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1 Introduction

Oh Paolo, veramende,
ci devi credere!

Mario Valvo

This thesis has the aim of studying the connection between accretion pro-
cesses and ejection mechanisms around low-magnetic field neutron stars and
black holes in X-ray binaries. These systems are the most powerful objects
in our Galaxy and they constitute a source of energetic particles that deeply
affect the surrounding medium. In this Chapter I provide an overview on the
physics of X-ray binaries and I describe the techniques adopted to investigate
them.

1.1 X-ray binaries

X-ray binaries (XRBs, see Figure 1.1) are binary systems in which a compact
object, either a neutron star (NS) or a stellar-mass black hole (BH) accretes
matter from a companion star. Depending on the evolutionary stage of the
donor star, on its mass and on the mass ratio between the two objects in the
binary system, the accretion of matter can be be driven by two different mech-
anisms. If the donor is a massive-early type star (with mass M & 10M⊙), the
stellar wind plays the major role in accreting matter onto the compact object.
If the companion is a low-mass star (M . 1M⊙), the accretion is driven by
Roche-lobe overflow. In this case, the mass transfer can be triggered by the
evolution of the companion star that expands until it fills its Roche lobe. An-
other possibility is that the binary orbital separation reduces until the donor
Roche lobe shrinks to the star surface. In both cases, matter starts falling
onto the compact object.
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1. Introduction

Figure 1.1: Artist’s impression of an X-ray binary system, in which all its main
elements are marked. Illustration from R. Hynes, 2001.

Here I will focus on Roche-lobe overflow systems, although in one XRB exam-
ined in this thesis (Cir X-1, Chapters 3 and 4) the accretion by stellar wind
could be significant.
When the accretion process begins, matter falls onto the compact object be-
cause of its gravitational attraction. In the case of XRBs, the infalling matter
has a high angular momentum and it orbits circularly around the accretor
instead of falling radially on it. If the timescale of the energy losses through
viscous dissipation is shorter than the time needed to redistribute the angular
momentum in the ring, a sequence of circular annuli of matter with decreasing
radius forms (Pringle & Rees 1972). This configuration is called accretion disc.

Accretion processes onto compact objects are among the most powerful
phenomena associated with XRBs. Viscous stresses convert the kinetic energy
of the infalling matter into radiative emission (Shakura & Sunyaev 1973). The
bulk of the radiation is emitted in the X-ray band from the hottest regions
of the accretion disc, in the vicinity of the compact object, where the disc
temperature has typical values of ∼ 107 keV or more. In the outer regions,
the disc emission is dominated by infrared and optical radiation.

However, a comprehensive study of XRBs can not just focus on the accre-
tion processes. In fact, it has been well established that ejections of matter
(jets) are a fundamental component of XRBs. Jets are anti-parallel outflows
launched at relativistic velocities from the vicinities of the compact object. As
in the case of supermassive black holes in Active Galactic Nuclei (AGN), we
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associate jets with the majority of BHs in binary systems (e.g. Swift J1753.5-
0127, Chapter 6, see also Chapter 7), as well as some NSs (e.g. Cir X-1,
Chapter 4). There is strong evidence that, at least under some accretion con-
ditions, the jet is the main energy output from BH binaries. Its contribution
dominates the radio part of the spectrum, extending to infrared and in some
cases to optical frequencies, possibly up to X-ray frequencies.
This suggests that, although X-ray observations are a privileged instrument to
investigate XRBs, a multiwavelength approach is necessary to have a complete
picture. X-ray observations allow to study the accretion flow in regions where
strong-gravity laws apply: XRBs are one of the few laboratories in the universe
in which we can test the theory of the general relativity in a spacetime highly
affected by the presence of the compact objects, under conditions that we can
not reproduce on Earth. Making use of observations at other wavelenghts, we
can study the mechanisms responsible for the accelerations of particles, their
collimation and their interaction with the surrounding medium, yet poorly
understood phenomena.

In the next section I will describe the observing techniques that I used to
study the coupling between accretion processes and ejection mechanisms in
XRBs, as well as the interaction of the ejecta with the surrounding medium.

1.2 X-ray observations of X-ray binaries

In this thesis three different approaches are used to investigate the properties
of XRBs: timing analysis, spectral analysis and imaging.

