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Abstract

In this thesis I present the results from high-resolution X-ray spectroscopic observations
in the direction of Seyfert Type-1 AGN 3C 273, using RGS detectors mounted on XMM-
Newton. AGNs are currently one of the most investigated objects in the universe. With the
recent progress done in X-ray observations, mostly thanks to high resolution Chandra and
XMM-Newton observatories, many questions could now be answered or addressed from
a different perspective. Nonetheless, there is still a large number of questions to which
this thesis, and many other papers will try to find an answer to. Using the observations,
the recorded spectrum from 6 to 38 �A was analysed with several models for fitting the
continuum and distinct absorption and emission lines, provided by SPEX software package.
We show that power-law (Γ = 1.54±0.01) describes the basic continuum model sufficiently,
and is further improved by using ’warm’ Comptonisation (T ≈ 1.8 keV) to model the
soft X-ray excess. We identify several gas absorption lines occurring in three different
components of Milky Way gas, at temperatures approximately 0.5 eV, 10 ev, and 130 eV,
with varying velocities between -100 km/s and 500 km/s, which is in agreement with the
results obtained in previous studies of the source. We also identify broad emission lines of
O VII and Ne IX triplet, as well as O VIII Lyman-α emissions in broad line region (BLR)
of the AGN. We investigate the possibility of photoionised plasma absorption lines from
the AGN wind, but can only determine an upper limit of the NH . This limit is relatively
low, NH = 1.9+2

−1 × 1022 m−2, and therefore does not substantially improve the fit to the
spectrum, which suggest that there is no significant wind present in this radio-loud AGN.



Chapter 1

Introduction

1.1 Active Galactic Nuclei

Active galactic nucleus (AGN) is a name assigned to the central region of an active
galaxy, which is brighter than normal in luminosity over most parts of - and very often
over the whole - electromagnetic spectrum. The most luminous of the AGNs have a
specific name: quasars. The name comes from quasi-stellar radio source, which is how
those object were originally observed. They appeared star-liked when observed from the
Earth, but their red-shift indicated that they were much further away than any observed
star. Their immense luminosities are what enables us to investigate their properties. It
is a widely accepted theory, that their brightness originates from accretion of gas onto
the supermassive black hole (SMBH), found in the centre of every AGN. The inflows of
matter (gasses) towards the black hole are usually accompanied by outflows of matter and
energy in the form of winds of ionised gas, and in some cases powerful collimated jets of
matter of lengths of hundreds of thousands light years, moving at relativistic velocities.
The energy emitted by quasars, which usually ranges between 1036 and 1041 W, can be
detected at different wavelengths, from low energetic radio waves (high wavelengths) to
high energetic X-rays (small wavelengths).

Over the years, a collection of observational data and progressively more complex X-ray
astronomy missions, such as Chandra and XMM-Newton observatories launched in 1999,
led to the formulation of a Unified Model of AGNs. The model states, that the differences
in observed properties of AGNs, and different names assigned to them, can in most cases
be explained by different viewing angles of the observer. Even though this model is widely
used in the astronomical community, it is still not completely clear whether it can explain
all the observed differences between different types of AGNs (Pradhan and Nahar, 2011).
The model states that the central SMBH and its accretion disc are surrounded by an
optically thick torus, made of molecular gas and dust, which is heated by the radiation
from the accretion disc. Clouds within the torus and above the disk then reprocesses the
emission from the disc into the broad optical and UV emission lines, while the heated gas
clouds outside the torus give rise to narrow optical and UV emission lines. The region
where the former happens is known as broad line region (BLR), and the latter is known
as the narrow line region (NLR). Based on the type of lines observed, which will depend
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Figure 1.1: A sketch of a typical radio-loud AGN. It can be noticed, that if the AGN is
observed along different directions, the observed emission and absorption will be domi-
nated by different parts of the AGN. The abbreviations stand for accretion disc (AD),
black hole (BH) broad line region (BLR), narrow line region (NLR), quasi-stellar object
(QSO). Credit: Jovanović and Popović (2009)

on our viewing angle, different types of galaxies can be identified (see figure 1.1). If we
are looking directly down the jet, the AGN is called blazar, and the observed emission
will be dominated by the phenomena occurring in the jet. Observed emission lines will in
this case differ from an AGN observed side-on, called a Type-2 AGN, or Seyfert-2 AGN.
The intermediate step between a blazar and a Seyfert-2 AGN is a Seyfert-1 AGN. If the
emission lines from both BLR and NLR will be visible, then the viewer’s line of the central
region is not obscured by the torus, and we are talking about the Type-1 AGN. If our
view is side-on, the central region and the BLR clouds are hidden, and we are talking
about the Type-2 AGN. If in the AGN the jets of plasma emitted from the nucleus are
present, we call such AGN radio-loud, if not, radio-quiet. The AGN investigated in this
thesis, 3C 273, is a Seyfert-1 type of radio-loud AGN, also known as a broad-line radio
galaxy (BLRG).
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1.2 Theoretical background

1.2.1 Absorption and emission of X-rays

Two of the main concepts of this essay are the processes of absorption and emission.
As the names suggest, in the case of absorption an atom/ion absorbs a photon, and in
doing so it gains the energy previously carried by the photon, Eγ = hν, and an electron
’jumps’ to a higher energy level. The emission process is the reverse of that - an excited
atom/ion emits a photon, and in doing so an electron ’falls’ down to a lower energy level,
and thus the energy of the newly emitted photon, Ee − Eg = hν. If the photon hitting
an atom has enough energy to completely remove an electron from its shell, the atom will
undergo ionisation, and the excess energy from the photon will be used to increase the
atom’s kinetic energy (i.e. temperature). In the case that this incoming energy needed for
removing an electron comes from a highly energetic photon (e.g. X-ray), such process is
called photoionisation. A common way of referring to an ionisation state of a given element
in a spectrum is by using the symbol of an element, followed by a Roman numeral. By
convention, Roman numeral I is associated with the absorption or emission lines produced
by a neutral element (no electrons were removed from the element), Roman numeral II
indicates that 1 electron was removed from the element, III that 2 electrons were removed
and so on. If an element was ionised many times and only one or two electrons are
remaining, we call such elements hydrogen or helium like, respectively.

