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Abstracts: Imag ngtheviantyd dack hdeisoned theuti mategods o
VLBl astronony. Thedosest nassve black hde Sgr A*, located at (A actic
center isthelead ng cand datefar such observati ons. Co moi ned wt h recent
VLBl recordi ngtechn que and sub- mmrad o eng neeri ng we now have the
suffiaent sensitiMty for t he observati ons. We her e show perfor mance

9 mu ations of sub-mm VLBl arraysfor i maging Sgr A*. An excdlent | nageis
obta nedfrom asub- mmVLBI arrayinthe Sout hern hemspherelikethe
corfiguraion o VLBA We dso naethat even wth asndl array, we can
esti natethe shadow 9zeandthenthemass of d ack hdefromvghility
anad yss Now, if oy constructi ng asub- mm VLBl arrayinSout her n
hemsphere we can unval the dack holeenvironnents d Sgr A,




M87 -- From 200,000 Light-Years to 0.2 Light-Year

5
<

4

VLA -90cm

VLBl -1.3cm

Radio
Interferometer has
been trying to
resolve the central
part of the monsters.

Above all, VLBIs

have the best
instruments for
investigating fine
structures of the
SOurces.




The nucleus of
MS87 (VLA,VLBA.
This 1s one of the
highest resolution
VLBI maps.

But, the true face
of central massive

black hole cannot
be seen.




A simulation of the appearance of black hole with accretion

disk (Fukue et al 1989). Light from the other side 1s bended by

the black hole gravity, and then we can see opposite side. At

t]

he center ‘black hole © can be seen from where no light come

towards us. . . http://quasar.cc.osaka-kyoiku.ac.jp/~fukue/
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So we must check.
How small are the black holes?

* Takahashi & Mineshige (2004?)




Shadow Size of Black Holes

Mass | [ Rs ohadow Size
(Msun) | (kpc) | (m) (auw) (g as) (1 as)

otellarBr@pc | 1.00E+001 0.001] 2.95E403 13/E-08 0.2 0.10
M32 [ 00E+06| 3700| 299E+09 197E-02 001 003

ogrA#aGC | 260k o| 167EH09 HITE2 639 31 96
ogrA#aGC | 3/0E o 1.03E+10 728802 910 4548
M3 390E+0T| 800| 1.03E+11 6.88E-01 (88 430
NGOAZo8 | 390E+07] 12001 1.19E+11 T6IE-0T 0.1 0.3
MG/ J20E+09]16100] 9 44E+12 §20E+)1 391 1954

SgrA*, central massive black hole at our galactic center . has the biggest apparent size Rs=6p .

).




=. 10 light days .=

Motions of
Stars at GC
(Genzel et al))




For Black Hole observations

* The most promising source 1s SgrA*.




VLBI images of the SgrA* from SGHz to 43GHz (Lo et al ’99)

A 36 mm

A 60mm

re 3. VLBA imeges of Sgr A* at wavelengths 6.0, 3.6, 2.0, 1.35
cm and T mm made with DIFMAP, These images are smoothed te a
circolar beam of FWHM = 2.62 AL mas as shown on the lofi-bottom
cormer on cach image. At ¥ mm, FWHM beam = 1.5 mas ~ mean
gynthesis beam gize; and at § ¢con FWHM beam = 38 mas that is close
at this wavelength. The contours are 2 mJy

beam™} % (-2, 2, 4. 8, 16, 32, 64, 128, 256).
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The intrinsic image is
blurred and broadened
because of scattering
effect by circum-nuclear
plasma.

VLBA,86GH. (3.5mm
Shen et al. (200. or later)
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Apparent Size of
SErA*
Free from Scattering
Effects by Plasma

At sub-mm wave
length !

S0 we can expect
e observe the intrinsic
1 [ ]
Wavelength (cm) lmage at mm', S“b'

mm wave length.
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For Black Hole observations

* The most promising source 1s SgrA*.
* We need sub-millimeter VLBI observations.




The Earth Rotation seen from SgrA* (5=-30°)
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The Earth Rotation
seen from SgrA* (5=-30°)
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The uv coverage of VLBA
seems poor for SgrA*.
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The coverage of a realistic sub-millimeter VLBI array 1s also poor.

2005: High site is
fully operational
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Virtual southern array (10 stations)
The uv coverage seems enough for SgrA* ?
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For BH observations

* The most promising source 1s SgrA*.
* We need sub-millimeter VLBI observations.

