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1. Introduction




What is the black hole X-ray binaries?

The most famous black hole candidates is Cyg X-1, which was found in 1971.
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Recently, many other black hole candidates were observed. — tr“‘“’““m?
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* The time variations of X-ray fluctuations seem to be chaotic/fractal.
*Two spectral type : high/soft state and low/hard state

o State transitions take place between high/soft state and low/hard state.
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Activities of black hole candidates
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Very high state

Hard - Soft and Soft — Hard transitions * !

place within a single outburst.
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Thermal equilibrium curves of an accretion disk

Standard theory of accretion disks (Shakura and Sunyaev 1973)
Introduced phenomenological viscosity parameter
Viscous stress: Trp=P

_Abramowicz et al. 1995
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Properties of very high state

Steep power law state
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‘ Purpose of this talk

Global 3D MHD simulations of
black hole accretion disks have
been carried out assuming
radiatively inefficient disks

(e.g. : Hawley, Igumenshchev, Armitage,
Matsumoto, Kato ...)

However, Saturation level of plasma [3~10

Maxwell stress o ~ 0.01-0.1

Radiative cooling Is essential
for state transitions !

Machida & Matsumoto (2003)

We study the effect of radiative cooling on the evolution
of initially optically thin, hot disk.




2.Basic equations and
Initial models




Basic equations

%—k (pv)=0

oV ( xB)xB
—+p(Ve V= P+
= p( ) .

—pV¢

B 2
D L (vxB)+n B
g (xB)m

e

+ (peV)+P v=nJ"-Q,r,0°T""



Global Three-dimensional MHD
Simulations of Black Hole Accretion Flows

Gravitational potential : @ = - GM/(r-rg)

Initial torus : constant angular
momentum torus threaded by
weak toroidal magnetic field

Pgas/Pmag =3 = 100

Anomalous Resistivity |
n=max[(J/p)/v,—10.0]" /R, 250%64*192mesh



Radiative cooling term

Cooling term is switched on after the accretion flow
becomes quasi-steady.

We add the optically thin bremsstrahlung cooling term in the energy equation.
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Te: electron temperature

Two temperature ADAF model Ar: Compton amplification factor
TCo: optical depth

-~ Te/T 1/100 and Ar 10
- Qp =1.9 <10% T0=0.3



M=10 Msun

model plasma3 | o Density | Switch

o0 (gicm3) | 0N time
C100 100 0.6 4.8><107" | 24,000
C50E 100 0.3 2.4><10" 14,000
C50 100 0.3 2.4><10" |24,000
C50L 100 0.3 2.4><10" | 34,000
C10 100 0.06 4.8><10% | 24,000
Cl 100 0.006 4.8><107 | 24,000




3 Numerical results




‘ Transition to Cool Disk

Before Transition Temperature distribution
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Cold region appears first around
T= 34000 r~50 and propagates inward. The

_ 3 region inside 10 rg stays in the hot
10K e LUK state throughout the simulation.

Cold, dense disk Is formed In outer region!



Formation of Low-[3 disk

Isosurface of plasma [3
Yellow: 1
T=24100 < > Green : 10
Blue :100

Low-[3 disk is created!
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‘Time evolution of magnetic energy
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Angular momentum transport becomes inefficient.



Azimuthal component of magnetic field

Before transition After transition

By * 100 By * 100

T= 30000

—0.50

magnetic turbulence dominates Turbulence suppressed
B component shows layered structure. coherent negative B, dominated.

Strong toroidal magnetic fields suppress the growth of MRI.



ADAF Cool Down
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Equatorial temperature

12 Strongly magnetized disk
- ADAF Toe 54
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4. Discussion




A schematic picture of simulation results

ADAF Cool Down
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ﬁ Low [3disk

Time scale of radiative cooling becomes shorter than time
scale of magnetic buoyancy. Therefore, the magnetically
supported disk Is created.



A ppllcatlon to the observation

Homan et al. (2005)
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The thermal instability is the origin of the sudden increase of luminosity.
Since magnetic pressure supports the disk, the cool disk does not become
optically thick. Thus, soft component does not appear during this stage.



Count rate (cts/s)
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summary

low/hard state
Intermediate state






