
Giant Telescopes
From ESO NTT (3.6 m, 1989) & Keck (1995?) to the GMT, 

TMT & ESO Extremely Large Telescope (39 m, 2027)
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Giant telescopes

2018: US$1 bi 2016: US$1,4bi 2018
€1,4 bi2022: US$2 bi

2022: US$2,4bi
2022: €1,4bi



The road to Giant telescopes: NTT @ESO
 The construction of telescopes with large mirror faces 
difficulties, as mirror deformation is more severe

 Solutions: (1) Make thin mirror; (2) Control its shape 
by computer-controlled actuators (Active Optics)

 New Technology Telescope (3.6 meters). First light 
1989. Control on both primary & secondary mirrors

Primary & 
secondary 

mirrors 
controlled by 

computer

Altazimutal  small building

Ventilated in such a way 
that allows smooth flow of 
air, reducing turbulence



The New Technology 
Telescope (NTT) 
pioneered Active 
Optics: its 3.56m 
diameter mirror is thin 
(24 cm) and flexible, its 
shape is kept perfect 
thanks to 75 actuators 
supporting it.

© ESO/C. Madsen

First light March 1989: 
sharpest image 
obtained at that time: 
0.33 arcsec



ESO telescopes

2027



ESO telescopes

2027 a 2028



Cerro Paranal: ESO/VLT telescopes



The VLT Active Optics System 
provides control of the optics 
and optimizes its performance 
in all telescope positions. This is 
achieved by changing the shape 
of the primary 8.2-m Zerodur 
mirror and also shifting the 
position of the secondary 1.1-m 
beryllium mirror. A stellar 
image is registered by the 
"wavefront sensor" and 
analysed, and corresponding 
corrections are generated to 
move the 150 actuators.
© ESO

Mirror: 8.2 m
Thickness: only 17 cm 
Weight: 22 tons



The road to Giant telescopes: Keck

The 10 meter Keck telescopes 
were developed and built by 
Caltech & Univ. California.

 Building telescopes with large mirror faces difficulties

 Solutions
⇨ very thin mirrors
⇨ mosaic of mirrors

 Keck: 10m = 36 x 1,8m

 Support for each mirror (active optics)

 Full first light 5/1993 & 10/1996 



Keck Observatory Call for Community Instrument 
Development White Papers (22/jun/2022)
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Partners: Australia Limited (AU universities), ANU, Carnegie, Harvard, Korea ASI,
SAO, Univ. Texas, Texas A&M, Univ. Arizona, Univ Chicago, FAPESP

Artistic image of GMT 
at Las Campanas



FAPESP no GMT, 4% cost (14 nights?)

https://agencia.fapesp.br/telescopio-gigante-de-magalhaes-tera-novo-investimento-de-us-205-milhoes/39262/

A FAPESP aportará US$ 45 milhões 
para a construção do GMT

FAPESP: 
Inicialmente US$ 40 mi. 
Em 2022: mais US$5 mi



Cerro Las Campanas, 2550 m above sea level



• 7 X 8.4m Segments
• 18m focal length
• f/0.7 primary
• f/8 Gregorian focus
• 21.4m equiv. area
• 24.5m equiv. ang. res.
• 20-25’ FOV

The Giant Magellan Telescope
(GMT)
21,4 – 24,5m

7 x 1.1-m secondary segments 



•Cost in 2008, US$600 million, cost as of May 2012, US$700 million. 
Cost as of April 2016: 1 billion US$
•Completion target in 2008  2017; in 2016  2021; in 2017  2022, 
in 2018  2023; 2019 → 2029 (first light) and 2030 (all 7 mirrors)
•Location - Las Campanas Observatory, Chile (2,516 meters)
•Height of telescope housing - 200 feet (61 meters)





The TMT: 30-Meter
Telescope



The TMT Conceptual Design
• 30-meter filled aperture mirror
• 492 segments of 1.4m diameter
• Alt-azimuth mount
• Ritchey-Chrétien design
• f/1 primary, f/15 final focus
• Very AO-intensive
• Field of View = 20 arcmin
• Instruments located at Nasmyth
foci, multiple instruments on each
Nasmyth platform addressable by
agile tertiary mirror 
First light: 2008 estimate  2016; 2012 2018; 
2013 2021; 2015  2022; 2018 2026, 2019→ 2027, 
2023 → 2035? 



The TMT project is an international partnership among Caltech, the University of 
California, and the Association of Canadian Universities for Research in 
Astronomy. The National Astronomical Observatory of Japan (NAOJ) joined TMT 
as a Collaborating Institution in 2008. The National Astronomical Observatories of 
the Chinese Academy of Sciences joined TMT as an Observer in 2009. India joined 
as an observer in 2010. China and India became TMT partners in 2012
COST  in 2008: US$754 million
COST in 2009: US$1 – 1.2 billion
COST in 2013: US$1.3 billion
COST in 2016: US$1.4 billion
COST in 2016: US$1.4 billion

Artistic image, TMT @ Mauna Kea



Cultural practitioner Joshua Lanakila Mangauil, along with Kahoʻokahi Kanuha and Hawaiian 
sovereignty supporters block the access road to Mauna Kea in October 2014, demonstrating 
against the building of the Thirty Meter Telescope.
https://www.flickr.com/photos/occupyhilo/15489459316/in/photostream/



https://pubs.aip.org/physicstoday/article/75/12/22/2848608/Giant-telescopes-take-small-but-significant-steps

Physics Today, 12/2022:
A year ago, I would have been pessimistic about building the Thirty Meter 
Telescope on Mauna Kea,” says John O’Meara, deputy director and chief 
scientist for the W. M. Keck Observatory, one of 13 observatories on 
Mauna Kea, the Northern Hemisphere’s premier site for optical and IR 
astronomy. Opposition to the Thirty Meter Telescope (TMT) has long been 
strong, and in 2019, hundreds of Native Hawaiians and others blocked the 
road to prevent its construction on the mountain. (See “Thirty Meter 
Telescope faces continued opposition in Hawaii,” Physics Today online, 5 
August 2019.)



Aperture: 42 m
Field of view: 10 arcminute diameter 
Mounting: Nasmyth mount 
Location: Cerro Armazones, Chile @ 3060 m
Housing: Dome
Start of 
operations:

2018 (planned) 

Wavelength 
range: 

blue atmospheric cut-off (300 nm) to 
mid-infrared (24 microns) 

Instrumentation: 9 stations for fixed instruments

Pixel scale: at Nasmyth focus (F/17.7), 1 arcsecond 
on sky corresponds to 3.6 mm in the 
focal plane

European 
Extremely Large 
Telescope (E-ELT)

39,3 m (798 hexagonal 1.4 m mirror segments)

Late 2027 or in 2028

Cost 1,4 billion euros



E-ELT and VLT vs Giza Pyramids
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http://www.eso.org/public/brazil/news/eso1440/

December 2014: Green light to construct the ELT
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