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B Outline of the talk
+

B The environment for instruments on the E-ELT

B The challenge of building instruments for extremely
large telescopes

B Developing the roadmap for E-ELT instruments
B An overview of the instruments
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The E-ELT: M4

2.5m M4 unit

M The E-ELT s
unigue amongst
ELTs in having a
high order
deformable mirror
as part of the
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+

JES+ The challenge of building
Instruments for an ELT

O
-+

B Instrument size typically
Increases with telescope size

U VLT f-ratio: f/15 plate scale:
0.582mm/arcsec

U E-ELT f-ratio: f/17.7 plate
scale: 3.3mm/arcsec

B Some things get easier
U Relaxed positioning tolerances

U KMQOS pick-off arms position to
0.2arcsecs = 120em on VLT;
would be 660sm on E-ELT

BmSome things get harder e.
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JES+ The challenge of building

9 Instruments for an ELT

Instrument Cryostat CACOR l p

VLT Nasmyth

Adaptor Rotator ICE

Maintenance
Trolley &
Handling Pods

IHE

2l KMOS on the VLT

U Field of view of 7arcmin
IS ~200mm diameter

U 5arcmin field on the ELT
~1m diameter
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KMOS vs EAGLE

e e e .

oy
n

[T
W
D

KMQOS: 0.2arcsec pixels on 8-m telescope
EAGLE: 40mas pixels on a 39-m telescope

These instruments have the SAME Aq product/etendue.
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+ES+

0 Conservation of Etendue
+

m Conservation of AQ and the detector pixel size
determines the camera f-number

DZLE']Q[EI = dijgcam

B Otel = FOV = field of view In arcsec

—  ——— | Pixel width
AO=wl f=1/ f#
- | Camera focal length. f _ | D.FQV ~ pixel_width
206265 f number
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+

Y Case study:

O
+

a seeing limited spectrograph
(1) for VLT

B KMOS

B At the seeing limit
B FOV=0.2arcsecs

D-FOV  pixel_width

206265 f number

B 18um pixels
m 2.3 on the
8m VLT

11 |

Flat fald mirre
(slit balow)

or
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+

Wl Case study: a seeing limited spectrograph
0 (2) for ELT

B 0.4arcsecs/pixel B Alternatively:
B 18 em pixels M f/2 camera >> seeing

B ~f/0.5 on the E-ELT

disk 1Is ~80 ¢m or 4-5
pixels

Oversampling implies
larger focal
plane>>larger
iInstruments>>increased
detectors costs>>power
consumption etce .
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B At the diffraction limit
+

B Instruments sizes scale with the telescope

m Diffraction limited instruments
» Set the field of view to match the diffraction limit:

FOV - 1.224

pixel_width o

f number

» A diffraction limited instrument can go on any
telescope
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JES+ The challenge of building
9 Instruments for an ELT

B Can we build instruments

U that will work?

U meet the science case? e || m—

Bk
L Eamooly Langa Taacaps

U be reliable?
- ~ Glant Magellan Telescope ' || /
(0 be affordable” e

4.5 EXTRAGALACTIC MASSIVE STARS
BEYOND THE LocAL GrouP

The massive (M = 8M.), young stellar

populations of galaxies play a significant role MNOTES ON DESIGN REQUIREMENTS
in the chemical and dynamical evolution of Observation Type: Intermediate to

their host systems — in particular via mass-loss high-resolution spectroscopy

from their stellar winds and ultimately as core- Field of View: ~1' (for e.g. NGC 3109/Sextans A)
collapse supernovae. The current generation of Spatial Resolution: 0.17 to 0.027

8-10m telescopes has enabled high-resolution Spectral Resolution: R=1000 to 10,000

spectroscopy of individual massive stars in Wavelength Range: Primarily V and R;

Local Group galaxies, yielding their physical IJHK of some use

properties and chemical abundances. The Target Density: A few tens per field

main motivation of these studies has been to Telescope Size: 30-100m

explore the dependence of stellar properties Observing time: A few hours for each system

and stellar evolution on environment, Date constraint: None

particularly in the Magellanic Clouds which are Other comments: MOS would improve efficiency —A TS E L A =]+ Bl o ™=

metal-poor compared to the Milky Way (see



Early studies of instrument concepts
+

WmThe goal of t h eprogrdmmea \sas to A
carry-out a suitable number of instrument studies

i to verify that instruments can be built at an affordable cost
and that they properly address the highest priority
scientific goals,

i to work with the ESO community towards construction

i to work with telescope and operation project offices to
identify and define interfaces with the other subsystems
and the observatory infrastructure.

