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S A*isnow the most

convincing super massive 19497
black hole in the universe

(Shen et al.05).

The mass * Msun .

The 1Rs 0.8juas

QPO P=16.8min is .
detected at IR and Xray at
its short time flaring( IDV).

Motions of Stars around
SgrA*
(Genzel et al03)

'. 10 fight doys .



Detection of IR flaring. EE light daya
(Genzel et al. 03)
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. Periodicity was also found from NIR
g of SgrA*

HE

P=16.8242.0 min.(1008==120 sec.
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QPO at X ray too.
|

Fig. 1. EPIC light curves {MOE 1 +MOE 2+ PN of the X8HM-Neawiton
obzervation of October 3. 2002 (upper panel, Fig. la) and the
February 26, 2002 observation (lower three panels, Fig. 1b). Emor
bars indicate 1o uncertainties. The horizontal line in the lower thres
pancls corresponds o the mean count rate level. Arrmows mark peaks
associated with a 2178 s pericdic signal.

al.: Mass and angular momentum of the GC black hole
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Fig. 2. ACIS-1 light curves of the Chardrg observation of
Ocinber 26, 2000 {upper pane!, Fig. 2a) and the May 25, 302
observation (lower fhree panels, Fig. 2bl Ermor bars indicate
lom uncertainties.

Periodicity is also found from X ray flare. P~100 s, 219 s, 700 s,
1150 s, and 2250 s (analysis by Aschenbach et al 2004)




o At millimeter wave we have
also detected short time flaring
(ex. Miyazaki et al.04),

we can expect to detect similar
kinds of QPO iIn radio too!
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New detection of SgrA* flaring (IDV)
by Miyazaki in this October using the AT.

* Following the idea we have been checking the data of
SgrA* obtained VLBA since the end of 2001.

* We detected the spatially resolved QPO from the
VLBA data taken at 8t March 2004 at 43GHz.

(1.5 days after the millimeter wave short time flare.)
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y We reported the detection at the MHD WS in Kyoto in Jan. 2005.
Today | talk the details investigated during these 10 months.
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VLBI gives us high spatial
resolution( 0.1mas .

S0 we can Investigate the
differences of QPO  between
small regions in the SgrA* image.
First, we check whether the QPOs
are concentrated at the center or
ubiquitous around the whole disk?
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QPO spectra become very spiky as the region limited to the center.
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0.1lmas 10Rs) 0.15mas 15Rs)
\ > grids the center
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Time variations of intensity In the grids ( The denoted numbers are SNRS)

661-05min




Every grids show something. Here we look carefully at the central 3
grids because those of SNR are higher than /.
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P=17; common all around the disk(?), come from outer edge of disk?
The strongest peak; large difference in periods.
' 0.Imas-east
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QPO Periods
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| 0.1mas West

(if Keplerian)
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R=3.3Rs(if Keplerian)
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P= 62.15min

P= 131.6min

8 = 224.8min

Intensity Maps of the Periods
P=62.15min(

P=131.6min

P=224.8min

The Peak Position Moves
Towards west as Periods
Become long.

Rotation



&l P=160-240min

B P= 240-320min

Intensity Maps of rather

wideband periods
(from the top)

P= 1- 80min

P= 80-160min
P=160-240min
P=240-320min

The Peak Position Moves
Towards west as Periods
Become long.

It must be due to Rotation!



- | * Reid et al.99

1992 . 10 light days .=

Sgry

» .Rotation of"th'é_.Sun
(Galactic Rotation)

A
A

10AU

The Accretion Disk of SgrA*
Shows Counter-Rotation
Against the Galactic Rotation.

The Galactic Rotation
Becomes Random
At GC?!

Genzel et al.03



here iIs one thing to be discussed.
“The scale” seems inconsistent.

*From the velocity derived from the shift of spectra
0.1 mas correspondsto  3Rs M=1.2 < Mg

*From the distance (8kpc) and the mass of SgrA*(4>< M)
0.1 mas corresponds to  10Rs

>The derived velocity is wrong?

---- Then check the possible theory to sit them well.
Something to change the scale of 0.1mas 10Rs to 3 Rs.



Self gravitational lensing effect of black hole
will play an role of magnifying glass.
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Intrinsic Radii(Rs)
Calculation by Takahashi R.




A7 mm

A 14 mm

A 20mm

A 36 mm

A 60mm

Figure 3. VLBA images of Sgr A* at wavelengths 6.0, 3.6, 2.0, 135
ey and T mm made with DIFMAP, These images are smoothed to a
circolar beam of FWHM = 2.62 ALY mas as shown on the lefi-bottom
cormer on each image. At 7 mm, FWHM beam = 1.5 mas ~ mean
synihesis beam gize; and at § cm FWHM beam = 35 mas that is close
to the mean scattering size at this wavelangth. The contours are 2 mJy
beam=}x (2, 2, 4. &, 16, 32, 64, 128, 256).

.VLBI images of the SgrA*(Lo et

How the Scattering acts as
magnifying glass on SgrA*?
The Intrinsic Image Is
obscured and broadened
because of scattering
effect by circum-nuclear
or inter stellar plasma
( A .
Shen et al.(05), Bower et
al(04) investgated the

effect.
The ratio --




TheS A*
A\o0Dbs

From Shen et al. Nature05
Bower et al (Science 04) —similar result
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magnification ratio

1)self gravitational lensing effect@at r =3Rs 1.23
2)scattered&broadening effect by Iatervening plasma 2.6 3
Total 1.23>< 2.6 3 312 3.7

These two broadening effects
give us the 3Rs resolution!




o

i Does Thomson Scattering
__“Really Work As
Magnifying Glass on SgrA*?




~ /'l double refraction by scattering?
|
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SNR & QPO spectra: The double refraction in plasma ?
There exist plausible spectra on the quite low SNR data set(SNR<3)




Future prospect

As the accepted theory
says,.SgrA*is obscured by
broadening and scattering below 1

><fully obscured mm wave length.
No information on fine structure But there remain some pieces of

Information of the Intrinsic structure!

_ Because The scattering effect and
self gravitational lensing work as

partially obscured magnifier of SgrA*, we can get the

with some information spatial resolution detection the 3Rs.

VLBI observations of QPO in radio
Kcontinuum will give us the chance to

Investigate the line of sight velocity
and the structure of the inner
accretion disk of SgrA*

Spatial resolution  Rs



