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Three accretion modes
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Mass density

Strong radiation pressure
supports the thick disk and
generates the jets, ~0.3-0.7c.

Photons mainly escape through
the region around the rotation
axis, so that the radiation
pressure cannot prevent the

Accretion accreting motion.
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X-RAY SPECTRA
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High-energy X-ray
photons are produced

by the thermal & bulk
Comptonization.

w/o Compton thermal
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\ thermal Compton
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& bulk Compton
swallowed by BH

M % 200Lg /c?

| Kawashima etal.2012
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energy|keV]

X-ray spectra

X-ray spectra, calculated by the
post-processing radiation transfer,
nicely fit the observations (ULXs).

hard X-ray is observed since
high-energy photons escape
through the funnel

Kawashima et al.2012
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Super-Edd disk & clumpy winds

Some ULXs exhibit the time Launching of clumpy winds is
variations of X-ray luminosity, also reported by observations
implying the launching of clumpy of NLSIs orV404 Cysg.
outflows.
o v p

- S g
y BLR clouds
(optically thick)
AP -
. SMBH ‘
in Disc andard Thin Disc
ngton) ngton) usty Tor|

Middleton+1 | Jin+17 see also Motta+17

mp=g

LRy IPE o

Super-Eddington disk+ Jet

2 JE D FE & 75

Takeuchi, Ohsuga, Mineshige 2013
6.76 s, 23.54 orbit

Time-dependent, Clumpy outflow
with wide angle




RT instability
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Takeuchi et al. 2014
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Torn sheet like structure.

The size is ~100Rs.
~0.lc.
% Of Vkep.

Outflow velocity is
Rotation velocity is 30




Absorption lines

Sheet like structure

Size (azimuthal direction) ~ I00Rs
Rotation velocity ~ 30% of Viep

Absorption lines =
Outflow velocity of

~0.1-0.2c agrees with the
observations of
blueshifted absorption

Flux ( photons m~* 8- A-" )
0.5
=
2z

lines. Pinto+16, g B -
see also Kosec+18

=L — T [
10 15 20 25
Wavelength (A)

Time variation

Sheet like structure
Outflow velocity ~ 0.1-0.2¢c

Time variation

Timescale of the luminosity

variation (100Rs/0.3Viep) is observations of ULXs
(Middleton+1 1) and V404 Cyg

s 5( Mgy ) ( 72, > ( r )S (Motta+17) in the case of

Our result is consistent with the

10 M 102 rgq 103 rq Mgn~10-100Msun.
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BHR Py

-~ Single-loop poloidal BH X t° D 5"(\1',% D EEJ ﬁ
magnetic fields

(plasma-f3 < 100) Utsumi, Ohsuga, et al. in prep
see also Mckinney et al. 2014,
Sadowski et al. 2014,

Takahashi 2016
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Mass accretion rate decreases with g
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The difference of accretion rate is caused by the difference of the ISCO *
radius.Within the ISCO, the angular velocity drastically decreases and
the inflow velocity increases.
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Schematic picture of the overall structure
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Ultra Fast Outflows (UFOs)

absorption line

PG1211+143 | e Blueshifted Fe absorption lines are
detected in 40% of Sy galaxies.

0.05

* Typical velocity is 0.1-0.3c.
*Outflow rate ~ Accretion rate
e Kinetic power ~ Jet power

0.01
T

Tombesi et al. 2011

One of the important
candidates of the origin
of the AGN FEEDBACK




Line-driven wind

UV radiation: Matter is accelerated by the line absorption
(bound-bound transition) of heavy ions with low ionization state.

X-ray: Strong X-ray irradiation prevent the outflow because the
metals are fully ionized.
Line driven wind

Failed
wind
RN o
AN 3 o)
@ Accretion disk
R < a few 10Rs ~100Rs >> geyeral 100Rs

The wind is launched,
since X-ray is
attenuated by

obscuration via the
failed wind.

The matter cannot be
accelerated by the line
force, because UV
radiation is weak.

Line force does not
work, since heavy ions
are highly ionized by
the strong X-ray.

Line-winds

Nomura et al.2016,2017,2020

(see also Proga et al. 00, 04) From the standard diSk,

the disk wind is launched
by the radiation force for
spectral lines (line-force).

time= 0.463yr
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log p(g em™)

-21

()
5 Man~108Msum

Standard disk Ldisk~0.5LEdd




Simulated spectra

BH(108Msun)

Mizumoto et al. 202 |
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Density, ionization parameter, velocity Complicated Fe absorption
drastically change, and there are five lines (H-like and He-like
absorbing regions along the line of sight. iron) would appear.
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Simulated spectra
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Thermal-radiative wind
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Gas is heated up via the
Comptonization and blown away Simulated absorption features (Fe XXVI Ly
by the gas pressure force and the Qi & Ly @) are obtained by MONACO.
radiation force.

Tomaru et al. 2020
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Simulation results are consistent Separation of Fe absorption
with observations of BH binary, lines due to velocity difference
H1743-322. would be detected by XRISM.

Tomaru et al. 2020
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