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Chapter 1

Introduction

X-ray binaries (XRBs) are binary systems where a compact object - a black
hole (BH) or a neutron star (NS) - accretes material from a companion star.
The compact object is commonly referred to as the accretor or the primary
star in the binary, while the mass donor is the companion or secondary star.
Similar systems hosting a white dwarf (WD) accretor are called cataclysmic
variables (CVs). In the mass accretion process a large amount of energy is
radiated, mainly in the X–rays wavelength for XRBs and in the soft X–rays
and UV for CVs. When matter falls into the strong gravitational field of the
compact object, in fact, gravitational potential energy is converted into kinetic
energy and partly radiated by means of the interactions in the accreting flow.
A sketch of an XRB, schematising the multi-wavelength emission from these
systems, is shown in Figure 1.1.

1.1 XRBs: the astrophysical context

The accretion mechanism itself is an important reason to study XRBs. It is
ubiquitous in the universe (from young T-Tauri stars to AGN) and it reaches
its most extreme form when involving compact objects. As the efficiency de-
pends on the compactness of the accretor, mass accretion onto a NS or BH is
the most efficient mechanism currently known in terms of energy released for a
given amount of mass (with the sole exception of particle annihilation). More-
over, the accretion flow radiates from close to the compact object, where the
gravitational field strength is extreme and the predictions of general relativity
can be tested. This is also true for AGN, but the changes in the accretion
process are harder to follow around supermassive BHs, as they happen on
105−108 much longer time-scales than for stellar-mass accretors. Stellar mass
objects make it possible to study variable accretion phenomena on timescales
of years or shorter, compatible with the duration of the human life.
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Figure 1.1: Left: Schematic outline of a Roche lobe accreting XRB in outburst
with an accretion disc (see Section 1.2 and 1.3), indicating the source regions
of the binary multi-wavelength emission (Hynes, 2010). The color scale is
negative (brighter is darker). Right: For comparison, a possible configuration
of a similar binary in quiescence.

An interesting phenomenon associated with the accretion process is also
the production of jets, which are collimated outflows of accelerated particles
typically detected at radio wavelengths due to synchrotron radiation (see, e.g.,
Gallo 2010). Accreting BHs can accelerate particles up to a large fraction of the
speed of light, and several BH XRBs are known whose jets appear superluminal
(e.g., GX 1915+105, Mirabel & Rodriguez 1994 in Figure 1.2 and GRO J1655-
40, Hjellming & Rupen 1995). Jets and outflows powered by AGN in external
galaxies are thought to have an important effect in regulating the evolution of
cosmic structures, because of the large amount of energy they pump into their
surrounding. XRBs with both BHs and NSs and the subclass of CVs called
Dwarf Novae (DNe) are known sources of powerful jets on a smaller scale,
once again providing favoured laboratories to increase our knowledge about
the jet production mechanism because of the shorter time-scales. At the same
time, a systematic comparison between outflows produced by NS, BH and
WD systems can potentially reveal a connection between the jet features and
characterising properties of the different classes of compact objects, such as
the presence (or lack) of an event horizon.

Another reason of interest in XRBs is that they offer the possibility to mea-
sure the mass of NSs and BHs based on dynamical arguments, with minimal
dependence on modelling. Accurate measurements of compact object masses
serve multiple scientific goals: the equation of state of NSs, e.g., is still not
known, and the maximum mass of a NS is a key parameter to distinguish
among different models. NSs in XRBs are particularly favourable targets for
this measurement, as accretion increases their mass. The minimum mass of
a BH is also a matter of debate as it has implications for the modelling of
supernova explosions. The dynamical measurement of compact object masses
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Figure 1.2: Radio jets from the BH XRB IGR J1915+105, from Mirabel &
Rodriguez (1994). The cross indicates the core of the XRB, the radio contours
are the moving superluminal jets, the first ones discovered from an XRB.

(in particular of NSs) is the main topic of this work.
Finally, the formation and evolution of XRBs and CVs is complex and not

fully understood. In order to explain the orbital separation in close binaries,
e.g., models require a phase of common envelope evolution when the accre-
tor spirals in the mantle of its giant companion star. However, the details of
the process are not well constrained (see Tauris & van den Heuvel 2006 for a
review). Reliable and model independent measurements of parameters such
as component masses, but also the orbital period, companion star type, age
and system velocity on individual XRBs are important for testing our under-
standing of their evolution, because any viable evolutionary scheme must be
able to reproduce the specific properties of each observed source. Moreover,
each measurement on a single source contributes to the distribution of param-
eters such as components masses and orbital period for the XRBs and CVs
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populations.