M 9 instrument and 2 post-focal AO studies carried out
by >300 scientists and engineers in 40 institutes
throughout the ESO community
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+ES+

+

ELT Instrument Phase A studies

Name Fl Institutes Procurement of the Study Responsible | Kick-off Final
at ESO Review
PEAD- T. Fusco OMERA, LESIA, GEPI, LAM, UK ATC Open call with initial module 1. Paufique 19/09/08 2/02/10
ATLAS (OMERA) specifications
PFAD- E. Diolaiti INAF-OABo, OAA, OAP, Univ. Bologna, Direct negotiations with external E.Marchetti 09/11/07 | 10/12/09
MADRY {INAF OABO) OMERA institutes
CODEX L. Pasquini ESO, INAF Trieste&Brera,lAC, l0A ESC coordinates consortium of MSA 16/09/08 | 23/02/10
(ESO) Cambridge, Obs. Genéve. institutes which had done an FP6 E-ELT
instrument study
EAGLE L.G.Cuby LaM, GEPI, LESIA, ONERA, UK ATC, Direct negotiations with consortium of S.Ramsay 27/09/07 | 27/10/09
{LAM) Univ. Durham institutes that had done an FP8 E-ELT
instrument study
EPICS M.Kasper ESO, LADG, INAF-OAP, LESIA, NOVA ESO coordinates consortium of N/A 24/10/07 | 16/03/10
(ESO) ASTRON, Uni. Utrecht, ETHZ, ONERA, institutes which had done an FP6 E-ELT
Univ-Oxford, FIZEAU, LAM instrument study
HARMONI M. Thatte Univ. Oxford, CRAL, CSIC-DAMIR, 1AC, Open call with initial instrument 1. Vernet 1/04/08 28/01/10
(Oxford) UK ATC specifications
METIS B.Brandl NOVA Leiden8ASTRON, MPIA, CEA Open call with initial instrument R.Seibenmorgen | 07/05/08 | 17/12/03
(Leiden) Saclay, KU-Leuven, UK ATC specifications
MICADD R.Genzel MPE, MPLA, USM, INAF-Padova, NOVA Open call with initial instrument A. Richichi 28/02/08 | 30/11/09
{MPE) ASTRON, Leiden, Groningen, LESIA specifications
OPTIMOS- O.leFévre LAM, STFC RAL, INAF IASF-Milano & Open call for a new concept S.Ramsay 3/11/08 30/03/10
DIORAMAS {LAM) OATs, Obs. Genéve, IAC, Obs. Haute
Provence
OPTIMOS-EVE F.Hammer GEPI, NOVA ASTRON, RUN, Uni. Open call for a new concept S.Ramsay 3/11/08 30/03/10
(GEPI) Amsterdam, STFC RAL, INAF
OATs&Brera, NBl Copenhagen
SIMPLE L. Origlia INAF — OABo, Arcetri, Roma, Univ. Open call for a new concept H.U.K&ufl 30/10/08 | 04703710
(INAF-OABQ) Bologna, UAQ, TLS, PUC
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Cable Wrap

Laser Guide Star Sensing
Lateral-Axis Ring Assembly i iis System (LGSS) Instrument Shutter
750 mm extension)

LGS Module PickTH Systam

Rotating Core Structure (RCS) | : (POS)

i 1 i : ¥ | = Target Re-
NGS Module 4 . - = = = Imaging and
> = [ — 5 5 Magnification
System
(TRAMS)

h = 3 - Integral Field Unit
Structural Part 3 . J Specirograph
! - ! System (I55)

Ancillary Platform

Static Structure =
Instrument Care

LM band IFU

spectrograph Imager (LM

and N-band
channels)

[}'uld nunor fixed relative to Nas—platfonn

[Rc—l mage uider module [«

Derotator |__

Nasmyth platform



M Instruments selected In
consultation with the
ESO committess and
community, based on

