scattered component in
the form of a power law; in the latter case the two power lawehhe same photon index
but different normalisations. In all cases, the excess emissioaimsmand the fits return
parameters which are unusual for AGN (a too high temperatndea scattered compo-
nent with a too high normalisation with respect to the priyneontinuum). Given the
quality of the data at low energies and the weakness of tliessxemission, it is beyond
the scope of the present thesis to further enquire aboutdnigonent and its analysis is
postponed to when more detailed X-ray observations of IGR42-5058 are available.

In order to check if the source could be classified as a ramid-lobject, we ex-
ploited the X-ray flux measurement and used the-R(5GHz)Lx(2-10 keV) relation
(e.g. Terashima & Wilson 2003 and Panessa et al. 2007); thidovie used the VLA
5 GHz measurement of the core component and then comparethie 2-10 keV flux.
Since LogR=-3.3, IGR J2124¥%5058 could be defined a borderline object, as it is radio
loud or quiet depending on our choice of the dividing linevestn these two classes:
LogRx=-4.5 (as in Terashima & Wilson 2003) or -2.8 (as in Panessh @087). How-
ever the LogR value of IGR J2124¥5058 is fully compatible with those of similar
BLRG like 3C 111 (LogR=-3.7), 3C 120 (LogR=-2.1), 3C 390.3 (LogR=-3.1) and
3C 382 (LogR=-4.0) (Grandi et al. 2006 and Liu & Zhang 2002), implying thakso this
new source is very likely a radio loud AGN. It is interestirgriote that following one
of the criteria for radio loudness proposed by Zamfir et aDO@ (see also next chap-
ter), IGR J2124%5058 is the weakest FR Il galaxy yet reported, having Leg(h~31
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erg stHz™1, an order of magnitude lower than the usually adopted tiotdssee next
chapter).

IGR J212445058 was also observed with tK& T telescope for7.2 ks on 2006 Oc-
tober 17 and for 3.7 ks on 2007 January 25 (again, see presi@per for data analysis
details). The log of these tw¥RT observations is also reported in table 5.1.

Due to the lower quality of these data, a simple model, i.evego law passing through
a single absorption layer partially covering the centralree has been employed. The
first XRT observation (hereaftéRT) provides a power law spectrum wikl+1.54'01,
moderate intrinsic absorption, a partial covering fracfie0.74 and a 2-10 keV flux of
6.4x10 ! erg cnt?s! (see table 5.2). To check if the best fit values could be imguipv
another partial covering absorber was added to the modethbuit does not produce
better resultsy?=132.2 for 138 d.o.f.).

The second observation (hereaflRT2 is of even poorer quality due to the shorter
exposure; it provides slightly flerent parameters than the first observation (see table
5.2) and a lower 2-10 keV flux of (3.3D.1)x107! erg cn? s1. Despite the less pre-
cise modelling allowed by th¥RT observations, the comparison between the XR&
observations and with thEMM-Newtonmeasurement suggests a change in the source
absorption properties related to a flux variation. Note thatonsistency, also théMM
data are modelled here with a single layer of absorption. dif@ge in the absorber
properties is evident in figure 5.5, where the contour pléthe column density versus
covering fraction are displayed for the three availablea}{-observations: in particular
while XRT1data are fully compatible with th€MM one, both difer from theXRT2ob-
servation parameters. Given that the model used is not stefibbound with theXMM
data, as a second step the double absorber model has be¢edaaiop then the 3 sets of
data compared by means of an accurate parameter spaceatigpioDue to the lower
statistical quality of theXRT data, the photon index and the two absorption parameters,
each at a time, were fixed to tiéM value. The result of this procedure is that the likely
change occurring is in the column density of the absorbeerwog 80% of the source
while the other parameters are consistent within errork edich other. However, given
the poor quality of the&XRT2spectrum, i.e. the one that provides evidence for this abhang
in absorption, some caution is needed and further obsengtequired to confirm this
observational evidence.

The INTEGRALdata have been analysed in the 17-100 keV band (the sourcé cou
rate in this band is reported in table 5.1). A simple power paavides a good fit to the
IBIS data (?=8.9 for 10 d.o.f.) and a photon ind&x2.0+0.1 and a 17-100 keV flux of
1.15x10° % erg cn?2 s71. TheINTEGRALspectrum is clearly steeper than tkeIM/XRT
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Figure 5.5:Constraints on the absorbing column densities and relativering fractions for the
XMM (solid line), XRT1(dashed line) an&kRT2(dashed-dotted line) observations assuming a
single absorption layew@g*pcfabs*po).

ones, implying that a cutfbis possibly present and located in the IBIS energy band.

5.3.1 The High Energy Broad-Band Spectrum

X-ray andINTEGRALdata were then fitted together in order to obtain an average
broad-band spectrum of the source. In the fitting procedaumultiplicative constant,
C, has been introduced to take into account possible crddggateon mismatches be-
tween the X-ray anétNTEGRALdata; this constant has been found to be close to 1 both
for XMM and SwifXRT using various source typology (Landi et al. 2007; De Rosa et
al. 2008; Masetti et al. 2007) so that significant deviatiamT this value can be confi-
dently ascribed to source flux variability. Initially, tdMM and theBISISGRIdata were
combined together, employing the modehfpcfabs*pacfabs*po) used for theXMM
data alone and considered here as our baseline model (wegnaved the iron line at this
stage but the results do not change significantly if this comept is added to the fit). This
model provides a good fit with a photon index~gf.7, and two absorption layers (L0??
and~ 107 cm 2 respectively, table 5.3), covering 84% and 34% of the céstrarce.
To check for the presence of a high energy cfiif\we substituted the simple power law
with a cut-df power law ga*pcfabs*pcfabs*cutoffpl). The model yields our best fit
(x’=2354.0, 2628 d.o.f., figure 5.6) and a power law slope arouSidalcut-df is indeed
present and well constrained at around 75 keV (see tablen8l.8gure 5.7). In the above
models the value of is around 0.80, suggesting a good match and no major chamges i
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Figure 5.6:XMM/ISGRIbroad band (0.4-100 keV) spectrum of IGR J2128058: the model
is a cut-df power-law absorbed both by Galactic column density and loylayers of absorbing
material partially covering the source.

flux between th&KMM andINTEGRALobservations. Finally, the broader energy cover-
age was exploited to check again for the presence of reffettithe source spectrum by
adding this component to the previous mod&*{pcfabs*pcfabs*pexrav, see table
5.3). The fit shows an improvement&2350.9 for 2627 d.o.f., 99.9% confidence level)
with respect to the simple double partial covering model*pcfabs*pacfabs*po);
however, when considering the best-fit model“{pcfabs*pcfabs*cutoffpl), there is
only a marginal improvement in the fit, suggesting that tiieecéon component is not
strongly required by the data. The model gives a power lapestd~1.5, the high energy
cut-off is around 100 keV and the double absorption layer values alieinvagreement
with those obtained with no reflection in the modeE=@. This reflection model yields

a poorly constrained value & around 0.4 and a cross calibration consta@t7. We
have also tried to find evidence for a jet component in the biggrgy data introducing a
second power law componemtaf*pcfabs*pcfabs*(cutoffpl+po)) with the photon
index of the primary continuum fixed at the canonical 1.7 gdlr BLRG. Again the fit
does not show any improvemegf&2379.2, 2627 d.o.f.), the power law component used
to model the jet emission has a slope of 1B@and the high energy cutfids consistent
with value found in the best fit (83:%5 keV). The values of the column densities and
their covering fractions are in agreement with those founthe best fit. It can thus be
concluded that the extra jet component is not required bydtdta and that the source
emission is not jet-dominated.
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Figure 5.7: Constraints on the primary continuum (power-law photorek)dversus the high
energy cut-& of IGR J212445058.

Next, the best-fit mode@*pcfabs*pcfabs*cutoffpl) was used to fiXRT and
INTEGRALdata. In bothXRT observations, the fit is googt4=138.8 for 145 d.o.f.
and y°=47.8 for 54 d.o.f.), the power law slopes are around 1.6 aAcamd the high
energy cut-& values are not well constrained, although they could beeplabove 50
and 80 keV respectively. The partial covering fractiongf@XRT1-2ISGRIbroad-band
spectrum are broadly compatible with those found foXMMISGRIspectrum (see table
5.3). It must be pointed out that due to the poor statistioality of theXRT datasets, the
values of the partial covering fractions are not well ccensied and so errors are evaluated
by freezing the parameters related to each layer while tzlng the uncertainties for the
other. The constant betweXRT1landINTEGRALspectrais around 0.8, suggesting again
agreement between the two sets of data. The constant betine2€¢RT20bservation and
theINTEGRALdata is instead higher (1.6), implying that the source chaleg undergone
some minor changes in flux or have changed its absorptiorepiep as discussed in the
previous section.



Spectral Fits to XMM-Newton and Swift/XRT

r N, f1 NZ, f2 Fo-10kev x* (dof)
(10%2cm2) (10%2cm2) (10 M ergcm2sl)
XMMa  1.357002 1 11+010 g 76002 - - 5.1 2422.4 (2622)
XMMP 1.57j83gg 0.9918&g 0.83:838% 9.141%% 027904 5.1 2345.8 (2620)
XRT12 1.54;8398 2.08:8:%5 0.74:838; -7 - 6.4 132.5 (140)
XRT22 1.94:§1§§ 4.76:?323 0.89:%%% - - 3.3 41.4 (48)

Best fit parameters related to model @ fpcfabs*po) and model (b)a*pcfabs*pcfabs*po);
Parameters are as following=Photon indexNﬁ: Column density of first absorber;
f1= Covering fraction of first absorbeN?2 = Column density of second absorber;
fo= Covering fraction of second absorb&s_10ev= 2-10 keV Flux
andy? (dof)= Chi squared (degrees of freedom).

Table 5.2:Spectral fits to X-ray data for IGR J21245058.

Spectral fits to broad-band XMM-Newton-INTEGRAL/IBIS and Swift/XRT-INTEGRAL/IBIS spectra

r N&' f1 Nﬁ fa Ec C R /\/z (dof)
(10%2cm2) (10%2cm2) (keV)
XMM/ISGRIZ  1.670%>  10.9618L  0.34003 111012 0.84002 - 0.73007 - 2403.6 (2629)
XMM/I SGRI® 1.48E8:8‘61 9.471?1536 0.25}838‘3‘ 0.95}83? 0.82-303 75.3:257 0.85{83§§ ; 2354.0 (2628)
XMM/ISGRI¢ 1.5418388 8.19227 0.25:00% 0.97j83lg 0.83:838% 99.1j§§3§ 0.67:8318 0.42:947  2350.9 (2627)
XRT1/ISGRI¢ 1.5&%}%2 s.eziégiﬁ‘ o.13f§f§§ 1.91t§f§§ 0.75j0§3§§ >50 0.78§§f§§ - 138.8 (145)
XRT2/ISGRIY 175015 495118  0.77:0° 056193 095951 >80 1.5973° - 47.8 (54)

Best fit parameters related to model model @)y‘pcfabs*pcfabs*po), model (b) ga*pcfabs*pcfabs*cutoffpl),
model (c) fa*pcfabs*pcfabs*pexrav) and model (d)a*pcfabs*pcfabs*cutoffpl);
Parameters are as following=Photon indexN%, = Column density of first absorber;
f1= Covering fraction of first absorbeNﬁ: Column density of second absorber;
fo= Covering fraction of second absorb&iz= Cut-af energy;C=Cross calibration constant;
R= reflection Componeng;? (dof)= Chi squared (degrees of freedom).

Table 5.3:Spectral fits for IGR J212475058 broad-band data.
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5.4 Discussion and Conclusions

The radio counterpart of IGR J21245058 shows characteristics typical of a Broad
Line Radio Galaxy, very likely of the FR Il type. The spectrivetween 610 MHz and
15 GHz, obtained with VLA and GMRT archival data, is typicdlsynchrotron self-
absorption radiation. Moreover, there is evidence for aenate Doppler boosting of the
base of the jet, based on the ratio between core and total pagier. It can therefore be
concluded that the source is certainly radio loud.

The 0.4-100 keV broad-band spectrum of IGR J21Z1058 is well modelled by a
power-law continuum with a cutfbat around 70-80 keV, absorbed by two layers of cold
material partially covering the central source. A weak ilioe is possibly present in the
data, while the value of the reflection component is lowQR}l) and not well constrained.

In many ways IGR J21247/5058 behaves like other BLRG which show weak reprocess-
ing components and flatter/amma-ray power-law slopes than generally observed in
radio quiet broad line galaxies like Seyferts (Grandi et 2006); both characteristics
are generally (but not solely, see next chapter) interdratedue to the presence of a
beamed jet component in these bright radio sources. ffaet®f this component is that
of contaminatingdiluting the Seyfert continuum which is likely present ireteource.
Alternatively, one has to supposdidrences in the accretion disk between BLRG and
radio quiet Seyfert galaxies, such as the geometry, flfiiwiency or gas state (ionised
versus neutral). The high energy cuf+m IGR J2124%5058 inferred by théNTEGRAL
data is typical of Seyfert galaxies and not of beamed AGN likezars, which tend to
have much higher cutfbenergies. We have not found strong evidence for a jet compo-
nent in our broad-band data, although its presence cannatdbeded. A better way to
look for beamed radiation in IGR J2124#4058 is by means of high resolution obser-
vations at radio frequencies, which would be extremely irtgpd. On the other hand,
complex absorption is not a characteristic of classical BL&hd has been observed so
far in only another object, i.e. 3C 445 (Sambruna et al. 20B9th galaxies require
cold absorbers partially covering the central source, ¢heagh in the case of 3C 445
three layers of obscuring materials are required while tmtyin IGR J2124%5058 are
needed at low energies. However, while 3C 445 shows a strongjne and a consequent
strong reflection component, in the case of IGR J2%5058 reflection is not required
by the data and the iron line is weak or even absent. Seveilakiem lines are also ob-
served at low energies in the spectrum of 3C 445, making iesdmat diterent from IGR
J2124%45058. As for 3C 445, the presence of absorption in IGR J213038 is at odds
with its Seyfert 1 classification, but this discrepancy carclbhcumvented if the “clumpy
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torus” model recently proposed by Elitzur & Shlosman (2086l successfully applied
to 3C 445 (Sambruna et al. 2007) is also applied to this nevglgodered radio galaxy.
In this model, the torus is not a continuous toroidal strrectut is made of clouds with
Ny ~ 107%-10?% atoms cm? distributed around the equatorial plane of the AGN. The BLR
represents the inner segment of the torus and this is therregiere the X-ray absorp-
tion is likely to occur (Liu & Zhang 2002). Because of this mlpyness the dierence
between type 1 and 2 AGN is not only due to orientation but &dsiine probability of
direct view of the active nucleus or, in other words, on howynelouds our line of sight
intercepts. Indeed, the inclination to the line of sigheméd from the radio analysis sug-
gests that we are peering directly into the broad line regmoreover, variations in the
absorption properties are expected in this scenario, a®ths structure changes due to
cloud motion.

Overall it can be concluded that IGR J2124D58 is a new interesting member of
the class of BLRG, with features that are in some respect&ypif this class and others
which are quite rare for its type: its brightness and progmiake it an ideal laboratory
in which to study radio galaxies properties.

In the next chapter, a subsample of seven other BLRG exttdoten the complete
sample of type 1 AGN detected BINTEGRALwill be analysed in detail.



Chapter 6

Broad Line Radio Galaxies

6.1 Introduction

A sample of radio loud AGN has been extracted using the raatichard X-ray infor-
mation and data, as well as the source radio morphology.isnthly a set of eight radio
loud AGN has been identified, i.e<20% of the entire sample; of these, six were secure
radio loud objects and two were identified as candidate dfiaeally the remaining 26 ra-
dio quiet objects have been analysed (see next chapter)tafladkeanalysis of the results
and comparison between radio quiet and radio loud objedtb@/ipresented in the last
chapter of the thesis.