1.2 Accretion discs and Roche geometry

Without aiming for completeness, in this section I want to summarise some
of the basic information on the geometry of an accreting system that underlie
this study. A binary with a compact object becomes an active XRB when,
at a certain point in its evolution, mass is transferred from the companion
onto the primary star. This can happen in two main ways: some of the
mass lost from the secondary via strong stellar winds can be captured by
the compact object (wind accretion), or the envelope of the mass donor star
reaches the inner Lagrangian point (L1) of the system, a saddle in the binary
gravitational potential through which material can flow into the potential well
of the accretor. This manner of accretion is called Roche lobe overflow, and the
two lobes defined by the equipotential surface passing through L1, one around
each object in the system, are called Roche lobes (Figure 1.3). In this work
we will focus on Roche-lobe accreting XRBs, as their geometry allows one to
determine the mass and the orbital velocity of both the accretor and the donor
from the observation of the secondary star only. In these systems, tidal forces
induce the secondary star to co-rotate with the orbital motion (the companion
is tidally locked). On a similar timescale the orbits circularise, simplifying the
equations of motion of the two stars around the centre of mass. Moreover, the
radius of the companion star becomes the radius of the Roche lobe (defined as
the radius of a sphere whose volume is equal to that of the Roche lobe), which
depends on the ratio q between the mass of the accretor and that of the donor.
Thanks to this dependence (and because the companion is tidally locked), in
Roche lobe filling systems q can be inferred as a function of directly measurable
quantities, such as the rotational and orbital velocity of the companion (see
Section 1.5).

Because of angular momentum conservation, the flow of material spiralling
towards the compact object takes the shape of a geometrically thin accretion
disc, which is in differential rotation around the accretor (Figure 1.1). The
accretion disc can extend to the vicinity of the compact object (i.e., reaching
the last stable orbit for a BH) and radiates across a large fraction of the
electromagnetic spectrum, from the X–rays in the innermost region to the
optical and near infra-red (NIR) wavelengths in the outskirts. A hot-spot due
to shocks can form in the region where the stream of accreting material from L1
impacts the edge of the accretion disc. Depending on system parameters such
as the orbital separation, the mass ratio between the binary components, the
presence of a magnetic field from the accretor, the composition of the accreting
material and the rate of mass transfer, the geometry and internal properties
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Figure 1.3: Equipotential lines in the gravitational potential of a binary sys-
tem. The black curve passing through the inner Lagrangian point L1 defines
the Roche lobes of the two binary component masses. Units are arbitrary.

of the disc vary. Differences can be observed among different classes of XRBs
but also as a consequence of various accretion regimes in the same system.
The disc can be more or less extended, it can be optically thin or thick and its
shape can deviate from the standard geometrically thin scenario due to tidal
interactions, reprocessing of radiation or general relativity effects (see Hynes
2012 for a review). In the presence of highly magnetic NSs or WDs, accretion
can also proceed mainly along the magnetic field lines, instead of forming a
disc. However, in most XRBs evidence is found for the presence of an accretion
disc. Because of its broad-band emission, the potential presence of a disc has
always to be considered when observing XRBs, even when accreting at a low
rate.

1.3 Outburst and quiescence

A fundamental parameter that drives accretion is the accretion rate ṁ, i.e. the
rate of matter captured by the primary star per unit of time. Depending on ṁ,
the luminosity of an XRB can vary in the typical range 1031−39erg s−1and that
of a CV in the range 1030−34erg s−1. Many XRBs (the majority of BH systems,
many NS XRBs and DNe) show transient behaviour within this range, with
changes of several orders of magnitude in luminosity occurring on timescales of
days to months. Transient sources (X–ray transients, XRTs) alternate periods
of outburst, when accretion happens at a high rate and reach the highest X–
ray luminosity (up to the Eddinton luminosity), to periods of quiescence, when
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they are thought to be roughly stable around 1030−1032erg s−1, often falling
below the detection threshold of the X–ray all-sky monitors. The typical du-
ration of the outburst phase is several months, but there are sources which
have been in outburst for over 10 years (e.g., the BH XRB GX 1915+105 or
the NS system EXO 0748−676). The month-to-year-long outbursts are usu-
ally explained by the so-called disc-instability model (Smak 1971, Dubus et
al. 2001). According to this model, the outburst is triggered by an instability
causing a sudden rise of viscosity in the accretion disc, whose internal regions
subsequently rapidly fall towards the accretor. During quiescence, the disc is
replenished until another instability is triggered. The trigger of tens of years
long outburst, instead, is possibly related to the evolution of the companion
star (Remillard & McClintock, 2006a).

