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Milestones of Greenland Telescope Project

2009: VLBI group was formed, and its primary target is mm/submm VLB

2010: ASIAA and SAO/CfA, submitted Expression of Interest
to NSF in US for the use of ALMA

2011: We were selected as the recipient and initial inspection
of the telescope was done at VLA site. First trip to
Greenland to deploy the radiometer.
2012: Disassemble the antennas.
2013 - 2014: Retrofitting the telescope.

2015: Complete retrofitting the telescope.

2016: Targeting to ship the telescope to Thule, that is the gate port of Greenland,
and reassemble the telescope and plan to have first light at there.



Our intension

No rotating BH Maximum rotating BH

g

In optically thin flow

-

In optically thick and
geometrically thin disk

Takahashi 2004



Apparent Size of BH

BH Mass 0.045 x 108 Mg x 108 Mg 0.45 x 108 Mg
Distance 0.008 Mpc 16.7 Mpc 3.4 Mpc
I 11 pas 8 (4) yas 0.3 yas
Size of Shadow 52 pas 40 (20) pas 1.5 pas

Resolution o< A /D

A: wavelength >
D: baseline

c.f.IfAis1 mm (300 GHz) and D is 4000 km,
resolution is 50 uas.

Submm VLBI is the only way to achieve this angular resolution in near future !!




Logistics of Greenland
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- Peak of the Greenland ice cap (3,200 m) at 72°35'46.4"N 38°25'19.1"W
- Sponsored by the NSF, operated by CH2M Hill Polar Services (CPS)
- Camp population: 5 (winter) up to 50 (summer)

- Air National Guard provides LC-130 aircraft, twin otter aircraft or traverse.
- Network: Satellite link

We will move 8 km north (downstream of the wind) from current Summit

to avoid contamination and pollution at current Summit.



Expected uv coverage
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It will provide 9,000 km baseline,
and it corresponds to 20 uas at 345 GHz!!
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Site testing at Summit Camp @ 2011
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Disassembly of antenna @ 2012




Retrofitting of telescope

Re-designed components:
— Quadrupod (subreflector support)
— Servo System
— AZ bearing
— HVAC System and Insulation
— Panel De-lce System

— Hexapod (subreflector positioner
and nutation)

Re-used components:
— Primary Mirror Panels
— Subreflector
— Invar Cone
— Elevation Counterweights
— Cabin
— AZ/EL encoders

— Yoke Raffin et al. 2014



Plan for 2016 and beyond

* Antenna shipping to Thule (2016).

* Antenna re-assemble and test at Thule, including VLBI test
(2016-2019).

» Single-dish & VLBI first light at Thule (2017-2018).
* Transport antenna across ice sheet (2019).




Readiness for VLBI equipments

SIS & LNA
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JCMT for mm/submm VLBI

JCMT legacy Proposal:

JEHT: The JCMT Event Horizon Telescope VLBI Survey Project

TABLE 1
Proisect MEMBERSHIP

Region PI Co-Is

Canada Avery Broderick (Waterloo)
abroderick@perimeterinstitute.ca

China Zhiqiang Shen (ShAO) Yongjun Chen, Wu Jiang (ShAO)
zshen@shao.ac.cn

Japan Mareki Honma (NAOJ) Kenta Fujisawa (Yamaguchi), Hideo Ogawa (Osaka),
mareki.honma@nao.ac.jp Kazunori Akiyama, Kazuhiro Hada (NAOJ)

Korea Taehyun Jung (KASI) Bong Won Sohn, Jan Wagner,
thjung@kasi.re.kr Do-Young Byun, Jung-Won Lee,

Gunagyao Zhao, Juan-Carlos Algaba-Marcos,
Motoki Kino (KASI)
Yong-Sun Park, Sascha Trippe (SNU)

Taiwan Makoto Inoue (ASIAA) Keiichi Asada, Lupin Lin,
inoue@asiaa.sinica.edu.tw Satoki Matsushita, Masa Nakamura,
Hiroaki Nishioka, Hung-Yi Pu (ASIAA)
Hawaii/Taiwan  Geoffrey Bower (ASIAA) Paul Ho, Ming-Tang Chen (ASIAA)
gbower@asiaa.sinica.edu.tw
UK Simon Garrington (Manchester)

simon.garrington@manchester.ac.uk

Strong interests on mm/submm VLBI from the community in Japan, Korea, China, Taiwan.



NAOJ-ASIAA submm VLBI data workshop

- Under the framework of EHT, we had a workshop to transfer the skill to reduce
submm VLBI data in this Aug at ASIAA.

- ASIAA provided minimum but necessary resources (cluster and working env.)
to reduce submm VLBI data

- We are happy to provide this function to community in the
collaboration with NAOJ/VLBI group for ALMA CY4.




M 87 symposium

M87 Workshop
,._,& -¢mMoy 23 27 201 6 ASlAA Taipei
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Luis Ho
Director, Kavli Institute for Astronomy and Astrophysics
University Chair Professor, Peking University

Super/ultra-massive Black Holes

Ramean Narayan http://events.asiaa.sinica.edu.tw/workshop/

Thomas Dudley Cabot Professor of the Natural Sciences, Harvard University

Senior Astronomer, Harvard-Smithsonian Center for Astrophysics 2 O 1 6 O 5 2 3 / | g] d ex. p h p

M Black Hole Accretions

Roger Blandford
Luke Blossom Professor, School of Humanities and Sciences, Stanford University
Professor of Physics, Stanford University and SLAC National Accelerator Laboratory

Black Hole Jets
Andrew Fabian

Director, Institute of Astronomy, University of Cambridge
Royal Society Research Professor, Institute of Astronomy, University of Cambridge

Co-evolution of Galaxies and Black Holes



Job opportunities
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By connecting SMA and ALMA with the Greenland Telescope forming a triangle, ASIAA VLBI CompAS
project will render the imaging of the event horizon of a supermassive black hole. Computational

> Learn more Astrophysics
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What's New )

(News release) Best ALMA Image Ever Reveals a Planet Nursery around a Young Star

» »

0b Openings
|_Job Openings,
: Planet-forming Lifeline Discovered in a Binary Star System
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- EACOA Fellowships: Due Nov. 15t
- ASIAA postdoctoral Positions: Probably Due Dec. 15t
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Summary

- GLT is progressing
- Proposal to prepare for ALMA CY4.

- Please consider to come to ASIAA as the visitor and/or employee,
especially young, middle age, and senior persons.



Estimated Opacity at Thule by Scott

Thule, Oct-May zenith transmittance
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c.f. current submm VLBI observations have been conducted at around tau ~ 0.2-0.4 for some sites.
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Our maser is at SPT, and
Solid Fringe are detected with APEX

Risk: Low



ASIAA DIiFX correlator
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Correlated with ASIAA DiFX correlator

Baseline: CRAMA — SMTO
Frequency: 230 GHz
Source: M 87

Date: 2013/3/26
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Submm VLBI as a tool to study BH

Doeleman et al. 2008
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Submm VLBI is feasible and promising to image the shadow of BH
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