Most of what is known about Active Galactic Nuclei (AGN) issestially based on
studies of radio quiet sources, which make up almost 90% etktitire AGN popula-
tion; as far as radio loud objects are concerned, their auctgions are less well studied,
mainly because of their lower number densities. It is widslgepted that Seyfert galaxies
are powered by accretion onto a supermassive black holehberved radiation, span-
ning the entire electromagnetic spectrum, is produced lylchaxccretion disk and by a
hot corona, as proposed in the so-called two-phase modeb@dai & Haardt 1997). In
the X-ray domain, the emission of radio quiet Broad Line A@¥¢yfert 1) is, to the first
order, well described by a power law of photon index 1.8-8x@ending from a few keV
to over 100 keV; at higher energies there is evidence of anrexqtial cut-d, the exact
value of which is still uncertain (Perola et al. 2002; Ris&D02). Secondary features,
such as the Fe & line and the Compton reflection component are also commdmy o
served; they are considered to be thiees of reprocessing of the primary continuum
and are relatively well understood (Mushotzky et al. 199Bjom studies performed
on samples of Broad Line Radio Galaxies (BLRG from now on; Bama et al. 1999
and Grandi et al. 2006) there is evidence that they show airapticalUV continuum
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and emission line characteristics to their radio quiet tegparts, but may display some
fundamental dferences in their X-ray behaviour. BLRG, in fact, exhibittiégharder
power law slopes than radio quiet Seyfert 1 galaxies andlaoekaown to have weaker
reprocessing features such as kellkes and Compton reflection components (e.g. Sam-
bruna et al. 1999 and Grandi et al. 2006). The origin of theSerdnces is however far
from being understood. A possible cause for the observestsity could be ascribed to
a different disk geometry ayat accretion flow #iciencies, or the presence of jets and
beaming #ects that contaminagdilute the AGN component and the reprocessing fea-
tures; ionised reflection, which naturally produces wea&processing features, has also
been considered in the literature (Ballantyne, Ross & FaBi202). Now that a large
sample of AGN detected above 20 keV BYTEGRALIs available, it is possible and
important to perform a comparison betweeffatient classes of AGN, by measuring the
shape of the primary continuum together with the high energyat and the reflection
component.

In this chapter the broad-band (1-110 keV) spectral amabyfsa sample of seven can-
didate radio loud type 1 AGN is presented, combinidMM-Newton Chandrg SwiffXRT
andBAT data together withtNTEGRALmMeasurements.

6.2 The Sample

The definition of radio loudness is rather vague, witliedent criteria applied in the
literature (see Zamfir, Sulentic & Marziani 2008 for a cutidiscussion). Tradition-
ally, empirical boundaries were set by the radio power dgrdi5 GHz (Bsnz) (Miller,
Peacock & Mead 1990) and the radio (same frequency) to ¢oliceand flux density
ratio (Rs) (Kellerman et al. 1989): an AGN is radio loud ifd,>10* erg s* Hz*
and Log[RsH/Pg]>1. In time, diferent surrogate definitions of both parameters have ap-
peared in the literature involving radio data atelient frequencies and comparison with
even UV and X-ray fluxes to deal with objects selected in batsr than the optical.
More recently Zamfir, Sulentic & Marziani (2008) suggestee tise of the source radio
morphology as a further criterion to divide radio loud froadlio quiet objects. Since FR
| morphology is quite rare in broad line radio loud AGN, whileuble-lobe FR Il appear-
ance is much more common, these authors suggest the adoptiuas last morphology
as a further discriminator, i.e. FR ll-like objects are byadsdt radio loud.

The radio loud AGN presented here have therefore been edlentthe basis of similar
criteria: the radio power density at 1.4 GHz (B,), the radio (same frequency) to the 20-
100 keV flux density ratio (Rx) and the source morphology, again at 1.4 GHz. Because
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Figure 6.1:1.4 GHz Power density against the ratio of the 1.4 GHz to 20KV flux density
ratio for all most sources in tHtNTEGRALbroad line AGN catalogue. The boundaries on both
axis are set by the values of the weakest FR Il in the sample (#12445058) and are defined
by the lines drawn in the figure.

many of these objects are newly discovered, it ialilt to have information for all

of them at 5 GHz an@r in the B band, hence the use of the more ready available 1.4
GHz and 20-100 keV data. 1.4 GHz information has been olddnoen the HEASARC
databaskfor 29 objects in the sample, except in the case of IGR J1&EH2, where

the 1.4 GHz flux was extrapolated using the 4.85 and 0.83 GHedlavailable in the
HEASARC databaseINTEGRALdata were derived from the fluxes reported in Bird et
al. (2007; see also chapter 4) and are available for all tbjadhe sample. Candidate
radio loud objects were selected on the basis of their lonati the diagram shown in
figure 6.1, where the radio quiketud boundaries on both axis are set by the weakest FR
Il source in the sample, i.e. IGR J2124058. This source has been fully discussed in
the previous chapter and can be now taken as a clear examgladio loud AGN on the
basis of various arguments. In particular it has been ¢ladsas an FR Il galaxy mainly

on the basis of its morphology.

By means of these boundaries, 7 radio loud AGN (excluding I2k2445058 al-
ready discussed in the previous chapter) have been ident@sO B024162, B3 0309
411,3C 111, 3C 390.3, IGR J13109-5552, 4C 74.26 and S5AI1Gee table 6.1); note
the ambiguous location of two AGN, MG&B8-11-011 and Markarian 6, which are below
the adopted boundaries but very close to IGR J2334058. Information at 5 GHz and in

httpy/heasarc.gsfc.nasa.gov
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the B band are available for all these sources so that a ctess can be made on their
radio power and radio-to-optical flux density ratio accogdio the more conventional
definition used by Miller, Peacock & Mead (1990) and Kellems al. (1989). Both
values are listed in table 6.1 for all 7 candidates plus IGR24Z+5058, Markarian 6 and
MCG+8-11-011, which are still considered due to their locatiorigure 6.1: 5 AGN
are close or abovesg,>10°? erg st Hz™! and in any case all but Mrk 6 and MG@-
11-011 have a 5 GHz flux density exceeding that of IGR J2288%8. All the objects,
including Mrk 6 and MC@G-08-11-011, have instead LogH?,/Pg]>1, the limit defined
by the radio-to-optical flux density ratio. Next the radionplaology of all 7 radio loud
candidate AGN was examined, plus again Mrk 6 and MO&-11-011 (see table 6.1).



Name Type N Log(Psgh) Log(Rs) CD*
10?72cm™2  ergstHz™?

QSO B024%62 - 0.75 31.230 2.8-2.9 1.94
B3 0309+411 BLRG, FRII? 0.13 32.322 3.3 1.17
3C 111 BLRG, FRII 0.32 31.919 4.4-5.0 0.04
IGR J13109-5552 - 0.22 31.929 2.7 -
3C 390.3 BLRG, FRII 0.04 32.477 3.7 0.09
4C 74.26 BLRG, FRFRII 0.12 31.939 1.9-2.07 0.95
S5211681 BLRG, FR? 0.07 31.771 1.9 1.78
IGR J212445058 BLRG, FRII 1.11 31.041 - 0.76
MCG+08-11-011 - 0.20 29.886 1.6 -
Mrk 6 - 0.06 29.934 1.5-1.8 -

*: radio core dominance at 5 GHz, except for B3 08091B
for which it is measured at 8 GHz (see references in the text).

Table 6.1:Candidate Radio Loud AGN in th&lTEGRALcomplete sample.

SalxXe|eo olpey aul] peolg 9
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All but 2 sources (i.e. QSO B024862 and IGR J13109-5552) are well known Broad
Line Radio Galaxies (see table 6.1 and NED; Ballantyne 2@@8)show a morphology
with two lobes extending from the central nucleus (see fangxe NVSS contour maps
available in NED); the extension of the lobes for B3 08021 and 4C 74.26 is more
than 1 Mpc, hence their classification as giant radio gasafde Bruyn 1989; Riley et al.
1988). These double-lobed objects are classified in thalitee as FR 1l galaxies, with
the exception of 4C 74.26 and S5 2483, which still have an uncertagimknown nature.
QSO B024%62 and IGR J13109-5552 have been poorly studied at radiadrezes and
their classification is uncertain; both are Seyfert 1 adogrdo NED and Masetti et al.
(2008). QSO B024462, shows a compact unresolved core in the NVSS map, although
high resolution radio imaging indicates a possible doudble> morphology within this
core structure (Tzanetakis et al. 1978). The sky regionatoimy IGR J13109-5552 has
not been mapped by the NVSS, but the source is present in theniylo Galactic Plane
Survey 29 Epoch (MGPS-2) Compact Source Catalogue (Murphy et al. 2G0¢ut-
off image of the source shows an unresolved but elongatedwteucSO B024162 is
reported as a relatively strong source in various radioestgvhas a flat radio spectrum
with a @~0.12 (Vollmer et al. 2005) and so almost certainly qualifies asdiordoud
AGN. IGR J13109-5552 has less information at radio fregie=nbut the few available
data provide a flat spectrum also in this case(.3).

For completeness, the morphology of Markarian 6 and MC&11-011 have also
been checked in the NVASED databases: both sources are similar to QSO B8d2a1
i.e. display a compact core which shows, at higher resalutioclear (in Markarian 6;
Kharb et al. 2006) or possible (in MG-11-011, Ulvestad & Wilson 1986) double lobe
structure. However their radio spectra are steeper thdreiprievious two cases and more
similar to radio quiet AGN. This evidence, coupled with tHeiver radio powers argues
against a classification as radio loud AGN and therefore bbjécts are not considered
further. They will be analysed, together with the remairtiyyge 1 radio quiet objects of
the complete sample, in the following chapter.

In table 6.1 also the/B GHz radio core dominance (CD) is listed. The parame-
ter CD=S.01¢/(Sot-Score) 1S taken from Fan & Zhang (2003); the only exception is B3
0309+411 for which theCD parameter has been evaluated using data from Ishwara-
Chandra & Saikia (1999); no information @D is available for IGR J13109-5552.

The radio core dominance spans a large range of values fl@n®1.9. Sources with
high values of this parameter are those in which the beandid eamission is emitted
in a direction closer to the line of sight; in these sourcesemission is likely to play a

ZSVOCV—a
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greater role than in sources with smaller value€Bf Contrary to expectations, we do
not find any convincing correlation betwe@D and either Por Ry, indicating that in at
least some of our sources a jet component alone cannot beigine af the source radio
brightness. As a final remark, we point out that the radio Isodrces analysed in this
chapter make up around 20% of the 20-40 keV complete samdmat! line AGN and
are therefore a non-negligible fraction of tNMfEGRALAGN population.

6.3 Broad-Band Spectral Analysis

The XMM-Newton ChandraandSwifyXRT data were fitted together WilNTEGRAL
and SwiffBAT data usingtSPEC v.11.2.3 (Arnaud 1996); errors are quoted at 90% con-
fidence level for one parameter of interest£=2.71). In the fitting procedure, a multi-
plicative constantC, has been introduced to take into account possible crdgsatéon
mismatches between the X-ray and the soft gamma-ray data&n\Weating thdNTE-
GRALdata, this constar@; has been found to be close to 1 with respec{kiM-Newton
SwiffXRT andChandrausing various source typologies (e.g. Landi et al. 2007;dtas
et al. 2007), so that significant deviation from this valua ba confidently ascribed to
source flux variability; also when consideriB#\T data, a cross-calibration constayt
different to 1 often means flux variation in the source analyseslfts example Ajello et
al 2008 and Winter et al. 2008). In all the fits, Galactic aption (see table 6.2) has al-
ready been taken into account so that any column densipestesl in subsequent tables
refer to absorption intrinsic to the source.

6.3.1 Towards a First Approximation of the Broad-Band Continuum

The broad-band data have been firstly fitted in the 0.5-1108kevgy range employing
a simple power law (absorbed only by Galactic column dehsitgrder to identify typical
features of the AGN spectra. Some objects show evidencecesexcounts below 1 keV;
however, since the study of the soft excess is not the maattb¢ of the present thesis,
but rather the understanding of the high energy emissioractexistics (photon index,
high energy cut-fi and reflection) of our sources, the analysis has been fodussee 1-
110 keV energy range. Starting from the simple power lawouerspectral features were
introduced, such as intrinsic absorption and iron linehe@uoe performing an F-test to
verify the statistical significance of each added compomadtto provide a basic model
able to describe the data at least to a first approximatientédgde 6.2 and residuals with
respect to this model in figures 6.2, 6.3, 6.4 and 6.5).



6.3. Broad-Band Spectral Analysis —-83—

Inspection of figure 6.4 (left panel) suggests that the medabloyed in table 6.2
does not provide a good description of the data also in the 6&8C 390.3, where the
residuals have an unusual concave shape, which may be dbe fwdsence of a low
energy component (soft excess) stitieting the spectrum around 2-3 keV. To take this
into account an extra component has been added to the simpwkr paw in the form of
another power law or a blackbody component: both fits proaidequally significant
improvement (typically more than 99%) and more acceptaddeduals. The blackbody
temperature is slightly higher than typically observed eyfért 1 galaxies (Panessa et
al. 2008). It is interesting to note that so far no soft exdess been reported for this
source, except for an old claim never confirmed afterwardar{@ et al. 1999); however
a Chandraimage of 3C 390.3 reveals extended soft X-ray emission aréloe nucleus
so that the soft excess photons could be related to this coemp@dKadler et al. 2004
and figure 7 in Hardcastle & Croston 2005). This source is latgovn to have a variable
column density, as found by a previous work (Grandi et al.9)9owever in this analysis
no absorption in excess of the Galactic one could be measbresito the evidence found,
in the following the modekag*wa* (bb+po+zga) is adopted (table 6.3 and figure 6.6) as
the basic representation of 3C 390.3 data.

Using the results reported in tables 6.2 and 6.3 some cannkisan already be drawn,
as the models employed at this stage provide, to a first appation, a good description
of the broad-band spectra of the sources. In all but 2 AGN (828411 and 3C 390.3),
an intrinsic absorption component is strongly required ly data, at more than 90%
confidence level for IGR J13109-5552 and S5 243B6and at more than 99% confidence
level for the remaining objects. Note, however, that in 3Q fife measured absorption
could be due to a molecular cloud located between us and thiees@Unger et al. 1985)
and not intrinsic to the AGN.

The Fe kr line is detected in all the sources (99% confidence levebepin IGR
J13109-5552 and S5 21481, but this may be due ®RT not being sensitive enough to
detect the cold iron line around 6.4 keV. Note that the lineaigow in all sources (hence
the line width has been fixed to 10 eV), except in 4C 74.26, ircva quite strong and
possibly broad iron line is detected (see also Ballantyr@52ihd Larsson et al. 2008).
The equivalent widths (EW) for the iron lines are found todi®0 eV in most AGN. In
one source, namely 3C 111, the equivalent width values sedo the capability limits
of moderate resolution CCD instruments liK&M-Newton calling for some caution in
distinguishing between a real feature or just local noithd line is related to reflection,
the observed values would imply a low reflection componerdmpater (R-Q/2r): in this
case one may expect to find the EWRaatio of the order of 100-130 eV (Perola et al.
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The model employed is a simple power law absorbed by bothoBaknd intrinsic column density

(only in the case of QSO B024862) plus a narrow Gaussian component (see table 6.2).
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plus, in the case of 3C 111, a narrow Gaussian componentasiec.2).

