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簡報者
簡報註解
Need to add in Denmark collaborator



M87 星系中心 
距離 5500 萬光年 
65 億太陽質量 

銀心黑洞  （Sgr A*） 
距離 26 000 光年 
4 百萬太陽質量 

超大黑洞的（電波）影像 

Pluto’s Orbit 

Voyager 1 

50 µas ≃ 10 θg 
5 times of Schwarzschild Radius 

簡報者
簡報註解
天上兩個「看起來」最大的黑洞。
看起來最大，不代表最大。 M87 距離地球 5500 萬光年，銀心黑洞距離地球 （26000）光年
電波影像， 不是可見光（穿不透環繞星系中心的塵埃）。 



簡報者
簡報註解
沒辦法真的蓋那麼大，就只好用組合式的方式，然後，用電子處理方式，得到影像。
「孔徑合成」，’60 年代 發明的。發明的科學家，還獲得獲得諾貝爾物理奬。
以人類目前的科技，這是唯一能夠看到像黑洞這種目標的儀器。
事件視界望遠鏡，Event Horizon Telescope ， EHT。
EHT 的組成望遠鏡。特別是 這幾個都是我們團隊經手過的。待會再說。



GLT joined in 2018 

簡報者
簡報註解
SMA 是我的工作生涯，蓋的第一座電波望遠鏡。陣列形式的。90 年代這是世界第一座這種類型的望遠鏡。很偉大。風險也很大。那時候我們提議要蓋這個望遠鏡，台灣島內的反對的聲音很大。因為沒做過，不確定做得到。而且那時台灣沒有人研究電波天文，跟不用說有作這種儀器的專家。我可不是專家。當時我在美國想回台灣，而這是台灣唯一找得到的職位。所以就轉行換跑道，從物理轉到天文。後來望遠鏡做好了以後，就跟著搬到夏威夷來了



Thule 

簡報者
簡報註解
沒辦法真的蓋那麼大，就只好用組合式的方式，然後，用電子處理方式，得到影像。
「孔徑合成」，’60 年代 發明的。發明的科學家，還獲得獲得諾貝爾物理奬。
以人類目前的科技，這是唯一能夠看到像黑洞這種目標的儀器。
事件視界望遠鏡，Event Horizon Telescope ， EHT。
EHT 的組成望遠鏡。特別是 這幾個都是我們團隊經手過的。待會再說。



Current Status 
• The Greenland Telescope has been operating in Pituffik 

(Thule), Greenland! 

• First light at the end of 2017! 

• VLBI observations (86, 230, 345 GHz) since April 2018 ! 

• Joined Event Horizon Telescope and Global Mm-wave 
VLBI Array 

• Developed remote/local operations 

• 345 GHz fringes detected between GLT and ALMA 

• In preparation for moving to Greenland summit. 
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A ring-like accretion structure in M87 

• Nature, 27 April 2023. 

• First publication using GLT data. 

• Observed in 2018, right after GLT commissioned. 

• GMVA Collaboration 

• Frequency: 86 GHz 

• More results to come from EHT observations. 



簡報者
簡報註解
天上兩個「看起來」最大的黑洞。
看起來最大，不代表最大。 M87 距離地球 5500 萬光年，銀心黑洞距離地球 （26000）光年
電波影像， 不是可見光（穿不透環繞星系中心的塵埃）。 
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Shadow Diameter ~ 5.2 * Schwarzschild Radius 

簡報者
簡報註解
黑洞陰影是如何形成的，大約是 5 倍的 黑洞大小
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Time-averaged image of a general relativistic magnetohydrodynamic simulation of the supermassive 
black hole in Messier 87. Image credit: Johnson et al, doi: 10.1126/sciadv.aaz1310. 
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 EHT Coverage 

Animation: Laura Vertatschitsch (SAO)  

            

         

           

Simulated image of the shadow of the black hole of 

M87.  

Left: Model image, Right: simulated submm VLBI 

observed image 

including GLT at 345 GHz. (Pu et al.2016). 

簡報者
簡報註解
A pair of stations to generate visibility. Their distance, directions form data points on the UV plane
From all the uv data, FT to obtain (dirty) image
Image process.



How to image photon ring? 
• Increase angular resolution: 

• Extend VLBI baselines; launch satellites 

• Observe at higher frequencies; > 230 GHz, few 
available sites 

• Reduce optical depth: 

• Observe at higher frequencies 

• Add more VLBI stations 

13 



14 



15 

簡報者
簡報註解
2018 photo of the Greenland telescope in Thule, Greenland. Northwestern corner of Greenland, latitude 76 degree, well inside artic circle
12-m submm telescope. Originally a ALMA prototype. We transformed it into an artic radio telescope. 
Thule is a US Air base, near the sea level. 
This is our temporary site. The final destination is Summit Station of Greenland.
In the winter time, the 230 GHz opacity is about 3 times worse than Summit Station, but an excellent millimeter atmosphere.
It was a very cold night.



Greenland Summit 
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簡報者
簡報註解
How did we decide to move to Greenland?



