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and T. Belloni5
1ESAC, European Space Astronomy Centre, Villanueva de la Cañada, E-28692 Madrid, Spain
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ABSTRACT
We present a systematic study of the orbital inclination effects on black hole transients fast
time-variability properties. We have considered all the black hole binaries that have been
densely monitored by theRossi X-ray Timing Explorersatellite. We �nd that the amplitude of
low-frequency quasi-periodic oscillations (QPOs) depends on the orbital inclination. type-C
QPOs are stronger for nearly edge-on systems (high inclination), while type-B QPOs are
stronger when the accretion disc is closer to face-on (low inclination). Our results also suggest
that the noise associated with type-C QPOs is consistent with being stronger for low-inclination
sources, while the noise associated with type-B QPOs seems inclination independent. These
results are consistent with a geometric origin of the type-C QPOs – for instance arising
from relativistic precession of the inner �ow within a truncated disc – while the noise would
correspond to intrinsic brightness variability from mass accretion rate �uctuations in the
accretion �ow. The opposite behaviour of type-B QPOs – stronger in low-inclinations sources –
supports the hypothesis that type-B QPOs are related to the jet, the power of which is the most
obvious measurable parameter expected to be stronger in nearly face-on sources.
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1 INTRODUCTION

Quasi-periodic oscillations (QPOs) were discovered several decades
ago in the X-ray �ux emitted from accreting black hole (BH) bina-
ries and have been observed in many systems. In a Fourier power
density spectrum (PDS), they take the form of relatively narrow
peaks and appear together with different kinds of broad-band noise
(e.g. Takizawa et al.1997; Casella, Belloni & Stella2005; Motta
et al.2012). It is now clear that QPOs are a common characteristic
of accreting BHs and they have been observed also in neutron stars
(NS) binaries (e.g. van der Klis1989; Homan et al.2002; Belloni
et al.2007), in cataclysmic variable (see e.g. Patterson, Robinson &
Nather1977) in the so-calledultraluminous X-ray sources(possi-
bly hosting intermediate-mass BHs; e.g. Strohmayer & Mushotzky
2003) and even in active galactic nuclei (AGNs; e.g. Gierliński et al.
2008; Middleton & Done2010).

Low-frequency QPOs (LFQPOs), with frequencies ranging from
a few mHz to�20 Hz were �rst observed withAriel 6 in the BH
binary (BHB) GX 339�4 (Motch et al.1983) and observations
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with Gingaprovided the �rst indications for the existence of mul-
tiple types of LFQPOs (see e.g. Miyamoto & Kitamoto1991and
Takizawa et al.1997). Three main types of LFQPOs, type-A, type-B
and type-C,1 originally identi�ed in the PDS of XTE J1550�564
(see e.g. Wijnands, Homan & van der Klis1999; Homan et al.
2001; Remillard et al.2002; Casella et al.2005; Motta et al.2011)
have been seen in several sources. These are distinct from the high-
frequency QPOs, found at frequency up to�450 Hz, which we do
not consider in this work (but see Belloni, Sanna & Méndez2012,
for a review).

The origin of LFQPOs is still unclear and there is no con-
sensus about their physical nature, although their study provides
a valuable way to explore accretion around accreting compact

1 Type-C QPOs are by far the most common type of QPOs observed in BHBs.
Their amplitude is usually large and they are characterized by a variable
frequency ranging the 0.1–30-Hz interval. Type-B QPOs are less common
than the type-C QPOs, they are usually observed along the transition from
hard to soft in transient BHBs with frequencies around�6 Hz. Among
LFQPOs, type-A QPOs are the least common of all. They usually appear in
the soft states of transient BHBs as broad and weak peaks.
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