2002) and consequently valuesi{1. Finally a note on the cross-calibration constants
between the X-ray data an8ISBAT points: in some sources these constants are not
consistent with 1, indicating, as expected, flux variatibesveen the X-ray snap-shot

observations and the time-averaged high energy spectaal da
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Figure 6.4:Model to data ratios for 3C 390.3 (left panel) and 4C 74.2gh{rpanel). The model
employed is a simple power law absorbed by both Galactic stnichsic column density (only in
the case of 4C 74.26) plus a narrow (3C 390.3) or broad (4C6Y45aussian component (see
table 6.2).
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Figure 6.6:Model to data ratio for 3C 390.3. The model used is a simplegpdaw absorbed
by Galactic column density plus a blackbody component toehtte soft excess and a narrow
Gaussian component (see table 6.3).



Spectral Fit Results: wag*wa* (po+zga)

Name al Ni T Eiine o EW cA cB 2 (dof)

(1022 cm?)  (10%2cm?) (keV) (eV) (eV)
QSO B024162 0.75 0.230%¢ 1.65j°;§2 6.40j§:§g 10f 85j4§ 1.02°0%2 1.32_*;?% 227.1(234)
B3 0309+411 0.13 - 1.82 0 6'3{8:88 10f 1003 - 4.65%:99 574.6 (603)
3Cc111 0.32 0.4% ‘éé 1.69;8;% 6.40°002  10f <30  0.445% o.54j%2 1245.7 (1498)
IGR J13109-5552 0.22 02455 1.70" 22 - - - - 2.39_*8;gg 41.2 (55)
3C390.3 0.04 - 1.7¢ 03 6.44j§:§§ 10f 71j§3Bia 0'90i§?§é 0.94:8;%% 2200.4 (2234)
4C74.26 0.12 0.15% 1.73;8;01 6.44700> 1838 103732 0.54;8;88 0.87_*9%2 1992.0 (2060)
S5211681 0.07 <0.19 1.97012 - - - 1.525%0 276l  89.1(128)

A: cross-calibration constant between X-ray data BA,
B: cross-calibration constant between X-ray data &WMEGRAUSGRI
Table 6.2:Simple power law fits.
3C 390.3 Spectral Fits Resultswag* (bb+po+zga)
N r kT Elne EW ch cs x? (dof)
(10%2cm2) (keV) (keV) (eV)

- 1.890% 241077 6.420°%  49'.  1.3701° 158074  1970.4(2232)

=002 =003 =015 =021

: line width fixed to 10 eV.
A: cross-calibration constant betwe¥MM andBAT;
B: cross-calibration constant betwe¥WMM andINTEGRAUSGRI

Table 6.3:Simple power law fit for 3C 390.3.
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6.3.2 Incidence of the High Energy Cut-&

Next a high energy cutfdin the primary power law of the basic model has been
introduced (see tables 6.4 and 6.5 for model descriptiomah esource case). Only 3C
111 strongly requires a cutfoenergy at more than 99% confidence level; the d¢tiiso
localised at around 100 keV. As far as the other sources aeecoed, only a lower limit
for their cut-df energies could be set at around 60-80 keV, apart from 3C 38M&re
the high energy cutfd could not be constrained at all. It is also interesting teertbat
the values ofC; andC, tend to be higher when a cuffenergy component is added to
the simple power law.



Spectral Fit Results: wag*wa* (cutoffpl+zga)

Name Ny T Ecut Eline o EW cy cB ¥? (dof) Prob”
(10?22 cm2) (keV) (keV) (eVv) (eVv)
QSO B024%61 0.185%° 1.58j§:§§ >78 6.4Q§:§§ 10f 801%% 1.147023 1.54j§§§ 222.9(233)  96%
B3 0309+411 - 1.8Q8:8§ >43 6.34_*8:88 10f 9959 - 6.75t8;% 573.9(602)  91%
3C111 042092 1.657 00> 1107718  6.4055:  10f <30 056558 0.747077 1234.2(1497) 99.9%
IGR J13109-5552  <0.46 1.53%%2 >58 - - - - 2.29_%%‘ 39.8 (54) 83%
4C 74.26 0.11262 1.70_*8;gﬁi >78  6.440%° 184778 104731 0.63j§:i§ 1‘09:%3 1989.9 (2059)  86%
S5 211681 <0.18 1.9507%  >81 - - - 154705: 28733  89.2(127) -

A: cross-calibration constant between X-ray data BA,
B: cross-calibration constant between X-ray data &WMEGRAUSGRI
. fit improvement with respect to table 6.2.

Table 6.4:Cut-of power law spectral fits.

3C390.3 Spectral Fits Resultswag* (bb+cutoffpl+zga)

N r kT Ecut Eine EW ch ct X2 (dof) Prob?
(10%2cm2) (keV) (keV) (keV) (eV)
- 189007 24107 NC  6.43007 487, 137018 1580F 1970.2(2231) 37%

*: line width fixed to 10 eV.
A: cross-calibration constant betwe¥MM andBAT;
B: cross-calibration constant betwe¥WMM andINTEGRAUSGRI
T+ fit improvement with respect to table 6.3.

Table 6.5:Cut-of power law spectral fit for 3C 390.3.
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6.3.3 Incidence of the Reflection Component

Finally the reflection component has been introduced in #schmodel of tables 6.2
and 6.3 to verify the incidence of this feature in the broadébdata (again refer to tables
6.6 and 6.7 for model description in each source case). Thvemplaw has been substi-
tuted with thepexrav model inXSPEC, fixing the inclination angle at 3((i.e. a nearly
face-on geometry as expected in type 1 AGN) and the fiigreergy at 10 000 keV. Tak-
ing into consideration the fact that the iron line EW is alwagl00 eV, we assume that
the reflection parameteREQ/2r) cannot have very high values; for this reason initially
the reflection component was allowed to vary only in the rabxge B3 0309411 and
4C 74.26 require reflection at more than 99% confidence lexele 3C 390.3 and QSO
B0241+62 at a lower confidence level (98% and 92% respectively).réflection com-
ponent is also significantly required (at more than 99% cenfie level) in 3C 111, which
also has a high energy cuffpsince in this object the iron line is very weak or possibly
even absent, one would expect to observe negligible or Ifiecteon and it could there-
fore be that a better fit is achieved when b&land E are left free to vary (see next
section). In S5 211681 and IGR J13109-5552 the data only provide a loose lowet lim
onR, likely due to the low statistical quality of the X-ray data.

The reflection values are all above 0.1 and, when constraaredypically around 1.
Despite being strongly require® is unconstrained in B3 038211 due to the upper
bound of 2 set on the reflection; when this bound is remdRésifound to be 2.44-77
and the constant becom€s=2.307;3) . It is also important to note th& tends to be
higher than expected on the basis of the measured iron lineaBtVthat thepexrav
model provides, as expected, smaller valueS,adndC, with respect to the previous two
models.



Spectral Fit Results: wag*wa* (pexrav+zga), 0<R<2, E.=10 000 keV

Name Ny T R Eline Tline  EW ch c 2 (dof) Prob®
(10?22 cm™2) (keV) ev) (eV)
QSO B024%61 0.312% 1.83;%3% >0.37 6.4Q§:§§ 10f 67j%2 0.5970%8 0.74:%3% 224.1 (233) 92%
B3 0309+411 - 1'928:8‘5‘ >1.20 6.338:89 10f 7041 - 2.42;8;ﬂ 560.4 (602)  99.99%
3C111 0.4829%  1.7870° 1.06983 6.4000; 10f <30 030957 0.35 00 1238.5(1497)  99.7%
IGR J13109-5552 0.2 2 1.75j8398 >0.1 - - - - 1.3(18385 40.5 (54) 66%
4C 74.26 o.1§03§§ 1.84/0 1.30087  6.450%4 <186 513 0.33007 054818 1977.0 (2059)  99.999%
S5 2116-81 <0.22 2.03@%@ >0.1 - - - 1.1q§3?§ 1.97j§3;§'§ 88.5 (127) 64%
A: cross-calibration constant between X-ray data BAT,
B: cross-calibration constant between X-ray datatM\itEGRAIASGRI
T+ fit improvement with respect to table 6.2.
Table 6.6:pexrav model spectral fits (&10 000 keV).
3C 390.3 Spectral Fits Resultswag*wa* (bb+pexrav+zga), 0<R<2, E;=10 000 keV
NH r kT R Eine EW ch cs x? (dof) Prob’
(10%2cm2) (keV) (keV) (eV)

1.890%% 238927 07003 6.43007 44717 0.880%7 0.93035 19654 (2231) 98%

*: line width fixed to 10 eV.
A: cross-calibration constant betwe¥MM andBAT;
B: cross-calibration constant betwe¥MM andINTEGRAUSGRI
T+ fit improvement with respect to table 6.3.

Table 6.7:pexrav model spectral fit for 3C 390.3 (E10 000 keV).
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6.3.4 Constraining Both Reflection and Cut-&f Energy

Lastly, the broad-band spectra have been fitted with a ffygeover law reflected from
neutral materialfexrav model inXSPEC, see table 6.8 for model description in each
source case). IGR J13109-5552 and S5 2Bll6were removed from the sample, as in
both sources the quality of the data allows no such compleBficause of the uncon-
strained value of the reflection fraction in B3 03@8L.1 when the parameter is allowed to
vary only between 0 and 2, the upper boundRowas also raised. Although this model
does not always provide a significant improvement with resfmethe fits reported in ta-
ble 6.4 and 6.6, it nevertheless allows a simultaneous astiofR and E. In this way,
it has been possible to set constraints on the reflectioneea of 5 objects and on the
cut-off of 3; in the cases of B3 03@9111 and 3C 111, these represent the best fit results.
Due to the above considerations, in the following discussioly the values reported in
table 5 have bee used, with the eventual use of the uppeslomR and E; obtained for
IGR J13109-5552 and S5 21481. It is important to note that the values of the param-
eters listed in table 6.8 are similar to those obtained iniptes fits and also that in most
sources the cross-calibration constants are now comeatilth 1, an indication that the
model is appropriate and that variability is not strong omomon at high energies (see
also Beckmann et al. 2007).



Spectral Fit Results: wag*wa* (pexrav+zga)

Name Ny r R Ec EW?* cl C3 ° (dof)
(10?2 cm™2 (keV) (eV)

QSO B024%61  0.21073 1.64_*5:552 0.56j§§i >86 7375 0.85037 1.12j§§§ 222.2 (233)

B3 0309+411 - 1.9(18;8g 3.48%;g§ 35737 59'%3 - 6.89j8;98 554.2 (601)

3C111 0.4620%3  1.73 05 0.85f8;gg 126723° <30 o.4q§;(1)g 0.52j83i8 1227.9 (1497)

3C 390.3 - 1.89(%02 0.605, >300 4112 o.95j8;%§ 1.01793)  1966.3 (2231)

4C 74.26 018002 17995 1.220% 100°8%° 885 0.48 17 0.86'73; 1976.0 (2060)

*: line parameters fixed at value obtained in table 3.
A: cross-calibration constant between X-ray data BA;

B: cross-calibration constant between X-ray data &RiEEGRAUSGRI

Table 6.8:pexrav model spectral fits.
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6.4 Comparison with Previous Measurements

Four out of seven sources in the sample have been previouslied over a broad
energy range similar to ours, so that a direct comparisorossiple. Overall, the pa-
rameter values are in good agreement, or compatible witinorse with those found by
these previous works. In the case of 3C 111, all observapoig to a small reflection
and a compatibly low iron line EW (Grandi et al. 2006; Lewisakt 2005); the results
of the present study yield to a slightly higher valueRyfout still compatible, within er-
rors, with previous results. A stringent constraint on tighhtenergy cut-& could be
placed, located at a slightly lower value than in previouskspalthough well within the
uncertainties found for example BeppoSAXGrandi et al. 2006).

Comparison for 3C 390.3 with the works by Grandi et al. (2088) Gliozzi et al.
(2003) indicates good agreement on the dtitemergy, although we, as Gliozzi et al.,
could not place a constraint on this parameter, which issagtfound by Grandi and
collaborators to be around 250 keV, i.e. still compatibléhwaur lower limit of 300 keV.
The value of the reflection parameter is also fully compatiblth the result obtained
usingBeppoSAXlata (Grandi et al. 1999) but higher (although compatibtaiwirelative
uncertainties) than that obtained wRXTEspectra (Gliozzi et al. 2003).

A very good agreement with previous works is also found foi7426 (e.g. Ballantyne
& Fabian 2005; Grandi et al. 2006 and Larsson et al. 2008)) tv@ugh a slightly lower,
although within errors, value for the cutf@nergy is found.

Not much can be said about S5 2%+B3 because of the poor statistical quality of the
data; however, comparison wiBeppoSAXtata shows that our results do not contradict
those found by Grandi et al. (2006).

For QSO B024162, B3 0309411 and IGR J13109-5552 no previous works are avail-
able and thus the analysis presented here is the first biraradidiudy for these 3 AGN.



Chapter 7

Type 1 Radio Quiet AGN

7.1 Introduction

In this chapter, a broad-band spectral analysis in the 1kEl0energy range of all
radio quiet type 1 sources listed in the complete samplebeifperformed, combining X-
ray measurements (frodMM-Newton XRT andASCA and gamma-ray data from both
INTEGRALandBAT.

Up to now, modelling of the high energy spectra of AGN has $s&d on how to re-
produce and explain the observed shape of the primary eaantinA good fraction of the
proposed models ascribe the power law to the inverse Consgtiitering of soft photons
in a bath of “hot electrons” (e.g. Maraschi & Haardt 1997).rigaons to these basic
models depend on the energy distribution of the electroddfair location in relation to
the accretion disc.

Measuring both the primary continuum and its ctitenergy is therefore crucial for
understanding models and discriminating between them.aXthe photon index distri-
bution has been well investigated (Matt 2001), observaticgsults on the cutfbenergy
have so far been limited by the scarcity of measurementseah®20 keV, with most
of the information coming from broad-band spectra providgdhe BeppoSAiéatellite.
Analysis of type 1 and 2 AGN (Perola et al. 2002) gives evideotca wide range of
values for the cut-b energy, spanning from 30 to 300 keV and further suggestssilyges
trend of increasing cutfbenergy as the power law photon index increases. However, it
is not clear if this &ect is due to limitations in the spectral analysis or if itngrinsic to
the sampled source population. DirédiT EGRALmMeasurements nowffer the opportu-
nity to obtain further observational results on the primaosytinuum and the high energy
cut-off, providing more refined parameters for AGN modelling.

The analysis will mainly focus on the study of the primary tonum cut-df energy.
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Reprocessing features will also be investigated, althaumghin depth, while features
occurring at low energy (such as the eventual soft excessaomvabsorber present in
some sources) will not be studied. The sample used in thewwlh analysis comprises
27 type 1 sources present in the complete AGN sample, witlexbkrision of Narrow
Line Seyfert 1s (for a detailed analysis of these objectdtadizia et al. 2008) and Broad
Line Radio Galaxies, discussed in the previous chaptery @m source of the complete
sample has been excluded from the analysis, that being 40+Q51 for which no X-ray
measurement could be found in public archives.

7.2 Broad-Band Spectral Analysis

7.2.1 The Broad Band Continuum: First Approximation

Following the approach adopted in the previous chapterptbad-band analysis of
radio quiet AGN is performed over the restricted energy bbid 0 keV, since the study
of low energy features is beyond the scope of the preseristHegshe same way as done
in the study of radio loud objects, the first step in the analgensists of a simple fit,
i.e. a power law absorbed by Galactic column density. Isiciabsorption and iron line
components are then added to this model, each time perfgrannF-test to asses the
statistical significance of the added component and to geoaibasic model describing
the overall spectral shape at least to a first approximation.

