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The environment for instruments on the E-ELT

The challenge of building instruments for extremely 

large telescopes

Developing the roadmap for E-ELT instruments

An overview of the instruments

Outline of the talk



The E-ELT: overview
Prefocalstation

STEEL School/Erice/8-20 October 2015 

MAORY/ 

MICADO

METIS

HARMONI/

LTAO



The E-ELT: M4

2.5m M4 unit
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The E-ELT is 

unique amongst 

ELTs in having a 

high order 

deformable mirror 

as part of the 

telescope optics



Instrument size typically 

increases with telescope size

üVLT f-ratio:  f/15 plate scale: 

0.582mm/arcsec

üE-ELT f-ratio:  f/17.7  plate 

scale: 3.3mm/arcsec

Some things get easier

üRelaxed positioning tolerances 

üKMOS pick-off arms position to 

0.2arcsecs = 120ɛm on VLT; 

would be 660ɛm on E-ELT

Some things get harderé.
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The challenge of building  

instruments for an ELT



KMOS on the VLT

üField of view of 7arcmin 

is ~200mm diameter

ü5arcmin field on the ELT

~1m diameter
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The challenge of building  

instruments for an ELT
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KMOS vs EAGLE

KMOS: 0.2arcsec pixels on 8-m telescope

EAGLE: 40mas pixels on a 39-m telescope

These instruments have the SAME Aɋproduct/étendue.
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Conservation of Etendue
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Case study:  a seeing limited spectrograph 

(1) for VLT
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Case study: a seeing limited spectrograph

(2) for ELT

0.4arcsecs/pixel

18 ɛm pixels

~f/0.5 on the E-ELT

Alternatively:

f/2 camera >> seeing 

disk is ~80 ɛm or 4-5 

pixels 

Oversampling implies 

larger focal 

plane>>larger 

instruments>>increased 

detectors costs>>power 

consumption etcé.

Diffraction limited 

instruments:

üH-band diffraction limited 

FWHM = 10mas

ü0.005 arcsecs/18 ɛm pixel

~f/19 on the E-ELT
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At the diffraction limit



Can we build instruments 

üthat will work? 

ümeet the science case? 

übe reliable? 

übe affordable?
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The challenge of building  

instruments for an ELT
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The goal of the ñPhase Aò study programme was to 

carry-out a suitable number of instrument studies 

ü to verify that instruments can be built at an affordable cost 

and that they properly address the highest priority 

scientific goals, 

ü to work with the ESO community towards construction

ü to work with telescope and operation project offices to 

identify and define interfaces with the other subsystems 

and the observatory infrastructure. 

9 instrument and 2 post-focal AO studies carried out 

by >300 scientists and engineers in 40 institutes 

throughout the ESO community

Early studies of instrument concepts
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ELT Instrument Phase A studies



Imager (LM 

and N-band 

channels)

LM band IFU 

spectrograph

AO 

module
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the Australian ESOWG



Instruments selected in 

consultation with the 

ESO committess and 

community, based on

üScientific impact, return, 

flexibility

üComplementarity to 

JWST, existing facilities

üA plan to cover all 

observing conditions

First light pair: ELT-IFU, 

ELT-CAM, both +AO

The E-ELT Instrument Roadmap
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An image slicing integral field 

unit using arrays of mirrors.

E-ELT IFU: HARMONI
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PI: Niranjan Thatte , Uni. Oxford,

Consortium: UK ATC, CRAL, CSIC, 

IAC, RAL, IPAG,  ONERA, LAM, ESO
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Four spaxel scales / fields of view

ü60x30mas == 6.5 x 9.1ò FoV (Natural Seeing)

ü20x20mas == 4.3 x 3.0ò (LTAO faint sources)

ü10x10mas == 2.1 x 1.5ò (LTAO bright sources)

ü4x4mas == 0.8 x 0.6ò (SCAO / diffraction limit)

32 000 spaxels at all spatial scales (~ ½ MUSE)

ELT-IFU: HARMONI
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HARMONI AO Modes



Surveying ~50 Ultra-

Luminous infrared galaxies 

discovered by SPITZER

üMeasure dynamical masses, 

kinematics, chemical 

composition

üCharacterise circumnuclear

disk & rings

üMeasure shocks, winds, 

interactions with the 

intergalactic medium

üRequires R~4000, 5-40mas 

scales, full wavelength range
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HARMONI Science



HARMONI LTAO

Based on earlier óATLASô 

Concept
üUses the telescope adaptive mirrors

ü No additional mirrors in the instrument 

optical path

ü 6 LGS, 2 NGS

ü Optimum laser asterism diameter?