1.2.1 Timing analysis

Timing techniques constitute one of the main instruments to study the mat-
ter accreting onto the compact object. By means of the analysis of the rapid
variability (on millisecond scale) in the X-ray emission we can probe the prop-
erties of the matter orbiting in the inner accretion flow, in regions dominated
by strong-gravity fields. The main analysis tool is Fourier analysis used to
calculate power density spectra of the X-ray flux time series. By applying a
Fourier transform to the flux time series, we can obtain an estimate of the
variance, in terms of power density Pν , as a function of the Fourier frequency
ν (see van der Klis 1989 for the details). In other words, by using the Fourier
analysis, we study the data in the frequency domain (i.e. power density spec-
trum) rather than in the time domain (i.e. the light curve). In this way we
can easily spot the presence of periodicities or quasi periodicities (in case the
frequency of the signal is not perfectly constant) in the light curve. Highly co-
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Figure 1.2: Low-frequency QPOs in the BH XTE J1859+226, adapted from Casella
et al. (2004). The QPOs are named after Wijnands, Homan & van der Klis (1999)
and Remillard et al. (2002). The poissonian noise has not been subtracted from the
spectra.

herent features, such as pulsations in accreting millisecond X-ray pulsars (see
Wijnands & van der Klis 1998), would appear as single frequency-bin spikes.
In this thesis I focus on aperiodic structures, that are spread over several fre-
quency bins, usually in the mHz-kHz frequency range. Figure 1.2 shows typical
power density spectra of BHs. Although the centroid frequency of these peaks
(quasi-periodic oscillations, QPOs) detected in some BHs can be as high as
∼ 450 Hz, in this thesis I focus on low frequency features (ν . 20 Hz, Chapter
2). Figure 1.3 shows several power spectra typical of high-luminosity NSs,
the so called Z sources (Hasinger & van der Klis 1989). They feature broad
structures that can be defined as “noise” (e.g. the VLFN, very low-frequency
noise in Figure 1.3) as well as QPOs (e.g. the normal and horizontal branch
oscillations, NBO and HBO, respectively). Although NS Z sources can show
“kHz” QPOs with frequencies of up to more than 1200 Hz, in Chapter 3 we
dealt only with QPOs with frequencies ν . 60 Hz.
Both Figure 1.2 and 1.3 show the power spectra in the canonical representa-
tion, with the power Pν on the y axis. However, in Chapter 3 all the power
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Figure 1.3: Power density spectra of the Z source GX 17+2, adapted from Homan
et al. (2002). The QPOs are named after Hasinger & van der Klis (1989).

spectra will be presented in the power times frequency (ν Pν) representation
(see Belloni, Psaltis & van der Klis 2002). This form has the advantage to
show on a logarithmic plot directly the strength of the signal (the integrated
rms amplitude of a component in the power spectrum is proportional to the
square root of the integrated power of the fitting components), as well as to
emphasize high frequency features.
Despite several years of X-ray observations of XRBs at high time resolution,
no exhaustive and complete physical model is available to interpret the X-ray
variability features in the power spectra and robustly relate them to typical
timescales of the accretion flow (see van der Klis 2006 for a review; see also
Chapter 2). Nevertheless, following Belloni et al. (2002), a unified phenomeno-
logical description of these timing features is possible by fitting the power
density spectra with a superposition of power spectral multi-Lorentzian com-
ponents. A Lorentzian is the Fourier transform of an exponentially damped
harmonic oscillator. Although the use of this function allows to fit power
spectra reasonably well and to follow the evolution of the peaks in terms of
frequency and strength, there is no physical reason to prefer Lorentzians to
other functions, e.g. Gaussians plus power laws. The big advantage of a uni-
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fied description is the possibility of comparing directly different observation
and sources, in relation to other observational parameters.

1.2.2 Spectral analysis

Broad-band spectral modelling is essential to understand the physical origin of
the emitting components of XRBs, both the accretion flow and the jet. Fitting
the energy spectra (usually by means of χ2 test statistics) and assuming certain
spectral models, we can directly investigate the geometry of the inflow and
the outflow, and their contribution to the total energy output of the system.
This is fundamental also to infer how the accretion/ejection coupling works.
Analysis of X-ray spectra will be presented in Chapters 5 and 6. Although
the properties of the accretion flows of BHs are not always well determined
and there is debate on many issues (as discussed in Chapter 5), their spectra
can be usually modelled using a combination of the following components: 1)
a multi-temperature disc-blackbody model to account for the accretion-disc
emission; 2) a Gaussian function to describe reflection features (like highly
ionized iron emission lines) from the disc; 3) a Comptonization model (often
a power law) to fit what is though to be the Comptonized emission of the soft
photons from the accretion disc by a “corona” of hot electrons. There is now
robust evidence that the jet contributes to the energy spectrum of BHs from
radio to infrared frequencies, possibly up to optical and X-ray frequencies. In
Chapter 6 we qualitatively investigate the properties of the jet by means of
simultaneous radio and optical/infrared observations.