This baseline model, whose parameters are reported inTahlprovides a good rep-
resentation of the data in a significant number of sourcesaase seen from figures
7.1 to 7.13, where data to model ratios are shown; Galactimuo densities are taken
from Dickey & Lockman (1990) and are reported in table 7.2wdeer in the cases of
NGC 3783, MCG-06-30-015 and MR 2251-178, although the muulelata ratios are
quite acceptable, the power law slopes found are flatterttih@se generally reported in
the literature (see Vaughan & Fabian 2004 for MCG-06-30:@M&Rosa et al. 2002 for
NGC 3783; Orr et al. 2001 for MR 2251-178). Indeed, if the $f@eof these objects are
fitted only in the 3-5 and 7-10 keV energy range (as suggesteii$tance by Vaughan
& Fabian 2004 for MCG-06-30-015), so as to ignore all thosgures occurring at low
energies (i.e. warm absorber and soft excessjoarikdose occurring around 6 keV (such
as the presence of a relativistic iron line), the slopes doae in better agreement with
the results presented in the literature (I'e:2.20 for MCG-06-30-015'=1.94 for NGC
3783,I'=1.78 for MR 2251-178). Therefore, for these three AGN thed# been repeated
in this more restricted energy range and the results repportble 7.2 and in figures 7.4
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and 7.13 right panel and 7.7 left panel. Note also that from o, all spectral modelling
for these Seyferts will be done over the 3-110 keV band. Nistethat MCG-06-30-015
is known to have a relativistic iron line that requires coexpiodelling to take into ac-
count the relativistic@ects (Guainazzi et al. 1999; Fabian et al. 2002; Vaughan &alRab
2004); this is clearly evident in the data-to-model ratidho$ source (see figure 7.7, left
panel). To take this evidence into account, a simple paréagbn of this feature has
been adopted in the form of a narrow Gaussian line, with gnengl width fixed to 6.4
keV and 10 eV respectively, pluslaor model inXSPEC to represent the relativistic iron
line (see table 7.3 for details). The fit thus obtained yieldseptable values (see table
7.3) similar to those reported in the literature (e.g. Vaugk Fabian 2004).

It is also evident from table 7.2 and from some of the ratias\sh that the basic model
adopted is not dticient for a good description of the data in few other casesekample,
despite the cut in the data at 1 keV, LEDA 168563 still showseexcess counts in the
data to model ratio (see 7.1 right panel); this soft excesssam has been modelled
(following Panessa et al. 2008 who analysed a similar detta$hough in a slightly
different energy range) with two power laws, one hardl(6) and one softl{(~3.8). By
modifying the baseline model in this way, the fit is much mareeptable (see table 7.4),
as are the ratios (see figure 7.16 left panel).

Furthermore, 3 objects in the sample, namely Markarian 6CM&51 and 4U 1344-
60, exhibit a very flat power law continuum and show significiviation at low energies
from the absorbed power law plus cold iron line model adopiddble 7.2; from the lit-
erature, it is known that all 3 sources are characterisedptex absorption, generally
modelled by one or more layers of cold absorbing materialloandor partially cover-
ing the central source (Malizia et al. 2003a for MarkariaDé;Rosa et al. 2007 for NGC
4151; Piconcelli et al. 2006 and Panessa et al. 2008 for 44-884. All 3 AGN require
one layer of absorption partially covering the nucleus; iarké&rian 6 and 4U 1344-60 a
second layer also partially covering the source is reqdesgtiile both NGC 4151 and 4U
1344-60 have also an absorber fully covering the emittiggre(see table 7.5 for model
description in each source case). The addition of these cpners in Markarian 6 and
4U 1344-60 highly improves the fit, the power law slopes agestr and the value of the
cross-calibration constants indicates a better matchdsstiK and gamma-ray data (see
table 7.5 and figure 7.14).

In the case of NGC 4151 though, despite having modified thelip@smodel to take
into account the complex absorber, the data still show axceants above 1 keV ex-
tending up to 3 keV. As described by De Rosa et al. (2007),sthisce displays a very
complex spectral shape in the 1-3 keV region of the spectsimog the treatment of these
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Name Complex Absorber  Soft Excess (PL or BB)  Broad Fe Line
LEDA 168563 - vV
Mrk 6 v -
IGR J07597-3842 -

FRL 1146

NGC 4151

MCG-06-30-015

4U 1344-60

IC 4329A -

IGR J16558-5203 v

L2 2 1 2 2

Table 7.1:Peculiar sources in the complete sample.

extra features is beyond the scope of this work, all datab8l&eV have been ignored
from now on, as done for MCG-06-30-015, NGC 3783 and MR 22B3:-1n doing so,
the simple power law plus complex absorption model yield$godly acceptable results
also for NGC 4151 (see table 7.5 and figure 7.15 left panel).

Also IGR J16558-5203 is found to require a layer of cold matgrartially obscuring
the central source (as already found by Panessa et al. 2008&)rathis reason the baseline
model has been modified accordingly (see table 7.5 and figtel&ft panel). Finally,
it is worth mentioning that GRS 1734-292 also displays wbaks like excess counts
at low energies (figure 7.9 right panel). However, this feaia not due to the presence
of a soft component, but to the fact that, while 8CAdata (when fitted alone) have a
very flat power slope, the ISGRI data are instead very steeptalthe presence of a high
energy cut-€, clearly evident even when the high energy data are fitted aisimple
power law. In fact, when employing a model that takes intamaat this cut-& energy,
the excess counts around 1 keV disappear (see next sedtorhis reason, the main
baseline model has been maintained for GRS 1734-292, wiithewaddition of any extra
component to model the data in the low energy region of thetgma. See table 7.1 for
a summary of sources requiring extra components with réspéiee baseline model.

The results reported in tables 7.2, 7.3, 7.4 and 7.5 allowséone preliminary con-
clusions on the general shape of the continua of the sournadgsed here. 10 out of 27
objects do not require any intrinsic absorption; 13 objeagglire an intrinsic column den-
sity at more than 99% confidence level and, as already mesttjghsources (Markarian
6, 4U 1344-60, NGC 4151 and IGR J16558-5203) require instéeeamimplex absorber.
This represents-15% of the sample of radio quiet AGN; a similar fraction (oneio
eight) is also found in radio loud objects. The Malues ares10?? cm?, except in the
four sources with complex absorption.

The Fe K line is detected in all sources at more than 99% confidenet; leg Gaus-
sian component was added to the fit in the cases of the sixtslgbserved by th&XRT
telescope, which is not sensitive enough to detect the cofdline at around 6.4 keV.
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Figure 7.1:Model to data ratios for IGR J00338122 and LEDA 168563. The model employed
is a simple power law absorbed by Galactic and intrinsicromlulensities plus a narrow Gaussian
component (in the case of LEDA 168563).

Also in the case of GRS 1734-292, observedASCA the Fe Kv line is not detected,
possibly due to the statistical quality of the availableaddthe iron line is found always
to be narrow (hence its width has been fixed to 10 eV to allovbé&dtrer constraints on the
line parameters), with the exceptions of 3 sources (IGR 903842, FRL 1146 and IC
4329A). In MCG-06-30-015 a narrow plus broad relativistielis required by the data.

In few cases (like that of IC 4329A) the residuals show sonmdssce of excess counts
around 6.%7 keV, indicative of the possible presence of a second ira however, since
these features are not the main objective of the present,\@aiknple parametrisation of
the Fe kx line has been adopted also in those cases where the presersecond Gaus-
sian feature around 7 keV is reported in the literature. We lshecked that the exclusion
of such features does not alter the results of the analygigedting their presence in a
few sources, but no significantftkrences were found in the fits with and without these
components.

The iron Ka line equivalent widths (EW) are generally found to span gdaange of
values from a few tens of eV to over 100 eV, note that in somes#se EW is close to
the capability limits of moderate resolution CCD instruntsdike XMM-Newton calling
in some caution in these cases.

The photon indices span quite a wide range of values, fro@tb.2.30 (in the case of
GRS 1734-292), with the mean power law slope being 1.80, avgtandard deviation of
0.20.

Finally a comment on the cross calibration constants: figuteé is a plot ofC; versus
C, for the simple power law model, which indicates a good matetwbenBAT and
INTEGRALdata. In a number of cases, however, these constants (batdiadually)
indicate a large mismatch between X-ray and high energyldety due to variability:
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MCG+08-11-011 Markarian 6
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Figure 7.2: Model to data ratios for MC&08-11-011 and Mrk 6. The model employed is a
simple power law absorbed by Galactic and intrinsic columnsities plus a Gaussian (narrow or
broad) component.
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Figure 7.3:Model to data ratios for IGR J07597-3842 and FRL 1146. Theehethployed is
a simple power law absorbed by Galactic and intrinsic colulansities plus a broad Gaussian
component.

s - MMMNMNNM} MHM % SN 5 - Wi J‘:;Md;;;g‘wwﬁlwﬁ*ﬁ-ijjf Jﬁ—%—
L 1 Tﬁ o e .
| | -+

channel energy (keV) channel energy (keV)

Figure 7.4:Model to data ratios for Swift J0917.2-6221 and NGC 3783. ffieelel employed is
a simple power law absorbed by Galactic and intrinsic colalansities plus a narrow Gaussian
component (in the case of NGC 3783).
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Figure 7.5:Model to data ratios for NGC 4151 and Mrk 50. The model emploigea simple
power law absorbed by Galactic and intrinsic column degsiilus a narrow Gaussian component
(in the case of NGC 4151).
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Figure 7.6:Model to data ratios for NGC 4593 and IGR J12415-5750. Theeahenhployed is
a simple power law absorbed by Galactic and intrinsic colalansities plus a narrow Gaussian
component.
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Figure 7.7:Model to data ratios for MCG-06-30-015 and 4U 1344-60. Thelehemployed is a
simple power law absorbed by Galactic and intrinsic columnsities plus a Gaussian (narrow or
broad) component.
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Figure 7.8:Model to data ratios for IC 4329A and IGR J16119-6036. The ehedhployed is
a simple power law absorbed by Galactic and intrinsic colulansities plus a broad Gaussian
component (in the case of IC 4329A).
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Figure 7.9:Model to data ratios for IGR J16482-3036 and IGR J16558-5Z0% model em-
ployed is a simple power law absorbed by Galactic and intrioslumn densities plus a narrow
Gaussian component.
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Figure 7.10:Model to data ratios for GRS 1734-292 and 2E 1739.1-1210.rideel employed
is a simple power law absorbed by Galactic and intrinsic roolwensities plus a broad Gaussian
component (in the case of 2E 1739.1-1210).
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Figure 7.11: Model to data ratios for IGR J17488-3253 and IGR J18027-14%6e model
employed is a simple power law absorbed by Galactic andsitricolumn densities plus a narrow
Gaussian component (in the case of IGR J18027-1455).
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Figure 7.12:Model to data ratios for 2E1853t1534 and NGC 6814. The model employed is
a simple power law absorbed by Galactic and intrinsic colalansities plus a narrow Gaussian
component (in the case of NGC 6814).

Figure 7.13:Model to data ratio for MR 2251-178 and MCG-02-58-022. Thelei@mployed is
a simple power law absorbed by Galactic and intrinsic colulansities plus a Gaussian (narrow
or broad) component.



7.2. Broad-Band Spectral Analysis -103-
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Figure 7.14Model to data ratio for Mrk 6 and 4U1344-60. The model emptbfige both sources
is a simple power law absorbed by Galactic column densitytawodayers of material partially
covering the central source plus a narrow Gaussian componen
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Figure 7.15:Model to data ratio for NGC 4151 (left panel) and IGR J16528& (right panel).
The model employed is a simple power law absorbed by Galectionn density and two layers
of material totally and partially covering the central smplus a narrow Gaussian component for
NGC 4151 and a simple power law absorbed by Galactic colunmsityeand a single layer of
material partially covering the central source plus a ni@Gaussian line for IGR J16558-5203.
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LEDA 168563 MCG-06-30-015
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Figure 7.16:Model to data ratio for LEDA 168563 (left panel) and MCG-08-@15 (right panel).
The model employed for LEDA 168563 is a simple power law absdiby Galactic and intrinsic
column density plus a second power law to model the soft exessssion and a narrow gaussian
component. The model employed for MCG-06-30-015 is a simppleer law absorbed by Galactic
and intrinsic column densities plus a narrow Gaussian commofixed at 6.4 keV and Baor
component to model the relativistic iron line.

for example NGC 6814 has extremely high value€ptindC,, but this is likely due to
the long term variability of the source which was alreadyesaed in a previous work
(Molina et al. 2006), wherASCAandINTEGRALdata were analysed together, showing
a flux change between the X-ray and gamma-ray observatiobafta factor of 16. It

is clear that in these cases the parameter values mightdmeal by this large mismatch
and have therefore to be treated with some caution. For eeaiting high value of the
iron line EW in NGC 6814 is probably due to this large mismateftween X-ray and
gamma-ray data.
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Figure 7.17:Plot of the cross-calibration constants between X- and Gairay dataC; is the
XMM/BAT cross-calibration constant aid is theXMMINTEGRALone. The 1 to 1€¢;=C,) line
for the constants is also shown. NGC 6814 has been excludetditfre plot (see text for details).



Spectral Fit Results: wag*wa* (po+zga)

Name NG Ny T Ejine o EW cy cy ¥° (dof)
(10?2 cm™2) (1072 cm?) (keV) (eVv) (eVv)
IGR J00333-6122 0.55 0.880% 1.76'030 - - - - 0.95097 18.4 (30)
LEDA 168563 0.54 - 1.9785? 6.41+005 10f 7416 0.80r014 1.56;8gg 2408.0 (1971)
MCG+08-11-011 0.20 - T 58% 6.41j858g 10f 125j2211 0.66_*8f35§ o.7oi8f%g 1095.9 (1264)
Mrk 6 0.06 1.40219 092~% 64{8% 10f 77" 0.22_*88g ozq%g 817.8 (554)
IGR J07597-3842 0.60 . 1.5%81 6.39_*838égt 1929 112?083 o.74:§1?§ 0.83_*81%1 470.8 (459)
FRL 1146 0.40 0.28%4 167" 8 6.33f§3§§ 110719 148§§§ - 0.61ﬁ8&8 509.2 (576)
Swift J0917.2-6221 0.19 0.4 73 1.56_*8:9‘21 - - - 0.43020 o.4sj83ﬁ 149.2 (124)
NGC 3783 0.08 1.63 ke 1.73_*8363 6.367001 10f 1009, o.79_*83ejg 1.01j83%9 1650.3 (1769)
NGC 415% 0.02 7.07_*%}?2 1.78:%}% 6.41j§5§% 10f ssfé 0.31j§f§£ 0.67_*%}% 2182.3 (1992)
Mrk 50 0.02 <0.12 1.949 - - - - 1.230 159.6 (157)
NGC 4593 0.02 - 1.8t 83 6.38004 10f 132032 110012 1.58;81% 759.6 (856)
IGR J12415-5750 0.30 - 1.5 05 6.59:83% 10f 102:% 0.66:83H 0.62:8&% 587.5 (682)
MCG-06-30-015 0.04 2.34023 2 20" 85 6.29;8388 35447 170j§§ 0.98:8:%2 1.58j8% 1347.8 (1328)
4U 1344-60 1.07 1.0 gg 1.29_*%}%% 6.411%33 10f 89j212 0.22:%}%% 0.31j§f§§ 898.3 (769)
IC 4329A 0.04 03407 179 01 6.477002 4438 21738 0.96700; 1.19_*8;82 1786.8 (1617)
IGR J16119-6036 0.23 - 1.§§ - - - - 5.11* 18.8 (17)
IGR J16482-3036 0.18 0.0804 1.60 gg 6.45j§;§§ 10f 101%1‘2 - 0.427*3;22 456.7 (496)
IGR J16558-5203 0.30 - 2.@% 6.49:00% 10f 1687/ - 2,720 698.3 (778)
GRS 1734-292 0.77 23@8%% - - - 2.670%2 3.96;%22 345.8 (113)
2E 1739.1-1210 0.21 1.91f8;8§ 6.27003 10f 47433 - 1.81f8;zgl 829.3 (871)
IGR J17488-3253 0.53 1.75508 - - - - 1.96°7 142.2 (137)
IGR J18027-1455 0.50 1.51t8;8§ 6.417502 10f 13635 - 2.16:8gg 824.5 (899)
2E 1853.%41534 0.39 1.84j831 - - - - 1.45j91§? 49.6 (47)
NGC 6814 0.13 - 1.81 §§ 6.381%:315% 10f 508j§§§ 13.95478 22.4@3-% 220.6 (237)
MR 2251-178 0.03 255571 1.7810 6.4@8:84 10f 46%8 1.62:93%8 1.82:% % 746.8 (863)
MCG-02-58-022 0.04 - 1.785; 6.33p0e 10f 720 0.8795;  898.7 (976)

901
*: analysed in the

3-110 keV energy range.