* We need the southern hemisphere array for good
uv coverage.. L et’s check




VLBA+Huancayo .: . VLBA+H+ALMA
uv Cover
for SgrA*

(e]

"SMA.CARMA SEST.SEST.
And Huaticayo—

AL
230GHz




VLBA+Huancayo
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Several image




VLBA+Huancéyo (b)

VLBA+H.+ALMA

()

SAMA_CARMASEST SEST
SMA-CARMAISEST SEST

24

And Huancayo 6)

The Southern 10 station(g)

"ll"lzle Southl 0+SMA+CRA€H)

Clean simulations
for each array -- 1

Model Image 1
Gaussian
0.1x0.08mas,
PA=80.,f=3Jy

Black Hole Shadow
30x24nas . PA=80°

This image model is
similar to that of
Falcke et al (2000) .
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| Model Image 2
1 Edge-on Standard
~ | disk + dim halo
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Clean simulations
for each array -- 3

Model Image 3
ADAF edge-on disk
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Clean simulations
for each array -- 4

Model Image 4
An ADAF edge-on
disk (The larger one)




Results of uv simulations

* VLBA-only, small number (<5) of Array
are insufficient to get real images.

« VLBA+a. south), a virtual Southern Array(10
stations) show good quality images.

'In these stmulations, every station 1s assumed to be the same
Tsys(=150K), and 12m-dish.




For BH observations

The most promising source 1s SgrA*.
We need sub-millimeter VLBI observations.

We need the southern hemisphere array for good
uv coverage.

10 stations, 8000km extent (@230GHz

. Present arrays located at northern hemisphere are
not good for BH imaging of SgrA* imaging---
great pity!!.




Sensitivity 1s already sufficient !

Seinsitibity for Continumm Sources . .= .~ =~ GH

For example,
D=

0 D(m) Eff Tsys(K) T(sec) B(MHz) 3sigma(Jy)

a.eff.. 70% 10 06 200 10 1000 02029

- Tsys=. . K 10 06 200 10 10000  0.0642
(almost same as that ofALMA) 12 06 200 10 10000  0.0446
‘B= MU 12 07 150 100 10000  0.0091
15 07 150 100 10000  0.0058

- other loss 30%) 12 07 150 100 1000 00287

. T=. . . sec 12 07 150 50 20000 0.0091

. . 12 0.7 450 100 10000 0.0272
3onoise level 30mJy attainable 5l o8l 450 100 10000 00317

(Flux density of SgrA* at 230GHz is about 3 Jy) 12 06 450 50 20000  0.0317

. Much Higher A/D sampler than 10-20GH .
- will come soon. So the sensitivity will not matter.

| Coherence time limitation due to atmosphere should be overcome
with some technique --- Fast SW, Paired antenna, Self calibration,
something else!




BH 3_.;;1D“6M5 BH 2. 6X10 6Ms NO Black
Ds= ;!'-"-55 | Ds=30 4t as e

/ hole
il NO Shadow
28 u - - Null point shifts
with the size of BH
o / 7 shadow, namely BH
. | s
Ijﬁ{j;‘;ig d | We can estimate the
T , o shadow size and then
B 1 442 T the BH mass with
‘"'*«._‘L Noisellevel | submm VLBI
- ol : : — L m .;#m"ﬂ: = - : including ﬂnly Smﬂ“
Prnjacta: Baseline Length Illllllbt‘:l‘ ﬂf Stﬂﬁﬂﬂs.
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For BH observations by VLBI

The most promising source 1S SgrA*.
We need sub-millimeter VLBI observations.

We need the southern hemisphere array for good uv
coverage.

10 stations, 8000km extent @230GHz.

The required sensitivity 1s already attainable from the
viewpoint of technology.

We need good sites like that of ALMA for sub-
millimeter VLBI array.
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Only the survey for good s1tes

Water vapor numerical model o
GPaes COLA /IGES : Z By f“&q \Rm

24Hr GFS Valid: 127 Tue 06 XN, 2004 Preclltahle Waterl T/, EHE J kg




For BH observations by VLBI

The most promising source 1S SgrA*.
We need sub-millimeter VLBI observations.

We need the southern hemisphere array for good uv
coverage for SgrA*.

10 stations, 8000km extent @230GHz.

The required sensitivity 1s already attainable from the
viewpoint of present technology.

We need good sites like that of ALMA for sub-
millimeter VLBI array.




=3~ _ . South America

Virtual now
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So Let’s Start sub-mm VLBI

at the Southern Hemisphere at once!

SgrA* image at 230GHz from simulation
(Takahashi et al. in preparations )







3 7 0.2 -
0.1
2 - i
0 : I I I I | |V| |\/| | I I I I
| 1.00E+09 1.50E+09 2. 00E+09 2. 50E+09
1 _
0 ] | I |

0. E+00 2. E+09 4. E+0Y 6. E+09 3. E+0Y



