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3 Jun 1948
Inauguration of the Hale telescope



Kitt Peak, Arizona - 1958



29 Sep1954: birth of the EuropeanOrganisationfor NuclearPhysics
(CERNacronymis preserved)

.ŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ рлǎΩΣ /9wb ŎǊŜŀǘƛƻƴ ƛƴ 9ǳǊƻǇŜ

Lausanne,Dec 1949, Louis de Broglie propose the creation of an
europeanlaboratory for nuclearphysics(Conférenceeuropéennede la
culture).

Florence,Jun1950(5e Conférencegénéralede l'UNESCO),resolutionfor
allowingUNESCOto « assisteret encouragerla créationde laboratoires
régionauxpour accroîtrela coopérationscientifiqueinternationale».

Paris, Dec 1951: First resolution for the foundation of the « Conseil
européenpour la recherchenucléaire(CERN) » isvoted.



ESO: funded in 1962
Allemagne, Belgique, France, Pays-Bas et Suède

Otto Heckmann, ESOôs first Director, wrote in his book Sterne, Kosmos, Weltmodelle: 

ñAmerican astronomy, based on large instruments, seemed destined to remain a 

monologue, even though fruitful science demands dialogue, yes even controversy.ò



The situation in France in the 60sõ

ÅCreation of ESO

ÅVision of a national organisation to serve the big projects : Jean-
François DENISSE, who was Président de lõObservatoirede Paris, 
Président of CNES and of INAG!

ÅConstruction of the Nançay Radiotelescope and of the Paris 
Observatory calculator (linked to ESO programmes)

ÅDecisions for CFHT and IRAM







And tomorrow, the ELTé













AO projects for the E -ELT
GLAO-LGS LTAO: ATLAS MCAO:MAORY MOAO:EAGLE

6-8 LGSs
ƛƴ q тΦнΩ

CŜǿέ LC¦

XAO: EPICS GLAO-NGS



Expected performances 
(seeing = 0.71 arcsec -- perf @ 2.2 ŀmðon axis perf)

AO type Nb N-LGSs Strehl(K) % % EE in 75masFWHM
(mas)

Sky Coverage % 
(60° lat.)

PSF uniformity

SCAO-NGS
(postfocal)

1 NGS on-axis 70 Ą 45 80 11 mas 2 anisoplanatism

NGS-GLAO
(Telescope)

3 NGS <0.3 <8-9 250 50 good 

LGS GLAO
(Telescope)

п[D{ ҔпΦнΩ
1 NGS

0.3 8-9 250 100 Very good 

EAGLE
(Postfocal)

6-у[D{ǎҔтΦнΩ
1 NGS

N/A 30 >11 100 Sporadic PSF 
uniformity

ATLAS
(Postfocal)

с [D{ǎҔпΦнΩ
2 IR NGSs

55 64 11 60 anisoplanatism

MAORY
(postfocal)

с[D{ǎ Ϫ нΩ
3 IR NGSs

50 58 11 60 Excellent

EPICS 1NGS on axis 90 in H Few 10-9 
contrast

11 Set of targetsN/A









Other International ELT projects
TMT

Å30m telescope

ÅInstitutes in US, Canada, Japan, India, 
China

ÅMaster agreement signed July 2013

ÅGroundbreaking Oct 2014 buté

ÅMaunakea difficulties today

GMT

Å24m diameter (7x 8m segments)

ÅCollaboration of private US universities, 
Australia (ANU + AAL) + Korea 

Å3rd mirror cast August 2013

ÅFirst light (4 segments) planned 2020?

ÅFunding issues on instruments



ELT Status

Å39m diameter telescope with 

adaptive optics built in

ÅDec 2014: ESO Council 

gave green light for E-ELT 

construction in two phases

Åfunding approved for Phase I

ÅStill expectation that both 

phases will be completed

ÅExpected first light 2024



Dec 2014: green light for the construction

COUNCIL DECIDES:

1. That the construction of the full E-ELT is carried out in two Phases with Phase 1 as described in
Section 6 of Council document ESO/Cou-1553 rev . 2 conf .

2. That the construction period of Phase 1 may extend until 2026 for a cost -to -completion of

1012 . 5 MEUR in 2014 prices . This amount is fully funded within the annual budgets of ESO without
any additional contributions from the Member States, other than those currently approved for the E-ELT
(additional contribution of 255 MEUR in 2012 prices and planned 2% increases year -on-year above inflation until

2021), and does not require long- term loans for investments from financial institutions .