A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL

Table 7.2:Simple power law spectral fits.
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MCG-06-30-018" Spectral Fit Results: wag*wa* (po+zga+laorh)

NH
(10?2 cm™)

r Eine o EW Eline EW cy &3
(keV) (V) (eV) (keV) (eV)

x* (dof)

029
1.32 0%

0.03 6 0.04 34 0.I5 0.20
2100%  6.4f  10f 200 6.3800% 39r% 0870 1.330%

1304.9 (1328)

*: analysed in the 3-110 keV energy range.

1: the other parameters in th&OR model have been frozen tq§R=1.23, Royt =400y, i=30°, 5=-3.

A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL

Table 7.3:Simple power law fit for MCG-06-30-015.

LEDA 168563 Spectral Fit Results:wag*wa* (po+po+zga)

Nn Iy I Ejine o EW C’li\ CZB XZ (dOf)
(1072 cm™3) keV)  (eV) (eV)
- 37402 161007 6.4250°  10f 292 0.390%7 0.68073 1669.8 (1969)
A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL
Table 7.4:Simple power law spectral fit for LEDA 168563.
Spectral Fit Results: wag*wa*pcfabs*pcfabs* (po+zga)
Name [T N cfy NZ, cfz T Eie EW ch cB X2 (dof)
(10%2cm™?)  (10%2cm™) (10?22 cm2) (keV) (eVv)
Mrk 6 - 10.15220  0.54008 2.26041 0930011 3017645004 g5r25 86027 1.0110%8  565.1 (551)
2234 —Q. ) 0. 0. Q. -27 Q. Q.
4U 1344-60 1.19'&;21‘2 45.4qf§;§%‘ 0.47j8;8g 5.30:%22 0.56:%%2 2.01%33 6.411%%% 54t§‘11 0.50:%%% o.ssjggg 695.2 (765)
NGC 415% 5.887052 3105702 0.28:8:% - - 1.88:8;&% 6.4118;8i 55t 0.32507 0.7018;88 2056.2 (1990)
IGR J16558-5203 - 21.3%—;‘3 0.47"0 02 - - 218700  6.49°00° 789 - 2597030 610.6 (776)

*: analysed in the 3-110 keV energy range.
*: line width fixed to 10 eV.
A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL

Table 7.5:Partial covering plus power law spectral fits.
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7.2.2 The High Energy Cut-Gf

Next, a high energy cutfbin the power law has been introduced{*wa* (cutoffpl+
zga), tables 7.6, 7.7, 7.8 and 7.9). In 15 out of 27 sources a highggrcut-df compo-
nent is strongly required by the data (at least at 99% condiel@vel); IGR J18027-1455
and 4U 1344-60 require this component at 96% confidence, leuelonly in the case
of IGR J18027-1455 the high energy cui-& well constrained (see table 7.2 and 7.5).
IGR J12415-5750 requires the component at 89% confidenetded a lower limit on
E. is found. In the remaining objects, the addition of a cfitemergy does not yield any
improvement in the fit or the improvement is very marginal.niitheless, in five cases
(MCG+08-11-011, Mrk 50, IGR J16119-6036, IGR J16558-5203 and MIB&30-015)
lower limits on E could be calculated. The average ctitenergy is around 100 keV
with a standard deviation 6§64 keV. It is also interesting to note that, at least in some
cases, the values @f; andC, tend to be slightly higher when a cutt@nergy component
is added to the simple power law.



Spectral Fit Results: wag*wa* (cutoffpl+zga)

Name Ny T Ecut Eline o EW cy cy x° (dof) Prob*
(1072 cm™2) (keV) (keV) (eV) (eV)
IGR J00333-6122 0.855%5 17@9% NC - - - - ogaﬁé 18.4 (29) -
MCG+08-11-011 - 1.758;8% >451 6.41j§:§§ 10f 127;%2 o.qu;gé 07@8&8 1095.8 (1263) 27%
IGR J07597-3842 - 53 7152 6.3970 204113 133* 113053 142 44509 (458) >99.9%
FRL 1146 022005 15g08 4773 6.33j§3§§ 110;2@0 147j§z - 11888 500.8(575)  99.8%
; _ . . o _ _ 0.28 . 0,
Swift J0917.2-6221 0.3 g 1.37§§_§§ 46§§§ 0.5@8_%8 0.71%_%% 136.2 (123) 99.9%
NGC 3783 1.087055 15&8% 695°  6.36'091  10f 1017,  0.95710 14@@32 1620.1(1768) >99.9%
Mrk 50 <0.12 1.942 >25 - - - - 1.232 159.6 (156) -
NGC 4593 - 1.87-_18-8% 2103%8  6.38204 10f 13033 1.22:015 1.81’:8-‘21% 751.3 (855) 99.8%
IGR J12415-5750 - 1.5_%38% >68 6.60_8:% 10f 107:35 0.811835 0.80183%8 585.3 (681) 89%
IC 4329A 032001 175000 1203  64g005 43278 2158 116008 1w%81nuum&>%w
IGR J16119-6036 e 1688 .sp % % D ik 17.4 (16) 739
- - . . - - - - . . . 0
IGR J16482-3036 1.5igfg§ 60f§5; 6.4572%8  10f 9831 - 0.732%% 442.7 (495)  >99.9%
GRS 1734-292 1.38% 4072 - - - 095218  1.3370 166.2 (112)  >99.9%
2E 1739.1-1210 1.90§8595g NC 62808  10f 4822 - 1.79§85§§ 829.3 (870) -
IGR J17488-3253 1.58:8-% 191+282 - - - - 1.61j8ﬁ 134.8 (136) 99.3%
IGR J18027-1455 1.43%}%% 99%8 6.417052  10f 1293 - 2.92:%3% 820.4 (898) 96%
2E 1853.%41534 1.47% 53 - - - - 1.330 39.6 (46) 99.9%
_ 888 %6 0.20 235 511 08.5:{)7 0,
NGC 6814 1.698_92 7ot12_? 6.38;8_62 10f 429_*5 3> 16.30%11 2931310 206.7 (236) >99.9%
MR 2251-178 1.85088  1.63 15 9031t 6.3958;8 4 10f 44%% 1.82704 2.11t§;§§ 740.2 (862)  99.4%
MCG-02-58-022 - 1.7%-01 NC 6.33°0 10f 702 - 0.86:021  898.5(975) 36%

=005

B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL

*: analysed in the 3-110 keV ener_gy range.
A: cross-calibration constant betwe¥RTASCAXMM andBAT.

*: fit improvement with respect to table 7.2

Table 7.6:Cut-of power law spectral fits.
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MCG-06-30-015" Spectral Fit Results: wag*wa* (cutoffpl+zga+laor’)

NH T Ecut Eline o EW Eline EW ch co 2 (dof) Prob*
(10?22 cm2) (keV) (keV) (V) (eV) (keV) (eV
118033 2.040%7 >53  6.4f  10f 197 6.38007 39373 0.95077 160077 13025(1327) 88%

*: analysed in the 3-110 keV energy range.
f: the other parameters in thaOR model have been frozen tadR=1.231, RouT=4001, i=30°, 8=-3.
A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL
*: fit improvement with respect to table 7.3

Table 7.7:Cut-of power law spectral fit for MCG-06-30-015.

LEDA 168563 Spectral Fit Results:wag*wa* (cutoffpl+po+zga)

N I I Ecut Eine EW ch cB X2 (dof) Prob*
(10?22 cm2) (keV) (keV) (eV)
- 3.400% 145070 55> 6.420% 2771° 05307 1.060%  1656.4 (1968) >99.9%

*: line width fixed to 10 eV.
A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL
* fitimprovement with respect to table 7.4

Table 7.8:Cut-of power law spectral fit for LEDA 168563.

Spectral Fit Results: wag*wa*pcfabs*pcfabs* (cutoffpl+zga)

Name OZZTOT , 0212\1; , cfy 022‘&' , cfz r Ecut Eine EW ch cs x* (dof) Prob*
(A0F“cm™) (10 cm™) (107 cm™) (keV) (keV) (eV)

Mrk 6 - 8.893%2 0.500%9 2.12°037 0.92001  1.4707% 92793 6.4500%  64'5] 0.9702r 11702 557.4(550) >99.9%

4U 1344-60 1.02 ég 47.08;%’%3 0.4@%% 5.1@%}22 0.50j§f§§ 1.8@%% >86 6.41;%}%3 57j§ 0.46;%{?2 0.7&%5%2 691.2 (764) 96%

NGC 4151 51379 21707272 0.27:8;§§ - - 1.7618§g 276236 6.41j8;8i 5875  0.3T'p9; 0.68j8:9§ 2037.6 (1989) >99.9%

IGR J16558-5203 - 22.4851  0.47°0% - - 217002 >112 64902 T - 2770 610.0 (775) 62%

*: analysed in the 3-110 keV energy range.
#: line width fixed to 10 eV.
A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL
* fitimprovement with respect to table 7.5

Table 7.9:Partial covering plus cutfbpower law spectral fits.
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7.2.3 The Reflection Fraction

Finally, a reflection component has been added to the baselidel, in order to verify
its incidence on the overall spectral shape (tables 7.10Q, 7.12 and 7.13). The power
law has thus been substituted by fiexrav model inXSPEC, fixing the inclination angle
at 30 (i.e. a nearly face on geometry as expected for type 1 souaresthe cut-&
energy at 10 000 keV; the reflection fraction is parametras@=Q/2r. The reflection
component was allowed to vary between 0 and 2, since theiirerefuivalent widths are
found to be, for the majority of sources, around 100 eV andequently the reflection
parameter cannot have very high values; indeed for an EM140 one would exped®
to be~1 (George & Fabian 1991; Perola et al. 2002).

14 out of 27 sources require the reflection component at niname 99% confidence
level; howeverR is well constrained only in 2 objects, possibly due to theiohmf
boundaries for the parameter. In 4 sources the componeaqisred at more than 95%
confidence level, but among these it is constrained only iIlCNIG&51. The remaining
sources do not require this component or they require it awadonfidence level; in
these cases only upplewer limits could be found. In order to place some more geint
constraints on the reflection fraction, especially for thesurces which require the com-
ponent at more than 99% confidence level, the paranieteas left free to vary outside
the set boundaries. The fits return acceptable results ancktlection fraction is better
constrained for most sources (see last column of table ,7ek@gpt for the objects ob-
served by th&XRTtelescope, for which the poor data quality could play an irtgpd role
in not allowing a good constraint dR

Also in the case of GRS 1734-292, if left free to vary outside set boundarieR
returns very high values, despite the fact the there is ndeee for the presence of an
iron line in the data, but again this could be due to the feattttine source strongly requires
a low energy cut-fi. When considering NGC 6814, if the reflection fraction i$ fede to
vary above 2, its value is very high, likely due to the fact th@& source is highly variable
and that the cross-calibration constants and the reflepgoameter might be linked in
the fitting procedure.

The measured values & span a wide range within the allowed boundaries, with a
mean value of 1.44 and a standard deviation of 0.91, a litgledr than the value expected
considering the measured equivalent widths, found to beraillnd or slightly above 100
eV. It is worth noting that, while the cross-calibration stants are compatible with 1
(within errors) for most sources when employing a simple @okaw model or a cut4®
power law modelC,; andC, become smaller when the model employed isgberav.



Spectral Fit Results: wag*wa* (pexrav+zga), 0<R<2, E;=10 000 keV

Name Ny T R Eline o EW ch ¢33 ¥? (dof) Prob* R*
(10?22 cm2) (keV) eVv) (eVv)
IGR J00333-6122 0.85037  1.7670 NC - - - - 0.95§§;§é 18.4(29) - -
MCG+08-11-011 - 1.859; >178  6.412%  10f 9578 0.3200%  0.317 005 1016.2(1263) >99.9% | 247331
IGR J07597-3842 - 1.6 83 0.817239 6.39j8~8§ 15098 szi? 0.475% 0.5282% 463.8 (458) 99% -
FRL 1146 0.32005 183" 8 Lost 6.3z§3§§ <162 1073 - 0.35j8&2 503.3 (575) 99% | 1.90'193
Swift J0917.2-6221 0.4 X 1.72835 >0.95 - - - 0.23011 0.25j839? 142.1 (123) 98% 7.71@ﬁ
NGC 3783 1.55f05§§ 1.92%55% >1.20  6.369%1  10f 88's, o.5q§f§2 o.esjgfig 1622.9 (1768) >99.9% 1.72;§}§§
Mrk 50 <0.17 1.94% NC - - - - 1.2370 159.6 (156) - -
NGC 4593 - 1.92_1838g >1.21 6.3800° 10f 8936  0.53012 0.72:83?g 735.1(855) >99.9% | 2.94186
IGR J12415-5750 - 1.6 §§ >0.64 6.6@%}%% 10f 71% 0.34j§f§§ 0.30:%%? 578.8 (681) 99.8% 1.57%}%2
IC 4329A 039091  1.92 0 >1.65  6.38)5; 813 5575  0.517 05 0.61j8:8§ 1711.5(1616) >99.9% | 1.9833
IGR J16119-6036 - 1.833- NC - - - - 179 17.7 (16) 67% -
IGR J16482-3036 1.75jgf§§ >0.94  6.455%%  10f 7238 - 0.22:%3‘% 446.8 (495)  99.9% 2.27_*?3—305
GRS 1734-292 2.2470 >1.90 - - - 1.08221 142021 2506 (112) >99.9% 12.4q02~69g
2E 1739.1-1210 2.05j§;§§ >0.92 62753  10f 28128 - 1.01j§é§ 815.6 (870)  >99.9% | 1.94:0%°
IGR J17488-3253 1.75°% >0.17 - - - - 0.887 137.7 (136) 96% -
IGR J18027-1455 1.67:%%% >1.24 641092  10f 10935 - 1.15;%% 823.8 (898) 62% -
2E 1853.%1534 1.9470 >0.64 - - - - 0.707 44.1 (46) 98% -
NGC 6814 - 18900 -120 63892  10f 368225 6.39724 908525  2006(236)  99.9% 11.47:283
MR 2251-178 2.54°078 1.7&85?2 <0.52 6.4(3853?1 10f 4519 1.62;§f§§ 1.82:55?9 746.8 (862) - -
MCG-02-58-022 - 1.8;782:8% >1.71 6.3z§-§g 10f 43j%§ - 0.41f§§§ 844.5(975) >99.9% | 2.87°0%

*: analysed in the 3-10 keV energy range.
*: value of parameter outside set boundaries.
A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL
*: fit improvement with respect to table 7.2.