Although fitting models has the advantage of giving direct information on
the values of physical quantities (the spectral parameters), it has the incon-
venience to depend strongly on the models that we are using. A model-
independent approach that is widely adopted makes use of the X-ray colours to
roughly estimate the spectral properties of XRBs. Colours are hardness ratios
between the X-ray counts (the number of photons detected) in two different
broad energy bands. Plotting two colours against one another (colour-colour
diagram, CD) or a colour versus the count rate (hardness-intensity diagram,
HID) is a powerful tool to trace recurrent characteristic patterns occurred by
XRBs. The energy bands used to create the colours are about the same within
the same class of XRBs (BHs or NSs).
Figure 1.4 shows an HID from an outburst of the BH GX 339-4 (from Belloni

et al. 2005). The position of a source in the X-ray HID can be used to infer its
spectral status, that has connections also to the properties of the jet (Tanan-
baum et al. 1972; Fender, Belloni & Gallo 2004). Although the mass accretion
rate is probably one of the parameters that drive the transition between the
states, we still do not fully understand how and why transition happens and
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Figure 1.4: HID of the 2002/2003 outburst of the BH GX 339-4, from Belloni et
al. (2005). The rectangles mark four different spectral states: the low/hard state
(LS), the high/soft state (HS), the hard-intermediate and the soft intermediate states
(HIMS and SIMS, respectively). See Chapters 2 and 6 for more details on the states.

which other parameters interfere.

1.2.3 Imaging

Observations at high spatial resolution are a key instrument to study the mor-
phology of the outflows from XRBs and their interaction with the interstellar
medium (see Chapter 4). Although we can spatially resolve jets at radio fre-
quencies from the early stages of the X-ray astronomy (in the seventies), only
the advent of the Chandra X-ray Observatory and the XMM-Newton satellite
(in the last decade) made possible to resolve them at X-ray frequencies. Fig-
ure 1.5 shows the Chandra images (obtained at different epochs) of the X-ray
jets from the BH XTE J1550-564 (Corbel et al. 2002). The proper motion
of the jets and the variations of their luminosity can be measured to infer
the properties of the surrounding medium and the mechanisms responsible for
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Figure 1.5: X-ray images of the arcsec-scale jets from the BH XTE J1550-564
(Corbel et al. 2002), obtained with Chandra observations.

their emission. When used together with the spectral analysis, the imaging
is a fundamental tool to infer the physical mechanisms at the base of the jet
emission and the energetic of the particles responsible for that. In Chapter 4
we illustrate such an example applied to the NS XRB Cir X-1.

1.3 X-ray binaries: classification and X-ray states

1.3.1 Neutron star X-ray binaries

Observationally, low-magnetic field neutron stars can be classified into two
main groups, according to their X-ray spectral and timing properties. Based
on the pattern that they draw in an X-ray CD, Hasinger & van der Klis (1989)
named them Z sources and atoll sources (Figure 1.6).

Atoll-type NS XRBs constitute the big majority of low-magnetic field ac-
creting neutron stars. They display a broad range of X-ray luminosities usu-
ally with values in the range ∼ 0.01 − 0.5 LEdd (where LEdd is the Eddington
luminosity). This class possibly includes also the accreting millisecond X-
ray pulsars and several faint and very faint (with X-ray luminosities below
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Figure 1.6: Panels a and b: CDs of two atoll sources, 4U 1608-52 and GX 9+1,
respectively. Panel c: typical HID from a Z source, GX 340+0. Adapted from van
der Klis (2006).

0.001 LEdd) NS XRBs (see van der Klis 2006). Atoll sources feature two main
spectral states: the harder island state and the softer banana state. A more
detailed state description is also possible, as shown in panels a and b in Figure
1.6.