Even though the explanation of the very process that gives rise to the emission of
the X-rays in AGNs is still controversial (e.g. Uchiyama et al. (2006)), it is commonly
acknowledged that the mechanism responsible for emission of X-rays in the AGN is the
presence of a hot medium, which emits the radiation of higher energies. It is believed
that this medium is a hot corona of highly energetic electrons located near the accretion
disc, which can up-scatter photons that lie in lower energy UV/optical bands, into more
energetic X-ray band. This process is called inverse Comptonisation, and offers a solution
to the observed power-law shape of the continuum in the X-ray band. Apart from the
power-law component of the X-ray continuum of AGN, another component is needed for a
better fit - the soft X-ray excess. At lower energies, the spectrum is observed to be slightly
steepened above the extrapolated X-ray power-law. This property has been observed in
the majority of all observed AGNs, however the mechanism behind is still an active field
of research (see e.g. Done et al. (2012)) (see section 2.2).

1.2.2 AGN winds

Observations show that supermassive black holes play an important role on the evo-
lution of their host galaxies, and vice versa (e.g. Ferrarese and Merritt (2000)). The
outflows from the AGN may play a significant role in this relation, as they can impact
the environment and the star formation in the galaxy (e.g. Silk and Rees (1998)). One
of the essential parts of the outflows in AGNs are winds of photoionised gas, also called
warm absorbers. They imprint their absorption lines on the continuum, making it an
important part of the spectrum. Since the launch of XMM-Newton and Chandra many
new insights into the structure of these winds has been made, such as investigating wind’s
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ionisation and velocity components (e.g. Crenshaw et al. (1999)), and column densities
(e.g. Mehdipour et al. (2015a)). Nevertheless, there still remains many open questions
concerning winds, in particular their origin, their impact on the environment, and their
launching mechanisms. As the outflows ultimately arise due to the energy released form
the accretion processes, it is expected that their properties will in many ways reflect the
physical conditions of the accretion disk. However, it is still not clear which processes and
factors exactly govern the launch of those outflows. One of the suggested explanations
is that the ionised outflows could be AGN winds, thermally-driven from the torus (e.g.
Krolik and Kriss (2001)), or that they result as magnetohydrodynamic (e.g. Fukumura
et al. (2010)) or radiatively-driven (e.g. Proga et al. (2000)) winds from the accretion
disk. In particular the existence of ionised winds in radio-loud AGN with powerful winds
is rather uncertain, and poorly understood.

1.2.3 Hot gas in the Milky Way

Similarly as in the case of AGN and its winds, the hot interstellar medium (ISM) in
the Galaxy1 plays an important role in stellar feedback and regulation of the Galaxy’s eco-
system. Nevertheless, the origin of this hot gas in Milky Way is still not fully understood.
Since the path of radiation from 3C 273 (located at the Galactic coordinates: longitude
l = 289.951°, latitude b = 64.360°, (Johnston et al., 1995)) to the observatories in the
Earth’s orbit passes through Galactic ISM (see figure 1.2), it is important to take it into
account when investigating the absorption and emission lines. In particular, we will try to
determine whether the absorption and emission lines seen in the spectrum are due to the
processes happening at 3C 273, or in the ISM of the Milky Way. Due to the expansion of
the Universe, we can expect the lines from the AGN to be red-shifted, which will help us
to distinguish between AGN and Milky Way lines. Based on the angles and the numerical
data available for the lowest limit of the thickness of the disk of ISM (≈ 0.6 kpc (Rix
and Bovy, 2013)), and assuming that the earth lies relatively close to the Galactic plane
(± ∼ 20 pc (Blaauw et al., 1960)), we can estimate that the distance that the radiation
travels through the parts of Milky Way where absorption and emission happen is of few
kpc (as also confirmed by Marasco et al. (2013), which is about a 10−6 part of the entire
distance to 3C 273. Many papers cite this number to be of many orders of magnitude
larger, taking into account that the hot absorbing gas can kinetically be found up to few
Mpc around the Galaxy (e.g. Wang (2009)). Since we expect the ratio of column density
of the ISM in the Milky Way compared to the density of the intergalactic medium (IGM)
to be much bigger, namely in the orders of ∼ 1011, it is safe to assume that the Milky Way
absorptions will play a much bigger role than random absorption processes happening in
the IGM.

With the progress in the last two decades in X-ray absorption and emission high-
resolution spectroscopy (Chandra, XMM-Newton, and Suzaku (Mitsuda et al., 2007)),
the hot ISM in the Milky Way has become further understood - in particular its global
spatial, chemical, thermal and kinematic properties (e.g. Nakanishi and Sofue (2003)).

1We will take use of a convention that the word ’Galaxy’ when written with a capital ’G’ refers to the
Milky Way
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Figure 1.2: The direction to 3C 273 from Earth. Indicated are the numerical values for the
angles of the galactic coordinate longitude and latitude. The pictures and distances are
only symbolic and not to scale (3C 273 is almost 108 times further from us than the centre
of the galaxy, Sagittarius A*). Credit: numerical factors from Johnston et al. (1995),
pictures from J. Baum & N. Henbest, edited and labelled by myself.

The results are more or less consistent with the X-ray imaging of nearby similar galaxies
(Wang, 2009). Typical temperatures of the hot ISM gas are around ∼ 106 K, with the
presence of hotter, lower density clouds (which result in characteristic absorptions for high-
velocity clouds) not excluded from the model. The observed emission spectrum shows O
VII, O VIII, and Ne IX Kα lines, which strongly suggests the presence of hot optically thin
thermal plasma, with T ∼ 2.4× 106 K (Wang et al., 2005). Similarly, thanks to Chandra
and XMM-Newton, global-hot-gas absorption lines give us direct insight into ISM ions’
column densities, which in turn give us the information about the the mass of the gas,
and its kinematic, chemical and thermal properties.

Hot gas can serve as an enormous reservoir for stellar formation. Just in Milky Way,
with the current rate of stellar production it would take few Gyr to completely use up all
the material (Diehl et al., 2006). The star formation rate however only decreased by a
factor of 2-3 in the last few Gyr, which implies that the ISM gets continuously replenished
(Fraternali and Tomassetti, 2012). The main candidate explaining this phenomena is the
accretion from cosmological coronae (Marasco et al., 2013). There are several different
proposed mechanisms that be responsible for the heating up of the gas to high tempera-
tures, operating at different spatial scales, such as the dark matter potential well induced
accretion shock (≈ 250 kpc in the Milky Way), and outflows driven by the supernova
closer to the disk (≈ 10 kpc) (Miller et al., 2016).

