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HUNTING STELLAR-MASS BLACK HOLES IN X-RAY BINARIES

J. M. Corral-Santana1,2

In the last 50 years of X-ray astronomy we
have detected nearly 60 Galactic stellar-mass
black hole (BH) candidates in transient X-
ray binaries, i.e. systems with low-mass com-
panions and sporadic outburst episodes. In
addition, we have detected 2 more systems
with high-mass companion stars. Only 17
out of the ∼60 transients have been dynami-
cally confirmed although we have established
strong constrains in two more systems. In
this contribution, we will introduce the X-ray
binaries, summarise their status and present
the latest advances in the field.

X-ray binaries are systems formed by either a
neutron star or a black hole fed by an accompanying
star, oftenly in the main-sequence, usually through
an accretion disc.

Most of the BHs have been found in a type of
X-ray binaries called transients. These are systems
with low-mass companions and characterized by spo-
radic outburst episodes produced by thermal-viscous
instabilities in the accretion disc (which usually last
months) followed by long quiescent states where the
systems stays more of their lifetimes (years to cen-
turies). During the outburst state, they increase
the brightness in all wavelengths being detected by
the X-ray satellites and follow a very characteristic
hysteresis pattern in an hardness-intensity diagram
(see e.g. Belloni et al. 2011). All systems that fol-
low the same behaviour are classified as BH candi-
dates. However, to firmly confirm the true nature of
the compact object, we need to perform dynamical
studies. These must be done during the quiescence
state, when the star dominates the optical emission.
The dynamical confirmation depends on two obser-
vational parameters: the orbital period and the ra-
dial velocity of the secondary star. They provide an
estimate of the mass function of the compact object
(which is an absolute lower limit to the real mass),
and, given that neutron stars cannot exceed 3 M⊙, a
compact object more massive than that value must
be a BH. Despite our huge efforts, in the 50 years of
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the X-ray astronomy era we have detected nearly 60
BH transients but we have only confirmed the pres-
ence of BHs in 17+1 out of them, i.e. only a third of
the detected population (Corral-Santana et al. 2016).
This clearly indicates the difficulty to obtain the dy-
namical parameters.

Recently, Casares (2015) has found a new em-
pirical relation that will allow us to obtain the ra-
dial velocity of the companion star by measuring the
full-width at half-maximum of the Hα line. There-
fore, with a single spectrum we will be able to con-
firm the nature of the compact object in fainter ob-
jects. One of the most exiting BHs lately discovered
is Swift J1357.2–0933. It was detected in 2011 during
an outburst episode. During this phase, we discov-
ered very unique properties (see e.g. Corral-Santana
et al. 2013) suggesting an edge-on inclination and we
could measure an orbital period of only 2.8 ± 0.3 h,
the second shortest reported so far in an X-ray bi-
nary. With data taken in quiescence, we used the
relation reported by Casares (2015) to pinpoint the
value of the radial velocity of the secondary star to
967±49 km/s (Mata Sánchez et al. 2015). These val-
ues imply a mass of the BH of at least 9.3 M⊙, being
the most massive BH transient in the Galaxy. How-
ever, we have not been able to detect the companion
star yet and, therefore, strictly speaking it is not a
dynamical confirmation. In addition, we were able to
place a lower limit to the mass of the BH candidate
KY TrA of > 9 M⊙ using the same relation.

In summary, this new way to obtain the radial
velocity without the need of the radial velocity curve
will help us to increase the sample of systems, at
least among the already discovered population of BH
candidates.
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arXiv:1109.3388

Casares, J. 2015, ApJ, 808, 80

Corral-Santana, J. M., Casares, J., Muñoz-Darias, T., et
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