30-m telescopes

Markus Kasper (ESO)
With inputs from S. Ramsay, R. Davies, N. Thatte and B. Brand|
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0 Overview of the talk
+

B Why big telescopes?
M Extremely Large Telescopes

B ELT 1st generation instruments: MICADO/MAORY, HARMONI, METIS
B Planetary Camera & Spectrograph (PCS) i 2" gen, tbc

Disclaimer: This is a Euro-centric presentation, US 30-m telescopes are
progressing on similar time-scale with similar instruments
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| THE VERY LARGE TELES@OPE N
M > T EXREVELY (AROE. TELESCOPE [T
TRE. OVERWHELMINGLY (ARGE TELESCOPE [V (cancewen)
THE OPPRESSVELY (0L0SSAL TELESCOPE
THE MIND-NUMBINGLY VAST TELESCOPE
THE DESPAIR TELESCOPE.
THE. CATACLYSMIC TELESCOPE
THE TELESCOPE OF DEVRSTATION
THE NIGHTVIARRE  SCOPE
THE INFINITE TELESCOPE.
THE FINAL TELESCOPE

https://xkcd.com/1294/
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Why build an extremely large telescope?

Yerkes Observatory
refractor (40" lens
atthe same scale) -
Williams Bay, Wisconsin, i
I, USﬁ(llQS) e
L] Large Sky Area
Great Paris Exhlhmun Mé‘,',‘{,ﬂ',’{,‘;’i‘:;’,’f r

Telescope Telescope Gran Telescopio
e T
: (2009) Canarylslan‘ds, USMlSSS, 19953

Spain (2007)

‘ ‘ Gemini North Subaru
Mauna Kea, Telescope i
Hawaii, USA hauna kea, hirty Metet Telesco SeA

Mauna Kea, Hawaii

Hobby-Eberly Southern African i " ]

Telescope Large Telescope (1998) Ha}n{ggglils:“\ (planned 2027)

Davis Mountains, utherland,

Texas, USA South Africa
(1986) (200%)

Hooker Teles:ope {100™)
M
Cal|forn|a USA (191?)

Hale Telesco e ZIJIJ'
Mt Palomar, all orn|a,
USA (1948)

Gemini South
Cerro Pachon,

(1979-1998)  (1999-) Chile (2000)

Multiple Mirror Telescope
Mount Hopkins, Arizona, USA

ope
Maount Graham,
Arizona, USA (2005) Vera C. Rubin

BTA-6 L Observatory
[Large z::ngn—e. Cerro Pachan, Chile
Altazimuth Telescope (planned 2022)
Telescoge&y British
Zelenchuksky, Columbia,
Russia Canada
(1975) (2003)
- Y
Gaia Kepler
— int “traili Extremely Large Telescope
Earth éb"ﬂj L Esa'g,grtrglr'gﬂg Very Large Telescore Cerro Armazaones, Chile
(2008) Cerro Paranal, Chile (planned 2025)
(1998, 1998, 2000, 2000)
U
R Hurl LI,
Hubble Space atthe 010 2 30h
James Webb Telescope Magellan Telescopes same scale
Low Earth <
Egr?ﬁfsﬁef ant orbit Las Campanas, Chile Giant Magellan Telescope

Las Campanas, Chile

2000, 2002
(1990) (2000, 2002) (planned 2029)

(planned 2021)

N
o’? ('.':'.e"‘le6
"M'e'fﬂfngly Large TelescoP® (@

Arecibo Observatory 305 m radio telescope at the same SCAE .

FAST (Five-hundred-meter Aperture Spherical [radic] Telescope) )
at the same scale
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B Astronomers today have access
to a huge number of telescopes

B On the ground and in space

B Not just for visible light, but X-
ray, radio e.

B The biggest telescopes no longer
have of a monolithic circular
aperture

B Mirror segmentation makes large
telescopes possible
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B Resolving power
—& P8 &

M Light gathering
oower ~0 © O
B Imaging speed for
noint sources © O
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Adaptive Optics (AO) makes ground-based

telescopes diffraction limited

Seeing disk

AO

Airy disk
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The Hubble Space Telescope The Very Large Telescope The Extreme_ly Large Telescope
8m diameter 39m diameter

2.4m diameter

ELT, Sagan Worshop, July 2021 = B e o B o BN == B . o




+

ES+ ELT vs VLT:
The power of large telescopes

O
4

M Big telescopes collectmore flux ( ©°)

B Consider diffraction limited point source (Airy pattern area)
U Collected point source flux™ C°
U AO concentrates flux ontoa smaller patch on the sky ( pfOr)
U Sky noise stays constant (flux increase is compensated by patch size decrease)

YO O 40 + o 0

A 40-m telescope can do an observationu ¢ ¢ bmes faster than an 8m,
NIR magnitudelimit/nr increases byu ¢ ufrom~23 mag to ~26.5 mag)
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0 How to achieve high imaging contrasts
4+

3-step process

1. XAO corrects atmospheric turbulence effects (Seeing)
2.Diffractionresidualsare reduced by coronagraphy
3.Residualimperfections are calibrated by differentialmethods

XAO, S~90% Diffraction + static Speckle Calibration,
aberration correction Differential Methods

/.’r

Contrast ~ 103-104 Contrast ~ 10°-10°6 Contrast ~ 106-10°




EXTREMELY LARGE TELESCOPES
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The 25-m Giant Magellan Telescope (www.gmto.org)

The Thirty Meter Telescope (www.tmt.org)

A The GMT and TMT projects have headquarters in Pasadena, CA
A Involve partners in the USA and around the world.

A 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/
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ol A new mountain top for a new telescope

June 2014
Flattening the
peak of Cerro
Armazones

August 2014 -
Constructlon of the new road

L pe
I b3 Cerro Paranal

VISTA Paranal Basecamp

Very Large Telescope




B3 The site today
+
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ELT DOME

B 80m (262 feet) high
B 88m diameter

B >6000 metric tonnes o
rotating mass

B 30mins to walk from
the entrance to the top
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Telescope structure

B Telescope rotates on oll bearings
(largest 50m dia.)

B ~3700 tons incl mirrors and instruments

B Instrument (Nasmyth) platforms are 27-m
above ground, 15m x 30m
(or ~2 tennis courts !)
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B ELT optics
+
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M1 1 the ELT primary mirror

B M1 consists of 798 hexagonal
segments 1.4m 1 n

B 6(+1) identical sectors with 133
different segments types each.

nnnnnnn

WMCircular mirror 0
by Schott (De) and cut+polished by
SAFRAN-REOSC (Fr)



M1 1 the ELT primary mirror

WM The 798 mirrors are Ophasedd

B The position is achieved by measuring and adjusting the mirrors
using the support structure

B Accuracy is 10s of nanometers i 10 000 times smaller than a
human hair

EmTesting and developing this p —u
iIn Garching ¢
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M2 and M3

B Casting of the 4-m mirrors at Schott (De)
B M2 largest convex mirror ever (4.2m)

BM3 starts from a sSsiI mi
and concave

B They are made from Zerodur, a ceramic
material which does is very stable with
temperature (low-expansion) and weigh
~3000kg

B Mirrors will be polished by SAFRAN-REOSC
(Fr) and mounted in a cell made by SENER
(Es)

B Silver coating
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