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Dynamics of plasma accretion and outflow around a black hole by radiation mag-
netohydrodynamics simulations
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Rotating plasma forms an accretion disk around a compact object like a black hole or neutron star. The released gravi-
tational energy of the accreting plasma is converted to the kinetic energy, internal energy of plasma, and radiation energy.
A part of the converted energy is ejected into interstellar space through an outflow and radiation. However, the structure
of the accretion disk and the mechanism driving the outflow are not clear yet. The interaction between the radiation and
magnetofluids cannot be ignored for a very bright object like ultra-luminous X-ray sources. Therefore, general relativistic
radiation magnetohydrodynamics (GR-RMHD) simulations taking into account the effect of the radiation are needed.

In this presentation, we will introduce some results of GR-RMHD simulations. The approximate method is adapted for
solving the radiation transfer to save the calculation costs in most previous studies. However, there is no guarantee that accu-
rate radiation fields are obtained by the approximate method in the optically thin region. In addition, it is difficult to deal with
anisotropic radiation. Thus, we have developed the INAZUMA code, which solves the radiation transfer equation to obtain
a more accurate radiation field and apply INAZUMA to the black hole accretion disk. We obtain a more accurate radiation
field in the optically thin region around the rotation axis of the accretion disk and report these results. Also, an important
feature of the black hole is its rotation (spin). When the black hole has spin, the Blandford-Znajek mechanism, which is a
mechanism for extracting the rotation energy from the black hole through the magnetic field, works. The extracted energy
by the BZ mechanism can promote the acceleration of the outflow. We show the result for the dependence of the structure
of the accretion disk and outflow on the spin of the black hole. X-ray pulse is observed for a part of ultra-luminous X-ray
sources. A neutron star is considered the central object. We show the result of the simulations of the accretion plasma with
the high-accretion rate into the neutron star.
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