Because of its brightness, the phase of outburst is the best studied part of
the XRBs behaviour. In the last two decades tens of XRTs have been moni-
tored, mostly with X–rays satellites such as Swift and RXTE but also at longer
wavelengths, allowing the development of a detailed phenomenological picture
of the outburst evolution. XRTs have been found to evolve through a series of
accretion states, originally defined on the basis of the observed X–ray proper-
ties, such as the X–ray spectrum and by the presence of specific modulations
in the arrival times of the X–ray photons. Later on, the radio emission from
XRBs was found to vary as well in combination with the X–ray states (Figure
1.4 and Belloni 2010 for a review). The radio and X–ray emission are known
to correlate over a large span of luminosities for many XRBs. This connection
seems to be crucial in order for us to start understanding the energetics of the
accretion process (Fender 2010 for a review).

While many outbursts have been observed, quiescence is an ill studied piece
in the current picture of the XRBs behaviour, due to the observational chal-
lenge presented by its faintness at all wavelengths. However, exploring the low
luminosity states can provide new guidelines to theoretical models. For ex-
ample, recent results on the evolution of the X–ray-radio correlation towards
quiescence might shed light on open questions raised by observations at higher
luminosity. A more detailed description of this aspect is reported in Chap-
ter 6, dedicated to the BH XRT XTE J1752−226 during its luminosity decay
towards quiescence.

1.4 Observing the companion star: optical counter-
parts

The observation of the secondary star is often crucial in order to perform
dynamical studies and mass measurements on XRBs, as those studies rely
on the detection of spectral absorption lines from the stellar atmosphere of
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Figure 1.4: Hardness intensity diagrams (HID) for a black hole, a neutron
star and the dwarf nova SS Cyg (Körding et al., 2008). The hardness is the
ratio between the flux in two energy bands, and serves as an indicator of the
shape of the spectrum. Arrows indicate the temporal evolution of an outburst.
The dotted line indicates the jet line observed in black hole and neutron star
XRBs: on its right side XRBs are generally radio loud, while on its left they
are radio quiet. The crossing of this line from right to left usually coincides
with a radio flare. For SS Cyg the optical flux is plotted against the ‘power-law
fraction’, measuring the prominence of the power law component in the hard
X-ray emission in relation to the boundary layer/accretion disk luminosity.
This power-law fraction has similar properties to the X-ray hardness used for
XRBs.
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the mass donor (see section 1.5). However, there are other reasons why it is
important to observe the secondary star in an XRB.

Although X–rays are the most direct source of information on the accretion
process and most of the sources are discovered in this band, the study of XRBs
is multi-wavelength in nature. Optical or NIR observations constraining the
luminosity class and spectral type of the secondary star are important for un-
derstanding the XRBs population, as the type of mass donor is connected to
the mode of accretion. The donor mass, e.g., provides the primary division
between low-mass XRBs (LMXBs), mainly accreting via Roche lobe overflow,
and high-mass XRBs (HMXBs), mostly wind-fed, but which can also accrete
via Roche lobe overflow or from interaction with a circumstellar disc (e.g.,
Tauris & van den Heuvel 2006 or Hynes et al. 2011 for a review).