Performance

ü >50% strehl in K band 

üWith 92% sky coverage

ü30ò field of view
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ELT-CAM: MICADO

PI: Ric Davies, MPE,

Consortium: MPIA, 

USM, NOVA, IAG, 

CNRS, INAF, A*, 

ESO 



Ç Imaging through broad and narrow band filters covering 0.8-2.4µm, over an 

array of 3x3 4k2 detectors, with pixel scales of 4mas (FoV ~53ò) and 1.5mas

(FoV ~20ò)

ÇAstrometric imaging over the same fields, to 50µas precision across full 

field. Constraints on zenith distance, filter width, etc, are being assessed.

ÇSpectroscopy for single compact objects, through slits with length 3-

4arcsec. Fixed format covers 0.8-1.4µm and 1.5-2.4µm (selectable via the 

sorting filter)         at a resolution of ~8000.

ÇCoronagraphic imaging using SCAO and a coronagraph, with angular 

differential imaging. This will probably be for H and/or K bands where AO 

performance is best.

Goal:

ÇTime Resolved Astronomy using windowing to enable rapid read-out of 

subarrays to achieve frame rates up to 250Hz (20x20 pixels). 

MICADO MODES



A. 1.5mas imager     

(4 fixed mirrors)

C. Cross-

dispersed 

Spectroscopy      

(2 gratings)

B. 4mas imager

(2 flat fold 

mirrors)

D. Pupil imager

(2 flat fold 

mirrors + 1 lens)

MICADO optical concept



MICADO AO MODES



±[¢Υ ǘƘŜ ŎŜƴǘǊŀƭ лΦпέMICADO simulation ¢ƘŜ ŎŜƴǘǊŀƭ лΦмέ

- sensitivity >5mag fainter, resolution & astrometry 5x better than NACO@VLT
- density profile, luminosity function to <1Msun, shape of IMF
- orbits of stars closest to BH: prograde & retrograde precession
- proper motions of ~1000 stars: phase-space clumping (disks)

spectroscopy: - 3D orbits, stellar types, spectral properties of accretion events

Galactic centres near & far



ELT-MCAO: MAORY

Phase A 
Design 

Multi-conjugate AO 

ü6 laser, 3 natural guide stars

üMAORY deformable mirrors 

conjugated to 4km, 12.7km

üSingle DM initial, upgrade path to 

2DMs

üTwo output ports for MICADO 

plus another future instrument

Performance 

ü0.6 µm < ɚ< 2.4 µm

üwide field  - 2ô, 1ô clear

PI: Emiliano Diolaiti

Consortium of INAF 

institutes +INSU IPAG
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MICADO 

under 

here

Lateral 

port

8 mirrors + 

dichroic

MICADO + NGS light

Lateral port + NGS light

LGS channel

NGS WFS/ technical

field

MAORY OPTICAL CONCEPT

MAORY senses the

natural guide star light in

at near infrared

wavelengths.

The stars are selected

from an annular field

around the science field.

Sky coverage > 50%

over the sky observable

from E-ELT.



M7

M8 M9 (DM@12.7km)

M10 (DM@4km)
M11

M12
M13

M14

(45° flat mirror, not shown here)

M7 parent

mirror

dichroic

MAORY OPTICAL CONCEPT



MICADO  FOV

Some MAORY simulation results
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Recall: dependence 

of Strehl ratio on 

wavelength is just 

atmospheric physics

Baseline for MAORY

is for one post-focal

DM plus M4.

Upgrade path to a

second DM.

High Strehl in the 

technical field>> fainter 

guide stars/higher sky 

coverage



Instruments selected in 

consultation with the 

ESO committess and 

community, based on

üScientific impact, return, 

flexibility

üComplementarity to 

JWST, existing facilities

üA plan to cover all 

observing conditions

ELT-MIR: METIS

The E-ELT Instrument Roadmap
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ELT-MIDIR: METIS


