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Accretion disks around BHs;
one of the most powerfTJI energy
source in the Universe. |

| Outflow
Black hole | (jet and/or disk wind).

Accretion disk

Disk emits a large amount of
photons. Sometimes, powerful

outflows are launched
NASA/CXC/M.Weiss




Radio galaxy (3C348) Black hole
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Accretion disk

Micro quasar (SS433)

Credit: NASA, ESA, S. Baum-and C. O'Dea (RIT), R. Perley and W. Cotton . .
: Miod ki et al., NRAO/AUI/NSF
(NRAO/AUI/NSF), and the Hubble Heritage Team (STSCc/AWRA) v vt v vt v A it et

HST Image of a Gas and Dusi Disk

Black hole
Accretion disk

NGC4 6‘ HST/en:NASA/en:ESA.
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Role of Radiation and Magnetic Fields

Energy

Radiation Energy

magnetic
dissipation
and/or
turbulence

Grav.
energy

.

accretion disk

Black hole

Matter

Outflow is launched
from the disk

Gas

MRI
turbulence

Magneto-rotational instability (MRI

Disk —

-

sk —
/;\/Ej\l"lagr;etic field

Black hole {
ines

Angular
momentum

Angular momentum transport

induced by magnetorotational

instability (MRI) leads to mass
accretion

Hawley & Balbus 1991
See also Velikhov 1959
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Basic Eq. (GR-version)

mass cons.

Gauss’s law

Induction eq.

| energy momentum

f cqps.for MHD -

# energy momentum
{_cons. for radiation
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We use Kerr-Schild metric
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APPARENT LUMINOSITY

4

Radiative The radiative flux is mildly collimated
Flux since the disk is optically and
geometrically thick.

Thus observed luminosity is very
sensitive to the observer’s viewing angle.

The apparent luminosity becomes highly
super-Eddington for the face-on
observers (22Lgdd for =20° in the case

of Mdot~100Lgq4d/c?, Laisk~3 LEdd).

.......

Large luminosity of ULXs
(>103%-40erg/s) can be explained
for the face-on case.

Ohsuga, Mineshige 201 |

L T  ——

X-RAY SPECTRA wmm e

>< 1
X-ray spectra, calculated by the 2
post-processing radiation transfer, > Mdot=103Lead/?
nicely fit the observations (ULXs). viewing angle=10°
hard X-ray is observed since R
/4 high-energy photons escape . 1
through the funnel §
S o 200Lgdd/c? .
10°
4 :
hard X'ra)' IS NGC5204 X-1 200Lgqd/c2
reduced by Edd/¢”
50° |
Compton down- %!
scattering §
0.1 1
(data; Gladstone 2009)

0.3 1 10
energy [keV]



SIMULATION OF CLUMPY WIND

Takeuchi, Ohsuga, Mineshige 2013

Super-Eddi disk+ Jet
uper-Eddington disk+ Je 5.85 s, 20.37 orbit

Time-dependent, Clumpy outflow
with wide angle

CLUMPY OUTFLOWS

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 NLS|s orV404 Cysg.
outflows.
‘Simple’ NLS1s ‘Complex’ NLS1s

(e.g. RX J0439.6-5311, PG 1244+026) (e o. 1H 0707-495)

o0 ®
' BLRIdShmd
 (optically thick)

in Di Standard Thin Disc
| ngton) (super-Eddington) Dusty Tor

Middleton+1 | Jint17 see also Motta+17
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EFFECT OF BH SPIN
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Disk luminosity and jet power might
depend on the BH spin.We perform

0.9,0,-0.9.
*a: spin parameter

simulations of the super-Eddington

flows around BHs with a
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Rotating BH; a
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Utsumi et al. in prep.

DISK ROTATION

10* —_ a=0
a=0.9
— a=-0.9
«ISCO IscO  Isco oo
(a=0.9) (a=0) (a=-0.9)
L 8
Disk rotates with

100 .

W/Wgep

10—] 4

Rotation velocity
goes down within
the ISCO radius.

8

Keplerian velocity

at the region of
r > ISCO raidus

10 12

14

\_ Counter-rotating
in the ergosphere

6

102 T
2 4
r1rg

Preliminary
Utsumi et al. in prep.

LORENTZ FACTOR OF JETS

Jet velocity (Lorentz factor)
is larger for rotating BH than
for non-rotating BH. 2.0
1.5
Rotating BH \non-Rotating
BH 10

(2=0.9)




BH SPIN & JETS wemennpm

Conversion Conversion
Efficiency (Jet) Efficiency (radiation)

BH SPIN & JETS wemennpm

Outward Poynting Flux
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EERANIFETED ﬁ%l‘?j

VET

{ Jiangetal 14a \
Full TransfeR,  Jiang et al. 14b

under
development
Asahina+ in prep.

./ Sadowski+ 14,15
/ McKinney+ 14
§. Takahashi, Ohsuga+16 |
w. \ Takahashi & Ohsuga 17 /

M1

s

Eddington ’/o;i:;a os;n\ FEhashi, Ohsuga
JFLD  ( Onsvemctal 00,11

ot al 13 Farris et al. 08
Newtonian Special General
or O(v/c) relativity relativity

Two-beam TEST

full transfer
1.0

y [em]

y [em]

photon beams

0.0 0.2 0.4 0.6
x [cm]

photon beams

0.2 0.4 0.6 0.8 1.0

0.8 1.0 0.0

Full transfer method
gives correct answer.



Photon Beam TEST around BH

TEST by
2 Full transfer GR-RMHD code

<o Asahina et al. in prep.

Asahina et al. in prep.

New Simulations; Disk & Jet
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REREH 22 BIE 2T (XRISM)

Nomura et al. 2016

(see also Proga et al. 00, 04) ()(%ix/\ 7 |\ }IJ D n-l-%@

- l 5 Primary ——
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S KURAENZ(GR-RMHD)Y S 2 L— 3 VIS
L7c.
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® =& T, Full Transfer (Boltzmann based) GR-RMHD Y =
Tal—2arvEERMEISTECTHD.
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