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Science Target 
•  Science Target:  
•  Black hole shadow imaging, M87.  

•  Submm /THz single dish observation 

•  Key Enabling Factors:  
•  Maturity of  several key technologies: submm wavelengths 

detection, wide-band detection,  
•  High-speed digitizers and processor (Moore’s law in play) 

•  Demonstration of  VLBI observation at submm wavelengths 
•  ALMA phase-up ready by 2015. 

•  Strong Competition: EHT is ready to link up with ALMA. 
New European initiative 

•  Unique Opportunity: 230 GHz observation with phased-up 
ALMA in 2016-17. 

2015 SCAR AAA 2 



Project Collaborators 
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•  Academia Sinica Institute of  Astronomy & Astrophysics 
(ASIAA) (PI: Paul Ho, Co-I Inoue Makoto, PM: MT Chen) 
- Instrument development, retrofitting, deployment, testing and 
operations, etc. 

•  Smithsonian Astrophysical Observatory (SAO) 
- Major collaborator with all above tasks, site  development 

•  MIT Haystack 
- VLBI technology 

•  National Radio Astronomy Observatory 
-  Telescope dis/assembly, testing logistics at VLA site 

•  Denmark Astronomy Community: Potential collaborator 



Black Hole Visualization	


•  Accretion disk is bright. 

•  Disk behind BH is seen by bending of  light.  The asymmetry of  the disk is 
due to Doppler effect of  its rotation.	
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Sizes of  Black Holes	

Shadow Size 

(µasec)	

Mass 

(106 Mo)	

Distance 

(Mpc)	


Sgr A* 50	
 4.1 +- 0.6	
 0.008	


M87	
 39	
 6600 +- 400	
 17.0	


M31	
 18	
 180 +- 80	
 0.80	


M60	
 12	
 2100 +- 600	
 16.5	


NGC 5128 (Cen A)	
 7	
 310 +- 30	
 4.5	


Gebhardt et al. (2011)	
Note: Here we assume Rshadow ~ 5 x Rsch	




Feasibility of  Submm VLBI	

Doeleman et al. (2008) Doeleman et al. (2012) 

Sgr A* 
Size ≈ 40 µas (≈ 4 rsch)	


Vir A* (M 87) 
Size ≈ 40 µas (≈ 5 rsch) 
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Site Selection 
•  No obvious site in the Southern Hemisphere, except 

Northern Chile and Antarctica. 

•  South Alaska (Mt. McKinley): Difficult to access. 

•  Tibet: opposite side of  ALMA, so impossible to have 
baseline with it. 

•  Greenland: Similar condition as South Pole. It is also 
possible to have baselines with ALMA/SMA.	
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Greenland - Summit Station	

•  Established/operated by US NSF & 

Greenland Government. 

•  Atmospheric and weather researches are 
mainly ongoing.  Established on 1989. 

•  N72.60o, W38.42o. Altitude: 3210m. 

•  Summer: 45 people, Winter: 5 people (3 
months shift) 

•  Possible to carry things by flights with 
C-130, etc., or through land. 
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Site Testing Data 
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•  12.2010: NSF Call for Proposal 
•  04.2011: Antenna awarded to ASIAA/SAO 
•  04.2011: Antenna inspection 
•  07.2011: Antenna power-up, surface check 
•  11.2011 – 03.2012: Antenna retrofit evaluation 
•  06 – 08. 2012: Antenna pointing test in VLA (SAO & ASIAA) 
•  09 – 12. 2012: Disassembly in Socorro (ARL & ASIAA) 
•  09.2012 – 7.2015: Antenna retrofitting for cold (Vertex & ASIAA) 
•  08.2015 – 04.2016: Transportation, pre-assembly in VLA. 
•  06.2016: Components shipped to Thule 
•  07.2016 – 2017: Thule development, antenna assembly & testing 
•  2017 -2019: Low frequency operations in Thule 

Visited Thule, cold weather training, several meetings with NSF,  
CRREL, contractors., several f2f meetings. 

GLT Status Chronicle  
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Expected uv coverage 
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uv coverage for M 87 with Greenland station, SMA, 
ALMA, SMT, LMT and IRAM 30m.  The Baseline 
with GL is red. 

It will provide 9,000 km baseline,  
and it corresponds to 20 uas at 345 GHz!! 

IRAM 30 m	


LMT	


PdBI	
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•  2015 - 2016: 	


•  Thule preparation; test pad, infrastructure, connections.	


•  Antenna cold retrofit. To completed soon.	


•  Build antenna support frame, servo containers, de-ice system.	


•  Build VLBI receivers.	


•  Build support camp and power station.	



•  06.2016: All components at Norfolk	


•  07.2016: Antenna to Greenland (Thule)	


•  10.2016 – 02.2017: Antenna assembly in Thule	


•  2017: GLT First light in Thule	


•  2018: Antenna to Greenland Summit ?	


•  2019: GLT Operational on Summit ?	



GLT Status Summary  
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