Z-type NS XRBs represent a class of six persistent sources (Sco X-1, GX
17+2, GX 349+2, Cyg X-2, GX 5-1, GX 340+0) plus the transient source
XTE J1701-462 (that switched to an atoll source near the end of its outburst;
see Homan et al. 2007a, Lin et al. 2009). A eighth source can be added to
the list, Cir X-1. This NS binary can be classified as a Z source (Shirey et
al. 1998, 1999; Chapter 3) although sometimes it shows typical atoll source
energy spectra, as well as features in the power density spectra (Oosterbroek
et al. 1995; Chapter 3).
Z-type NSs accrete at high rate (0.5 − 1.0 LEdd) and are the brightest X-
ray sources in our Galaxy. Sco X-1 is actually the first XRB ever detected
(Giacconi et al. 1962). They usually draw a Z-shaped pattern in the X-ray
CD (or HID; Figure 1.6, panel c) in which the three characteristic branches are
called Horizontal, Normal and Flaring branch (HB, NB and FB, respectively).
Each branch defines a spectral state, with distinct timing and jet properties
(see Chapter 3). Z sources are rapidly variable in the X-rays and can trace
the whole Z pattern on timescales of hours to days. Interestingly, the shape
of the path that they draw in the CD (and in the HID) can change with
time, and the only known transient Z source (XTE J1701-462) exhibited a
transition from Z-type to typical atoll-type properties (Homan et al. 2007a;
Lin et al. 2009). The mass accretion rate is supposed be responsible for these
changes. However, it is not perfectly clear what drives the transition between
the different spectral states (both in atoll and Z sources): both the local mass
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accretion rate and disc instabilities could be responsible for that (Lin et al.
2009), although other factors can not be excluded.

1.3.2 Black hole X-ray binaries

BH XRBs shows different accretion states, defined according to the position
and the path that the source follows in an X-ray HID (Figure 1.4; see Belloni
2009 for a review; see also McClintock & Remillard 2006 and Remillard &
McClintock 2006 for an alternative definition of the states). BHs usually
undergo relatively short (weeks to months) outbursts, when the mass accretion
rate brings them to X-ray luminosities of 0.1-1 LEdd. Four X-ray spectral
states can be identified in the HID during the outburst (indicated in Figure
1.4). Successive outbursts are separated by long periods of quiescence, when
their luminosity is much lower (∼ 10−9 − 10−6LEdd).

The LS (low/hard state, see the caption of Figure 1.4) of BHCs is charac-
terized by a hard power-law X-ray spectrum (with photon index Γ ∼ 1.4−2.1;
e.g. Remillard & McClintock 2006) which is usually interpreted as the result
of comptonization of seed photons by hot electrons (the so called “corona”).
Observations suggest that the accretion disc is cold (with temperature T < 1
keV) and truncated at large radii (e.g. McClintock et al. 2001) at low lu-
minosities (at L . 1% LEdd; Cabanac et al. 2009). In the last year it has
been suggested (see e.g. Miller et al. 2006b and Reis et al. 2009b) that the
accretion disc might extend to the vicinity black hole (close to the innermost
stable orbit) even in the LS at very low X-ray luminosities. X-ray spectra
of BH XRBs in the LS have also been found to feature iron emission lines,
produced by the reflection of the Comptonized photons off the accretion disc.
It is important to ascertain whether these lines are present and to measure
their broadening that, after having assumed a certain spectral model, can give
information on the inner boundaries of the accretion flow (see Chapter 5 for
a detailed discussion on this topic).
The X-ray energy spectrum of BHCs in the HS (high/soft state, see Figure
1.4) is dominated by a thermal emission below ∼ 5 keV, likely produced by
an optically thick/geometrically thin accretion disc extending to/close to the
innermost stable circular orbit. The energy spectrum in the HS also features
a steeper power-law tail than in the LS.
The intermediate states are characterized by spectral properties in between
the HS and the SS.

In timing studies, the LS and the intermediate states show strong quasi pe-
riodic oscillations (QPOs) and noise components while the HS is characterized
by weak/absent variability. Figure 1.7 shows typical power density spectra of
BHs in the four spectral states in outburst. The type C QPO (see Figure 1.2
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Figure 1.7: Typical power density spectra of the BH XRB GX 339-4 in outburst,
from Homan & Belloni (2005). Each power spectrum is representative of one spectral
state. See Figure 1.4 for a connection between the spectral state and the position of
the BH in an X-ray HID.

