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RIAF DISK

s Radiation Inefficient Accretion Flow
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WX —ETSvIR—ILOFAFEEAEND

EFRER
1019 ~ 10 ~10 K

Manmoto+(1997)

very compact (< 1mas)
radio source at the GC
Non-thermal source,

high brightness / -
Dynamical center of Lo o
the stars around Sgr A* L L S
mass : 4 x 10”6 solar mass

Most-likely SMBH at MWG center
for D = 8 kpc, 6s = 10 page

Broderick+2010




Radio images of the Galaxy
Center

of yie
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Stars’ motions around Sgr A*

= Deep infrared imaging and astrometry of stars at
the G.C.
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Motion of stars (Genzel et al.)




Orbit of S2 around Sgr A*

NTT+VLT black
Keck

Schodel etal 2004

Pericenter ~14 mas
(~1400 R _g)

L Conter i Most likely mass of the BH
Ghez et al. 0.8 0.032 pc ~ 4 x 1076 solar mass

X-ray QPO

XMM Sgr A* obs.

~30 min QPO ?
(Aschenbach et al. 20(

IR flare and QPO
periodicity of ~ 15mi
during flare in IR
(Genzel et al. 2003)

sometimes seen, but not always ...




VLBI image of SgrA*
Sgr A* size : < Imas (< 100 R _g) :c.f. R g~ 10 pas

Size of Black Hole Shadow
ey

_———m— —m -]
Size of Sagiftarius A* at 43 GHz

.
w

Right ascension (mas)

VLBA 86GHz map
by Shen et a](zoos) http://www.astro.ru.nl/~falcke/bh/Pictures/sgrastar-size-
solarsystem-small.jpg

= Reid & Brunthaler (2004)

Proper motion measurement
with VLBA for 8 yr
(parallax still difficult)

North Qffset {mas}

linear motion (Sun’s
Galactic rotation)

-10
East Offset {mas)

J1745-283IZxF9 5Sgr A*DEIE




Sgr A* at mm wave

» T=1 surface of RIAF disk ?
(scatter-broadened)
= Nearly edge-on ?
| o
= Probably inner part of the
disk is invisible at 43G - 86G

43G Image with VERA
Interstellar

matter

sub-mm VLBI is the key

= Sgr A* suffers from significant
interstellar scattering at cm—mm
wavelength

Scatter effect oc A2

Lo et al.1999



Toward BH shadow

Sgr A* is a unique source for black hole study

= bright, compact radio source (observable
with VLBI's high angular resolution)

Fukue+ 1989
= precise mass measurement

M bh ~ 4 x 10~6 solar mass (

= Nearby source (D ~ 8 kpc) Is BH really a “black hole™?
— the largest angular size:08g ~ 10 pas
it can be resolved in near future !?

Sgr A* “black hole” may be observable in sub-mm

Simulated image by Falcke et al. 2000

Rotating
(a=0.998)

image 500 GHz 230 GHz
Black hole shadow size : ~5r g




Simulated image of Sgr A* black hole shadow

Takahashi et al.(2004)

2

ADAF with different BH
parameters
(spin, disk inclination)

Different metric gives
different shape of black
hole shadow

black hole shadow >
provides an ultimate evidence of BH existence

allows us to measure the metric

Event-horizon-scale structure detected !?
Doeleman et al. 2008 in Nature

CREATING A BLACK HOLE TELESCOPE

lux density (Jy)

Correlated fi
v —

Non-imaging analysis (traditional UV distance plot)

- 37£(16,10) Intrinsic diameter of Sgr A*
- Non detection on the JCMT-CARMA (3075 km)
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Sgr A* in 2009 April

» Hawaii-SMTO-CARMAT3 H iE 5 &7 8
s SMTO-CARMATZEIANRA TS
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0.4mas (~4AU,~40R g) Ry —)LDIEEDELZERIE ?

Doleman et al. ApJL submitted

Sgr A* parameters up-dated

» Broderick et al. (2011)
constraining parameters with 4-day
data (2007, + 3 days in 2009)
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Extreme Kerr case is ruled out ?
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Future prospect

>

= Use Chilean telescope such as ASTE
and APEX to have longer baselines

_ JCMT
= ACA/ALMA phase-up array will =

significantly boost the sensitivity of -
submm VLBI

VSOP-3 as a submm VLBI satellite

(one of the possible candidates)
targets : Sgr A* and M87
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