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400 Years of Ground Based Astronomical Instrumentation
From a few centimeter in 1609...... to 40 meters... in 6 years from now!
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Exponential growth... For collecting power
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Exponential growth... For collecting power
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Exponential growth... For collecting power
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Exponential growth... For collecting power
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Gran Telescopio

Mauna Kea,
. .. (1993/1996)

Tennis court at the same scale




Exponential growth... For resolution




Exponential growth... For resolution




Exponential growth... For resolution

https://www.eso.org/public/france/images/eso9946a/?lang
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Adaptive Optics

The Galactic Center at 2.2 microns

No Adaptive optics
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Anisoplanatism

High atmosphere’s layers are not
sensed when looking off-axis
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Tomography

High atmosphere’s layers are not
sensed when looking off-axis

r ~ Solution => Combine off-axis
- : measurements




Tomography .
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MCAO

‘ | | => Combine off-axis
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Good
correction in a
larger FoV !




Sky Coverage

Adaptive Optics works

close to a@

guide star

How many Guide Stars are available ?

3starswith R<16in a
2 arcmin FoV

10%

> 1%

— 0.1%
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Laser Guide Star




Laser Guide Star
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2. The Extremely Large Telescope




The telescope
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The telescope




T h e te I eS CO p e Zenith distance = 0 deg, P2V = 0 mm

Credits: ESO

Low Orders: P2V = 1.6 um High Orders: P2V =610 r/m




The telescope

- 3 N Py — - =
- o {g - : .,’
s . .‘ B ;&r-
e ' .‘n)‘;\ -
[ &



The telescope
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The telescope
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The telescope
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The telescope
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The telescope
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The telescope
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The ELT instruments




The ELT instruments
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Summary

3. HARMONI Overview




HARMONI Overview

HARMONI Consortium
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HARMONI Overview
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HARMONI Overview
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HARMONI Overview
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HARMONI Overview
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HARMONI Overview

Integral Field Spectrograph — providing ~ 30 000 spectra per
exposure.
visible and near-infrared spectroscopy (0.5-2.4 um)

3D data-cube




HARMONI Overview

HARMONI = 3 resolving powers

0.45-0.8,0.8-1.35,

(TBD)
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HARMONI Overview
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HARMONI Overview

HARMONI = 4 spatial scales

-
20 mas

~ 10 mas
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HARMONI Overview

Single Conjugated AO Laser Tomography AO
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HARMONI Overview

Support structure (LSS)
Rotating subsystem (LRS)

Dichroic (not part of system)

SCAO, High-Contrast &
Natural Guide Star WFS
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HARMONI Overview

SCAO = Pyramid WFS

Object Sel. Mirror
« 30 arcsec diameter
* 1 mas precision

DICHROIC
« 700-800, small FoV

« 700-1000, large FoV

» Pick Off Mirror for High Contrast

Low Order Loop
4/ §+ NCPA pre-compensation
; Differential tipt-tilt pre-comp




HARMONI Overview

SCAO = Pyramid WFS ... Pupil Fragmentation ®
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HARMONI Overview

High Contrast

Shaped pupil transmission

D9S0IE/

10-6 contrast at 100mas.
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Sans optique adaptative Avec optique adaptative




Sans optique adaptative Avec optique adaptative




Sans optique adaptative Avec optique adaptative

Eclipse de Soleil



Sans optique adaptative Avec optique adaptative
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HARMONI - Science Case

Origin and evolution of small bodies (asteroids,
comets, TNOs) and satellites of giant planets

O. Groussin, O. Mousis, P. Vernazza

lo, 1.8 ym, 900 sec.

w/o deconvolution
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Planet and Stars

HARMONI - Science Case LA
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France Solar system science group:
O. Groussin, O. Mousis, S. Douté, J. Carter, N. Ligier
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HARMONI Overview

Cable wrap, service routing

Laser Guide Star WFS

Support structure (LSS)
Rotating subsystem (LRS)

Dichroic (not part of system)

SCAO, High-Contrast &
Natural Guide Star WFS
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HARMONI LTAO
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HARMONI Overview
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HARMONI Overview

Laser Gwde Star WFS 80x80 Shack-Hartman

Support structure (LSS)
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HARMONI Overview
Laser Guide Star WFS = 80x80 Shac




HARMONI - Science Case
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HARMONI - Science Case

kinematics and line properties of galaxies
at z=2 — Dark Matter distribution

Stars and galaxies

Observations
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HARMONI Schedule
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HARMONI Schedule

Install/Comm.




See you in 2026...
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... for an Extremely Bright (Laser) Future !
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