
Supervisor’s report on the work

“Symmetries and dynamics of star clusters”

submitted by Mgr. Jaroslav Haas for the degree PhD

The submitted Thesis is dedicated to numerical modelling of self-gravitating stellar
systems. In particular, it is focused on thin disc-like system of stars orbiting a
supermassive black hole, gravity of which is perturbed by either embedding roughly
spherical stellar cusp and/or outer axisymmetric massive ring. This configuration
is motivated mainly by the observations of the centre of the Galaxy.

The work may be divided into two major parts. Historically the first one deals
with evolution of a stellar disc around the dominating central potential perturbed
by a smooth spherically symmetric cusp and an outer axisymmetric ring. It shows
that the stellar disc tends to be partially disrupted with the surviving part changing
its orientation towards nearly perpendicular to the ring-like perturber. This asymp-
totic configuration may be an indirect evidence for the dynamical evolution of the
system of young stars observed in the centre of the Milky Way which exhibits sim-
ilar properties with a subset of them forming a disc oriented nearly perpendicular
to a massive molecular torus, the so-called Circum-Nuclear Disc. Numerical results
on this subject are accompanied by secular theory analysis which provides deeper
insight into the process under discussion.

During the last year, the work was focused on numerical modelling of a stellar
disc embedded in an initially spherically symmetric stellar cusp treated in a N-
body, i.e. fully self-gravitating way. Current status of this research as it is presented
in the Thesis shows very promising new results: The presence of the disc causes
some kind of secular instability within the cusp which leads to perturbation strong
enough to back-influence the stellar disc, namely to cause large oscillations of orbital
eccentricities due to the Kozai mechanism. The low-level physical nature of this
instability has not been understood yet, but it is likely that this process will have
implications for various aspects of stellar dynamics in the galactic nuclei, e.g. feeding
the supermassive black holes with stars being pushed to extremely eccentric orbits
or explaining asymmetries of nuclear star clusters which have been reported recently.

We have spent many hours of exhaustive discussions on the presented work, hence
I don’t have many questions any longer. Let me mention just one point: During the
finalising of the Thesis, I have pointed out several times that the statement about
non-evolving distribution of orbits’ inclinations within the model K0b mentioned in
the caption of Fig. 2.18 should not be based just on the by eye estimate but rather
verified by means of some standard statistical test, e.g. the Kolmogorov-Smirnov
one. As this haven’t been done, I raise this request in this way once again.

The Thesis itself as is and the results obtained are in my opinion valuable enough
to be accepted as a PhD Thesis. Nevertheless, let me comment also on the work
which lead to this final result. Mr. Haas has only slowly been gaining indepen-



dence, which is the quality necessary for a scientific work. Especially the work on
the evolution of the orientation of stellar disc under the influence of an axisymmetric
perturbation has been done under strong influence and pressure of the supervisor.
Both intensity and effectiveness of his work have also been varying quite a lot, start-
ing from values close to zero during the first two or three years of the PhD study. I’d
like to stress on here that Mr. Haas still needs to make a considerable improvement
in these aspects in order to became a respectable independent researcher.
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