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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 ðstations array  
around Peruvian Andes, dedicated to the  

detection of  the  horizon of  SgrA*, 

around  US$ ten-million -level.  



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



R. Takahashi (2004,2005) 
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The effect of spin on black hole shadow 



Can we observe black  hole?  
Yes, we can  

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



Shadow Size of Black Holes 

SgrA*, central massive black hole at our galactic center 
has the biggest apparent size of Rs=6-мл .˃ 
Schwarzschild case 

Rs 

Rs 



 SgrA* has been investigated by VLBI 
again and again with cm 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. 

 



At low frequency, 
SgrA* image is 

scattered by plasma
Ӓ˂ . 

But  

free from scattering  

at sub-mm wave 
length ! 

So we can expect 
observe the intrinsic 

image. 

Doelman et al. 2001  

Deviation occurs at 
high frequency. 

Apparent Size Measurements of SgrA* 



For Imaging a Black Hole: 
Å The most promising source is SgrA*. 
Å We need sub-millimeter VLBI observations 

(230~340GHz) because free from scattering effect. 
     Scatteringnot an interstellar but circumnuclear one 
Å We need the southern hemisphere array for good uv 

coverage for SgrA* (10 stations, 8000km extent 
@230GHz). 

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

Å We need good sites like that of ALMA for sub-
millimeter VLBI array.  
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The Earth Rotation  
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 VLBA  
( 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 



SgrA* 230GHz 
Model  Image 

250 mas 

The case of 
VLBA Location 

 

The Horizon Telescope 
 at Andes   

Both  array has 10 stations and  8000km  
Extent, but the better image is obtained  
from telescopes at Andes. 



 Here, 
we emphasize the importance of  

shorter baselines  
in VLBI black hole shadow 

observations.   



simulation (0) 

How important 

shorter base lines 

in imaging BH? 

 

  



ҧ 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 

Even now, longest baselines are available (8000km , but still difficult  to image SgrA* black 
hole. We need SHORTER baselines! 

Miyoshi et al 2004,2007 



simulation (1) 
Present longer 

baselines vs./and 
Andes shorter ones, 

with/without p-ALMA  
(Miyoshi et al in prep.) 

 

 

 

 



Near Bolivia  La Paz  5300m 
The highest Ski Slope in the world 
Cosmic Ray Observatory 

   Cerro Chacaltaya 

Peru 
Huancayo 
3300m 

1000km 

ALMA 

La Silla 2400m 

SEST15m  (Closed, but alive) 

?Mirabel station 4600m 

Telescopes around ALMA give us 
shorter (<2000km) baselines! 

Huancayo 

ALMA 



No   h D eff Tsys bit Station Name     EHT  

1 -16.3445  -68.1255  5300 20 0.5 150 2 Chakaltaya, LaPaz, Bolivia  

2 -12.0143  -75.2792  3370 20 0.5 150 2 Sycaya, Huancayo, IGP,(Peru)    

3 -29.2500  -70.7330  2400 20 0.5 150 2 SEST 

4 -23.0000  -67.4000  5000 70 0.7 80 2 Phased ALMA       

5 -11.5248  -75.8987  4000 4 0.6 150 2 La Oroya  

6 -12.1461  -75.6126  4800 4 0.6 150 2 COSMOS    

7 -33.7340  -69.8801  6000 4 0.6 150 2 Sanchago Cerro Marmolejo Chirri  

8 -16.3988  -71.5369  3000 4 0.6 150 2 Arequipa    

9 -20.4341  -41.7966  2890 4 0.6 150 2 Pico De Bandeira Brazil  

10 -13.5898  -72.8030  4000 4 0.6 150 2 Avancay    

11 -11.9182  -75.0464  5450 4 0.6 150 2 A  

12 -11.5224  -75.9066  3800 4 0.6 150 2 B    

13 -11.6080  -76.2280  4800 4 0.6 150 2 C  

14 -17.4383  -65.6148  4000 4 0.6 150 2 D    

15 19.8265  -155.4744  4200 6 0.7 150 2 SM  SMA   

16 -18.0497  -70.2768  400 10 0.8 150 2 TK  Peru,Takna    

17 -15.8433  -70.0236  4000 10 0.8 150 2 PU  Peru, Puno,Titicaca  

18 -23.9900  -65.4000  4200 10 0.8 150 2 LL  LLAMA-1,Argentina      

19 -81.5000  -80.3700  4100 10 0.8 150 2 DA  Dome Argus (  

20 18.9778  -98.3087  4600 50 0.3 150 2 LM  LMT, Mexico Puebla, Sierra Negra       

21 34.7416  -111.4013  1700 10 0.3 150 2 AR  SMT, Arizona Radio Observatory   

22 36.5100  -120.7618  2160 10 0.3 150 2 CA  CARMA,Cedar Flat 7200feet       

23 34.7416  -111.4014  2250 15 0.5 150 2 Pd 15m, Plateau de Bure interferometer   

24 38.8026  -116.4200  2850 30 0.5 150 2 IR  30m, IRAM, Pico Veleta       
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Phased ALMA  
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EHT only EHT&CARAVAN  
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