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What is an accretion disk?

An accretion disk is a structure (often a circumstellar disk) formed by diffused
material in orbital motion around a massive central body.

Artist's rendition of a black hole
with an orbiting companion star
that exceeds its Roche limit.

Image is provided by NASA




Equilibrium (stationary) Structure of Accretion Disks
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Thin Disk Approximation
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Newtonian Disk Solution
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Disk Structure with My = 10M
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Disk Structure with My = 10M
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Shakura Sunyaev disk

a R
Shakura and Sunyaev (1973) obtained analytic model of the accretion disk
using so called a-viscosity: v=ac,h
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Equilibrium models of rotating objects

! Hachisu Self-Consistent Field (HSCF) Method )
« AXis ratio vs. Rotating velocity
- Spheroidal / Toroidal (ring) structure
- Newtonian: Hachisu (1986), GR: KEH (1989), CST(1994), pseudo-Newtonian:
Kim, Kim & Lee (2009)
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Self gravitating Disk around neutron star

N=1.0 K=100 Axisratio=0.94

Star Disk
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Hydrodynamic Simulation



Hydrodynamics in General Relativity
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The general relativistic (magneto-)hydrodynamics equations consist of the local
conservation laws of the the matter current density and the stress energy tensor
(Bianchi identity, energy & momentum conservation).
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Finite Volume Method

..
Finite volume method enforces the local
conservation of the fluid conservative

quantities in a control volume.
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The conservative quantities on each grid
represent the volume averaged

quantities.
L

cell center/
solution

( )
Fluxes are evaluated on the face of
the mesh (interface between the Fi
control volume).
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Conservative form of the
equation
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Volume integration over time
and spatial volume gives:
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Final form of the numerically
adapted equation
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Solution Strategy
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Two-component advective flow (TCAF) Model

Soft

Sub-Keplerian flow X-Rays
{

Keplerian Flow

Neutron
Soft Star
X-Rays

Image from Bhattacharjee & Chakrabarti (2017)
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Numerical Strategy

Axisymmetry D’A\l ‘\ l Uniformly spaced in §-direction \
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Logarlth.mlcallly . / ...~~ Outer boundary condition is
spaced in r-direction ..# ‘

provided by analytical disk

which spans up to solution of vertical
equilibrium thin disk model.

200y,

—

Inner boundary
condition nearby
blackhole horizon:

>
extrapolation from ) Symmetry

the outside Simulation lasts at
R — ~ 3 .
least 20 dynamical

1. Schwarzschild blackhole time
2. Kerr back hole in Boyer-Lindquist coordinates —

~




Accretion onto Schwarzschild Blackhole



Code Test 1: Michel Solution

a )

« Michel solution is the spherical accretion solution around Schwarzschild blackhole which is
GR counterpart of the Bondi accretion.
- The solution is characterized by the conserved quantities (accretion rate and energy).
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‘ Numerical result shows good agreement with analytic solution! I




Code Test2: 1-D Accretion Flow with Angular Momentum

- Vertical equilibrium condition gives one-dimensional solution characterized by the

accretion rate, energy and angular momentum.

 There exist shock depending on the choice of conserved quantity values.
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2-D Simulation
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Accretion onto Rotating Blackhole



1-D Test with a=0.95

~ Numerical Result
Analytical Result

10 100
r

 Numerical Result
Analytical Result

10 100

" Numerical Result
Analytical Result

1

0 100
r

Numerical Result
Analytical Result

10

100
r Kim et al. (2019)



50

40 |

30 +

20 +

10 +

2D Simulation of Accretion with Shock

Time=34

e =1.001, /=225 and ¢=0.95
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2D Simulation of Accretion with Shock - retrograde
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2D Simulation of Accretion without Shock

Time=34

e =1.001, ] =221and ¢=0.95
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2D Simulation of Accretion with High |/

e =1.001, /=263 and ¢=0.95
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Three dimensional simulation
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Preliminary result using KISTI Nurion with 1700 cores
(production runs use 28,000 cores)



Three dimensional simulation
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Conclusion & Plan

« General relativistic simulation on the accretion disk around
(non-)spinning black hole has been carried out.

 This results are consistent with those of Newtonian simulation.

« Non-axisymmetric simulation on the tilted disk using KISTI Nurion is
planned to show

 Precession of the jet

- Warp of the disk
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