Since the angle of the sight-line towards the 3C 273 is pointing towards the inner parts
of the Galaxy, (figure 1.2), another phenomenon needs to be mentioned and taken into
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consideration. It has been noticed that towards the inner parts of the Galaxy, a general
enhancement is shown in the X-ray background between 0.5-2 keV (e.g. Wang (2009)).
The enhancement results in significantly different thermal and kinematic properties of
the gas. By studying bright AGNs with similar Galactic latitudes but facing off the
enhancement, such as Mrk 421, it is possible to subtract the combined foreground and
background contribution, and determine the net X-ray absorption and emission resulting
from the enhancement towards the 3C 273 (Yao and Wang, 2007). Analysis show that
the average temperature of the hot gas in this direction is 2 × 106 K, and its dispersion
velocity 216 km s−1, which differ significantly for measurements done in the direction
opposite to the enhancement. The very nature of this enhancement is still a subject of
discussion, but it is probably a result of a combination of the outflow from the Galactic
nucleus, and a nearby superbubble. Away from this enhanced inner region, the Galactic
disk contribution is quite uniform. The Galactic disk contribution represents the hot ISM
as well as the contribution from the stellar emission.

1.3 Extremely powerful quasar 3C 273

In this thesis, the main focus will lie on the spectroscopy of the object in the constel-
lation of Virgo, characterised as the 273rd object of the Third Cambridge Catalogue of
Radio Sources (3C), or known simply as 3C 273. 3C 273 was the first identified quasar,
when in 1963, Maarten Schmidt recognised several of its well-known broad emission lines,
which had an unusually large red-shift for such a bright object (Schmidt, 1963). This
placed the object much further away from the Earth than originally postulated. The
latest calculated value of red-shift for 3C273 is

z = 0.158339[0.000067], (Strauss et al., 1992),

or approximately 2 billion light-years. This quasar is also the brightest one in the sky - its
absolute magnitude of about −26.7 (Greenstein and Schmidt, 1964), and average apparent
magnitude of m ∼ 12, 8 (obtained from NASA/IPAC EXTRAGALACTIC DATABASE
(NED), references therein), make it the only quasar (and the must distant space object)
that can be observed by amateur astronomers with small optical telescopes. Just like for
the case of other AGNs, the conjecture is that at its core one can find a supermassive black
hole. The mass of the SMBH at the centre of 3C 273 has been estimated to be between
MSMBH ∼ 108M⊙ and MSMBH ∼ 7× 109M⊙ (Espaillat et al. (2008), Paltani and Türler
(2005)), while the accretion-powered bolometric luminosity of 3C 273 was in previous
studies estimated to around 1047 erg s−1 ((Paltani and Türler, 2005). The observed flux
of the object was in the hard X-ray band (2-10 keV) estimated to be 7.87 × 10−11 erg
cm−2 s−1 (Piconcelli et al., 2005).

It is commonly agreed that the source of energy in quasars, such as 3C 273, is the
gravitational interaction between the SMBH and its accretion disk (Lynden-Bell, 1969),
however the details of the very process are still far from understood. Even though it does
exhibit some traditional spectral characteristics, previous studies have shown that 3C 273
is not a typical quasar - compared to others, it has a strong radio emission, including a
significant continuum emission from the jet at lower radio frequencies (Henry et al., 1984).
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Figure 1.3: A picture of 3C 273 with its continuous jet from the centre, taken by Chandra
X-Ray observatory. Such narrow jet of X-rays can stretch hundreds of thousands of light-
years in length. Credit: NASA/CXC/SAO/H.Marshall et al.

Spectral energy distribution (SED) analysis shows that even though in some ranges power
law is sufficient to describe the SED, over the whole SED it is not the most ideal (Perry
et al., 1987). Using RGS data we are fitting the SED between 0.3 and 2 keV, so we will
need both the power-law and the soft x-ray excess components.

Since its discovery and first characterisation in 1963, 3C 273 has been one of the most
investigated AGNs in all spectral bands, but it has reached its peak in popularity thanks
to X-ray absorption and emission line spectroscopy abilities of Chandra and XMM-Newton
observatories (Soldi et al. (2008); Jester et al. (2006)). In the past, there has been quite
some confusion and ambiguity about characterisation of 3C 273 as a blazar-type AGN,
but as the latest Chandra pictures (see figure 1.3) and observations confirm, the jet is not
pointing in our direction (Véron-Cetty and Véron, 2006). Moreover, its optical spectrum
is characterised as Seyfert 1 type (Veron et al. 2006 catalogue).

X-ray spectroscopy of 3C 273 started with the identification of 3C 273 as an X-ray
source by Bowyer et al. (1970) and Kellogg et al. (1971), with the detailed analysis of
observations following from various rocket and satellite based X-ray instruments, such as
EINSTEIN (Harris and Stern, 1987) and ROSAT observatory (Röser et al., 2000), and
later by Sambruna et al. (2001) using the calibration data from Chandra observatory.
In this thesis we will use the observational data from XMM-Newton Reflection Grating
spectrometer (RGS) (den Herder et al., 2001) observatory (see sections 1.5, 1.6).
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1.4 Power of high resolution X-ray spectroscopy

Before the advent of high-resolution X-ray spectrometers such as Chandra and XMM-
Newton, low-resolution and blurred edges were the only way to investigate X-ray absorp-
tion by ionised outflows. Thanks to their high-spatial resolution (Chandra) and unprece-
dented high-throughput sensitivity (XMM-Newton), we can now detect X-ray absorption
lines, which enable us to study ionised outflows even with weak absorption. Before the
launch of Chandra and XMM-Newton observatories, only the continuum could be ob-
served, such as the black body or power-law, as well as some broad edges. Now, the
obtained spectra can be studied into much greater detail, and can be further analysed
with more precise models. These satellites present a major breakthrough in space inves-
tigations - their high-spectral resolution do not only enable us to detect specific spectral
lines of the elements, but can consequently also provide us with useful information about
the structure and velocities of gases, while their higher effective areas enable us to detect
much fainter objects, much further away. Higher spectral resolution and high sensitivity
observations require spectral codes with high accuracy and reliability, in order to fit the
complex spectra of AGN, and model the absorption and emission lines of astrophysical
plasma. The software package called SPEX2, which we will use for modelling in this thesis,
has since 1992 been developed at the Space Research Organisation of The Netherlands
(SRON) (Kaastra et al., 1996) (see section 2.1).

