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Thermal stability
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Global simulation setup

Weakly magnetized thin disk (around non-rotating
black hole)

Opacity (absorption, scattering, thermal
comptonization)

M1 closure scheme ssdowski et al 2013

Evolve GRRMHD equations



GGlobal simulations

WO resolutions with radiation pressure dominated disk

~

Mid plane density, po =10"gcm ™"
RADPLR (1, ng,n,) = (192 x 32 x 160)
RADPHR (1, g, 1) = (192 X 64 x 160)
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Radiation pressure dominated disk——Collapses

Mishra et al (in preparation)



Grid and Boundary conditions

Cylindrical coordinate in KS metric
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Disk setup
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Magnetic fielo

Three slice of simulation

MassDensity (code units)
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. Magnetic field initialised using vector potential
Constrained transport method to keep it divergence free



GRMHD+Radiation
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The gas temperature has been calculated using LTE equation
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GRMHD+Radiation

Hybrid explicit-implicit scheme

l

1. Explicit HRSC method to update set of conserved variables

|

2. Implicit scheme to complete update accounting radiation
source terms

|

AX=D
(equations for set of primitive fields)

A IS a 12x12 matrix
'x’ and ‘b’ are 12-dimensional vectors




Unstable disk

RADPHR Tme=0

Radiation pressure dominated simulation



Unstable disk

RADPHR Tme=0

Radiation pressure dominated simulation



Collapsing disk

local cooling time
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RADPHR vs RADPLR

local cooling time

local cooling time

RADPHR

local orbital period



Heating vs cooling
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Surface density
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Collapse is not due to significant mass loss from disk



Conclusion

* Radiation pressure dominated geometrically thin
and optically thick disks are thermally unstable
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GR Radiative MHD Equations
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Radiation energy density in radiation rest frame
Four velocity of radiation rest frame

The radiation and fluid four velocity are projected
INnto the space of normal observer



GR Radiative MHD Equations

Tgas — Trad
Me

G!'"=—p(kp +K°) Ry, — p { [/{S + 4kK° ( > + Kp — /if}‘] R*Puqug + m%aRTgas} ut

0D + 0;(DV") =
OE+0; (/=g T})=—/—9g TS T, —/—g Gy
0:S;+0; (V=g T}) = /=g T§ rfﬁ\ﬁa
R+ 0; (vV—g R) =+/—g RE T}, — V/—g G



vector potential
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