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Activities of Black Hole Candidates
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Global Three-Dimensional MHD Simulations of Radiatively
Inefficient Black Hole Accretion Flows

Machida et al. 2003



State Transitions of Black Hole Candidates
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Theoretical Model of State Transitions of Black Hole Candidates
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Formation of Magnetically Supported Low-p Disk
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Thermal Equilibrium Curve
Considering Toroidal Magnetic
Field and Evolution of
Accretion Disk
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Basic equations of

Radiation MHD

0, Pseudo Newtonian potential
2(pv) BB (PPN:_R_T
: | 2
(,;U +V-[pvv+ptl— 4F]—pVO—S
o B(v-B) ) Rad. Moment eq
2 " v . _ . L . ’ﬂ'n‘ B -
ﬁw'l(mpg"’“)”_ i ]_ vy (c”B) > %W-F:c&]
%w-(m—v}a):—w (4’”’73') | OF
’ ——+V-P=[S
¢z Ot

Source term

Electron scattering opacity

¢Sy = prac(4nB(T) - ) + plkg — kes)~ - [F = (vE +v - P)] + T, or
C1 Kes = m— =04
S = prg— (47 B(T) — E) — p(kig + ki)~ |F — (vE + v+ P)] P
c c Free-free opacity
— 4kg (T, -T,) Compton
L Cooling Kee = 1.7 X 1072 my 2 pTg 3>

Simulation Code : CANS+R MHD : CANS+(HLLD+MP5) (Matsumoto et al. 2019)
Rad : Non-relativistic version of M1-closure scheme (Takahashi & Ohsuga 2013)



Global 3D Radiation MHD Simulations of Black Hole
Accretion Flows during State Transition

Color: Entropy (provided by Igarashi)

Radiation MHD simulations of sub-Eddington accretion flows are carried out only
recently by Jiang et al. 2019, Igarashi et al. 2020, Dexter et al. 2021, Liska et al. 2022,
and Huang et al. 2023



Can We Observe State Change of AGN? Yes |
Changing Look AGNs are Found

Type 1 : Broad emission lines State Transitions between
5 type 1 and type 2 are observed
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X-ray Observation Revealed The
Spectral Change during State Transition
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Radiation MHD Simulation during Changing Look
Phenomena in AGN (lgarashi et al 2024, ApJ 968, 121)
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Distribution of Density, Temperature, and Radiation
Energy Density averaged over 1.5<t/10%,<1.75

density temperature
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Formation of Low-[3 Region
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Magnetic Heating of the Warm Region
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Z[rs

Time Evolution of Toroidal Magnetic Field (Color) and
Poloidal Magnetic Field (Solid Curves)
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Merging of Toroidal Magnetic Flux Tubes
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Similarity with the Merging of Spheromacs

FRC

http://tanuki.t.u-tokyo.ac.jp/frc/



Comparison with Analytical Model
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ransport of Poloidal Poynting Flux
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Updated Analytical Model

Mass Conservation M = —27rXuv, = const.
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A Schematic Picture of Numerical Results
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summary

* Global three-dimensional radiation MHD simulations showed that during a
hard-to-soft state transition, hard X-ray emitting hot radiatively inefficient
accretion flow near the black hole co-exists with the warm, radiatively
cooled disk.

* The radiatively cooled region becomes supported by magnetic pressure
because azimuthal magnetic field is enhanced due to the vertical
contraction of the disk by radiative cooling.

* The equilibrium temperature of the warm region is higher than the model
of the magnetically supported disk by Oda et al. (2009). The enhanced
heating is due to the radial transport of the magnetic energy accumulated
around the interface between RIAF and the warm disk.

* The magnetic energy transported to the warm region is released by
merging of helical magnetic flux tubes, and heats the disk.



lon Heating by Merging of Spheromaks

Y. Ono, M. Yamada, T. Akao, T. Tajima, and R. Matsumoto Phys. Rev. Lett. 76, 3328 (1996)
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Than You for Your Attention |



Magnetically Arrested Disk  (MAD)

Radiative Cooling
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Two Faces of Active Galactic Nuclei
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Application of CANS+
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Time Evolution of Azimuthally Averaged Surface Density
and Temperature
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Global Three-Dimensional MHD Simulations of
Radiatively Inefficient Black Hole Accretion Flows

Machida, M. Bursa EHT Collaboration (2019)
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