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¢ Black-Hole Silhouette vs. Black-Hole Shadow

— Geometrically thin standard disk
— Geometrically thick slim disk
— Geometrically thick, optically thin RIAF

e Relativistic Optical Depth
e Optical Depth onto the Event Horizon
— Spherical flow under freefall

— Non-relativistic case
— Relativistic case

¢ Unseen Black-Hole Shadow?
e Strategy




Black-Hole Silhouette vs. @
Black-Hole Shadow

Black-Hole Silhouette Black-Hole Shadow
o Optically thick standard disk e Optically thin ADAF-like
— Luminet 1979 flow
— Fukue & Yokoyama 1988 — Falcke et al. 2000
— Karas et al. 1992 — Broderick & Loeb 2005
— Jaroszynski et al. 1992 — Broderick & Loeb 2009

— Fanton et al. 1997
— Takahashi 2004, 2005

e Optically thick slim-like flow
— 'Fukue 2003
— Watarai et al. 2005

—~7 — Fukue 2011 (wind)
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Schwarzschild/ photograph @
Luminet 1979

Orbits in the plane $=0
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#5chwarzschild/ color photo, X-réga?
Fukue and Yokoyama 1988
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Kerr/ shadow shapes
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Takahashi 2004

a=0

a=0.8

a=0.998

(a) a=0, i=45°
(b) a=0.5, i=45°
(c) a=0.958, i=45°
(d) a=0, i=80°
(e) a=0.5, i=80°

(a) a=0.955, i=80°
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slim disk, self-occultation
Wataral et al. 2005
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supercritical disk with wind @
Fukue 2011

VAN

= /] 11l

(b)

2 4 8 16 32 64

2011/3/17

e EANMTOIEEE (E

2.000e+004
1.900e+004
1.800e+004
1.700e+004
1.600e+004
1.500e+004
1.400¢+004
1.300e+004
1.200e+004
1.100e+004
1.000¢+004
9.000e+003 Z
§.000e+003
7.000+003
6.000e+003
5.000¢+003
4.000e+003
3.000e+003
2.000¢+003
1.000e+003
0.000

SgrA* &

)

&

pole-on view / mdot

10°
10*
10°
10°
10!

10"

I I I

(b) 7

10"

10> 10° 10* 10°



supercritical disk with wind @
Fukue 2011
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ADAF-like flow
Falcke et al. 2000
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Kerr-Newman

Takahashi 2005
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Black-Hole Silhouette vs. @
Black-Hole Shadow

Silhouette Shadow
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Black-Hole Silhouette vs. @
Black-Hole Shadow

Black-Hole Silhouette Black-Hole Shadow

e Optically thick standard disk # Optically thin ADAF-like
— ISM®scattering®EgaIE  flow
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e Optically thick slim-like flow
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Black-Hole Silhouette vs. @
Black-Hole Shadow

Black-Hole Silhouette Black-Hole Shadow

Nadard disk e Opti
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Wind vs Accretion
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e NR(dl=dr)
m 1
dT = —Eﬁdr
1
T(I’) = mrlT
7(1)=m

Y 2011/3/17

~g

= — KopodS T

e GR (dl=dr/Ngoo)
m 1
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1=— (1—Bcos0) kopods

o NR(dl=dr)

dr——m( L + L jdr
2\rdr-1 r¥*Jr-1
7(r) = m£—+1 tan /1 — 1——}

I
r(l) = m(% +1j
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— (1 —BcosH) kopods

e GR (dl=dr/Ngoo)
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dt=— (1—[BcosO) kopods

e GR(dI=dr/~goo)
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Black-Hole Silhouette vs. @
Black-Hole Shadow

Black-Hole Silhouette Black-Hole Shadow

Nadard disk e Optige




RZ7GWEE OE R @

e by R. Takahashi
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e Ray-Tracing Simulation & 20D A A—%
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— Freefall case — TV TARYTIFL
» Schwarzschild _ISyHYLH 2
L Rem - ALY S RE—7

— RIAF model w/o outflow
e Schwarzschild
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