U Scientific impact, return,
flexibility

U Complementarity to
JWST, existing facilities

U A plan to cover all
observing conditions

M First light pair: ELT-IFU,
ELT-CAM, both +AO
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The E-ELT Instrument Roadmap

Year ELTHFU | ELT- LT-MIR | ELT- ELT- ELT-8 ELT-PCS
CAM MOS HIRES
2014 Decide science SIR Develop science Start ETD
requirements, AQO tarton- | requirements for
architecture. ky MOS/HIRES
2015 Gal for Proposals
Stiart Phase A
2016 Consortium Selection Callfor
for construction proposals
2017
2018 TRL check
2019 Selection | Startwhen
ready
2020
2021
2022

2023

2024

Pre-studies taking the form of phase A or delta-phase A work and/or ESO-funded
Enablng Technology Development (ETD)

Decision point

Development of Technical Specifications, Statement of Work, Agreement, Instrument

Start.




E-ELT IFU: HARMONI

Pl Niranjan Thatte, Uni. Oxford,

Consortium: UK ATC, CRAL, CSIC,
IAC, RAL, IPAG, ONERA, LAM, ESO

H slit

P o

Mo~ TRRGTHG MIRROR FRRAY

EMIT 5LIT

An image slicing integral field
unit using arrays of mirrors.
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B ELT-IFU: HARMONI

-+

M Four spaxel scales / fields of view

U6 0x30mas
020x20ma
010x10ma
Udx4dmas ==

S
S

= Fo¥ .(Natural Seeing) o

4.3 x 3.)00 (LT
2.1 x 1.50 (LT
0.8 x 0.60)(SCAO

B 32 000 spaxels at all spatial scales (~ %2 MUSE)

Bands Wavelengths R
(Lm)
o " (1} »” 111 b ] 0'45-0'8’ 0'8- I '351 _
V+R” or “l+z+)” or “H+K | 45.0 45 3000
11} " 11 e L] CELF Y 0'8- I 'Ol I - I -I '351 .
rz" or °J" or "H"or 7K |.45-1.85, 1.95-2.45 7500
“Z” or®]_high"” or “H_high” or “K_high” 0.9, 1.2, 1.65,2.2 ~20000
(TED)
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HARMONI AO Modes

Single Conjugated AO

Reference Star %

High
Altitude
Layer

Ground
Layer

Ground Conj. DM

On axis WFS ﬁ

Laser Tomography AC

Laser Guide i
Stars \ J

High
Altitude
Layer

Ground
Layer

Telescope Telescope

Ground conj. DM

e {; )

Camera

{;}Q WEC

©E Marchatt ! ESO ¢ 2005
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B Surveying ~50 Ultra-
Luminous infrared galaxies
discovered by SPITZER

U Measure dynamical masses,
kinematics, chemical
composition

U Characterise circumnuclear
disk & rings

U Measure shocks, winds,

Interactions with the
Intergalactic medium

U Requires R~4000, 5-40mas
scales, full wavelength range
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B HARMONI LTAO

<+

M Based on earl

Concept

U Uses the telescope adaptive mirrors

U No additional mirrors in the instrument
optical path

U 6 LGS, 2NGS
U Optimum laser asterism diameter?

Cable Wrap

Lateral-Axis Ring Assembly
(750 mm extension)

B Performance
U >50% strehl in K band
U With 92% sky coverage NGS Module
U300 field of view

Structural Part

LGS Module
Rotating Core Structure (RCS)

STEEL School/Erice/8-20 October 2015



ELT-CAM: MICADO

Ny
i

/

Pl: Ric Davies, MPE,

Consortium: MPIA,
USM, NOVA, IAG,
CNRS, INAF, A*,
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MICADO MODES

C Imaging through broad and narrow band filters covering 0.8-2.4um, over an
array of 3x3 4k? detectors, with pixel scales of dmas (FoV~53 0) anc
(FoV~200)

C Astrometric imaging over the same fields, to 50uas precision across full
field. Constraints on zenith distance, filter width, etc, are being assessed.

C Spectroscopy for single compact objects, through slits with length 3-
darcsec. Fixed format covers 0.8-1.4um and 1.5-2.4um (selectable via the
sorting filter) at a resolution of ~8000.

