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Some of the largest optical-infrared telescopes

Keck | and I




The Large Binocular
Telescope

Two 8.4m mirrors on a single mount
First light 2005

Partnership between ltalian, German
and US institutes




Japan ELT .g\h 'm'

GMT (25m)




E-ELT Project

39m diameter telescope
Adaptive optics built in
Project run by ESO
Expected first light 2024




Other International ELT projects

TMT GMT
30m telescope » 24m diameter (7x 8m segments)

Institutes in US, Canada, Japan, India, « Collaboration of private US universities,
China Australia (ANU + AAL) + Korea

Master agreement signed July 2013 Groundbreaking Nov 2015
Construction started 2015 Commissioning due to start 2021
Begin science operations 2023(*) Begin full science operations ~2023




Telescope primary mirrors

JWST
Euclid HST 6.5m

1.2m 2.4m
Y

Collecting area = sensitivity
Diameter = resolution

Field of view = mapping speed




Synergies with major facilities

Sensitivity
High angular resolution

— matched to ALMA and SKA

— 7x sharper images than
JWST

Follow-up of sources discovered
by other telescopes

— Spectroscopic and high
angular resolution

— ldentification and physics

Based on slide from A. Verma







The Site

Sites tested in the Canary Islands, Chile,
Morocco, Argentina, Mexico,

Selection criteria: impact on science,
Dutstanding atmosphere con—struction and

Image eredit: ESO/M. Tagenghi




Dome and main structure

Size of a football stadium
84m diameter, 74m high
4000 tons of steel
Air-conditioned

Wind shielded

2500 tons of steel moving 700
tons of opto-mechanics and
electronics

Alt-Az mount based on a
rocking chair concept

Seismically isolated
Heavy duty cranes and lifting

Single construction contract

platform for instruments




E-ELT light path

M4: 2.4m flat
adaptive mirror
5000 actuators

Instrument
platform

M2: 4.2m convex

M5: 2.6x2.1m
flat tip/tilt field-
stabilisation
mirror

M3: 3.8m M1: 39.3m_f/0.88 aspheric
11m obstruction 798 segments

Controls f ratio




E-ELT instrumentation

Collaborations with
institutes in ESO
community

Suite to be built up over
the first decade

Plan includes space for
new ideas

Includes specialised
exoplanet camera

Detailed definition with
PST




First three instruments

HARMONI

0.5-24 um

Integral field spectrograph
Natural seeing to diffraction limited

MICADO

0.8-24 um

Imager and slit spectrograph (medium R)
Diffraction limited (with MAORY)

METIS

3—-20um

Imager and spectrograph
(low-R, mid-R slit and IFU high-R)

MICADO

Construction
contracts signed




MOS and HIRES instruments

MOSAIC IR (range Multi-object spectrograph
TBD) High-definition and high-multiplex modes

HIRES Vis-IR High resolution spectrograph
(range TBD)

Echelle grating

rance slit E

Entrance sli » T =
Flat

Dichroic H\

Dichroic J

e
“Efycie = ____ - \ o
\ Anamorphic
cross—disperser

HIRES concept for J-band

MOSAIC focal plane Desi
esign stud
J y spectroscopy. Image credit E. Oliva

concept contracts
signed




Adaptive optics

Basic principle: correct
atmospheric blurring in real
time using a bright reference
star and deformable mirror(s)

Laser guide stars provide ~full
sky coverage

Multiple lasers correct Cone
Effect

Multiple DMs increase
corrected field

Movie: closing the AO loop on the LBT




E-ELT tomographic AO modes

SCAO LTAO

(laser tomographic)

MOAO

(multiple object)

(single conjugate)

MCAO

(multiple conjugate)

GLAO

(ground layer/seeing limited)

Pl214 19PIM

Better Correction

Slide from Tim Morris




E-ELT tomographic AO modes

Demonstrated on-sky using Laser Guide Stars (circa 2010)

SCAO

(single conjugate)

Pl214 19PIM

Better Correction

GLAO

(ground layer/seeing limited)




MCAOQO in use: GeMS

Cregit: Gemini Qfzendarony A AURA

Gemint ( )Eisc'rWr.i.tomj Legacy I'mage

GeMS multiple
GeE
projection.
~ Credit Gemini
Observatory.




