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The topic of this doctoral thesis deals with analytical and numerical modeling of

processes  that  act  in  matter  in  close  vicinity  of  astrophysical  black  holes.

Particular focus is given to the case of a supermassive black hole that is present

in many, if not all, centers of active and weakly active galaxies, including our own

Milky Way. Nevertheless, numerical tools adopted in this work are such, that the

results are easily scalable with the black hole mass and may be further applied to

other types of cosmic sources.

Matter that is falling into the black hole in cosmic environment, is in the state of

ionised and magnetized plasma, which is subject to turbulent motions and violent

conditions,  common in  astrophysical  situations.  Such conditions  can never  be

achieved  in  our  ground-based  laboratories.  Therefore,  the  implications  and

preditions of theoretical modeling are studied indirectly, through the observations

made  with  the  advanced  facilities,  like  X-ray  detectors  placed  onboard  the
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satellites, or with the arrays of radiotelescopes. 

In this context, the research presented in the proposed thesis is very ambitious.

The broad topic involves not only the general relativistic formulation of problems,

which is a standard in the context of black hole studies, but also the hydro and

magnetohydrodynamical  modeling  of  phenomena,  and,  on  top  of  that,  the

astrophysical discussion. To tackle such advanced problems, definitely requires

the candidate to be mature and creative in  scientific work and have a broad

knowledge as well as the ability to conduct multi-level reasoning. 

The Thesis of Mr. Hamersky consists of 7 Chapters. 

In the first chapter, the Author introduces the active galactic nuclei and provides

some basic facts about their observed appearance and phenomenology. Then, the

concept  of  accretion  of  matter  onto  the  black  hole  via  rotationally  supported

torus, present in the galaxy center, is discussed. In the end of this chapter, the

role  of  magnetic  fields  that  induce  the  magneto-rotational  instability  and

transport of angular momentum, is presented. 

In  the  second  chapter,  the  author  presents  a  more  detailed  discussion  of

relativistic accretion tori. This is based on the literature that dates back to the

works of Fishbone & Moncrief (1976) and Abramowicz et al (1978), who derived

the analytical  equations  for  the  structure  of  a  stationary,  geometrically  thick,

polytropic torus in the Kerr metric. In the end, the analytical treatment of linear

modes in torus oscillations is introduced, after the work of Blaes et al (2006).

These works are the basis for further numerical simulations done later by the

Author, either as the setup for the initial conditions, together with a prescribed

configuration  of  the  magnetic  field  inside  the  torus,  or  for  the  comparison

between analytical and numerical results for the oscillation frequencies. 

In the third chapter, the Author describes numerical methods adopted in the MHD

scheme that he uses for his simulations. These methods are impelmented in a

publicly-available  code  called  HARM  (from  High-Accuracy-Relativistic-

Magnetodydrodynamics),  and  at  the  moment  they  are  widely  used  in  the

astrophysical community. The code can operate on the fixed background metrics,

particularly those describing a spherically symmetric or rotating black hole. he GR

MHD equations are integrated numerically, using a conservative scheme, so that

the total energy of the fluid, rather than internal energy, is conserved, due to the



Lax-Wendroff  theorem.  The  vector  of  conserved  variables,  on  which  the  code

operates, contains the comoving density, energy-momentum, and magnetic field

3-vector  components.  The  latter  has  a  simple  physical  interpretation,  but  to

transfer  to  the  other  so  called  'primitive'  variables,  such  as  matter  density,

internal energy and 3-velocity, one needs to use certain solvers and schemes,

which  allow  for  numerical  evaluation  of  the  Jacobian  matrix  and  are

impelemented in the code.  

In the fourth chapter, the results are presented. They are already published in two

articles  in  Astronomy  and  Astrophysics.  The  models  studied  here  discuss  the

evolution of a polytropic, magnetized torus around a black hole, whose mass and

angular momentum (spin) also evolve in time because of matter accretion. Also,

the angular momentum profile and magnetisation parameters are changed, to

quantitatively show in which cases the torus is subject to runaway accretion. This

part of the thesis shows the Authors ability to systematically study the simulation

results and present them in an organized way. 

The  second  part  is  devoted  to  modeling  of  a  stellar  fly-by,  which  causes  a

perturbation in the torus density. The perturbation may be so abrupt, that a blob

of  matter  is  expelled  from the torus.  The conditions  are  tuned such that  the

change of the black hole mass is not  substantial during the time of simulation, so

that the model applies to the Galactic Center. 

In the 5th, 6th, and 7th chapter, the Author gives brief discussion of the results,

conclusions,  and  hints  for  the  future  perspectives  of  his  research.  They  are

discussed rather briefly, but a large number of references to the relevant articles

in the field is given and shows the proper context of  this work in the current

research topics, studied by the astronomical community.

My comments and questions to the content of the thesis are as follows. 

1) The Author did not describe any example or test on which the numerical

methods adopted in HARM code are verified. Several of them are standard tests,

and were presented in the literature. Nevertheless, at least one or two simple test

runs could be discussed in Chapter 3, to show how the code works in practice,

and with various initial conditions, e.g., that the conservation laws are satisfied,

the  shocks  are  captured,  numerical  accuracy is  sufficient,  or  how the  grid  is

constructed.



2) The initial torus, i.e., its equi-pressure surfaces shown in the Figure 3.1, looks

differently  in  the  standard  Boyer-Lindquist  coordinates,  and  in  the  "HARM

coordinates". Unfortunately,  the latter are not explicitly described nor defined.

What are these coordinates and how is the transformation done in the code?

3) The Author considered only one particular configuration of magnetic field

threading  the  torus,  namely  the  toroidal  one.  Can  it  be  at  least  qualitatively

addressed, how would it  behave in case of  other field configurations,  i.e.,  the

vertical one, or the poloidal field, which follows the constant density surfaces?

How such a field would affect the stability of a perturbed torus? I imagine that

other field configuration should be prone to turbulent behavior,  while the field

frozen-in the plasma might eventually produces a so-called magnetic barrier and

temporarily stops the matter accretion.

4) Also, it would be interesting to check how the value of the adiabatic index

gamma  affects  the  model.  Here,  only  the  gamma=4/3  is  used.  However,  if

gamma was larger than that, an outflow from the torus could be expected due to

the change of enthalpy.

5) Why the maximal velocity of the blob ejected during the stellar fly-by does

not scale linearly with the black hole spin (cf. Figures 4.17-4.19)? Some simple

explanation as well as discussion of possible consequences of such fact would be

very valuable.

Regardless of the above issues, I generally conclude that the thesis results are

valuable and important for our understanding of astrophysical black holes and

accretion processes. It proves the Authors ability for creative scientific work. 

Potential  of  the  methodology  adopted in  this  research is  quite  promising  and

further applications  are possible.  For  instance,  possible  are the studies of  the

angular momentum varying with time, and the observed consequences of such

conditions for the observed X-ray variability and flares detected form the Galactic

black  hole  X-ray binaries  (see Sukova & Janiuk  2015).  Also,  the conditions  of

changing black hole spin and mass are very important when the mass accreted is

huge, comparing to the black hole mass, e.g., when the rotating envelope of a

massive star collapses to produce a gamma ray burst (see Janiuk, Charzynski &

Bejger  2013).  Obviously,  the  behavior  of  magnetic  field,  its  turbulence,  and

magnetic dynamo process can be described correctly only in a full 3-dimensional



treatment, as the field will not diffuse and longer time calculations will then give

more reliable results. Therefore, from the technical point of view, extension of the

code  and  calculations  non-axisymmetric  models  should  be  considered  by  the

Author for his future work.
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