Thin accretion disc in strong gravity
influenced by interaction with radiation field
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INnfroduction and motivation

» Accretion structures in the vicinity of

are significantly influenced by the radiation emitted
from the surface of stars and from the boundary layer. Apart from the radiation

pressure, the accreted matter is also affected by the | _
, which causes angular momentum loss and therefore acts as an
. Using numerical simulations; we
studied the influence of the Poynfing-Robertson drag on the
in close vicinity of a neutron star. We adopted fully relativistic descriptipn *
of interaction of disc matter with the radiation field. In the parallelized
simulation code, we implement the complete general relaftivistic description of

the Poynting-Robertson effect including the

. The modelled motion of matter in the disk thus
results from ¢



The Model: Key Assumptions

» Kerr background geometry

» Radiation field with constatnt angular momentum
» Thin equatorial disc with constant accretion inflow

» Initial structure of the disc : Shakura-Sunyaev model with a - prescription

» Matterinteracts with radiation by the Thomson scattering

» Thomson scattering generates time dependent radial optical depth of
the disc



The model: gravitational and radiation fields

» Kerr geometry background
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» Testradiation field propagated in the equatorial plane

» Field parameters:

» Angular momentum, We set it to zero (case of radially emitted phoTonS)
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» Direction of photon motfionin ZAMO frame - [QeEEeIES
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Angular momentum of the radiation field
Radially Emitted Photons
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The model: Disc

Hybrid dics model based on colective behaviour of fest particles driven by gravity and radion field

» Constat inflow (injection) of the test particles into the out radius of area of interest (ISCO - T00M)

» Inifial state (without radiation ): the Shakura-Sunyaev quasi-Keplerian disc model with a - viscosity
prescription

» Angular momentum advection is neglected

» Mass to radiation conversion efficiencyn = 0.1

» Semi-analytical qguantities
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The Model: Equations of Motion
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» Two pair of equations

U [cos(a — B) — V][l — vcos(a — B)], » 1. Magnitude and
A | | )_ direction of velocity in
v~ ' cosa ((1" +2wcosal ;s +v° c('},-(.,-,) LAMO frame
.qo(:) ! | '

1 _ coslar — B sinley — B » 2. Radial and angular:
¥ [ —cos(a—p)] sin(a—B) velocity in coordinate

3 frame
I SIN (v, -

(](*)r‘)
| In the equations we use following quantities expressed with respect to the ZAMO frame
</ A (see [5] for details), the Lorentz factor v = 1/+/1 — /2, the radial component of the particle
: 1ncealorats : 2, 2)2 2.\ /(3 AL/2 adial > hear vectars
IV COS (v + g 2 7ZAMO 4-acceleration a” = ((7 | +a“)* —4a®r)/(r’ A< g4 ). the radial component of shear vector§
(] 1 0, = —a
JOO @ .

>
AL
. o Bini D. Jantzen R T and Stella L 2009 Class. Quantum Grav. 26 055009
A' \V Y00 g(:)r;) COS ‘)) S1I1 .} ’ Bini D. Geralico A. Jantzen R T.Semerak O and Stella L 2011 Class. Quantum Grav. 28 245019




The Model: Radiation-Disk Interaction

» Thomson scattering

» Optical depth

> Effective luminosity [ easy Sera Pty

» Poynting Robertson radius Fpg — boundery between inner disc area driven
by radiation influence and quasi-Keplearian outer disc area



Numerical Approach

New code (developed in C++, massive parallelization using OpenMP)

Injection of the particles on the outer edge of interest area (100M) with quasi-Keplerian boundary condition
Up to 20 millions particles in the simulations

Numerical integration of particles equation of motion by R-K method of 8™ order
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» Time resolution 20 — 70 us
» Two phases of simulation run

» 1:Creating quasi-Keplerian quasi stationary disc (Shakura-Sunyaev model with (X - prescription)

» 2: Evolution of the disc under influence of radiation field unfil reaching new quasi stationary state



L = 0.01: Time Evolution of Particles Density Distribution
15 | | |

7.5 -

7.5

15 | I |
20 10 0 10 20



Simulation results: Particle Trajectories
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L = 0.01: Time Evolution of Density Profile
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L = 0.01: Time Evolution of Effective Luminosity
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L = 0.01: Time Evolution of Optical Depth
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L = 0.01: Time Evolution of Average Radial Velocity
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Final PR radius and evolution time as
functions of relative luminosity
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Summary of simulation results

Simulations parameters/Output values
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» Two qualitatively differer ’dlscﬁféasypis’é? |

» 1. quasi-Keplerian area

'\.

/ ..
» 2. area driven by Poynting-Roberjson effect and radiation pressure

» The speciral properties (line profiles) of disc driven by radiation field

» Explore relation of time dependentinhomogenities to the QPOs

» Relation to an observational data

» Modelling the disk behaviour during a thermonuclear burst, when the luminosity of a
nevutron star is close to the Eddington limit