CANARY | AO demonstrator

UK French collaboration
William-Herschel Telescope, La Palma
CANARY Rayleigh LGS tests (2011)

2014 First
ever on-sky
demonstrati
on of laser
tomographic
AO




CANARY in action (ll)

HST + NICMOS CANARY + CAMICAz

* Open-loop
tomographic
mode

~60 min total
exposure

System stable
th roug h OUt arcsec 1%MASXJ2111]L.1262‘E)+5823Og4 @H (lﬁgpm) arcsic
observation pr——— T

argsec




E-ELT Sensitivity at first light

Imaging MICADO + MCAO
3500 HARMONI + LTAO
7500 HARMONI + LTAO
20000 HARMONI + LTAO

HARMONI Spectroscopy limits assume 2x2 spaxels in 80 x 120 mas mode

Comparable to
JWST limiting
magnitude

LSST stacked
depth =27.5 AB

Euclid Deep
survey limit =
26.5 AB mag

Euclid Wide and
LSST single
image depth =
24.5 AB mag




ELT Science

* Very wide-ranging
— Spatial resolution
— Sensitivity

* Here just a few
highlights

Thirty Meter Telescope
Detailed Science Case: 2007

TMT Science Advisory Committee
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Solar System

E-ELT
high-resolution
imaging & astrometry
orbits, multiplicity
monitoring of impacts,
rare surface events
Mid and high-
resolution
spectroscopy
lces, volatiles

Complements fly-by missions
Example: monitoring lo’s volcanoes
— E-ELT + HARMONI 10km/spaxel at 4mas

Lava temperature indicates compositon

Galileo in-orbit image (April 1997)
NASA/JPL/University of Arizona

Simulated HARMONI + SCAO image
(needs a mosaic!). Colour image at 650,
800 and 1000nm. Credit Fraser Clarke/
HARMONI team




Exoplanets: Are we alone?

How do planetary systems form?
How common are systems like ours?

Can we detect signs of life?

E-ELT
Direct Detection
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




Direct detection of exo-planets

4]

Flux [Wimpm]

iy
[=1

Now: self-luminous (young)
exoplanets

— Direct detection: photometry,
astrometry, spectra

— New: SPHERE and GPI

E-ELT + MICADO

— Moderate contrast search for planets at
smaller separation / more distant
systems

E-ELT + HARMONI, METIS
— Characterisation of planets discovered
by SPHERE and GPI
E-ELT + EPICS

— Specialised exo-planet instrument
— Rocky exoplanets in habitable zone

SPHERE direct image,
SPHERE and GPI spectra of HR8799 system
around a young star at 40pc (Zurlo et al 2016)




Orbital Phase

Exo-planet atmospheres

» Detect features in the planet
atmosphere itself
— Exploit much higher radial velocity shifts
than in the parent star
» Feature strength and shape >
chemistry and wind patterns

Geocentric Radial Velocity (km/s)

Observations from VLT/CRIRES
[Snellen et al 2010, Nature]

E-ELT
Detect CO, CO,, H,O0 CH,
simultaneously for Jupiter
sized planets
Reconstruct planet spectrum
Detection of biomarker
molecules (e.g. O,) for
Earth-size planets orbiting
mid-M dwarfs




The Galactic Centre

Keck/UCLA Galactic
Center Group




The Galactic Centre

Keck + Current AO Keck + NGAO 30 m ELT + AO
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Dec. Offset from Sgr A* (arcsec)

0.2 0.1 0. -0.1 -0
RA Offset from Sgr A* (arcsg

Seeing = 0.45" ==
' Spatial resolution
orbits of faint stars at
100-1000 x BH event
horizon: sensitive to
SR and GR effects

Dec. Offset from Sgr A* (arcsec)

0.1

“a Ot o I Simulations by UCLA group

ww.astro.ucla.edu/~ghezgrol




Resolved Stellar Populations

« Understand the merger history of galaxies by measuring
properties of individual stars

* Aim for representative galaxies — implies representative volume

E-ELT
Colour-magnitude
diagrams
Spatially resolved
spectroscopy

"~y
Sir case
ot |

AT o Fan o Tl ! ™
| sClence case




Resolved imaging and spectroscopy

JWST

6r, from the centre of a 1 Gyr old NSC at 2 . Conl, R= 2 By NB
Mpc. Red circles show J = 28 mag stars,
corresponding to the MSTO.