2http://www.sron.nl/spex

Figure 1.4: A scheme of the XMM-Newton observatory with its parts tagged. On the Focal
Plane Assembly (FPA, right) are located the cameras - two Reflection Grating Spectrom-
eters (RGS), an EPIC PN and two EPIC MOS imaging detectors. Credit: ESA/XMM-
Newton
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1.5 XMM Newton

In December 1999, European Space Agency (ESA) launched the most sensitive X-ray
observatory ever put in space, X-ray Multi-Mirror Mission (XMM-Newton) (Jansen et al.,
2001), named after physicist and astronomer Sir Isaac Newton. The spacecraft equipped
with three high definition X-ray telescopes with high collecting area, is providing highly
sensitive and precise narrow- and broad- range spectroscopy of interstellar X-ray sources
(see figure 1.4). Since Earth’s atmosphere blocks out all the X-rays, in order to perform
meaningful and precise measurements we have to go beyond the atmosphere, which is what
was one of the main motivational factors behind launching XMM-Newton (and Chandra).
The detectors mounted on the satellite are two Reflection Grating Spectrometers (RGS)
(den Herder et al., 2001), an European Photon Imaging Camera (EPIC) PN (Strüder et al.,
2001) and two EPIC MOS imaging detectors (Turner et al., 2001). Using its high-quality
sensors, XMM-Newton can investigate spectra of cosmic X-ray sources with the upper
limit of flux of 10−15 erg cm−2 s−1, and perform medium-resolution spectroscopy over the
wavelength band between 5 and 35 �A (350 - 2500 eV), broad band imaging spectroscopy
between 1 - 62 �A (0.2 - 12 keV), and using its optical monitor, a simultaneous sensitive
coverage between 1700 and 6500 �A.

1.6 RGS - Reflection grating spectrometer

The cameras used in the analysis presented in this thesis are the two Reflection Grating
Spectrometers (RGS 1, RGS 2) (den Herder et al., 2001), mounted behind two of the three
Wolter I type mirrors nested on the XMM-Newton. They utilise about 53% of all the
passing X-ray light. Each of the two RGS consist of an arrangement of reflection gratings
that diffract the X-ray light into charge coupled devices (CCD) detectors (see figure 1.5).
The instrument enables high resolution measurements (E/∆E = 100 to 500) in the soft
X-ray band between 5 and 38 �A, (between 0.35 and 2.5 keV), with its maximum effective
area of 150 cm2 at 15 �A. The RGS was developed and constructed at Space Research
Organisation of The Netherlands (SRON).

1.7 Motivation behind this study

As already mentioned in the previous sections, there are major uncertainties around
the processes and factors influencing the production and launching of AGN winds, as well
as the hot gas in the Milky Way. By conducting this study, we wish to further investigate,
and check the validity of the previously known models for the structure of AGNs and the
properties of the hot gas in the Galaxy. Determining the origin and the physical structure
of the outflows as well as the warm absorbing Galactic gas, and understanding their role
in shaping the spectra and variability are crucial for a good general understanding of the
AGN and galaxy evolution. Being available for ’only’ the last two decades, Chandra and
XMM-Newton observatories are writing a new chapter of space explorations. Using their
data we can learn a lot about not only distant and powerful objects, such as AGNs, but
also about our very own place in the Universe.
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Figure 1.5: A scheme of the RGS sensor with its parts tagged. RGS composes of reflection
grating array (RGA) that diffract the X-ray light into CCD detectors. Indicated are the
numerical values for a few key dimensions and angles. Credit: Brinkman et al. (1998)
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Chapter 2

Spectral modelling in SPEX

2.1 Data reduction

The data that will be analysed in the following chapters of this thesis were retrieved
from the XMM-Newton Science Archive (XSA). Some of the numerical information about
the data can be found in the left half of the Table 2.1. For the data reduction we follow
the same procedure as described in Appendix A of the (Mehdipour et al., 2015b) paper,
where the reduction of XMM Newton data of NGC 5548 is described. However, here for
the stacking of the RGS spectra we use the rgscombine task of XMM Newton science
analysis system (SAS). From a total of 42 observations a single stacked RGS spectrum
was produced for spectral fitting. The data were taken with the Spectro+Q mode of the
RGS instruments.

As already mentioned in the previous section, we will be modelling data using a SPEX

package (Kaastra et al., 1996) version 3.04.00. SPEX is a spectral fitting command-line
based program designed specifically to fit high-resolution X-ray spectra of hot plasma.
The code includes several detailed models, which are able to describe and sufficiently plot
radiative processes in the X-ray band. In the calculations SPEX uses some predefined
cosmological parameters for luminosity computations, which are presented in Table 2.1,
together with information about the stacked RGS spectrum of 3C 273.

Using the reduced data, we can plot the observed spectrum, and apply a model to it,
one component a time. Namely, we would like to model the continuum, and the absorption
and emission lines on the spectrum. After importing the data in SPEX, we start by changing
the units and ranges of the axis, making them linear, and ignoring the parts where the
sensitivity and calibration of RGS is not reliable anymore (below 6 and above 38 �A). We
then bin the non-ignored data and define the cosmological distance of our object in terms
of red-shift z of our object of investigation. Now we can start investigating what the data
is showing. To explore that, our plan is as follows; firstly, we define general models that
fit the continuum shape; secondly, using Gaussian function model we identify the emission
and absorption lines, and find the wavelengths at which they occur; thirdly, from the list
of known absorption and emission lines we identify the ions producing these lines based on
their oscillator strength, and determine whether it is more likely that the absorption (or
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Basic information about the data Cosmological parameters in SPEX

Data energy range (keV) 0.31701− 3.0996 H0 (km s−1 Mpc−1) 70

Net source counts 3810600± 2090 Ωm 0.300

Net source count rate (counts/s) 1.9646± 0.0016 ΩΛ 0.700

Mean exposure time (s) 2.08826× 106 Ωr 0

Number of data channels 3511

Average integration time per channel (s) 2.08826× 106

Table 2.1: Basic statistical information about the data (left), and basic cosmological
parameters as defined and adopted in SPEX for luminosity computation in our modelling
(right).

emission) occurred in the Milky Way, or in the AGN; and lastly, we will attempt to model
the AGN winds with the appropriate SPEX model. Throughout the modelling, we will be
following the goodness of the fit of our model. This will be measured using C-statistics,
and after applying new models, or changing the parameters, we will compare the new
C-stat value with the old one, to show if, and how much, the model has been improved
(see table 2.7 at the end of this chapter, for an overview of the overall improvement of the
C-stat).

