“Astrophysics of processes around compact objects”
Popular science description of project

Black holes and neutron stars are the most compact objects that we know. Their gravitational
potential energy, given by mass to radius ratio, is converted into heat in the process of accretion.
Therefore, we observe the high energy radiation outgoing from the disks of plasma surrounding
these stars. Accretion is also responsible for ejection of the streams of matter from the polar regions
of rotating black holes, known as jets. It is supposed that the magnetic fields must mediate this
mechanism. Finally, merging compact objects are the sources of emission of gravitational waves.
The first event of this kind was detected in 2015 by the collaboration of interferometers LIGO and
VIRGO. In 2017 the scientists who made decisive contributions to these instruments and their
discoveries, were awarded the Nobel Prize in physics.
Our team in the Center for Theoretical Physics PAS, from 2013 is conducting the research
focused on the physics of processes in the environment of compact stars. The new team which was
established for this purpose is working mostly with computer simulations of the black hole
accretion and ejection. We are investigating the way how the matter is swallowed by the compact
star and what are the observed manifestations of this activity. We are also interested in the
mechanisms of launching the relativistic jets at the black hole horizon regions. Our simulations
finally involve the gravitational waves and verification whether these waves could be correlated
with a signal in other ‘messengers’. The data may involve neutrinos or high energy photons,
detectable by the satellites or ground based (or underground) observatories.

Fig. 1. Gravitational wave illustration – one of the
curvature tensor components – propagating in the
spacetime around two merging black holes. Simulation
made using the code Einstein Toolkit.
Author: Petra Sukova

Fig. 2. Formation of relativistic jet from the black hole
central engine. The maps (from left to right) show the
profiles of density (in jet and accretion disk) total energetics,
magnetisation of the jet and its speed (the Lorentz factor) .
Simulation made with the code HARM. Author: Kostas
Sapountzis

In one of our works, we concluded that the gravitational waveform detected for GW150914 could
be related to a merger of a black hole that was orbiting around a collapsing massive Wolf-Rayet
type star. Due to accretion of the part of spun-up envelope of the collapsar, a gamma ray burst could
have been produced, related to the emission of a high energy radiation from the jet. Such a burst
was putatively detected by Fermi Gamma-Ray Burst Monitor, as coincident with GW150914.
Our methodology is based on the advanced magnetohydrodynamics and numerical relativity
algorithms. Most of them have been worked out after 2010. They are still being developed, and our
team has particular achievements in this field. We worked out a new version of the code named
HARM, as designed for the modeling of a gamma-ray burst central engine. The code is based on the
full GRMHD but in addition it involves the nuclear equation of state (EOS). Substituting the
adiabatic equation with the Fermi gas EOS of an arbitrary degeneracy is a world-class
accomplishment. Currently, the code has been applied to computations of the heavy element
nucleosynthesis in the binary neutron star mergers, and their radioactive decay, such as observed
recently for the ‘kilonova’ in GW170817.