3. To authorize , independently of progress in the Brazilian ratification
process , spending on major items for Phase 1, i.e., the required procurement contracts with a single cost of
more than 2 MEUR.

4. That a Council decision to authorize the start of Phase 2 , or some of its elements, is

deferred until sufficient funding is available , with the understanding that if the Brazilian
ratification procedure is completed before 2017 first light of the full E- ELT will be brought forward to
2024 .

5. That in accordance with the Terms of Reference of the E- ELT Management Advisory
Committee , approved by Council on 4-5 March 2014 (doc. ESO/Cou-1509 conf . rev .), this Committee shall
advise Council and the Director General on how and when external reviews shall be conducted . It shall meet
first in early 2015 .



But funds for phase 1 only

Phase 1 is identical to the baseline design in almost every aspect except the pre-focal
station .

The M1 segments remain unchanged except for the total number procured . The rest of
the optics, M2, M3, M4 and M5 are all unchanged.

The instrumentation suite provided by Phase1 comprises:

1. MICADO together with the MAORY Multi Conjugate Adaptive Optics system
and four sodium lasers to give full sky coverage.

2. HARMONI in Single Conjugate Adaptive Optics mode, and

3. METIS , also in Single Conjugate Adaptive Optics mode

4. Preliminary Design level funding of the LTAO module Competitive

5. Phase A studies for the MOS and HIRES instruments and their subsequent
funding to Preliminary Design Level.



Phase 2 items (as of Decõ14)
1) LTAO up to PDR within 
HARMONI contract.

2) Missing segments in 
option in the contracts 
but Australia agreement 
will soon permit to solve 
this important issue.

3) 2nd PFS is critical for 
the 2nd generation 
instruments (MOS, 
HIRES, +++) 

4) Important to note 
that the 2nd gen 
instruments are in the 
operating budget



E-ELT Instrumentation Roadmap (Jan 2015) 

Å Top level requirements being 
developed with PST

Å Instrument science cases used 
as starting point

ÅWithin each instrument, 
prioritisation of cases + modes 
still to be done

Pre-studies

Decision point

Development of tech specs,
agreement, Instrument start

PDR

X



The first light instruments





MAORY functional block diagram

MAORY

Client Instrument

E-ELT

Light beam

Signal

(real-time)

Signal

(non real-time)

26 Jan 2015 MAORY status 29

IPAG

WFS cameras



MICADO General Overview

ÅFirst light general purpose Imaging Camera for the ELT

ÅMulti - AO Imaging Camera for Deep Observations

ÅR-K (0.8-2.4mm) FoV: 1õ

Åspectral resolution, 4000 to 8000

ÅSCAO/MCAO (MAORY) correction for diffraction limited imaging 
(small field/large field)

ÅCoronagraph, Pupil masks 



MICADO principles



HARMONI General Overview

ÅFirst light general purpose Integral 
Field Spectrograph for E -ELT
ÅWork horse instrument with wide 

appeal

ÅEarly ôhighlightõ science on key 
objects/projects

ÅLow/no technology risks

ÅV-K (0.5-2.4mm) wavelength 
coverage

ÅWide range of spectral resolutions

ÅRange of spatial resolutions from 
diffraction to seeing limited

ÅLTAO/SCAO correction 

фȄсέ

COSMOS lens; Faure & Knieb



BASELINE HARMONI

33

NasmythPlatform

M6

Rotator

Cryostat

WFS (incSCAO) Cal

Preoptics

IFU

Spec
1

Spec
2

Spec
3

Spec
4 Instrument 

Local Control 
(Electronics)

DLC 
N

G
SAll Light LGS light
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Madrid
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Oxford/
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Imager L and M band

IFU spectrograph L/ M R=100000

METIS





Some history 
(of science drivers)

Å 1990s: Early work ELTs: OWL and Euro -50

Å Versatile, optical -IR telescopes

Å Excellent image quality, steerable, range of instrumentation

Å Community meetings

Å E.g. Backaskog 1999

Å 2005: OPTICON science case document

Å 2006: E -ELT SWG formed

Å Chair M. Franx , later IH

Å Report in April 2006

Å 2006: Marseilles meeting 

Å Baseline 40m design presented

Å 2011: Construction proposal published ðDec 

Å Science case, DRM report

Å 2012: SWG replaced by PST at end of Phase B

Å Chair G. Bono

Å 2012: ESO Council approved E-ELT programme ðJune



Planets and Stars

Solar system comets

Extrasolar-system comets (FEBs)