Table 7.10:pexrav model (=10 000 keV) spectral fits.
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MCG-06-30-015" Spectral Fit Results:wag*wa*(pexrav+zga+1aor*), 0<R<2, E;=10 000 keV
NH T R Eline o EW Eline EW ch co 2 (dof) Prob*
(10?22 cm2) keV) (V) (eV) (keV) (eV)
15670% 224007 114530 64f  10f 187 6.3200F 20597 0.6307 0.97°017 12926 (1327) >99.9%
*: analysed in the 3-110 keV energy range.
T the other parameters in th&OR model have been frozen tqiR=1.231, RoyT=4001, i=30°, B=-3.
A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL
*: fit improvement with respect to table 7.3.

Table 7.11pexrav model (E=10 000 keV) spectral fit for MCG-06-30-015.)

LEDA 168563 Spectral Fit Results:wag*wa* (pexrav+po+zga), 0<R<2, E;=10 000 keV

No I I R Eine EW ch cB X2 (dof) Prob*
(10?22 cm2) (keV) (eV)
0.34 0.06 0.06 15 0.08 012
- 36305 15900 NC 6420 2875 0440 065012 1669.0 (1968)  6/%

*: line width fixed to 10 eV.
A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL
*: fit improvement with respect to table 7.4.

Table 7.12:pexrav model (=10 000 keV) spectral fit for LEDA 168563.

Spectral Fit Results: wag*wa*pcfabs*pcfabs* (pexrav+zga), 0<R<2, E;=10 000 keV

Name [T N cfy N2, cf T R Ei e EW ch cB X2 (dof) Prob*
(10%2cm™?) (10?2 cm™3) (10?22 cm2) (keV) ev)

Mrk 6 - 9.94;‘%2431 0.55ﬁ§;§§ 2.27_*%% o.931§;gi 1.68{%&2 NC 6.451§;§§ 62725 0.74;§;§§ o.sejgjg 564.5 (550) 55%
4U 1344-60 1.19 5371 0.56'% 46.442% 0.452 2.020 <155  6.41% 53¢ 0.422 0.71:2 694.4 (764 65%
%2 T, OS0gg  M0Mam  0450n 2024y g 3y 02 OThey
NGC 415% 5.9044 29.80° "o‘i 0.27:8;9%1 - - 1.8918;8§ 0.147312 6.41j8:8% 54j67 0.3075¢ 0‘64:9392 2050.5 (1989)  98%
IGR J16558-5203 - 18.83303  0.3301¢ - - 22000 >012 649508 670 - 132412 607.4(775)  96%

*: analysed in the 3-110 keV energy range.
#: line width fixed to 10 eV.
A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL
*: fit improvement with respect to table 7.5.

Table 7.13:Partial covering plupexrav model (=10 000 keV) spectral fits.
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7.2.4 Constraining the Reflection Fraction and the High Enegy Cut-
oft

Lastly the sources spectra have been fitted with a up@wver law reflected from
neutral material, i.e. thpexrav model inXSPEC (see table 7.14, 7.15, 7.16 and 7.17 for
model description in each source case). IGR J088322, Mrk 50, IGR J16119-6036,
IGR J17488-3253 and 2E 1853.7534 have been removed from the analysis since the
quality of the data does not allow to employ such a complexehdswift J0917.2-6221
has instead been retained, despite been observed b§Rh¢elescope, because the use
of thepexrav model yields a significant improvement in the fit. The uppeurimbon the
reflection fraction has also been lifted due to some pagratases.

Although this model is not always the best representatich@®tata (it is the best fit
in 17 sources) and the errors are in some cases higher theavioys models, it has been
chosen for the following discussion because it allows a kaneous estimate of both the
reflection fraction and the cutfitenergy.

From the tables it is evident that 14 out of 27 objects have wedl constrained values
of R, while 6 have only upper limits. As far as the high energy aflitts concerned,
13 sources have well constrained values of the parameteyé lbwer limits and for 3
sources no constraint at all could be placed on it.

It is also interesting to note that in most cases the crokisradon constants between
XMM andBATISGRIare consistent (within relative uncertainties) with 1,igading that
flux variability at high energies is not very common in AGN @Benann et al. 2007). This,
however, is not true in some cases, such as LEDA 168563, whereross-calibration
constant betweeXMM andBAT is quite low, indicating that the source might have un-
dergone some change in its flux between the two observatlarfact, when fitting to-
gether theBAT and ISGRI data alone, the cross-calibration constant between the two
instruments is not close to one, indicating some varigbilithe same is observed in 4U
1344-60 and also in NGC 4151, which is well known to be vagalothC; andC, are
found to be less than 1 in MG&8-11-011, Swift J0917.2-6221, IGR J12415-5750, IGR
J16482-3036 and MCG-02-58-022; andC, are instead found to be much higher than
1 in the case of NGC 6814. It is in fact well known from the lgmre that this object
exhibits strong X-ray flux variability over short (hours;aBbert et al. 1994) as well as
long (days and years; Mukai et al. 2003) timescales. In antegaper (Molina et al.
2006), the cross-calibration constant betw@&CAandINTEGRALwas found to be 16,
with INTEGRALproviding a higher flux thaASCA In the present analysis, the constants
are found to be-8 (ASCABAT) and ~12 (ASCANTEGRAL, confirming previous re-
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Figure 7.18:Plot of the cross-calibration constants between X and Ganayaata;C; is the
XMMASCAXRT and BAT cross-calibration constant a@d is the XMM/ASCAXRT and INTE-
GRAL one. The 1to 1¢;=Cy) line for the constants is also shown. NGC 6814 has beendead|u
from the plot (see text for details). The constants refeh&épexrav model of tables 7.14, 7.15,
7.16 and 7.17

sults and also suggesting that between thelNWKEGRALobservations (the first one was
made between Feb. 2003 and Sep. 2004) andB&Emeasurement, the source might
have undergone once again a change in its high energy flug.also worth noting that
the present measurement and the one reported in Molina €2@06) are the first ones
not contaminated by a nearby Galactic source, confirminggtiesobserved flux variation
is entirely due to the Seyfert galaxy.

In figure 7.18, a plot of the cross-calibration constantsvben X-ray anBAT (C,)
and X-ray and ISGRIE,) data is shown, together with the 1 to 1 line between these two
guantities. Since some variances are expected bet@eandC,, due to diferences in
observation times and average fluxes obtgimegsured byBAT and ISGRI, the good
match betwee; andC,; is surprising and once again suggests that flux variabditgie
at high energies in AGN. Giving a closer look, we find howewane discrepancies due
to the fact that, whileéC, clusters around 1 (a sign that the spectral match betweeay X-r
and ISGRI data is quite goo@), clusters at a lower value of 0.6-0.7; this is an indication
thatBAT spectra may have some systematics when compared to lowegyeateta.

In the following section, a comparison with results presenthe literature is con-
ducted, using the parameter values obtained by employmg@dkrav model just dis-
cussed.



Spectral Fit Results: wag*wa* (pexrav+zga)

Name

N T Ec R EWT ch cs X (dof)
(10?22 cm2) (keV) (eV)

MCG+08-11-011
IGR J07597-3842

1.86092  >126 2.540%3 921> 0.34°007  0.34013  1012.2 (1263)
1.5603 70+39 0.02°087 sgig? 07608 0.05018 435.7 (458)

FRL 1146 0.28007 171 2 5g+194 1.31ﬁ§3§§ 127ﬁ§§ e 0.7118359 498.0 (576)
Swift J0917.2-6221 0‘4_%93 1.6@8&3 83j§1° <10.65 - 0.30016 0.37:8338 135.3 (122)
NGC 3783 1.16105§§ 1.75f§f§§ 98:25‘91 1.23;5;52 87j§1 0.6512% o.gzjgfgg 1605.3 (1768)
NGC 4593 - 1.920 5222 1.7t% 9137 0.600 0.830 732.4 (855)

IGR J12415-5750

16385 s67 185008 grd 04502 04182 5764 (681

IC 4329A 035300 187008 15251 700% 1870 085012 106017  1699.4 (1617)

IGR J16482-3036 01§% 16588 gp1E g splfh gy

0 53g0® 4390 (a05)

Q. -5 ~ 151 ) Q.
GRS 1734-292 >0.21 1.3@%%3 39f§°7 <0.84 - 0.93529 1.30%% 166.1 (111)
2E 1739.1-1210 0.1 ‘ég 2.05t8;?g NC 1.8I_*§:§§ 265’;33 - 1.02ﬁ8337g 815.5 (870)
IGR J18027-1455 0.3¢55 1.55t8;8% 192§§§7 0.90952 117j23f77 - 172003 818.6(898)
NGC 6814 - 1.898;08 116ﬁ§83 7.0412%3 315%&9 7.62§§;§é 12.52578  201.2 (236)
MR 2251-178 21595 1.8 %i 10975*  <0.35 45:%3 1.86"05¢ 2.16ﬁ§:§§ 740.6 (862)
MCG-02-58-022 - 1.8§§-02 NC 29079 45t - 0387005  856.3(975)

*: analysed in the 3-110 keV energy range.
f: line parameters fixed at value obtained with simple PL.
A: cross-calibration constant betwe¥RTASCAXMM andBAT.
B: cross-calibration constant betwe¥RTASCAXMM andINTEGRAL

Table 7.14 pexrav model spectral fits.

MCG-06-30-0158" Spectral Fit Results: wag*wa* (pexrav+zga+laor’)

NH r Ecut R EW EW ct co 2 (dof)
(10?22 cm2) (keV) ev) (eV)
148038 218010  >76 078025 21f) 312 072018 1.170%2  1296.1 (1327)

*: analysed in the 3-110 keV energy range.
f: the other parameters in thaOR model have been frozen tadR=1.231, RouT=4001, i=30°, 8=-3.
A: cross-calibration constant betwe¥MM andBAT.
B: cross-calibration constant betwe¥NMM andINTEGRAL

Table 7.15pexrav model spectral fit for MCG-06-30-015.
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LEDA 168563 Spectral Fit Results:wag*wa* (pexrav+po+zga)

NH Iy I, Ecut R EWT ch (¢33 ¥? (dof)
(10?22 cm2) (keV) (eV)
- 35002 149517 6337 <053 287 052013 10307  1656.8 (1968)

A: cross-calibration constant betwe¥MM andBAT.
B: cross-calibration constant betwe¥NMM andINTEGRAL

Table 7.16:pexrav model spectral fit for LEDA 168563.

Spectral Fit Results: wag*wa*pcfabs*pcfabs* (pexrav+zga)

Name @EOT N cfy NZ, cfy r Ec R EWT ct cs ¥? (dof)
(10%2cm™?)  (10%2cm™3) (10?22 cm2) (keV) (keV)

Mrk 6 - 8.1257%  0.49°010 2.04°081 0.91:002" 1 427020 gp+202 <1.22 572> 0.93920 11302 560.7 (550

4U 1344-60 1.02016 517258 050008 46.76}%’%%5 0.40E§3?§ 181020 S108 <080 572 04601 079018 6012 5764;

NGC 415% 528073 22.44}%%% 0.25j§f§g - - 1.77§8f8g 307245 <0.20 56;4231 0.30001 o.esjgfgg 2037.8 (1989)

IGR J16558-5203 - 1838517 0.3208 - - 220008 NC 22018 6851 - 1.2705%  607.4 (775)

*: analysed in the 3-110 keV energy range.
*: line parameters fixed at value obtained with simple PL.
A: cross-calibration constant betwe¥MM andBAT.
B: cross-calibration constant betwe¥NMM andINTEGRAL

Table 7.17:Partial covering plupexrav model spectral fits.
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7.3 Comparison with Previous Results

In order to check the validity of the analysis just presentied sample has been com-
pared to data already present in the literature, includisgthe Broad Line Radio Galax-
ies analysed in the previous chapter. In particular, the$itits are compared witbep-
poSAXobservations analysed over a similar energy range and gimgla similar model
to ours by Dadina (2007). It must be noted that not all thesesipresented in this thesis
have been previously observed by other instruments andthasome of them have been
studied over a broad energy rangeBgppoSAXAs far as these sources are concerned,
in the work by Dadina (2007) we find 12 of the AGN presented heasnely 3C 111,
MCG+08-11-011, Markarian 6, NGC 3783, NGC 4154, NGC 4593, MC&E08)15,
IC 4329A, 3C 390.3, S5 21181, MR 2251-178 and MCG-02-58-022.

As can be seen from figure 7.19, the photon indices obtaintdthe present analysis
are in good agreement with the values found by Dadina (2@Xcgpt for Markarian 6
and MR 2251-178, for which we find a very flat power law slopspalhen compared to
other work (Malizia et al. 2003a for Mrk 6, in which they fouhid-1.6; Orr et al. 2001 for
MR 2251-178 who found'~1.6); in the case of 3C 390.3 and S5 2186 Dadina found
flatter slopes than in our analysis (see previous chaptegpodl agreement is also found,
within the (sometimes) large errors, for the high energyattiand the reflection fraction,
although for some sources only upper limits are availatde {gure 7.20). However, in
one case, that of MC&08-11-11, a much higher value Bithan that found by Dadina is
obtained;R is also higher than the ones reported by Perola et al. (2002)BeppoSAX
observations (R1.09';%5%) and also by Matt et al. (2006) who analys¢ésIM data only
and found R1.51923.

As far as the other sources in the sample are concerned, &mftlhve already been
analysed by Panessa et al. (2008) using the same data-Beteshlaere, but in a broader
energy range (0.5-150 keV) and without the addition of B#T data. The sources
are LEDA 168563, IGR J07597-3842, FRL 1146, 4U 1344-60, |1G6432-3036, IGR
J16558-5203, 2E 1739.1-1210 and IGR J18027-1455 and bweratan conclude that
our results are wholly compatible with those reported inéRaa et al. (2008).
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Figure 7.19:The plot shows the photon index values obtained by Dadin@7P@singBeppoSAX
data versus the results presented here; the solid linesesea ratio of 1 for the two values Iof
The values are in good agreement except for MR 2251-178.
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Figure 7.20:The plot shows the high energy cuf-walues obtained by Dadina (2007) using
BeppoSAXdata versus the results presented here; the solid lineseqtea ratio of 1 for the two
values of Bt
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Figure 7.21:The plot shows the reflection fraction values obtained byil@@2007) using
BeppoSAXdata versus the results presented here; the solid lineseqtea ratio of 1 for the two
values ofR.
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Chapter 8

Implications of the X- and Gamma-ray
Studies and General Conclusions

8.1 Introduction

It is now widely accepted that the Cosmic X-ray BackgrounXBEis the product
of the integrated emission of point-like extragalacticrses, most of them now resolved
below 10 keV thanks to the survey studies conducted botKMi-Newtonand Chan-
dra. It has also been shown that most of the sources contribtgittyge CXB are AGN,
both unobscured and obscured (e.g. Barger et al. 2005)reedgl predicted by AGN
synthesis models (Comastri et al. 1995). However, whilewatdnergies the shape and
the intensity of the CXB is quite well understood (Hickox & Kavitch 2006), at higher
energies, around 30 keV or above, these quantities are leléstwdied and hence the
AGN contribution is less defined. Recent analyseBeppoSAXINTEGRALand Swift
data have allowed a better estimate of the CXB spectrum aboueV (see Ajello et
al. 2008 and references therein). All these measuremerge agth an early HEAO Al
result and are consistent within their systematic uncaiiees. Such consistency is not
present with data at lower energies, where the measuretrgpemay be up t0-40%
larger. Synthesis models need now to take this discrepamayonsideration.