LMXBs have companions of .1 M� and spectral type G, K or M, close to
the main sequence (secondary stars in LMXBs are typically slightly under-
massive for their spectral type) for most of the sources. Since the bright XRB
phase requires the late companion to fill its Roche lobe, LMXBs are typically
compact systems with orbital periods of . 1 day, where tidal forces soon pro-
duce synchronous rotation and circularised orbits. HMXBs have instead O or
B type companions above ∼10 M�. The strong winds from the mass donor
allow accretion with long orbital periods -up to hundreds of days- where the
eccentricity of the orbit can be maintained much longer (see, e.g., Kaper 2001
for a review on HMXBs). The eccentricity and the presence of a circumstellar
disc around the Be secondary star cause, for instance, the periodic outbursts
of the Be-HMXBs. In close HMXBs (orbital period of a few days) Roche lobe
accretion combines with the presence of wind: the density and properties of
the latter are invoked to explain the short outbursts and the high local hy-
drogen density observed in the HMXBs subclasses of supergiant fast X–ray
transients and absorbed HMXBs (Negueruela et al. 2006, Walter et al. 2006).
Another example of the connection between the nature of the donor and the
type of accretion are ultra-compact X–ray binaries, a subclass of LMXBs with
a hydrogen poor WD donor. The composition of the donor star produces
characteristic features in the X–ray spectra and enables these sources to be
persistent at a low luminosity compared to other LMXBs (for an overview
of the XRBs classes, see also the introduction to Chapter 2 and references
therein).
Intermediate-mass XRBs, with donor star masses intermediate between HMXBs
and LMXBs, are rarely observed especially among CVs and NS systems. The
mass ratio between the donor and the accretor, in fact, can cause the accretion
phase to be short-lived (see introduction to Chapter 5) biasing observations
towards LMXBs and HMXBs.

Observations of the companion star can also provide constraints on the
distance to an XRB, which may be used to estimate the X–ray luminosity,
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Figure 1.5: Finding charts for one of the sources in Chapter 2, which was
detected by INTEGRAL, XMM-Newton and Chandra, exemplifying the dif-
ferent levels of positional accuracy of the three satellites (the 90% confidence
radius is 2′, 4′′and 0.6′′for the three satellites respectively). Chandra is clearly
favoured in order to select the right optical counterpart to the X–ray source.

determine the activity state of the source and obtain indications about the
orbital period and the type of accretor (e.g., Chapter 2 and 6).

Although important, the observation of the companion star is often not
easy. First of all, the counterpart to the XRB has to be identified in the
optical or NIR, by matching an image of the source field at those wavelengths
with the X–ray position. As previously mentioned, since the discovery of the
first XRB (Sco X–1 in 1962) a few hundred additional sources have been found
thanks to X–ray satellites, in particular with recent missions such as Beppo-
SAX, RXTE, Swift, INTEGRAL, XMM-Newton and more recently MAXI.
CVs are often discovered as optical transients or as Hα emitters, in surveys like
the Catalina real-time transient survey (CRTS), the INT/WFC photometric
Hα survey of the northern Galactic Plane or the Sloan Digital Sky Survey
(SDSS). However, many of them are also discovered as faint X–ray sources.
Unfortunately the positional accuracy of the X–ray satellites is usually worse
than a few arc seconds, which is in general not good enough to unambiguously
identify an optical counterpart (Figure 1.5). Since LMXBs are often located
in high stellar density regions of the Galaxy, multiple stars can fall in an
error circle of few arcseconds radius. Observations with the Chandra satellite,
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providing the best positional accuracy among the X–ray observatories (0.6
arcseconds, 90% confidence) are often required to select the actual counterpart
to an XRB, combined with careful astrometry (referring the frames to the same
astrometric standard frame) on the optical images. The process of finding the
optical/NIR counterpart to an X–ray source is exemplified in Chapter 2, for
a sample of 11 targets.
Once the optical counterpart is determined, observations can be performed in
order to study the secondary star and the system dynamics. However, the
accretion disc during the outburst phase can easily outshine the companion
star all the way up to the NIR, unless the latter is a giant or supergiant star.
Only towards quiescence, when the accretion flow is reduced, can late type
secondaries become observable. Still, for many LMXBs the companion can
be too faint to study even during quiescence. At a typical XRB distance of
∼ 8 kpc, the apparent magnitude of a late K or M star can easily be more
than 22 magnitudes, requiring long observations with large telescopes in order
to be detected and to collect enough S/N for spectroscopic observations. For
many of the known XRBs, an optical or NIR counterpart in quiescence was
never detected.

