Shocks in the relativistic transonic accretion
with low angular momentum
Petra Suková, Szymon Charzy«ski, Agnieszka Janiuk

psukova@cft.edu.pl, szycha@fuw.edu.pl, agnes@cft.edu.pl

Abstract

Numerical setup

Example results  shock solution

We perform relativistic hydrodynamical simulations of accretion ows with low angular momentum onto Schwarzschild or Kerr black hole.
We investigate the possible existence of standing
or oscillating shocks in such ows. Our computations are relevant in the case, when the subKeplerian component is important for explaining the properties of the accretion ow.

We performed 1D to 3D hydrodynamical simulations of the accreting gas on the xed background using the HARM computational code. The
background spacetime is stationary Kerr solution.
In order to cover the whole accretion structure
with suciently ne resolution near the black
hole we use logarithmic grid in radius with superexponential grid spacing in the outermost region, so that the outer region is covered with
low resolution grid and provide the reservoir of
gas for accretion. In the innermost region, the
grid spans bellow the horizon thanks to the regularity of Kerr-Shild coordinates, having several
zones inside the black hole and the free outow
boundary. The outer boundary condition is either free boundary, or in case, when long-term
evolution is studied (especially in 1D case), we
prescribed the properties of the inowing matter, which can be also time dependent. For 2D
computations, the resolution varies between 256
x 128 up to 384 x 256, in 3D case we use 256 x
128 x 96 cells.
We perform simulations based on a few dierent
types of initial conditions. Here we present one
example type of initial conditions and simulation.

We present results of simulation with value of
the angular momentum for which we found the
shock position unstable (initial data presented
in the middle column) - the eddies emerges in
the ow, the bubble is growing for some time,
after which a quick accretion occurs accompanied by shrinking of the bubble, which is also
oscillating in vertical direction. The shock bubble size changes quasiperiodically on very long
time scales what makes the model very useful
for comparison with observations.

Physics
The matter essentially ows into black hole with
the speed of light, √
while the sound speed at maximum can reach c/ 3. Therefore, every accretion
ow must have transonic nature.
In respect of the value of angular momentum there
are two main regimes of accretion, the Bondi accretion, which refers to spherical accretion of gas
without any angular momentum, and the disk-like
accretion with Keplerian distribution of angular momentum. In the case of the former, the sonic point
is located far away from the compact object and the
ow is supersonic downstream of it. In the latter
case, the ow becomes supersonic quite close to the
compact object. For gas with a low value of constant angular momentum, hence belonging in between these two regimes, the equations allow for the
existence of two sonic points of both types. Sonic
points and shock fronts are located at the points,
where the prole of Mach number crosses the M = 1
line (purple horizontal line) in the picture (a) below.

Initial conditions  shock solution
in accordance to the
We prescribe ρ,  and
1D shock solution (computed with PaczynskyWiita potential) and follow the evolution hereafter. We are interested in the evolution of such
initial state towards its stationary state or towards a creation of the shock in the ow.
The EOS of the form p = (γ − 1)ρ is used to
close the system of equations, so that the isentropy assumption is not imposed. Hence, the
specic entropy K = p/ργ is not constant and
can evolve during the simulation. The ducial
value of the polytropic index used in our computations is γ = 4/3.
The angular momentum of the gas is initially
2
modulated by sin θ function, so the angular momentum is maximal in the equatorial plane and
vanishes at the axis.
α
uBL

The transonic solution required by the aforementioned boundary conditions, which is the solution
having low subsonic velocity far away from the compact object (M < 1, where M = v/cs is the Mach
number, v = −urBL is the inward radial velocity
in Boyer-Lindquist coordinates and cs is the local
sound speed of the gas) and supersonic velocity very
near to the horizon (M > 1), thus can locally pass
only through the outer or also through the inner
sonic point. The latter is globally achieved due to
the shock formation between the two critical points.
The hysteresis behavior was observed in our earlier
1D simulations [1] and we have seen the repeated
creation and disappearance of the shock front due
to the oscillations of angular momentum of the ow.
Here we aim to provide more advanced numerical
study of the ow using the full GR treatment of the
gravity with the xed background metric given by
the Schwarzshild/Kerr solution, which is performed
in one, two and three dimensions.
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