According to AGN synthesis models (e.g. Comastri et al. 208éveral parameters
must be taken into account to describe the shape of the CXR2eaB® keV. These are
the covering fraction and the geometry of the cold denseemmonsible for the reflection
hump seen around 30 keV; the fraction of highly obscured AGbhipton Thick sources
with Ny >10?*cm2); the high energy cutfbobserved in the primary continuum emission,
the exact value of which, as already mentioned, is still nelt determined. Some recent
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models (Gilli et al. 2007) also propose the average poweplavton index (and its spread
in values) as another important parameter that needs torfsédewed when describing the
CXB.

It is therefore clear that the determination of these pataraever wide samples of
sources, and particularly over a wide range of energiesvéahad up to 100 keV and
beyond), is important in order to obtain a firm descriptiotha® AGN contribution to the
CXB and hence a better understanding of the accretion kistathe Universe. Broad-
band spectral analysis not only provides information orctitedf energy but also allows
the study of the reflection component. It must also be empbdshat broad-band spectra
are the only way to provide simultaneous information on @3N spectral components
and consequently a better estimate of the primary power kastgm index.

The determination of the slope of the continuum emission@NAand its high energy
cut-of, besides being a key element in CXB synthesis models, ieakntial for spectral
modelling of AGN, since these two parameters are deeplyetirtk the physical charac-
teristics of the Comptonising region around the centralleus: Although broad-band
measurements of AGN have been made in the past, mainly vatBeppoSAi&atellite
(e.g. Perola et al. 2002 and Dadina 2007), these were for tst part related to X-ray
bright AGN and did not pertain to a complete sample of sourltethis work we attempt
to do this analysis for the first time using a hard X-ray seldcdample of type 1 active
galaxies.

In this chapter the results of the analysis performed in ttnésis will be explored,
firstly by taking an overview look at the general propertiethe sample studied and then
by comparing radio quiet and radio loud sources. Finallydheple and its properties
will be discussed in the framework of spectral modelling &@IN contribution to the
Cosmic Difuse Background.

8.2 The Complete Sample: General Properties

In this section the mean properties of the complete sampbedid loud and radio quiet
type 1 sources will be explored. In table 8.1 a listis preseifdr the entire sample of type
1 AGN, with the results of the analysis performed in this theis terms of absorption,
photon indices, cut{d energies, reflection fractions and iron line equivalenttiagd The
cross-calibration constants between X-ray data and B&) &nd ISGRI C,) are also
listed. The values reported in table 8.1 refer togherav model, withR andE as free
variables (see also previous chapters).

The distribution of the intrinsic column densities, as neégd for all the sources in table
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Radio Quiet AGN-pexrav model

Name N r Ec R EW’ ch ct
(10?22 cm2) (keV) (ev)
IGR J003336122 0.8504° 1.76j§;§§ NC <1.15 - - 0.93§;§§
LEDA 168563 - 1.49 15 633 <0.53 28ﬁ§ 0.52,*5;815; 1-03,*8;%%
MCG-+08-11-011 - 1.853;88 >126 254233  92* % 0.348;88 0-3481%8
Mrk 6 compleX — 1.42 14 sz%gz <1.22 57;5% 0.9358;gg 1.1358; %
IGR J07597-3842 - L5005 7039 0.92t§;§§ 8973 0.78713 0-95f8;25
FRL 1146 0.2g°;g§ 1.71§8§3 sgjgl“ 131937 1278 - 0.71j8;§§
Swift J0917.2-6221 o.d_ﬁ& 3 1.6058;%‘ 83310 <1065 - 0.3091% 037014
Mrk 50 <0.12 1'948:88 >25 <1.76 - - 1.238; 3
NGC 3783 1.16937 1.75% 9879 1.23:06 g7l 5011 930
3 B8 gordis T B emb8E
NGC 415% comple 17799 307 <0.20 565  0.30"0: 0.65'

NGC 4593

IGR J12415-5750 - )
Y -5 -Q. —Q.

MCG-06-30-01% 1.48033 2.18" 18 >76 0.78;53% 31246 0.72*8&g 1.17*84gig

5082 o 0.85 +37 095 033
1.92 >222 1.77 91 0.60" 0.83"

43 P et o7g8E
4U 1344-60 complex 1.81’:8:8% >108 <0.80 57;%0 0'46:8&3 0.79§8€§
IC 4329A 035091 1.81 15251 0.70°03% 1813 0.85715  1.067
IGR J16119-6036 - 1.85%}%% >54 NC - - 5.11%%5
IGR J16482-3036 0.1§38 1.652 97158 153184 gordd - 0.38%
o 858 & 185 8 828
IGR J16558-5203 compléx 2.2058;% NC 220758 6873 - 1.27§8;§g
GRS 1734-292 >0.21 13@88? 39737 <0.84 - 0.93529 1'3Oi8:‘2‘8
2E 1739.1-1210 0.1 §§ 2.05j8:98 NC 181598 2638 - 1'028%
IGR J17488-3253 0.3: 1 1.59j8;ﬂ >118 <1.14 - - 1.638:;3
IGR J18027-1455 03¢5 155971 192257 0907050 11737 - 1.727
2E 1853.%1534 <0.39 1.41%%% 53;26935 <11.40 - - 1.33§?§9§
NGC 6814 - 1.80% 116293 7.041243 315217 7.62:287 12.525%
MR 2251-178 2.15984 1.6858%? 109t§§“ <0.35 45;% 1.86:@}%2 2.16:5%
MCG-02-58-022 - 1.8§§:02 NC 29019 45> - 0.38009
Radio Loud AGN-pexrav model
Name N r Ec R EW’ ch ct
(1072 cm2) (keV) (eV)
QSO B024%61 0.2#515 164072  >86 0560% 73775  0.850%5  1.120%
B3 0309411 - 1.9Q§f$§ 35% 3.481% 59;%2 - 6.89;%}%2
3C111 0.4653 1.73j8:g? 1267183 0.85°53) <30 04035 0523@3
IGR J13109-5552 <0.46 1'558%% >58 <5.1 - - 1.83%;gs
3C390.3 - 1.89j8;8% >300 0'6Q§3§§ 41jﬁ 0.95’:5% 1'01i8:§8
4C 74.26 0.14%02 1.79§8;% 100580 1.220%8 8853 0.48j%§ 0.86%;}
S5211681 <0.24 2'038:88 >85 <4.0 - 110037 1.96;8§8
IGR J2124#5058  complekx  1.5470: 9958 042237 <30 - 0.67015

A: cross-calibration constant betwe¥MM/ChandrgXRTASCAandBAT.
B: cross-calibration constant betwe¥MM/ChandraXRTASCAandINTEGRAL
*: analysed in the 3-110 keV energy range.
f: line parameters fixed at value obtained with simple PL.
*: the model employed iBag*wa* (po+pexrav+zga).
*: the model employed igag*wa* (bb+pexrav+zga).
*: see chapter 7 and 5 (IGR J2124058) for details on the complex absorbers.

Table 8.1:Spectral results for thegexrav model for all the type 1 sources in the complete sample.

8.1, shows a peak around Log(N-21-22, with the sources characterised by complex
absorption occupying the tail towards higher values @f (Ngure 8.1). Note that for
sources requiring complex absorption, the value of thénsitt column density is relative
to the layer with the highest covering fraction. The weight®eragé for the absorbing
column density is N=(3.24+0.08)x10?* cm2 (standard deviatior=4.2x10%? cm™2),

1Because in our results the errors on all the parameters gnenastric, to evaluate the error on the
weighted mean of the parameters, the arithmetical meareddriors has been used.
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Figure 8.1: Intrinsic Column Density Distribution for the sample arsgyg here. The dashed
histogram represents sources requiring complex absaorgo which the value of N with the
larger covering fraction has been used.

lower than the mean value of 3.980°2 cm2 found by Dadina (2008) for the type 1
sources listed in his work.

The distribution of the photon indices for the entire samplehown in figure 8.2,
where it can be seen that the majority of the sources fall énréimge 1.5-2.0. Indeed,
the weighted average photon index for the whole sample B:0.81 with a standard
deviation of 0.20. It is worth noting that this value is clasethe generally accepted
canonical photon index for type 1 AGN of 1.9. Our mean powerstope is also similar
to the value found by Dadina (2008), who employed the samesimaed in this analysis
but with BeppoSAXobservations of a sample of 43 type 1 AGN and found a mean value
of 1.89+0.03.

The mean value (excluding upper limits) for the high enengyatt is 104 keV (stan-
dard deviatiorr~64 keV); the distribution of values for this parameter shawtail ex-
tending to higher energies (see figure 8.3). Because of the &symmetry in the errors
on E, itis difficult to evaluate an appropriate error on the cfliteoergy. The value found
in the present analysis is lower than the mean value of-23keV found by Dadina
(2008) and also than the value provided by the mBappoSAXspectrum obtained by
Malizia et al. (2003b). Again this may be related to the féattthis study employs
for the first time a complete sample, whereas in the pastairsildies employed bright
randomly chosen AGN.

The sample has also been tested against the correlatiod byua number of authors
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Figure 8.2:Photon index distribution of the type 1 sources analysed.her
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Figure 8.3:High energy cut-f distribution for the type 1 sources presented here. Uppetdli
are represented by the filled magenta histogram.
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Figure 8.4: High energy cut-ff vs. photon index for both RQ and RL objects. No trend of
increasing cut-fi energy with highef" values is found.

between the photon index and the high energy d¢litFarst claimed by Piro (1999), it was
further discussed by Matt (2001) and Petrucci et al. (2a@k)ng advantage of the broad-
bandBeppoSAXobservations of AGN. At present, this correlation is stdbdted, since
previous work found that the two parameters are not indegrard the fitting procedure,
with I increasing as the cutffoenergy decreases (Perola et al. 2002).

Figure 8.4 shows a plot of the photon index versus the higihggneut-af, but no
evident trend is found between these two quantities. Theolise Pearson statistical
test to the two sets of data also returns a low correlatiofficeent ofr~0.23 (if upper
limits are ignoredr is 0.30); note that this test does not take into account tladive
uncertainties on the parameters values. Studying thehiiston in the parameter space
of these two quantities is also an indirect way of testing theresults of our analysis are
not strongly #&ected by the interplay betweé&rand E.

As far as the reflection fraction is concerned, the weightedm(excluding again
upper limits) found in this study is 1.88.14 (standard deviatiom=0.85), consistent,
within uncertainties, with the value of 1.28.11 reported by Dadina (2008); indeed, the
distribution of the reflection fractions shows a peak aro@n(digure 8.5), with a tail
extending to higher values & of up to 3. It must be noted, however, that there could be

2The square of the correlation d&ieientr is conventionally used as a measure of the association be-
tween two variables.
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Figure 8.5:Reflection fraction distribution for radio quiet and radauti objects. Uppg@ower
limits are represented by the dashed histogram.

few sources in the sample, like NGC 6814 and B3 03081, where a large value of the
reflection fraction may be the result of a large mismatch betwX-ray and soft gamma
ray data due to flux variability. The only other outlier witlspect to the main group of
AGN is Swift J0917.2-6221, for which, however, we only havease upper limit orR.
SinceR and the cross-calibration constant are strongly relatéugfitting procedure, it is
important to test if a correlation exists between these tuangjties. Indeed, from figure
8.6 (upper panel) it can be inferred that a correlation betwibe reflection fraction and
the cross-calibration constant exists, as also suggegtagdlying a Pearson test to the
parameter space of figure 8.6 which returns a strong caoeleddficient ofr~0.83 (not
considering upper limits). However if NGC 6814 and B3 08921 (and all the upper
limits) are removed (see figure 8.6 lower pandhecomes--0.44, implying that the two
sources are those providing a high value .ofurthermore, if all upper limits are taken
into account, them~0.43, with NGC 6814 and B3 038911 included, and--0.39 with
them removed. This suggests that at most a weaker correlatpyesent and the estimate
onRis not too dependent on the value@f

A correlation was also searched for between the photon iaddxhe reflection frac-
tion. Zdziarski et al. (1999) proposed that such a corretatiight be explained assuming
that the cold medium, responsible for the reflection andosumding the corona,fiects
the hardness (i.e. the slope) of the X-ray spectrum. In tAisméwork, the soft photons,
emitted from the cold medium and irradiating the X-ray seuserve as seeds for Comp-
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Figure 8.6:Upper Panel reflection fraction vs. cross-calibration constant betwe-ray and

IBIS data.Lower Panel a zoom of the plot for small values &
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ton upscattering. This implies that the larger is the satigla subtended by the reflector,
the stronger is the flux of the soft photons and therefore tfuager the cooling of the
plasma. In the case of thermal plasma, the larger the cobiireged photons, the softer
the resulting X-ray power law spectrum. A correlation bedn andR has also been seen
by Petrucci et al. (2001), who, employingaxrav model, confirmed that the higher is
the temperature of the corona (which is directly linked dtsdhe cut-d¢f energy), the
larger is the reflection fraction. However, these authasné also that using afiierent
model that takes into account anisotropic Comptonisatiatrend is reversed and larger
reflection corresponds to lower temperatures. Besideswbgarameter® andI” are
strongly linked in the fitting procedure and therefore adrénthe parameter space may
not be entirely physical. Figure 8.7 is a plotRivs. I" for our set of AGN; the Pearson
test applied to the two datasets (excluding upper limitshengarameters) gives in our
case a small correlation ciheient of ~0.21, which becomes even smaller if upper limits
are considered £0.05). This is contrary to what found by Dadina (2008) whonfo@a
correlation betweeh andR. We have also looked for a correlation between the reflection
fraction and the high energy cuffqsee figure 8.8) by applying again the Pearson test
to our data: the correlation cfigient is~-0.17 (with and without considering the upper
limits onR and E), again indicative of no correlation between the spectaaameters.

We can therefore conclude that we do not find any evidencedioelations between
the various spectral paramet@i,sR and E, an indication this that the interplay between
these quantities does not have an important part in theditimd has not introduced
spurious relations in our analy3is

The distribution of iron line equivalent widths is shown igure 8.9; the weighted
mean value of EW is 644 eV (0~77 eV), Indeed, if the iron line emission is entirely
associated with the optically thick material of the diskeamould expect the line EW to
correlate with the reflection fraction. Figure 8.10 showsc pf Rvs. EW for the entire
sample; the Pearson test applied to these two sets of datadarg upper limits, returns
only a correlation ca@cient of ~0.41 (if upper limits are considereds 0.46), suggest-
ing, if anything, a very weak correlation. In some casespagr/ed in B3 0308411 and
4C 74.26 for RL sources and MG®8-11-011, 2E 1739.1-1210 and MCG-02-58-022 for
RQ objects, the observed iron line EW is too small for the ctifted measured: a possible
explanation resides in the scatter expected in the EW valueso a variation in the iron
abundance, or to a possible anisotropy of the source se¢dngwhich might &ect the
observed spectrum (Petrucci et al. 2001; Merloni et al. 2006r a given value oR, the
EW could also dter according to the value of the power law photon index: up=a,

3Unless our errors on each parameter are large enough to magkgsical or systematidfect.
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Figure 8.7:Upper Panel reflection fraction vs. photon index for the AGN in our samplower
Panel a zoom of the plot for low values d&. Swift J0917.2-6221, B3 032111 and NGC 6814

have been excluded.
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Figure 8.8:Upper Panel High energy cut-ff vs. the reflection fraction for the complete sample
of type 1 AGN.Lower Panel a zoom of the plot excluding source with very high R (NGC 6814

and Swift J0917.2-6221).
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Figure 8.9:1ron Line Equivalent Width (EW) distribution. RQ source® aepresented by the
empty histogram, while RL sources by the filled magenta bistm

the EW decreases as the spectrum steepens, while Bb@uee trend is reversed (Perola
et al. 2002; Mattson, Weaver & Reynolds 2007). B3 08081, 4C 74.26. MC&08-
11-011, 2E 1739.1-1210 and MCG-02-58-022 have all steegtrspand so a lower EW
than expected on the basis of the measwRadlue is not surprising. It is also worth
mentioning that in the sample presented here, we found tbat sources have narrow
Fe Ka lines, with only~15% of the sample requiring a broad line. This fraction isdow
than the one found by Guainazzi et al. (2006) for a sample dfl &Bserved byxMM, in
which at least 25% of the objects require a broad iron line.