There is a couple of parameters that will not change throughout the modelling. First,
as already described, in all of our modelling we will use the same cosmological red-shift
value. Red-shift will not affect the lines produced within the Milky Way, however all
lines associated with AGN 3C 273 do need to be red-shifted. We do this by defining
a multiplicative model reds, which applies a red-shift z to a spectral component. For
example, for a photon emitted at energy E.

The second fixed parameter applies only to the Milky Way, namely the neutral Milky
Way absorption. When modelling the absorption in the Milky Way, we will use hot

model in SPEX. Hot model calculates the transmission of gas in a collisional ionisation
equilibrium. Given a temperature and a set of abundances, the model determines the
ionisation balance, and then calculates all ionic column densities based on the prescribed
total hydrogen column density. A lot of research has been done on the neutral absorbing
gas in the Milky Way, so we can use previously calculated values for the total Galactic
H I column density in the line of sight towards the 3C 273, NH = 1.79 × 1020 cm−2

(Willingale et al., 2013). Using this, all ionic column densities can be determined, from
which, by multiplying by the transmission of the individual ions, the total transmission
of the plasma can be calculated. To produce the transmission of a neutral plasma in
collisional ionisation equilibrium (such as the Galactic ISM), the temperature is set to 0.5
eV, which is the minimum allowed temperature for the model. (See Table 2.4)
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2.2 Continuum

We start by modelling the biggest and the most obvious part of the spectrum: i.e. the
power-law continuum. It has been shown that in the 2 - 10 keV region (and extending
up to 1 MeV), 3C 273 can be well-represented by a power law (e.g. Grandi et al. (1997)).
This power-law continuum follows from a non-thermal emission arising as a consequence
of the inverse Compton up-scattering of disk photons in a hot (Te ∼ 100 keV), optically
thin (τ ∼ 1) corona (e.g. Sunyaev and Titarchuk (1980); Haardt and Maraschi (1993)).
The photon flux F as a function of a photon energy E can then be expressed with the
power-law equation in the form

F (E) = AE−Γ. (2.1)

where we are fitting the normalisation constant, A, in units of 1044 ph s−1 keV−1 at 1
keV, and the photon index Γ of the spectrum. Using pow model in SPEX, we can fit the
power-law model to our spectrum. The best-fit parameters of the pow model are presented
in Table 2.2.

After fitting the power-law, we notice that the continuum cannot be fully fitted with
solely the pow model - namely, at lower energies the spectrum is slightly steepened above
an extrapolation of the power-law (see Figures 2.1 and 2.2). This feature is called the
soft X-ray excess, and since its discovery in 1985 has been observed in the spectra of
many AGN. This leads us to define another component of the continuum, which modifies
blackbody radiation by coherent Compton scattering, mbb model (Rybicki and Lightman
(1979), Kaastra and Barr (1989)). The very nature of this soft X-ray excess is still an
active area of research, and many different explanations have been put forward. Currently
the main four interpretations for the origin of the soft X-ray excess are (1) the high en-
ergy tail of the accretion disk’s thermal emission (e.g. Arnaud et al. (1985)), (2) blurred
relativistic photoionised reflection from the disk, as modelled by Ross and Fabian (2005)
(e.g. Crummy et al. (2006)), (3) remains of smeared ionised absorption in a relativistic
wind from the inner disk (e.g. Gierliński and Done (2004)), and (4) ’warm’ Comptoni-
sation, where the process is very similar to the one producing the power-law shape, but
relating to the corona of lower temperature and of higher optical depth (e.g. Magdziarz
et al. (1998); Done et al. (2012); Middleton et al. (2009)). The latter is probably the most
widely accepted one, and also an explanation we will make use of in this thesis, using mbb

model. A comparison of the plots and C-statistics, with and without this mbb modification
can be seen in figures 2.1 and 2.2.

The measurements of fluxes and luminosities of continuum of 3C 273 through SPEX

reveal the value of the energy flux to be 5.437 ×10−11 erg cm−2 s−1 and the bolometric
luminosity to be 4.017 ×1045 erg s−1 in the hard X-ray band (2 - 10 keV), which are
slightly lower than, but close to the values offered by Piconcelli et al. (2005) and Paltani
and Türler (2005) (and presented in section 1.3). The values for the energy flux and
luminosity for the soft X-ray bound (0.2 - 2 keV) are 7.302 ×10−11 erg cm−2 s−1 and
6.583 ×1045 erg s−1, respectively.
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Figure 2.1: A figure of the fitted model (red line), when the continuum is fitted only
with the power-law (pow) model (+ neutral hot model). The C-statistics for this fit is
8193.56/1612.14.

Figure 2.2: A figure of the fitted model (red line), when the continuum is fitted both with
the power-law (pow) and the modified black body mbb model (+ neutral hot model). The
C-statistics for this fit is 6084.01/1612.14.
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Table 2.2: Best-fit parameters of the continuum model of our spectrum.

Parameter Value

Primary power-law component (pow):

Normalisation (1E54 ph/s/keV) 1.056± 1

Photon index Γ 2.54± 0.01

Modified black body (mbb):

Normalisation (1E32 m0.5) 3.88± 0.2

Temperature (keV) 1.795± 0.05

2.3 Absorption line identification

With a continuum model set, we can now focus on smaller features of the spectrum.
Namely, we are interested in investigating the absorption (and emission) lines. By applying
the gaus component in SPEX, we fit the peaks and troughs along the spectrum, and identify
at which wavelength they are appearing in the spectrum. The gaus function is given by

F (E) = Ae(E−E0)2/2σ2

(2.2)

where F is the photon flux (in units of 1044 ph s−1 keV−1), E is the photon energy (in
keV), A is the line normalisation factor (units of 1044 ph s−1), and E0 is the central energy
of the spectral line (in keV). SPEX provides us with an option of defining the wavelength
(in the units of �A) instead of energy (in keV), to make the use for dispersive spectrometers
easier. Finally, σ represents the Gaussian width, which we can relate to the full width at
half maximum (FWHM) by FWHM = σ

√
ln 256. Using this method we identify several

of the strongest lines, and note down their wavelengths, normalization factors and FWHMs
(results given in table 2.3). An important thing to keep in mind is that if the absorption
happened at 3C 273, then the line as detected by XMM-Newton will be red-shifted. As we
already know the red-shift of 3C 273 we can calculate the intrinsic wavelength at which
the absorption happened, using

λ0,3c273 =
λobserved

1 + z
, (2.3)

where z = 0.158339[0.000067], (Strauss et al., 1992). Using the SPEX list of line wave-
lengths and their oscillator strengths for different ions, we can determine whether the
absorption line belongs to the AGN or the Milky Way. The strongest absorption lines in
the RGS spectrum are identified in Table 2.3 and labelled in Fig. 2.3.
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Table 2.3: The table of the biggest identified absorption lines, together with the identification whether the absorption occurred
at 3C 273 (and the line is red shifted) or in the Milky Way. λ0 for the 3C 273 was calculated using Eq. 2.3. The values of the
theoretical wavelengths and the oscillator strengths are from the atomic database of SPEX 3 (see the SPEX manual for more
details).