1.4.1 Optical spectra of LMXBs and CVs

The optical and NIR spectra of XRBs in outburst are dominated by the accre-
tion disc, whose characteristic features are emission lines in the Balmer series
and from Helium. Emission lines from the disc often display a double-peaked
profile, due to opposite Doppler shift of the emission from the two sides of the
disc, one rotating away and one towards the observer. In quiescence, absorp-
tion lines from the companion star stellar atmosphere can become detectable
above the disc continuum. Residual emission from hydrogen and helium I is
often detected in quiescence as well. This can originate from different sources,
e.g. coronal activity on the companion itself, a faint accretion disc, a disc
hot-spot or the inner face of the companion star, heated by X–ray or UV
irradiation from residual accretion or from a hot compact object. Direct emis-
sion from the accreting WD is sometimes visible in CVs. Systems with a
highly magnetised accretor also display typical lines such as prominent HeII
(Williams 1989, Schwarz et al. 2004). Several examples of spectra from XRBs
at low luminosities are shown in the Chapters 3, 4 and 5 of this thesis.

1.5 Dynamical mass measurements

As previously mentioned, accurate and model independent measurements of
masses of BHs and NSs are difficult to obtain, but fundamental to solve out-
standing scientific questions related to their formation and nature. Several
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authors attempted to infer constraints on the masses from the modelling of
XRBs X–ray spectra or variability features such as quasi periodic oscillations,
but these methods are strongly model dependent and often based on uncertain
assumptions.
Reliable methods for mass estimates are, instead, those based on the Keple-
rian binary dynamics. The basic idea is to track the orbital motion of at least
one of the objects in the binary, measuring the orbital period P , the projected
radial velocity semi-amplitude K2 of the observed star and thereby its mass
function

f(M2) : M1
3 sin3 i

(M2+M1)2
= M1

sin3 i
(1+q)2

= PK2
3

2πG

where G is the universal constant of gravity, M1 and M2 are the masses of the
binary components, q ≡ M2/M1 and i is the inclination of the orbital plane
with respect to the line of sight (e.g. Charles & Coe 2006a). With a few
exceptions (double pulsars and a few HMXBs) f(M) is measurable only for
one of the stars in the binary (typically either a pulsar or the companion star)
and needs to be combined with further relations containing q and i (or direct
measurements of the latter, see below) in order to solve for all the unknowns.
The best NS mass measurements can be achieved in systems hosting a pulsar
in an eccentric orbit. Accurate pulse-timing in the radio allows one to mea-
sure relativistic effects providing the extra equations necessary to solve for
the masses of the binary components. However, this method has some disad-
vantages in the context of finding the distribution and the maximum mass of
NSs. The largest mass for a NS is expected to be found in a system which
experienced significant accretion, namely among millisecond pulsars - that are
thought to be spun up by accretion- and NSs in LMXBs. Unfortunately, the
orbits are typically circularised in those systems, while the relativistic effects
that permit precise mass measurement are not measurable when the eccentric-
ity of the orbit is low. Moreover, a selection effect against NSs whose mass was
increased to extreme values by accretion is introduced when observing millisec-
ond pulsars, because prolonged accretion seems to reduce the magnetic field
and prevent pulsations to appear (see, e.g., Phinney & Kulkarni 1994 and van
Kerkwijk 2004 for a review).
Still, the groundbreaking discovery of a NS with a mass of ∼2 M� was recently
achieved for the millisecond pulsar J1614-2230, with radio pulse-timing obser-
vations of the Shapiro delay (Demorest et al., 2010). This effect depends on
inclination and mass and can be observed in high inclination binaries (nearly
edge on) when the pulsar passes behind the companion star. In this configura-
tion, the increase in the light travel time of the pulse photons passing through
the curved space-time around the companion star on its way towards the ob-
server can be measured, as a delay in the arrival time of the pulse signal (that
is the Shapiro delay). It is possible that the mass of this NS was already high
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at formation, and not increased to this extreme value by accretion only.

In non-pulsating XRBs the potentially observable mass function is that of
the companion star. The mass ratio q can be obtained if the secondary star is
Roche-lobe filling. As mentioned in Section 1.2, under this condition q can be
expressed as a function of the two observable quantities K and v sin i, where
the latter is the projected rotational velocity of the companion star (see the
introduction to Chapter 3 for a more detailed description of the method).
Both K and v sin i can be measured through phase-resolved spectroscopic ob-
servation of the secondary star in the optical or NIR, provided that absorption
lines from its stellar atmosphere are detected. In eclipsing systems, where the
inclination can be inferred based on geometrical arguments only, this provides
virtually model independent mass measurements for both NSs and BHs, with
no mass biases.
Because they are Roche lobe accreting and because estimates of i from the
eclipses duration are more accurate when the radius of the secondary is small
compared to the orbital separation, the best candidates for dynamical studies
are in general LMXBs. However, as mentioned in the previous section, the
faintness of the companion star presents an observational challenge. On top of
the fact that they host faint, late-type mass donors, LMXBs often have short
orbital periods of a few hours, so that the exposure time for phase-resolved ob-
servations is limited by the smearing of the spectral features during to orbital
motion. An example of this observational difficulty is provided in Chapter 3,
where we had to work with very low S/N spectra despite the use of the Very
Large Telescope (VLT).