8.3 RL and RQ Sources

In the following the distribution of the fit parameters of Ratloud (RL) and Radio
Quiet (RQ) AGN presented in this thesis will be discussed (able 8.1).

The power law slopes are found to be similar for both type afrses. Only one
BLRG, i.e. IGR J2124¥5058 (see chapter 5), is found to require complex absorption
in the form of two layers partially obscuring the central #mg region; this source has
also a very flat power law continuufi£1.54). Up to very recently, the only other BLRG
known to show a similar spectral complexity regarding apson was 3C 445 (Sambruna
et al. 2007), for which three layers of cold material wereuregfl to model the spectrum.
Amongst radio quiet AGN, 4 sources (Mrk 6, 4U 1344-60, NGCHahd IGR J16558-
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Figure 8.10:Upper Panel Reflection fraction vs. Equivalent Width for RL and RQ sasc
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5203) are instead characterised by complex absorptioheiform of one or more layers
of partially covering material, but only one, i.e. Markari@, exhibits a flat power law
continuum ['=1.42). The intrinsic absorption measured in BLRG is gethesahall or
absent £2x10?! atoms cm?), except in the cases of 3C 111 and IGR J21B058; in
3C 111, however, the extra absorption is probably due toviateng material between us
and the source (Unger et al. 1985).

A similar result regarding absorption is also found for thdio quiet type 1 AGN
analysed here: intrinsic column densities are generallgllsmith some of the sources
not requiring any form of absorption at all. The exceptiore those sources requiring
complex absorption, where the measured column densitieseegh orders of #8-107
atoms cm?. It is interesting to note that complex absorption is foumtath populations
and in similar proportions~15% in RQ sources and12% in RL AGN). The analy-
sis performed here suggests that objects with complex ptisorare present within the
population of broad line AGN, independent of them beingaagliiet or radio loud.

As far as BLRG are concerned, Grandi et al. (2006) found exieén their data for
a correlation between absorption and radio core domina@b®, (with more absorbed
objects showing lowe€D values. The data presented here do not show such a trend;
there is also no indication of a correlation between phobaiex or absorption anddx*
using both RQ and RL objects.

As already described in the previous section, the high gnewdrof spans a wide
range of values froma30 up to~300 keV, both for radio quiet and radio loud objects, as
already found in other works on radio quiet AGN (e.g. Molinak 2006 and Panessa
et al. 2008), showing that under this aspect the two pofuiatbehave in a similar way.
For BLRG, the possibility of a correlation between the higlergy cut-d¢f and the core
dominance or the | ratio has also been explored, but no trend could be foundhése
parameters.

As far as the reflection fraction is concerned, in BLRG vewy l@lues for this com-
ponent, typically below 1, are found, except in two casesglg B3 0303411 and 4C
74.26); as expected in these sources, the EW of the irondig&@0 eV. In radio quiet
AGN, on the other hand, generally higher values (around oveld) of this parameter
are found, with some sources displaying reflection fragtibigher than 2, despite the
measured EW being around or below 100 eV in most cases.

As shown by the results reported here (see table 8.1) andeedglobserved by a
number of authors (for instance Grandi et al. 2006 and Samabetial. 1999), the repro-
cessing features in BLRG tend to be, on average, quite wetdikrespect to their radio

4Note that l,;x has been defined in chapter 6 asitHz/L 20-10ev
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quiet counterparts. In the EW vs. reflection plot shown inrgg8.10, it is evident that
radio loud AGN are more confined to a region of the plot charsxd by low values of
EW and to a lesser extent Bf whereas radio quiet objects tend to be more spread over
both axis. This evidence does not seem to be related to tieeaak dominance, suggest-
ing that any dilution of the reprocessing features in RL ofgjeat least for those studied
in this work, is not caused by the presence of a jet. Sinceltiserwed dierence is not
striking, an accretion flow origin for the Jamma-ray emission is a likely explanation
for the production of the reprocessing features in the Rlrcmistudied here; this agrees
well with some of them being classified as FR |l sources, i BLRG most closely
resembling radio quiet AGN (Evans et al. 2006). Within thesrgrio, it is still possi-
ble that a diferent geometry aridr accretion flow #iciency involving the disk provides
the condition for weaker reflection components in BLRG. Altdively, weak reflection
features might be the result of reprocessing in an ioniseckion disk, as suggested by
Ballantyne, Ross & Fabian (2002); this would alleviate teechfor a change in accretion
disk geometry and provide a more similar environment fohlvatio loud and radio quiet
AGN.

8.4 The Complete Sample: Spectral Modelling

Determining the photon indices and cut-energies of a large, complete sample of
AGN is very important for spectral modelling. So far, modeés/e generally focus on
how to reproduce and explain the observed primary continulirgood fraction of the
proposed models ascribe the power law to the inverse Consptiitering of soft photons
off hot electrons. Variations to this baseline model dependhenenergy distribution
of these electrons and their location in relation to the etcmn disk, often a hot corona
above the disk. Within this scenario, the power law photaleinand high energy cutfo
are directly linked to the temperature and optical deptthef@omptonising hot plasma.
Knowing these two quantities can therefore provide vitéimation for understanding
all the characteristics of the plasma near the central endihe values of and E are
linked to the Comptonising hot plasma temperaturg&id optical depth, according to
the relation proposed by Petrucci et al. (2001):

9 mc2 " 3
R FR = e B e

The plasma temperature KiE estimated as kEE./2 if 7<1 and KTe=E.¢/3 if 7>1.
In our sample the mean value of Eis ~104 keV, with most objects falling within the
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range 50-150 keV; thus the observed rangegfilnplies a range of plasma temperatures
from 20 to 80 keV. Equation 8.1 (solved for both low and higluea ofr and E; and
assuming our average value I6£1.86) has therefore acceptable solutions+on the
range 2 to 5. These results are in good agreement with whabpety found for a small
sample of Seyfert 1 galaxies studied by Petrucci et al. (2800 indicate that the plasma
has a typical temperature of (580) keV and is not too thickrk5). Available models
should be able to explain and cover the observed range aévalu

8.5 The Complete Sample: Cosmic Buse X-ray Back-
ground

A fundamental input parameter for CXB synthesis modelseshitoad-band spectral
shape of type 1 AGN. The main spectral component is, as we foavel, a power law
with an exponential roll over at high energies. The averémmesof the power law compo-
nent is generally taken to lie= 1.9, mainly from observations performed at low energies
or, over a broad band, [BeppoSAXthere seems to be no significant redshift dependence
of I" up to high value of z. Up to now the dispersion around this npFaoton index value
has generally been neglected=0), but recently Gilli et al. (2007) have shown that the
modelled CXB spectrum can be hardened, especially nead ke\3 peak, by accounting
for a dispersion in photon indices. Choosing af 0.2 (forI'=1.9) increases the 30 keV
flux by about 16%, but still it under predicts the observed CXBarger dispersion would
provide a better match with the CXB data below 10 keV but exbaskground flux above
10 keV. Clearly the dispersion dfvalues becomes an important observational parameter
to measure. Since observations above 10 keV have been éeggeft up to now, due
to the lack of instrumental sensitivity, the cut-energy is, together with the reflection
bump, a parameter poorly constrained. While it is well knalat an exponential cutfo
must be present around a few hundreds of keV, in order notdiatei the present level
of the CXB above 100 keV, values of 200 keV and up to 500 keV Heaen used in the
past. This was mainly based &eppoSAXbbservations which indicate a relatively large
spread in Efrom about 50 keV up to about 500 keV (Perola et al. 2002; Dadid08).

A better constraint on Hs therefore a very important result for which modellers &BC
are waiting.

The characteristic hard slope and the 40 keV break of the CXigate, besides the
existence of heavily absorbed objects, the presence ofst #dme reflection in AGN
spectral energy distributions (SEDs), and CXB synthesidetwstypically use a reflection
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fraction R~ 1 (Gilli et al. 2007; Gandhi et al. 2007). Clearly the highwz teflection, the
less important becomes the contribution of Compton thickNA@Ghich are being found in
small percentage in the local Universe bothSwiftandINTEGRAL(Ajello et al. 2008;

Bassani et al. 2006).

Making the above choices of parameters and carefully adgighem by comparing
the model predictions with the really measured CXB spectitiis possible to reproduce
a self-consistent picture, where the CXB is simply due toitibegrated emission of ab-
sorbed and unabsorbed AGN; it is also evident that withis dielicate interplay between
parameters, a small variation of one of the parameter cdatgione or more of the ob-
servational constraints. A detailed modelling of the CXBhgsesults reported here is
beyond the scope of the present thesis, but clearly our déiah focussed for the first
time on a complete sample of AGN, are able to provide key médron on the AGN av-
erage continuum slope and dispersion and a better defirafitre other two parameters
used Rand E). We confirm that the primary continuum is a power law withpgan the
range 1.8-1.9 and having a dispersion of 0.2, while the ridledraction is around 1. All
these values have been adopted in the recent work of Gilli ¢2807), where however
a higher cut-f energy (200 keV) than obtained in this analysis has beenmressuThis
choice of E is basically driven by the intensity and the shape of the Cg&tum above
the peak, which cannot be exceeded. A higher d¢tienergy is not allowed (if the mean
and dispersion of the photon index distribution remain h@ @.2 respectively) because
in this case the contribution of unobscured and Comptam-AGN saturates the CXB
emission at 100 keV and underestimates the 30 keV peak byt 268t. When trying
to add Compton-thick sources to fit the 30 keV emission, th&@K100 keV is then
overestimated. A global fit to the CXB spectrum with highelues of E, for example
300 keV, can still be achieved but, in order to reduce the rnpaliction at 100 keV
with respect to that at 30 keV, one has to assume a null disieirs the photon index
distribution, which is at variance with what observed. Iswhaerefore concluded by Gilli
and co-workers that the average ctit-@nergy cannot be higher than 200 keV; in fact a
lower value, as we observe, would violate some of the congsrdiscussed above. On
the basis of what has been discussed, we therefore bel@#nthvalue of'=1.86 with a
dispersion of 0.2 and a cutfenergy with a narrow range of values around 100 keV could
provide a self-consistent modelling of the CXB. The impletation of the information
provided in this thesis is clearly very important for CXB slyesis models and represents
the following step of this work.
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8.6 Conclusions

This thesis presented, for the first time, the broad-bandtsgdenalysis of a complete
sample of type 1 AGN, detected BMTEGRALIn the hard X-ray band. This is a major
step forward in the analysis of the spectral features of AGNe previous studies mainly
focussed on small samples of X-ray bright type AGN.

In chapter 5, the peculiar Broad Line Radio Galaxy (BLRG) IGR 2445058 has
been analysed in depth. Archival radio observations havesithat this source, detected
for the first time at high energies BNTEGRAL, is a quite powerful radio source, with
two lobes extending from the central nucleus. Combined y{&MM and XRT) and
INTEGRALbroad-band spectral analysis has also shown the very peoaiure of IGR
J212445058. The source, in fact, is characterised by complex akisarin the form
of two layers of cold material partially obscuring the cahtmucleus, a peculiarity this
one that has so far been observed only in another Broad LideRzalaxy, i.e. 4C 445
(Sambruna et al. 2007).

In chapter 6, a subsample of seven BLRG has been investigatedd-band spectra,
obtained by combinin@handrg XMM and XRT data withINTEGRALdata, have been
analysed in order to understand thé&eliences, if any, between BLRG and radio quiet
AGN. Our analysis showed that the reprocessing featurestfie reflection component
and the iron line equivalent width) tend to be, on averagdequeak in BLRG with re-
spect to their radio quiet counterparts. ThiSetience is not, however, striking, suggesting
that jet emission, often taken as the maifietence between RL and RQ sources, is not
responsible for the observedi@drences. An accretion flow origin for theggamma-ray
emission is the more likely explanation for the productidthe reprocessing features in
the RL sources studied here.

In chapter 7, the broad-band spectral analysis on the remgaradio quiet type 1
sources has been performed. Also among radio quiet souredsmve found four AGN
requiring complex absorption, in the form of one or more fayef obscuring material,
suggesting that this characteristic may be common in thie tadd and radio quiet pop-
ulations.

From a general point of view, the results presented in thesithmay be summerised
as follows:

- Absorbing column densities are generally small or abseoth(for RL and RQ
sources), except in those cases where complex absorptieqused.

- The average photon index is 1.86, close to the generallgped canonical value
of 1.9.
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- The mean high energy cutias 104 keV, lower than the values found in other works
on broad-band spectra of Seyfert 1 galaxies. However, thesaf cut-df energy
span a wide range from 50 keV up to 150 keV.

- The average reflection fraction is close to 1, in line witeypous measurements
and with the assumed value for synthesis models of the CXB.

- The iron lines detected in our sources tend to be narrow wily 15% of the
sample requiring a broad Fe line. The EW are generally betavaund 100 eV, in
general agreement with the measured reflection fractiomsieSources, however,
display steeper power law slopes and lower than expectegyalf the EW. This
could be explained, for a given value Rf considering the value of the power law
photon index: up té'=2, the EW decreases as the spectrum steepens, while above
I'=2 the trend is reversed, as observed in our sources.

- The average cutfbenergy and spectral index provide an estimate on the tempera
ture and optical depth of the plasma where the hard X-raysamoriginates. The
temperature is about 50 keV and the optical depth variesimahge 2-5, implying
a not too thick Comptonising plasma.

- Finally, our result could provide a new self-consistetittsgarameters for synthe-
sis models of the Cosmic Buse X-ray Background.



Appendix A

Best fit plots for type 1 radio loud
sources.

In the following the best fit plots for the type 1 radio loud smes analysed in chapter
6 are shown.
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Figure A.1:Best fit plots for QSO B024462 (left panel) and B3 0303411 (right panel). The
model is a cut-fi power law absorbed both by Galactic and intrinsic columnsdgrfor QSO
B0241+62 and by Galactic column density only for B3 03@H.1, reflected by neutral material
plus a narrow Gaussian component describing the iron line.
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Figure A.2:Best fit plots for 3C 111 (left panel) and IGR J13109-5552hfriganel). 3C 111 is
best described by a cutigpower law absorbed by Galactic and intrinsic column dessitéflected
by neutral material. IGR J13109-5552 is best modelled bympls power law absorbed both by
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Appendix B

Best fit plots for type 1 radio quiet
sources.

In the following the best fit plots for the type 1 radio quietismes analysed in chapter
7 are shown.
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Figure B.1:Best fit plots for IGR J003386122 (left panel) and LEDA 168563 (right panel). The
model employed is a simple power law absorbed by Galacticinidsic column densities for

IGR J00333-6122 and a cut{d power law reflected from neutral material plus a second power
law to model excess counts at low energies and a narrow Gaussmponent for LEDA 168563.
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Figure B.2:Best fit plots for MCG-08-11-011 (left panel) and Mrk 6 (right panel). The model is
cut-of power law reflected from neutral material and absorbed bpcsalcolumn density plus a
narrow Gaussian line for MC&)8-11-011. For Mrk 6 the model is a cutt@ower law absorbed
by two layers of cold material partially obscuring the cahsiource plus a narrow Gaussian line.

Photons/cm? s keV

107

=l
=
o

10°°

10

10®

o
=

IGR J07597-3842

I
10
Energy (keV)

L
100

Photons/cm? s keV

=l
=
o

102

10+

10

10

)
=

FRL 1146

I
10
Energy (keV)
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