
Preface

Over the past decades, both theoretical and observational efforts have led to a
common view that most galactic nuclei host a massive central body, presumably a
supermassive black hole (hereafter SMBH). It has been further accepted that
galactic nuclei contain extremely dense star clusters that belong to the very old and
only slowly evolving stellar population from the more distant parts of galaxies. In
the first approximation, these star clusters may be considered roughly spherically
symmetric. Their dynamical evolution in the potential of the central SMBH has
been studied by various authors in the past, starting with the series of papers by
Peebles (1972a, b) and Bahcall and Wolf (1976, 1977).

One specific target of such investigations has always been, due to its proximity,
the centre of our own Galaxy. Surprisingly, the observations of this region that
have been carried out during the last 20 years have established that, in addition to
the old spherical cluster, the closest vicinity of the central SMBH is also occupied
by very young stars (Allen et al. 1990; Genzel et al. 2003; Ghez et al. 2003, 2005;
Paumard et al. 2006; Bartko et al. 2009, 2010). Moreover, it has also turned out
that the spatial configuration of a substantial subset of these young stars is rather
unexpected, in particular, many of them appear to belong to a coherently rotating
disc-like structure identified for the first time by Levin and Beloborodov (2003).
The dynamical evolution of such a stellar disc has been analysed by Alexander
et al. (2007) and Cuadra et al. (2008) by means of numerical modelling. These
works, however, are based on several simplifications. Among others, the most
limiting one seems to be the approximation of an isolated stellar system, i.e. a
system that is not influenced by any other sources of gravity except for its own and
the central SMBH. Other works include the perturbative influence of a possible
second stellar disc (Nayakshin et al. 2006; Löckmann et al. 2008; Löckmann and
Baumgardt 2009; Löckmann et al. 2009) or the old spherical star cluster (Kocsis
and Tremaine 2011).

A stellar disc similar to the one detected in the Galactic Centre has also been
reported in the central parts of our neighbouring galaxy M31 (Bender et al. 2005;
Lauer et al. 2012). Hence, it appears that such structures might represent generic
component of galactic nuclei. In this thesis, we thus attempt to broaden the pre-
vious analyses and further investigate the evolution of the initially thin stellar discs
around the SMBH. By means of numerical N-body modelling, we include the
perturbative influence of an extended spherically symmetric star cluster (Chap. 2).
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We discuss the case when the cluster is emulated by a predefined analytic potential
in contrast to the case when it is treated in the full N-body way, as a large number
of gravitating stars. In the later one, our results reveal a significant impact of the
cluster gravity upon the evolution of the embedded disc. Furthermore, we consider
the perturbative gravitational influence of a distant axisymmetric source which
approximates massive gaseous torus, another widely expected component of the
active galactic nuclei. We develop a simple semi-analytic model for this setting
(Chap. 3) and apply this model to the young stellar system in the Galactic Centre,
confronting the results with direct numerical N-body calculations (Chap. 4).
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Josef Hanuš for unplugging and hiding my laptop battery, dismantling my chair,
continuously displacing or hiding all of my stuff and other pleasantries and Michal
Švanda for scaring me in the Institute’s corridors. I would like to thank also Pavel
Kroupa from the Argelander Institute for Astronomy of the University of Bonn for
being a kind host during my stay there and giving me much useful scientific advice
and Sverre J. Aarseth from the Institute of Astronomy of the University of
Cambridge for all the delicious Scottish cookies and the optimized version of his
NBODY6 code without which this thesis would never exist. But most of all, I wish
to thank my future wife, Jana, for being my future wife.
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