λobs = λ0 (if Galactic) (�A) Gaus Normalisation (1E37 ph/s) FWHM (�A) λ0 (if 3C 273) (�A) Galactic or 3C 273 Ion ID Intrinsic wavelength Oscillator strength

18.657+0.006
−0.007 −1.7± 0.2 0.07 ±0.03 16.107+0.005

−0.006 Galactic O VII 18.6288 1.46 ×10−1

18.969+0.006
−0.005 −1.4± 0.1 0.03 ±0.03 16.377+0.005

−0.004 Galactic O VIII 18.9725 1.39 ×10−1

21.607± 0.003 −2.6± 0.2 0.01+0.02
−0.01 18.654± 0.003 Galactic O VII 21.6019 6.96 ×10−1

23.10± 0.01 −1.1± 0.2 0.02+0.04
−0.02 19.943± 0.009 Galactic O III 23.1092 1.26 ×10−1

23.330± 0.009 −9.5± 0.2 0.0003+0.07
−0.0003 20.141± 0.008 Galactic O II 23.3514 1.01 ×10−1

23.51± 0.03 −3.2± 0.2 0.04±0.01 20.298+0.003
−0.03 Galactic O I 23.5114 1.04 ×10−1

28.79± 0.01 −1.0± 0.2 ¡ 0.03 24.851± 0.009 Galactic N VI 28.787 6.75 ×10−1

31.273+0.001
−0.008 −3.0± 0.2 0.001+0.04

−0.001 26.9991+0.0007
−0.007 Galactic N I 31.2865 1.01 ×10−1

33.737± 0.009 −1.4± 0.2 0.01+0.02
−0.01 29.126± 0.008 Galactic C VI 33.7396 1.39 ×10−1
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2.4 Hot Milky way absorption

In the previous section we identified all of the strongest lines to be Galactic, meaning
that the absorption occurred in the Milky Way and is therefore not red-shifted. In the
same manner, as we at the beginning of our modelling set the neutral hot model for the
absorptions in the Milky Way, we now define two more hot models, which will fit the
absorption lines occurring at higher temperatures, as it is clear that only one hot model
does not provide a good fit for all the absorption lines. As we already know the total
Galactic H I column density in the line of sight towards the 3C 273, we will simply start
with this value and free the column density and the temperature parameters, in case SPEX
finds a best-fit to the lines. At different temperatures, different absorption lines will be
modelled self-consistently - not only the strongest that we identified in the table above,
thus, the weaker absorption lines belonging to gas with a given temperature are also
modelled. In SPEX, using asc ter transmission and asc ter column commands, we
can check which absorption lines, and how deep, will occur in gas of different temperatures
in a collisional ionisation equilibrium. Through experimenting we determine three hot

models (cold; ∼ 0.0005 keV, warm; ∼ 0.01 keV, hot; ∼ 0.1 keV), which sufficiently fit the
majority of the identified lines. Lastly, we free the velocities of the hot models, and let
SPEX fit it in the best way. The results, and the values of parameters with errors of all
three models can be found in table 2.4. For the improvement of the C-stat after applying
each model, see table 2.7.

Table 2.4: Best-fit parameters of our model for the Milky Way absorption. The velocity
parameter refers to the ”shift” velocity, i.e. the velocity of the enitre slab of gas.

Parameter Value

Milky Way X-ray Absorption Models (hot) (1/3):

X-Column (1E23/m2) 17.7 (f)

Temperature (eV) 0.5 (f)

Average velocity (km/s) −2+10
−90

Milky Way X-ray Absorption Models (hot) (2/3):

X-Column (1E23/m2) 6.26+0.4
−0.5

Temperature (eV) 133± 3

Average velocity (km/s) 102+21
−44

Milky Way X-ray Absorption Models (hot) (3/3):

X-Column (1E23/m2) 1.93± 0.4

Temperature (eV) 9.59± 0.6

Average velocity (km/s) 450+114
−84
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Figure 2.3: Different parts of the RGS spectrum (6 - 17 �A; 15 - 27 �A; 25 - 38 �A) with the
strongest identified lines labelled. The model was fitted after applying three hot models,
each at a different temperature. The first absorption line in the second part (15 - 27 �A),
indicated as O VII, Fe I is a superposition of the absorption lines of those two ions.
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2.5 Broad emission lines

After fitting the absorption lines in the spectrum we are still left with some residuals,
so we also want to fit those emission lines. In hotter gasses, the strongest emission lines
will be produced by hydrogen and helium like ions, so we are expected to see those first in
the spectrum, meaning that we would be expected to see the O VII and O VIII lines first.
We find that the wavelengths of the residuals in the RGS spectrum are consistent with
the wavelengths of known He-like triplet emission lines, so we will proceed by fitting delta
lines at the corresponding wavelengths, and then broaden them sufficiently. SPEX allows
modelling the lines using delt model, and applying the Gaussian broadening model to
them using vgau model. He-like triplets originate from cooling of hot gas containing He-
like ions (such as C V, N VI, O VII, Ne IX). They correspond to three different transitions
of a He-like element: the w resonance line (transition form 1s2 1S0 to 1s 2p 1P1), the x and
y intercombination lines (transition from 1s2 1S0 to 1s 2p 3P2,1, respectively) and the z
forbidden line (transition from 1s2 1S0 to 1s 2s

3S1) (see figure 2.4). The relative intensities
of the triplet transition lines is often used for temperature and density diagnostics and the
analysis of the coronal collisional and photoionised plasma (Gabriel and Jordan, 1969).
Since the O VII and Ne IX triplets occur at around 21.6 �A (w) 21.8 �A (x, y), 22.1 �A (z),
and 13.4 �A (w), 13.6 �A (x, y), 13.7 �A (z), respectively, which lie well within the band of
our X-ray spectrum, even if red-shifted, we expect and indeed detect those lines. After
fitting those two emission residuals belonging to O VII and Ne IX, we can see another

Figure 2.4: A Grotrian diagram of He-like transition between the energy levels showing
the resonance (w), intercombination (x, y) and forbidden (z) transitions. Upward arrows
represent excitation, i.e. absorption, and the downward arrows represent emission. Source:
Porquet et al. (2001)
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one, still undefined at around 22 �A. Since there is no He-like ion that produces lines in
the vicinity of (or one whose red-shift would correspond to) that value, this emission line
had to be produced by a H-like ion. Indeed, upon further investigation we notice that the
set of lines responsible for that emission are the O VIII Lyman-α (Ly-α) doublets (which
will be due to such small difference in their wavelengths modelled as one). Those lines
appear when an electron falls from the n = 2 orbital to the n = 1 orbital, and its expected
wavelength is around 19 �A (which when red-shifted fits the bump relatively well). As
mentioned before, for the case of all three emissions (two triplets and a doublet) we do
need to consider the red shift as well.

