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Stars and stellar systems 

near black holes

Abstract. The long-term evolution of the orbit of a satellite intermediate-mass 
black hole captured by a massive galactic nucleus has been examined. Repetitive 
transits across the accretion disk slab create a turbulent wake, where material 
is pushed out of the disk plane. In the embedded phase the orbit decays via 
continuous hydrodynamical interaction together with losses caused by the 
gravitational wave emission.

INTRODUCTION

We examine a model which contains:

 A massive galactic nucleus (a rotating black hole, M»108M¤)
 An accretion disc (an equatorial planar slab as the first approximation)
 Individual satellites (IMBH), or a cluster of satellites (the mass of each 

one m<<M) within the innermost »1 pc around the nucleus.

We study individual transits and the long-term evolution of orbital 
parameters:

 local interaction between the satellite and the disk material
 gravity of the centre (Newtonian versus Kerr metric, dragging effects);
 gravity of the disc (Md<<M);
 effects of the radial density profile of the disc and mutual scattering of 

the satellites on their orbit (two-body relaxation). 2
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QPE: Quasi-periodic eruptions are 
recurring X-ray bursts originating 
in nuclei of low-mass galaxies.

ASTROPHYSICAL MOTIVATIONS AND CONTEXT
HYDRODYNAMICS OF SATELLITE-DISC COLLISIONS
Previously we assumed very simplified estimates for the drag acting on the 
satellite when it crosses the disc. Our assumptions enabled us to discuss 
processes like circularization of the orbit. We also showed how the orbit 
becomes inclined into the disc plane, quite independently of the details of 
satellite-disc collisions. Such knowledge is however necessary to study 
details of the temporal evolution.
Two-dimensional hydrodynamical 
simulations have been performed 
for the case of  a black hole which 
crosses the disc perpendicularly 
[Ivanov et al]. It has been shown 
that such collision results in two-
side outlows of gaseous material 
from the disc.
 
This figure captures four 
subsequent moments (time is 
indicated) of the collision. The 
black hole moves from top to 
bottom. Contours of equal density r 
are shown with a constant step in 
log r. The arrows represent fluid 
velocity. Formation of shocks and 
two oppositely directed fountains 
is visible.
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RESULTS: ROLE OF HYDRO vs. GW EMISSION EFFECTS