for an example of the different QPOs) is typical of the LS and the HIMS, while
the type B has been associated with the transition between the HIMS and the
SIMS. No clear association has been established yet between the type A and
a spectral state. More details on this topic are given in Chapter 2.
In this chapter I introduced certain acronyms (e.g. LS for low/hard state and
HS for high/soft state) that for example have been used in Chapter 2. How-
ever, in Chapters 6 and 7, we made use of different acronyms (e.g. HS for
low/hard state and SS for high/soft state). The reason for this is that those
two papers are addressed not only to X-ray astronomers, but for example to
radio astronomers too. In fact most of non X-ray astronomers are probably
more familiar with the “hard X-ray spectral state” rather than the “low/hard
X-ray spectral state” (see e.g. Klein-Wolt & van der Klis 2008 for a description
of the history of the names of the states). At the beginning of each chapter
we define all the acronyms that are used, so confusion should be avoided.
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Figure 1.8: Radio image of the region around the BH XRB Cyg X-1 (Gallo et al.
2005). A ring-like structure (with a diameter of ∼ 5 pc) is evident, most likely inflated
by the inner radio jet (shown in the inset, from Stirling et al. 2001).

1.4 Relativistic ejections

The ejection of collimated and bipolar outflows of energy and matter (known
as jets) is though to be a very common process associated with accretion onto
black holes of all masses (both stellar mass BHs in XRBs and supermassive
BHs in AGN) as well as with many accreting NS XRBs (see Fender 2006 for a
review). In XRBs jets can carry the majority of the energy output of the sys-
tem and can also be highly relativistic, with bulk Lorentz factor Γ > 10 (that
implies a bulk speed v > 0.95c, where c is the speed of light in vacuum). Their
action deeply changes and affects the surrounding medium (see Figure 1.8),
for example feeding it with energetic particles that contribute to the evolution
of the interstellar magnetic field. On larger scales, the energy feedback due
to massive ejections from AGN has probably regulated the growth of galaxies
and the evolution of galaxy clusters on the largest scale.

Despite the ubiquity of jets in the universe and their importance for the
understanding of accreting systems, the physics of the jet formation (particle
acceleration, collimation, content) is still poorly understood, as well as the
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1.4 Relativistic ejections

relation between their ejection and the accretion processes.
Jets from NS XRBs are usually much fainter, given a certain X-ray lumi-

nosity, than jets from BH XRB. Nevertheless, the most relativistic ejection
detected so far in our Galaxy has been associated with a NS system, Cir X-1
(Fender et al. 2004b, see also Chapters 3 and 4). All the NS Z sources have
been detected in radio (the electromagnetic band in which the jets are more
prominent and we can detect them more easily), while only a few NS atoll
sources have a known radio counterpart. Most of our knowledge about jets in
XRBs comes from radio observations of black hole systems. Jet spectra are
non thermal and usually characterized by a very high brightness temperature
(> 109 K) and (often) a high degree of polarization. All these elements point
towards a synchrotron origin for the jets, implying the presence of highly rel-
ativistic particles moving in magnetic fields.
I will now briefly describe the two main types of jet powered by accreting
BHs in binary systems, characterized by different morphologies and spectral
properties.

• Discrete ejections of plasmons moving away from the binary core with
highly relativistic velocities (see Figure 1.5 and Chapter 4 for their inter-
action with the surrounding medium). Detected originally in the radio
band, there are now several detections also in the X-rays. These jets
can travel up to (about) parsec distances from the binary core and dis-
play rapidly decaying fluxes. They are characterized by an optically
thin spectrum (with spectral index α < 0, if the spectrum is of the form
Sν ∝ να), allowing to derive the shape of the underlying relativistic par-
ticle distribution. In Chapter 4 I will describe this method in detail and
I will show how it can be used to infer the energetics of the jet and study
its interaction with the interstellar medium.

• The hard spectral state of BH XRBs is typically associated with radio
emission characterized by a flat/slightly inverted radio spectrum (with
spectral index α ≥ 0) sometimes extending up to infrared and opti-
cal frequencies. By analogy with the case of AGN, this spectrum is
usually interpreted as produced by compact collimated outflows that
become progressively more transparent at lower frequencies as the par-
ticles move away from the base of the jet (Blandford & Königl 1979).
Direct imaging of compact jets has been possible only in two BH XRBs:
Cyg X-1 (Stirling et al. 2001; see the inset of Figure 1.8) and GRS
1915+105 (Dhawan et al. 2000; Fuchs et al. 2003). In the other sources,
the outflowing nature of the emitting plasma is generally inferred using
the following argument: an upper limit on its brightness temperature
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(which for synchrotron incoherent sources can not exceed ∼ 1012 K,
above which Compton losses become catastrophic; see Fender 2006 and
references therein) implies a lower limit on the size of the emitting region,
which in most of the cases appears to be larger than the orbital sepa-
ration between the two objects in the binary system, and consequently
not bounded within the XRB.