When eclipses are not detected, the inclination becomes the first source
of uncertainty on the masses. A method that, in principle, can provide good
constraints on the inclination is the modelling of the orbital variation of the
brightness of the companion star, due to the fact that the latter is Roche
lobe filling. This causes a deformation of the shape of the mass donor with
respect to a sphere, with the consequence that the area of the star that is
towards the observer varies with the orbital phase. The modulation of the
light from the secondary star due to this effect is called ellipsoidal modula-
tion, and the observed amplitude of this modulation depends on the system
inclination. Measuring this effect requires accurate phase-resolved photome-
try as the variation in luminosity can be as low as a tenth of a magnitude.
We applied this technique in Chapters 4 and 5, to bright nearby systems in
quiescence. However, as also shown by our results, the modelling of ellipsoidal
variation becomes uncertain if the optical light is contaminated by the pres-
ence of a residual accretion disc. For this reason, eclipsing systems remain the
best targets for dynamical mass measurements in non pulsating XRBs.
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In conclusion of this section, it is worth to mention another recent de-
velopment in the field of dynamical measurement of compact object masses
regarding BH binaries. Doppler shifted absorption lines have been found in
the X–ray spectra of the BH XRB GRO J1655−40 (Zhang et al., 2012), show-
ing sinusoidal variations consistent with the orbital motion of the accretor.
The lines are thought to originate in a disc outflow which absorbs the X–
rays in its denser region around the BH. If the applicability of this method
will be confirmed by observing different sources, this technique combined with
observations of the companion star could provide a way to solve the binary
dynamics without knowing the inclination, since the mass function for both
the companion and the compact object would be known.

1.6 Synopsis of this thesis

The goal that drove this work is to constrain the NS equation of state via the
detection of massive NSs. Chapter 2 is dedicated to the first step needed to
achieve this goal, which is finding XRB candidates with a detectable optical
counterpart. The Chapter also shows how the properties of the optical coun-
terpart combined with basic X–ray information can be used to classify X–ray
sources and determine the nature of the compact object.
Chapters 3, 4 and 5 present dynamical studies of XRBs whose optical coun-
terparts were identified in quiescence. The LMXB analysed in Chapter 3,
EXO 0748−676, is in principle the ideal source for the purpose of measuring
the mass of potentially massive NSs. It is showing surface phenomena (ther-
monuclear bursts) that unambiguously identify the accretor as a NS, it is an
eclipsing system and it turned into quiescence one year before our observations,
after a 24-years-long outburst. On the other hand, the sources studied in Chap-
ter 4 and 5, CXOGBS J174444.7−260330 and IGR J19308+0530 (which is one
of the sources identified in Chapter 2) respectively, are both low-accretion rate
systems that never showed an outburst. They were both targeted as poten-
tial NS XRBs, CXOGBS J174444.7−260330 based on the equivalent width of
the Balmer emission lines detected in a single preliminary optical spectrum,
and IGR J19308+0530 based on the X–ray spectrum and the common wisdom
that the mass ratio in Roche lobe overflow systems should be less that ∼1.
Both systems are not eclipsing, but have bright optical counterparts suitable
for ellipsoidal modulation modelling. Both were found to host (most likely) a
WD accretor.
The dynamical study of the above three systems, apparently very favourable
for dynamical mass measurements, opened a window on three different low-
accretion rate configurations, providing insights in the behaviour and activity
of XRBs at low luminosities. Those studies showed that the quiescent state is
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more complex than expected. Nevertheless, constraints on the orbital param-
eters and masses in all three systems were derived.
The last Chapter of this thesis is about the candidate BH XRB XTE J1752−226.
Our multi-wavelength (optical, X–ray and radio) campaign focussed on the last
stage of an outburst, following the source in its return back to quiescence.