Greenland Summit 
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Matsushita, S. et al 2017, 

PASP, 129, 1  



Greenland – Summit Station 
• Established/operated by US NSF & 

Greenland Government. 

• Atmospheric and weather researches are 
main topics.  Established in 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 

• Currently under expansion 
(Recapitalization) 
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Thule 
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Thule 



History …. 

• 2010: NSF call for proposal for 
repurposing ALMA prototype 

• ASIAA/SAO: Retrofit and 
relocate the antenna to 
Greenland 

• Sub-mm VLBI to image black 
hole. 
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2011: ALMA Prototypes, Socorro, NM 2012: Retrofit started  

2016: Pre-assembly, Norfolk, VA 

2017: Assembling, Thule, 

Greenland 

2020: In operation, Thule, Greenland 



GLT Specifications 
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簡報者
簡報註解
The antenna has the same optical specifications as ALMA; 12 meter aperture, f-ratio of 8, weight more than 100 tons. What sets the GLT apart from the ALMA antenna is the environment conditions. The operation temperature is much lower, down to -55 deg, with surval temperature of down to - 70C



GLT Subsystems 
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簡報者
簡報註解
Dish panels are from the prototype and



GLT Orientations 
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GLT Nutator (Hexapod) 
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-150 C 



GLT VLBI Receiver 
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Single cryostat, three receiver cartridges 



First Light 
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WCA 

Cryosta
t 

簡報者
簡報註解
This shows you the received inside the receiver cabin. The clear vinyl curtains are for thermal damping.



GLT Cryostat (2nd Version) 
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JCMT Installation 
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WCA 

Radiation 
Shield 

Vaccum 
Jacket 



Reference Signals Distribution 

30 



Receiver LO/IF Distribution 

31 



IF/Baseband Processing 
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• Extended Block Down Converter 
x 2 

• Input switch select receiver 
channel 

• IF: 4-8 GHz —> 2 blocks of 0-2 
GHz 

• Duplication of signals; one sent 
to R2DBEs, and one to 
spectrimeters 

• R2DBE digitizes the blocks and 
sent to Mark6 recoder 



Test Tones Gen/Processing 
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• Critical setup for VLBI 
observations 

• Tone sources for all three receiver 
cartridges 

• When needed, a rotation arm will 
move the source into the signal 
beam 

• Designed to generate a tone ~ 6.0 
GHz 

• Compare the signal with 
reference and ensure stable phase 



Photogrammetry 
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170 um 17 um 



Antenna Control System 
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170 um 17 um 



Fringe Detection with ALMA 2018 
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170 um 17 um 
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• A difficult, dangerous, and  
expensive journey 

• High operation cost on Summit 

• Difficult to access; summer or 
winter 

• But doable nevertheless 

• Highest resolution achievable 
from ground 

• VLBI at 690 GHz: Black hole 
photon rings 

Moving to Summit 
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Icesheet Transition 
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Curtesy of JP Steffensen @ EGRIP  
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GLT on Skis 
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簡報者
簡報註解
GLT and its support cone, sitting on ta steel foundation, and then on a set of skis. 
The GLT and Skis form a mobile system that can be relocated every other year or so.



Future Plan (2) 
• Current and Future Resolution of EHT  

EHT 2017 

220 GHz 

EHT with GLT 

220 GHz 

GLT @ Summit 

660 GHz 

We will have better 

resolution & sensitivity on 

M87 black hole shadow & 

jet. 

We will have much better 

resolution for black hole 

shadows in various 

galaxies. 

3 x 3 pix (9 pix) 

M31 (Andromeda) 
Black Hole 

5 x 5 pix (25 pix) 15 x 15 pix (225 pix) 



Summary 
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• One and only submm radio telescope in the polar 

region 

• A critical station for submm VLBI observations 

• For optimal outcome: Move to Summit Station 

• However difficult: Ultimost resolution for photon 

ring (from ground) 

 

https://doi.org/10.1088/1538-3873/acf072 

Ming-Tang Chen et al 2023 PASP 135 095001 

https://doi.org/10.1088/1538-3873/acf072

	The Greenland Telescope
	超大黑洞的（電波）影像
	投影片編號 3
	投影片編號 4
	投影片編號 5
	Current Status
	投影片編號 7
	投影片編號 8
	投影片編號 9
	投影片編號 10
	投影片編號 11
	投影片編號 12
	How to image photon ring?
	投影片編號 14
	投影片編號 15
	Greenland Summit
	Greenland Summit
	Greenland – Summit Station
	Greenland – Summit Station
	History ….
	GLT Specifications
	GLT Subsystems
	GLT Orientations
	GLT Nutator (Hexapod)
	GLT VLBI Receiver
	First Light
	GLT Cryostat (2nd Version)
	JCMT Installation
	Reference Signals Distribution
	Receiver LO/IF Distribution
	IF/Baseband Processing
	Test Tones Gen/Processing
	Photogrammetry
	Antenna Control System
	Fringe Detection with ALMA 2018
	Moving to Summit
	Icesheet Transition
	投影片編號 39
	投影片編號 40
	GLT on Skis
	Future Plan (2)
	Summary