We model the triplets by representing them with delta lines in the spectrum at the the-
oretical wavelengths, by using delt model. Delt model is a simple model which generates
an infinitely narrow emission line. Its spectrum is given by

F (E) = Aδ(E − E0), (2.4)

where F is the photon flux (in units of 1044 ph s−1 keV−1), E is the photon energy
(in keV), A is the line normalisation (units of 1044 ph s−1) and E0 is the line energy
of the spectral line (in keV). Similarly as in the case of gaus model, for easier use we
can switch between the basic units given in terms of energy or wavelength. Secondly,
we define another component, namely vgau - Gaussian velocity broadening model. This
model provides a Doppler line broadening model, resulting from a distribution of velocities
within a gas (some parts of the gas are moving towards us, while other away from us). For
all of the triplets of the same ion, we will assume that those velocities are same, so only
one vgau per ion. The model broadens an arbitrary component with a Gaussian Doppler
profile, which is characterised by the Gaussian velocity broadening σ (in units of km/s).
For all three cases, we will keep the velocity parameter freed, so SPEX fitting can adjust it
to the best-fit velocity. However, there is another effect, produced by a different kind of
velocity: the Doppler shift of the lines (not to be mistaken with the cosmological Doppler
shift, resulting from the expansion of the Universe), which arises due to the flow velocity,
i.e. the whole gas medium moving either towards us or away form us. The flow velocity,
responsible for the Doppler shift of the lines, can be calculated using the observed and the
theoretical wavelengths of the emission lines via

v =
λobs − λ0

λ0
× c. (2.5)

Since for the case of O VII and Ne IX we used the theoretical wavelengths, which fit
the spectrum sufficiently well, we can assume that their flow velocities are ∼ 0 as it is
consistent with the residuals. For the case of Ly-α line, we can however calculate the
flow velocity using the equation 2.5, which results to the drift velocity of 5.02× 106 m/s.
The relative broadening velocities are calculated by SPEX based on the best fit model for
an emission line. The wavelengths and names of the observed emission lines, as well as
their broadening velocities are given in table 2.5. For the improvement of our C-stat after
plotting each set of emission lines see table 2.7. The emission lines present in the spectrum
are identified in figures 2.5 and 2.6
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λobs (�A) Norm Value (1E51 ph/s) λ0 (�A) Transition ID Broadening velocity (km/s) δC-stat

13.44710 (f) 1+0.8
−0.6 Ne IX - resonance transition

13.55140 (f) 0.7+1
−0.7 Ne IX - intercombination transition 7100+1300

−840 -157.21

13.69870 (f) 2+6
−0.8 Ne IX - forbidden transition

18.649± 2e-2 1.4+0.4
−0.3 18.9671 O VIII - Ly-α line 990+520

−370 -18.56

21.60200 (f) 5± 2 O VII - resonance transition

21.80700 (f) 6± 1 O VII - intercombination transition 5678+370
−350 -456.69

22.10120 (f) 0.3+1
−0.3 O VII - forbidden transition

Table 2.5: By using delt line plotting we identified emission lines, namely triplets and a Ly-α doublet. The theoretical
wavelengths are from the atomic database of SPEX 3 (see the SPEX manual for more details).
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Figure 2.5: Final best-fit model (red line) over the whole observed spectrum (6 - 38 �A),
when fitted with all the models as introduced in this chapter. Indicated are the locations
of the emission lines as identified in the table 2.5.

Figure 2.6: A close-up of the final best-fit model (red line), when fitted with all the models
as introduced in this chapter. Indicated are the locations of the emission lines as identified
in the table 2.5.

22



2.6 Searching for the AGN wind absorption lines

Lastly, with the aim of further improving the spectrum and identifying the smaller,
weaker lines, we apply a physical model to fit the absorptions happening in a potential
AGN wind. To do so, we define a new component in our model, called xabs model
(Steenbrugge et al., 2005). The model calculates the transmission of a slab of material in
which all the ionic column densities are connected through a photoionisation model. As
opposed to the hot modelling of the collisional absorptions in the coronal plasma in the
Milky Way, in the case of AGN the gas is ionised by radiation, thus this is a photoionised
plasma. The model will mostly depend on the ionisation parameter ξ = L/nr2, where
L is the luminosity of the source, N the column density, and r the distance from the
source. Other parameters are the hydrogen column density (in 1028m−2), root mean square
(RMS) velocity of the slab of material, and the velocity shift of the medium. Best-fitted
parameters for those variables are presented in Table 2.6, and the C-stat improvement
resulting from the xabs model is presented in Table 2.7. This was the last component
added to our model..

Table 2.6: Best-fit parameters of our xabs model for fitting possible absorption from the
AGN wind.

Parameter Value

AGN winds model (xabs):

NH (1E22/m2) 1.9+2
−1

Log xi (1E-9 Wm) 1.275+0.4
−0.3

RMS Velocity (km/s) 110+580
−110

Average velocity (km/s) −38+410
−14000
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2.7 C-statistics improvement

Improvement C-stat δ C-stat

Continuum models:

Power-law model (pow) 8193.56 -

Modified black body model (mbb) 6084.01 2109.55

Absorption models:

First hot model (T ∼ 5e-4 keV) (hot) 3687.50 2396.51

Second hot model (T ∼ 1e-1 keV) (hot) 3309.04 378.46

Third hot model (T ∼ 1e-2 keV) (hot) 3166.27 142.77

Emission triplet lines:

O VII triplets (delt) 2709.58 456.69

Ne IX triplets (delt) 2552.37 157.21

O VIII Ly-α line (delt) 2533.81 18.56

AGN winds

AGN winds model (xabs) 2526.10 7.71

Velocity modifications

Fixing the velocity of hot models 2498.50 27.6

Table 2.7: The improvement of C-statistics through attaching different models. The table
is in chronological order - each new line in the table represents a new model added to all
the previous ones. The expected C-stat is 1612.14 ± 56.79.

