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General Introduction



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 resolution
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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
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Sky Coverage

Adaptive Optics works

close to a@

guide star

How many Guide Stars are available ?
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Laser Guide Star




Laser Guide Star







Summary

2. The Extremely Large Telescope




The telescope

M1=39m

(798 hexagonal

1.4 m mirror
segments)

M2 =4m
M3 =3.75m

M4 = 2.40m
(deformable
mirror) — 5806
actuators

M5 =2.6m (TT
mirror)

Five-mirror design
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The third mirror relays light to
an adaptive fat mirmor directly
above
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shape a thousand times a sec-
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The 2800-tonne teleacope
system can turn Shrough 360 degrees

| Instrument platforms
| sit either side of the
| rotatable telescope

Credits: ESO
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The telescope
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1.4 m mirror
segments)
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system can turn Bhwough 360 degrees
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The ELT instruments

First light ELT
instrument

29 generation
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The ELT instruments

)
S MOSAIC
(=
O
-
Diffraction limit of 8m telescope @ H-band
¢ ~etis HIRES  MAORY
.| MICADO
g Diffraction limit of 40m telescope @ H-band
(e o)
>

5to10” ~{1arcmin 7arcmin



The ELT instruments

Courtesy ESO




The ELT instruments
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HARMONI Overview

HARMONI Consortium

Partner Associate Partner Responsibilities

¥/, University of Oxford (PI) STFC — RAL Space | Spectrographs & Obs. Prep

UK ATC Edinburgh Cryostat, AlV, Rotator, LTAO
\ Durham University RTC, NGSWFS

IAC, Tenerife Pre-optics & Electronics

CSIC - CAB (INTA), Calibration & Sec. guiding

Madrid

CRAL, Lyon IFU, Software & Control Com.

LAM, Marseille (Deputy ONERA, Paris SCAO, LTAO, AIT, High
PI) IPAG, Grenoble Contrast

Michigan University
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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
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HARMONI Overview

Single Conjugated AO Laser Tomography AO

Laser Guide ‘
Reference Star % Siary: % / XG
High High ‘ ‘

Altitude Altitude
Layer Layer
Ground Ground

Layer Layer

Telescope Telescope

Ground Conj. DM Ground conj. DM ﬂ»‘

On axis WFS “ WFS /] ‘

Camera

High-Performance — Low sky coverage High-Performance & sky coverage
L G, [P Sy T S




HARMONI Overview
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HARMONI — Science Cases

Planet and Stars
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HARMONI - Science Case

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

lo, 1.8 ym, 900 sec.

w/o deconvolution
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Planet and Stars

HARMONI - Science Case

Example with MUSE-NFM

Seeing limited MUSE/NFM Deconvolution
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HARMONI - Science Case

Planet and Stars

HARMONI will also benefit from
High-Contrast

Shaped pupil transmission

Raw Simulated Image
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HARMONI - Science Case

Spectral characterization of exo-planets:
Simulated data of 4 planets w/ 10 planets contrast & 51 Eri b-
like synthetic spectrum (2h exp. with H=6 star).

Extracted spectra

The 4 planets appear in the detection map . Notrean plare
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HARMONI - Science Case

Planet and Stars

PDS70b — one of the 2
exoplanet detected by
SPHERE @ VLT
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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 - Science Case

Galaxies ahd cosfology

£ -

Ly-Alpha emission around distant galaxies

» . Wisotski et al, 2013

40x better than MUSE
800x better than SINFONI
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HARMONI Schedule
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HARMONI Schedule

ann18092 — Announcement

ELT’s HARMONI spectrograph passes
Preliminary Design Review

Cutting-edge instrument passes critical tests and gains powerful
adaptive optics system
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HARMONI Schedule

2025

ELT 1st light

Install/Commissioning
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4. Conclusions



See you in 2025...
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... for an Extremely Bright (Laser) Future !



Thank you




