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Why big telescopes? 

Extremely Large Telescopes 

ELT 1st generation instruments: MICADO/MAORY, HARMONI, METIS

Planetary Camera & Spectrograph (PCS) ï2nd gen, tbc

Disclaimer: This is a Euro-centric presentation, US 30-m telescopes are 

progressing on similar time-scale with similar instruments

Overview of the talk



The Extremely Large Telescope

https://xkcd.com/1294/



Astronomers today have access 

to a huge number of telescopes

On the ground and in space

Not just for visible light, but X-

ray, radio é.

The biggest telescopes no longer 

have of a monolithic circular 

aperture

Mirror segmentation makes large 

telescopes possible
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Why build an extremely large telescope?
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Why build larger (aperture) telescopes?

Resolving power 

—ḗρȢςς

Light gathering 

power ~ὃᶿὈ

Imaging speed for 

point sources ᶿὈ



Adaptive Optics (AO) makes ground-based 

telescopes diffraction limited
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Seeing disk

Airy disk

AO



ELT, Sagan Worshop, July 2021

The effect of telescope size

The Hubble Space Telescope

2.4m diameter 

The Very Large Telescope

8m diameter

The Extremely Large Telescope

39m diameter
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Big telescopes collect more flux (́ Ὀς)

Consider diffraction limited point source (Airy pattern area)

üCollected point source flux ́ Ὀς

üAO concentrates flux onto a smaller patch on the sky (́ ρȾὈς)

üSky noise stays constant (flux increase is compensated by patch size decrease)

ὛὔὙθ Ὀ ὸ ᵼ ὸ ᶿὈ

A 40-m telescope can do an observation υ φςυtimes faster than an 8-m, 
NIR magnitude limit/hr increases by υ ςυ(from ~23 mag to ~26.5 mag)

ELT vs VLT: 

The power of large telescopes



How to achieve high imaging contrasts

3-step process

1.XAO corrects atmospheric turbulence effects (Seeing)

2.Diffractionresidualsare reduced by coronagraphy

3.Residual imperfectionsare calibrated by differential methods

XAO, S~90% Diffraction + static

aberration correction

Speckle Calibration,

Differential Methods

Contrast ~ 10-3-10-4 Contrast ~ 10-5-10-6 Contrast ~ 10-6-10-9



EXTREMELY LARGE TELESCOPES
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Extremely Large Telescope Projects

The 25-m Giant Magellan Telescope (www.gmto.org) The Thirty Meter Telescope (www.tmt.org)

Å The GMT and TMT projects have headquarters in Pasadena, CA 

Å Involve partners in the USA and around the world. 

Å GMT will be located in the southern (Chile) and TMT in the northern (likely Hawaii) hemispheres 

providing observations over the whole sky.
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http://www.gmto.org/


ESOôs Extremely Large Telescope
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A new mountain top for a new telescope

August 2014

Construction of the new road.

June 2014

Flattening the 

peak of Cerro 

Armazones
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The site today
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80m (262 feet) high

88m diameter

>6000 metric tonnes of 

rotating mass 

30mins to walk from 

the entrance to the top
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ELT DOME
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Telescope structure

Telescope rotates on oil bearings 

(largest 50m dia.)

~3700 tons incl mirrors and instruments

Instrument (Nasmyth) platforms are 27-m 

above ground, 15m x 30m 

(or ~2 tennis courts !)
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ELT optics
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M1 ïthe ELT primary mirror

M1 consists of 798 hexagonal 

segments 1.4m in ódiameterô

6(+1) identical sectors with 133

different segments types each. 

Circular mirror ñblanksò are made 

by Schott (De) and cut+polished by 

SAFRAN-REOSC (Fr)
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The 798 mirrors are óphasedô to act as a single mirror

The position is achieved by measuring and adjusting the mirrors 

using the support structure

Accuracy is 10s of nanometersï10 000 times smaller than a 

human hair

Testing and developing this procedure takes place in ESOôs labs 

in Garching

M1 ïthe ELT primary mirror



Casting of the 4-m mirrors at Schott (De)

M2 largest convex mirror ever (4.2m)

M3 starts from a similar ñblankò but is 3.8m 

and concave

They are made from Zerodur, a ceramic 

material which does is very stable with 

temperature (low-expansion) and weigh 

~3000kg

Mirrors will be polished by SAFRAN-REOSC 

(Fr) and mounted in a cell made by SENER 

(Es)

Silver coating
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M2 and M3