The final C-stat for the best fit model to the spectrum (as seen in figures 2.7 - 2.9)
that we obtained during the fitting is

2498.50/1612.14± 56.79. (2.6)
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Figure 2.7: Final best-fit model, including the plot of residuals in the range 6 - 17 �A with all components as introduced in this
chapter, with indicated absorption (blue) and emission (orange) lines.
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Figure 2.8: Final best-fit model, including the plot of residuals in the range 16 - 27 �A with all components as introduced in this
chapter, with indicated absorption (blue) and emission (orange) lines.
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Figure 2.9: Final best-fit model, including the plot of residuals in the range 27 - 38 �A with all components as introduced in this
chapter, with indicated absorption lines.
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Chapter 3

Discussion

3.1 AGN structure

The region in the AGN responsible for the broad emission lines is simply known as
broad line region (BLR). While a common consensus has been reached about a SMBH/accretion
disk paradigm, the structure and the models describing broad emission lines are still poorly
understood. The BLRs are located in the vicinity of the central engine, so it seems likely
that the accretion disk and outflows play an important role in the structure and properties
of those regions, which is where we will start our discussion. From the analysis done in
section 2.5 we conclude that the BLR in 3C 273 consists of 3 components, with different
broadening velocities. For the case of Ne IX and O VII no addition drift velocity was
needed, since solely the cosmological red-shift shifted the theoretical wavelengths to the
ones observed in the spectrum. However, for the case of Ly-α line the drift velocity was
calculated to be around 5000 km/s. BLRs have been extensively observed and studied
throughout the missions carried out by International Ultraviolet Explorer (IUE) satel-
lite (Boggess et al., 1978), which is in particular very well adapted to the wavelengths
around the Ly-α emission, of sufficiently red-shifted object, such as 3C 273. The velocities
calculated and presented in this thesis are in an agreement with numerous observations
conducted by satellites such as IUE, which estimate the upper limit of the drift velocity
of Ly-α emitting gas in 3C 273 to be around 10000 km s−1 (e.g. Paltani and Türler (2003)).

As last, we made use of xabs model to determine the photoionised plasma absorptions
occurring in the AGN wind. SPEX fit lines consistently, meaning that if it detects one of
the potential lines, it will only fit it, if the other associated lines are also present in the
spectrum. However, the best-fit model can only set an upper limit as the presence of these
lines is not significant as NH is relatively low, and therefore does not substantially improve
the fit to the spectrum (δC − stat = 7.71). This suggests that in some radio-loud AGN,
the wind may not be present. Nevertheless, many further statistical and data analyses
will be needed in order to fully conclude and determine the relation between the AGN
jets, and its winds.
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3.2 Hot gas in the Milky Way

Through observational data we have shown that in order to sufficiently fit the vast
majority of the absorption lines, we have to include three different phases of the Galactic
ISM, hereafter usefully named the ’cold’, ’warm’, and ’hot’ component. The cold, or the
neutral component, set to the lowest temperature of kT ∼ 0.5 eV (∼ 5800 K) provided
with of the neutral and low-ionisation lines, such as O I, N I, and Fe I. The warm compo-
nent, kT ∼ 10 eV (1 ×105 K), consists of mostly mildly ionised gas in a photoionisation
equilibrium, and it gives rise to O II and O III. The third and the hottest of the hot

models, kT ∼ 130 eV (1.5×106 K), fits the highly ionised gas, and models the majority of
the visible absorption lines, C VI, N VI and O VII. The detection of those absorption lines
confirms previous observations of the Galactic hot gas in that general direction (e.g. Fang
et al. (2002), Fang et al. (2003), Mathur et al. (2003)), while many papers also identifies
the O VI absorption line at much higher wavelength (e.g. Sembach (2001)), which is a sign
of high (positive) velocity clouds (HVC) in that line of sight. The problem is, that none
of the corresponding absorption lines occur, and the most likely conclusion is that the O
VI absorption line traces its origin from the Galactic fountain. In our case, the O VI was
plotted by the second applied hot model, at ∼ 130 eV, and the shift velocity of ∼ 102+21

−44

km/s. This value is relatively well matched with the shift velocity of gas responsible for
the O VI absorption detected in the UV range (at 1032.35 �A), in the study done by Collins
et al. (2005). They estimated the velocity to be in the range 105 < v < 240 km/s, in
order to establish 3σ upper limits on column densities involving other ion species. For
the analysis of the Galactic ISM, we used a column density as given by Willingale et al.
(2013), and used it as a fixed value of the first hot model. For the other two, we estimated
it close to that range, an best-fit models show that also the other two hot models fit the
graph best when the hydrogen column density is roughly of the same magnitude, within
the factor of 10.
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Chapter 4

Conclusion

In this paper we carried out the high resolution spectroscopy of 3c273, using data
collected by XMM-Newton Reflection Grating Spectrometer. From the results of spec-
troscopy we conclude the following:

• The majority of the absorption occurred in three different phases of Milky Way, each
part with its characteristic temperature - ∼ 0.5 eV, ∼ 10 eV and ∼ 130 eV, and it’s
characteristic velocity - ∼ −2 km/s, /sim450 km/s and ∼ 100 km/s, respectively.

• The emission within the 6 - 38 �A X-ray band can very well be modelled using a
power-law and a modified black body models, which lead us to believe that the
the continuum shape of the emission-absorption graph arises as a consequence of
Compton (up-)scattering of photons in a hot and optically thin corona (power-law),
and in corona of lower temperature and higher optical depth.

• Beside the main continuum emission, we notice the occurrence of the distinct emis-
sion lines from the BLR, in the form of triplets, and Ly-α emission line. The drift
velocities of the BLR are for the case of O VII and Ne IX (close to) zero, while the
drift velocity of the gas producing Ly-α line was calculated to be around 5 ×106

km/s. Due to the velocity distribution of the ions, within the gas itself, the broad-
ening velocity could be determined as well: 5000 - 8000 km/s for the case of O VII
and Ne IX, and roughly 1000 km/s for the case of Ly-α doublet.

• Using xabs model to plot the absorption happening in the AGN wind does not
significantly improve our fit, meaning that not a lot of wind is present in around 3C
273, which is in agreement with the observations of the majority of the radio-loud
AGNs.
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