Extrasolar planets:

- imaging

- radial velocities

Free-floating planets

Stellar clusters (inc. Galactic Centre)

Magnetic fields in star formation regions

Origin of massive stars

LMC field star population

Circumstellar disks, young and debris

Stellar remnants

Asteroseismology

Stars and Galaxies

Intracluster population

- Colour-Magnitude diagrams

- CaII spectroscopy of IRGB stars

Planetary nebulae and galaxies

Stellar clusters and the evolution of galaxies

Resolved stellar populations:

- Colour-Magnitude diagram Virgo

- abundances & kinematics Sculptor galaxies

- abundances & kinematics M31- CenA

Spectral observations of star clusters:

- internal kinematics & chemical abundances

- ages and metallicitiesof star cluster systems

Young, massive star clusters

- imaging

- spectroscopy

The IMF throughout the Local Group

Star formation history through supernovae

- search and light curves

- spectroscopy

Black holes/AGN

Galaxies and Cosmology

Dark energy: Type Ia SNeas distance indicators

- search and light curves

- spectroscopy

Dynamical measurement of universal expansion

Constraining fundamental constants

First light - the highest redshift galaxies

Galaxies and AGN at the end of reionization

Probing reionization with GRBs and quasars

Metallicity of the low-density IGM

IGM tomography

- bright LBGs and quasars

- faint LBGs

Galaxy formation and evolution:

Physics of high-z galaxies

- integrated spectroscopy

- high resolution imaging

- high spatial resolution spectroscopy

Gravitational lensing

Deep Galaxy Studies at z=2-5
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Synergies with major facilities

ÅSensitivity

ÅHigh angular resolution

Åmatched to ALMA and SKA

Å7x sharper images than 
JWST

ÅFollow-up of sources discovered 
by other telescopes

ÅSpectroscopic and high 
angular resolution

ÅIdentification and physics 

38
Slide from A. Verma



Exoplanets: Are we alone?
How do planetary systems form?

How common are systems like ours?

What atmospheres do planets have?

Are there other Earths?

Can we detect signs of life?

E-ELT

Direct Detection
Spatial resolution & sensitivity 

Resolution of dusty disks in which 

they are forming

Indirect methods: Radial velocity 

and astrometry 
Potential to reach lower-mass 

planets, including Earth-mass

Characterise atmospheres 
Constituent elements, signs of life



The Galactic Centre

Simulations by MICADO group
e.g. Trippeet al 2010 

E-ELT

Spatial resolution

orbits of stars at 100-

1000 x BH event 

horizon: sensitive to 

SR and GR effects

AO observations imply supermassive Black Hole with mass of  ~3x106 M
¼

VLT (Genzel et al), Keck (Ghez et al)



Resolved Stellar Populations
ÅUnderstand the merger history of galaxies by measuring 

properties of individual stars 

ÅAim for representative galaxies ðimplies representative 
volume

E-ELT

Spatial resolution

Colour-magnitude 

diagrams

Spatially resolved 

spectroscopy

HST image of NGC300, a spiral galaxy at 2 megaparsecs, 



High-z galaxies

Simulated observations of a z=2 galaxy. MICADO science case
E-ELT

Resolution and 

sensitivity

Structure from high-

resolution imaging

Dynamics and 

physics from 

spatially resolved 

spectroscopy



Reionisation
ÅQSO spectra and CMB constrain reionisation

epoch 6 < z < 10

ÅSources are beyond current detection limits

ÅReionisation history unknown

Image credit: Avi Loeb, 2006

E-ELT

ÅLy-aemission fraction in 

LBGs

ÅAbsorption-line spectra of 

QSOs at z>6 (isotropy & 

homogeneity of 

reionisation)

ÅEnrichment of IGM



Cosmology and Fundamental physics 

ÅConstancy of fundamental coupling constants
Å Test for variations of a, m : variations expected in string theory

ÅPossible detection of variation in aðor instrumental effect? (Whitmore et al 
2015)

ÅESPRESSO then E-ELT will make leaps in sensitivity

Å Future constraints can provide constraints on Dark Energy models (e.g. Calabrese 
et al 2013)

ÅSandage test (redshift drift)
ÅDirect measurement of the changing expansion of the universe via precise 

measurements of Ly-aline positions with time

ÅVery demanding stability (2cm/s absolute calibration) 

Å (See Liske et al 2008)



EPICS



EPICS


