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If we construct a sub-millimeter wave
VLBI array around Andes, we can
observe the black hole of SgrA*.

We are planning a three —stations array
around Peruvian Andes, dedicated to the
detection of the horizon of SgrA¥*,
around US$ ten-million-level.

The existence of the black hole in the
universe was confirmed
in the last century.
There are many of
black holes. & comac.o
SR —IL &5k

M87 <EhHBEI,

NGC4258 (M106)
SgrA* (Our Galactic Center)
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NGC4258, VLBA, Ms:=3.9 X 10’M sun

Using the VLBA, a high velocity Keplarian disk around the core was found.

More than 1000km/sec at the radius of 0.13 pc means that the central mass
exceeds 3.9 X 107Msun. Only within the radius of 0.3 ly 3.9 X 107 solar
mass exists such a high density cannot be explained without black hole.
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From the dynamical
measurements, all people
believe the existence of black
holes in the universe today,
except relativists. But, no one
has observed them.

Observing black hole shadow
(black hole horizon) is the conclusive
evidence of black hole even relativists

can be persuaded and a new approach

investigating strong field gravity.




Black Hole Metric(mass, spin, charge) governs
the Shape of Black Hole Shadow (R. Takahashi, 05).

230GHz i=45° i=80° (almost edge on view)
SgrA*

Kerr ) -

ADAF (H=1).
Axis symmetric > 4

Schwarzschild
ADAF
(H=1)

Axis symmetric

Takahashi
et al. (04)

The effect of spin on black hole shadow

No Spin Maximum Spin
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Can we observe black hole?

Yes, we can

with VLBI observations of SgrA*
at sub-millimeter wavelength!

Shadow Size of Black Holes

Mass

(Msun)

Rs
(m) (au)

(1 2s)

Shadow Size
(1 as)

StellarBH@pc
M8?
SerA+@G0
SerA+@GC
M31
NGC4258
M8]

1. 00E+00
1 00E+06
2 60E+08
3 J0E+08
3 D0E+07
3 90E+07
3 20E+09

2 95403 1.97E-08
2 95E+09 1 97E-02
1676409 BI1E-0?
109410 7 28E-02
1.03E+11 6.88E-01
11911 167E-01
9 44E+12 6.29E401

002
0.01
6.39
910
0.86
0.1
391

0.10
003
31.96
15 48
430
0.53
19.54

SgrA*, central massive black hole at our galactic center

has the biggest apparent size of Rs=6-10uas.
(Schwarzschild case)
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SgrA* has been investigated by VLBI

again and again with cmm to mm wave lengths,
but all astronomers failed to get the black hole
(shadow) image.

Because the frequency channels they

observed were different channel for receiving
Black-hole-broadcasting.

So we only have to select the correct
broadcasting black-hole channel.

Apparent Size Measurements of SgrA*

SRIROLEEEEEaE t!ow frequency,

©  Deviation occurs at . . .
~ high frequency. ) / 1 SgrA* Image Is
L P ] scattered by plasma
4 (ccA™2).

But
free from scattering

FWHM Size (mas)
I

at sub-mm wave

“F | 2 length !
L ,'/ Doelman et al. (2001) So we can eXpeCt
0,01 ML observe the intrinsic

Wavelength (em) image.
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For Imaging a Black Hole:

The most promising source is SgrA*.
We need sub-millimeter VLBI observations
(230~340GHz) because free from scattering effect.

We need the southern hemisphere array for good uv
coverage for SgrA* (10 stations, 8000km extent
@230GHz).

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

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

The Earth Rotation seen from SgrA* (6=-30° )
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The Earth Rotation
seen from SgrA* (6=-30° )

( US, North America)

Short observing time, bad condition due to low elevation

Virtual southern array Horizon telescope (10 stations)
The uv coverage seems enough for SgrA* ?

Horizon Telescope @ Andes

Longer observing time, good condition due to high elevation
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SgrA*
230GHz The case of VLBA The Horizon Telescope
Model Image Location at Andes

Both array has 10 stations and 8000km
Extent, but the better image is obtained
from the Horizon Telescope at Ands.

Here,
we emphasize the importance of
shorter baselines

in VLBI SgrA* observations.
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Even now, longest baseline s are available (~8000km), but still difficult to image SgrA* black
hole. We need SHORTER baselines!
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4\ VLBI Simulation Maps using present sub-mm.Telescopes.
Lower Model Images, Upper Resultant maps. {Hawaii, West Coast, ALMA(1 element), +
Virtual Peruvian + closed SEST }

=Not enough uv-coverage, Lack of shorter base lines=

Andes around ALMA is
suitable place of the sub-mm
VLBI network

with short baselines
for SgrA*.
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Telescopes around ALMA give us
. shorter (<2000km) basellnesl

e . AN, .

Huancayo

Cerro Chacanaya

,m to Grosso
r da Sul

Paraguay 4@

: '?”Mwébel statlc;%i 06

2400m
SEST15mi (Closed, but alive)

SEST 15m telescope at Li Silla Chili is still alive though
closed at 2003. (our visit 2009.11.09)
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Doeleman (2008) reported the fringe detection at 230GHz
VLBI experiment from SgrA* observation.
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So constructions of new sub-mm
VLBI stations around ALMA are very
important for SgrA* Black Hole
Imaging & investigation using
visibility data.

Cost?!
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We are planning 3-stations VLBI with very low
cost around 10 million-level, because we are in

the big monetary crisis occurred once a century.
[Japan is in a big monetary
crisis occurred once a century. |

rPeopIe S Ilvmgs are
more important than concrete J(2009)
presumably “concrete” includes science.

A First Black Hole Imager at Andes:
(1)Larger Dish for Sensitivity at Chacaltaya &
Huancayo. Low cost. Ex, Daishido 30m dish
(2) Usage of Mobile Small Dish for collecting uv-
cover
4-m class mobile station around Andes mountains.
Experiences of NICT for geodetic mobile VLBI station
with small antenna.
(3) Dedicated to SgrA*, aiming at the detection of
the black hole shadow (black hole horizon).
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Chacaltaya

Cosmic ray Observatory
At 5300 m (La Pas, Bolivia)

Here we wish to build a
new radio telescope.
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Latitud:  -12.037875€ N -1.80€ N
Longitud:  284.681633¢ E -3.46@ E

Altitud: 3336.0 Ms.nm.

* e

The other site candidate,
Huancayo in Peru

32-m telecommunication antenna
-- Not for sub-mm observation --
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A Main Lie at 4§00m Seaie&ei in Peru: —
Very Large Vehicle, People in Casual Wear,
and Children (2003). e
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We need drastic Cost down !
BlEBE=MICIESAE
(BUL\DZEZFED)

18



2012/12/5

19



2012/12/5

http://www.kusastro.kyoto-
.ac.jp/psmt/image/tel_movie.wmv

=5 2R L Gl 2 5 5B D105 (D1 OO~
ARG

Reber’s Radio
telescope
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Schematics of our mobile radio telescope
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g . . . /"'\_ - . .
Beams of multi small telescopes are combined into ohe focus point and received!
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Surface accuracies of the antennas are still kept after long rough treatment like above.
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Spec of Kurita Mount satisfies requirements of our mobile sub-mm radio telescope.
We need no development for our telescope mount.
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