C Coronagraphic 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:

C Time Resolved Astronomy using windowing to enable rapid read-out of
subarrays to achieve frame rates up to 250Hz (20x20 pixels).
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~A. 1.5mas imager
- (4 fixed mirrors)

- B. 4mas imager
(2 flat fold
mirrors)

-~ C. Cross-
dispersed
Spectroscopy
(2 gratings)

~ D. Pupil imager
(2 flat fold
mirrors + 1 lens)
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Single Conjugated AO

Reference Star %

High
Altitude

Layer
Ground

Layer

Telescope

Ground Conj. DM ’——‘
v WFC

- .

On axis WFS

L -

Reference
Stars *

High
Altitude
Layer

Ground

Layer Telescope

Ground Conj. DM
Altitude Conj. DM
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Galactic centres near & far

VLT-NACO MICADO

* ¢ 5 . ’ ®

_ |
\

10
light hours

5 light days

- sensitivity >5mag fainter, resolution & astrometry 5x better tiNdCO@VLT
- density profile, luminosity function to <1l\, shape of IMF

- orbits of stars closest tBH:prograde & retrograde precession

- proper motions of ~1000 starphasespaceclumping (disks

spectroscopy: -3D orbits, stellatypes, spectral properties of accretion events
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O ELT-MCAO: MAORY

] I\/Iulti-conjugate AO Pl: Emiliano Diolaiti
U 6 laser, 3 natural guide stars Consortium of INAF

Institutes +INSU IPAG
U MAORY deformable mirrors
conjugated to 4km, 12.7km

U Single DM initial, upgrade path to
2DMs

U Two output ports for MICADO
plus another future instrument
B Performance
U0 0.6 um<oa<2.4pum
U wide field -2 0 , 10 cl ear
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s MICADO + NGS light

Lateral port + NGS light

I | GS channel

NGS WFS/ technical

field

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.

under
here

MAORY OPTICAL CONCEPT

_ Lateral
port

" MICADO
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O MAORY OPTICAL CONCEPT

M8 M9 (DM@12.7km)

M7 parent
mirror

M10 (DM@4km)

M13— ]

M14
(45° flat mirror, not shown here)
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Some MAORY simulation results

+
MICADO FOV
Dﬁz ' ' ' ' ' ' : : : : : : : =E 70 E - ISee';ng ICI,B I-:Jrclaecl | E I e ]
\\ Ks band (A =2.16um) ] 60 E J e E
[
e e = 50 —_\ TTT
0.4 £ S 4 .. ]
2 S - M ang
DU{ F = = :---'--
_ 03F 3 : BhEL P
- 1 & s0f ~
i P
9‘13_ _______ 6 LGS, 2 D é 10%_ ---I-J--""'"-w
; ................ 4 1G5, 20 1arcm|n field ; :- - :J:I:I::-::I:"_
0.0 | ; . ; | ; ; ; | 3 = T E— L =
0 20 40 60 80 0 70 40
- Radial distance [arcsac] FaV position (ir‘l GFCSEC]
Baseline for MAORY
Is for one post-focal I d d
DM plus M4. Recall: ependence
High Strehl in the of Strehl ratio on
Upgrade path to a technical field>> fainter Waveleng_th IS Just
second DM. guide stars/higher sky atmospheric physics
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The E-ELT Instrument Roadmap

M Instruments selected In
consultation with the
ESO committess and
community, based on

U Scientific impact, return,
flexibility

U Complementarity to
JWST, existing facilities

U A plan to cover all
observing conditions

B ELT-MIR: METIS

STEEL School/Erice/8-20 October 2015

Year ELTHFU | ELT- ELT-MIR LT- ELT- ELT-8 ELT-PCS
CAM (05 HIRES
2014 Decide science VISIR evelop science Start ETD
requirements, AQO start on- uirements for
architecture. sky OS/HIRES
2015 Cal for Proposals
Start Phase A
2016 Consortium Selection Callfor
‘or constructon proposals
2017
2018 TRL check
2019 Selection | Startwhen
ready
2020
2021
2022

2023

2024

Pre-studies taking the form of phase A or delta-phase A work and/or ESO-funded
Enablng Technology Development (ETD)

Decision point

Development of Technical Specifications, Statement of Work, Agreement, Instrument
Start.
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ELT-MIDIR: METIS