1.5 Outline of this thesis

The understanding of the coupling between the accretion processes and the
ejection mechanisms in XRBs is the main topic of this thesis. Its importance
comes from the fact that a similar coupling might apply both in stellar-mass
accreting objects in XRBs and in supermassive BHs in AGN, making it an
extremely common phenomenon in the universe.

In Chapter 2 I approach the problem investigating the properties of the fast
X-ray variability in the BH XRB GRS 1915+105. This is considered one of the
prototypical jet sources in the Galaxy. Timing studies showed that the type
B QPO (Figure 1.2) appears to be associated with the transition between the
hard-intermediate and the soft-intermediate states. This transition might be
in turn related to the emission and collimation of discrete (highly) relativistic
ejections (Fender, Belloni & Gallo 2004). We detected the type B QPO in the
power density spectra of GRS 1915+105 for the first time, using a sophisticated
searching technique that allows to deal with the extremely rapid variability
characteristics of this source.

In Chapter 3 we analyse simultaneous X-ray and radio observations of the
NS Z-source Cir X-1. As already mentioned, this source is characterised by a
high jet activity and also produces the most relativistic ejections detected so
far in our Galaxy. We investigated the X-ray spectral and timing properties
of the source, confirming that it exhibits typical Z-source features, as well as
atoll-source behaviour at some orbital phases of the binary system. As the
mass accretion rate is thought to be the main responsible for the differences
between atoll and Z sources, Cir X-1 appears to be one of the best candidates
to study this issue. We also analysed three radio-flaring events associated with
Cir X-1, showing that in two cases the radio ejections might be connected to
X-ray spectral transitions, as observed in other Z sources and in many BH
XRBs.

In Chapter 4 I focus on the interaction between the discrete ejections from
the NS XRB Cir X-1 and the interstellar medium. We observed the source in
the X-rays using the Chandra X-ray Observatory, detecting the jets on both
the sides of the receding and the approaching radio jet. We tested two possible
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1.5 Outline of this thesis

emission mechanisms for the X-ray emission. Although the thermal emission
can not be ruled out (given by the shock between the jet and the interstellar
medium), synchrotron processes seem to constitute a more plausible hypothe-
sis. Interestingly, we could confirm that NS XRBs can be as efficient as black
holes in producing outflows, despite their shallower gravitational potential.

In the last years, the determination of the geometry of the accretion flow in
BHs had become a hot topic. Several papers (e.g. Miller et al. 2006b; Reis et
al. 2009b) claimed that the accretion disc might extend to the vicinity of the
black hole even in the hard spectral state at very low X-ray luminosity. This
is against the standard picture in which the accretion disc is expected to be
truncated a larger radii in such a spectral state. It is particularly important
to ascertain the geometry of the inner accretion flow, since it is probably
strictly bounded to the jet forming region (e.g. Livio et al. 1999; Meier
2001). In Chapter 5 we investigate this topic by studying the X-ray spectrum
(obtained with the XMM-Newton satellite) of the BH XRB Swift J1753.5-
0127, observed in the hard spectral state. We showed that the X-ray spectrum
can be modelled without necessarily including an accretion disc extending to
the innermost stable circular orbit (the immediate vicinity of the compact
object).

The last two chapters can be considered the “core” of this thesis. In Chap-
ter 6 we investigate the disc-jet coupling by means of simultaneous multiwave-
length observations of the BH XRB Swift J1753.5-0127. This source features
a jet that is fainter than what is usually observed in other sources (at radio
frequencies), at similar X-ray luminosities. We studied the broad-band spec-
tra of Swift J1753.5-0127 (from radio up to X-ray frequencies), to understand
how the jet contributes to the total energy output of the XRB.
The radio-quiet systems (e.g. Swift J1753.5-0127) seem to populate growing
sample of sources and are the best candidates to investigate the parameters
that interfere in the accretion/ejection coupling. We studied this aspect in
detail in Chapter 7, by examining whether the values of typical parameters of
the binary system (e.g. the orbital period), as well as the properties of the
outburst (e.g. the spectral states in which the source has been observed) play
a role in powering the jet.
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