(Gullieuszik et al 2014).

Counls/pixel

E-ELT spectroscopy of RGB stars in Cen A
(4Mpc), 0.5 mag below tip (1= 24.4). _
Assumes LTAQO, 5h exposure. Credit: E- YR 1. . ]

ELT DRM case G. Bataglia & E. Tolstoy 6200 8300 8“2‘.’_@&;”?{’ 8600 6700 8800
avelenght [Al




ligh-redshift galaxies

E-ELT
Resolution and
sensitivity
Structure from high-
resolution imaging
Dynamics and physics
from spatially resolved
spectroscopy

MICADO MICADO smoothed

VLT/ISAAC simulation z=2 HST/NIC2 simulation z=2 z=2| EELT/MICADO simulation z=2
K, 6h (GOODS-S) H,s 4 orbits . K, 4h + 3-pix smoothing

.»’SF 0.456" ® PSF 0.145" PSF 0.011" PSF 0.014"

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




Dynamics of high-z galaxies

 |FS measures shocks, winds, interaction with IGM, kinematics,
dynamical masses, chemical composition, distribution of dust

— Detailed observations with HARMONI (Zieleniewski et al 2015)

SFR=3M._/yr SFR=7M_/yr SFR =27 M_/yr SFR =89 M _/yr SFR=173M_/yr &

Simulated HARMONI observations for smooth disk galaxies. E-ELT MOS can create
10 hrs at 20x20mas scale (Zieleniewski et al 2015) Iarge samples up to 7l

(Puech et al 2008, 2010)




The most distant galaxies

 When did the first
galaxies form?

Did they reionise
the Universe? If
so, when?

Faintest HST
galaxies too faint
for 8m
spectroscopy

HUDF12 image reaching AB
mag~30. Credit: NASA, ESA,
R. Ellis and the HUDF12 team




Spectroscopy at z >7

E-ELT
Sensitivity
|dentification,
redshifts and
physics of faint A T
sources | : m xat W

e T CRY7 at z=6.6

Ono et al. (2012) | . .
(10 hours on KECK) o & Sobraletal (2015)
. .. - (6.5 hours on VLT)

Normalised Flux

" | Source densities:
— 12z>7object arcminZatH <27 AB mag
— 10z > 7 objects arcmin-2 at H < 29 AB mag

Background image: Artist's impression of CR7: the brightest galaxy in
the early Universe (Sobral et al 2015) Credit ESO/M. Kornmesser




Chemical enrichment

redshift=7 H,;=20 T, ,,=2hr

int

OI A1302
log No; = 13 em”™

SNII
Poplll M<40Mg

i PoplIl PISN

1.0416 1.0418 1.0420 1.0082 1.0084 1.0674 1.0676 1.0678
Azms [I'l'm] At:ms [I'l'm] Amu [I'l'm]

redshift=9 H,z;=22 T,,,=10hr (res. 2pix)

int

OI A1302
log No; = 13 em”™

11
Poplll M<40Msun
Poplll PISN

1.3020 1.3022 1.3024 1.2602 1.2604 1.2606 1.3342 1.3344 1.3346 1.3348
>‘obs [M’m] >‘ohs [M‘m] >‘obs [M‘m]

Simulated observations of absorption line systems towards high-z QSOs.
Credit : HIRES team.




Transients

Extreme and rare events
Probes of the early universe
Pointers to host galaxies

Background sources for IGM
absorption lines

Rapidly developing field

E-ELT
Deep photometric and
spectroscopic follow-up
identification and
characterisation
Absorption line studies




E-ELT Spectroscopy of transients

GRB 090423 at z=8.2
VLT = ISAAC t -ELT - i
Gamma Ray Bu rstS spec I'L.Il"l'l_ E-ELT — HIRES simulated spectra

to z~8 and above
Type la SNe to z~4

Ultra-lumuninous
SNe to z~6

GW sources

Flux (uly)

0.9 111 12 13 1.1x10%  1.15x10*  1.2x10°  1.25x10*  1.3x10%

Observed wavelength (um) Wavelength (Angstroms)

HARMONI z=3
Nearby SNla
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Simulated ELT spectrm of a SNla at z=3
[HARMONI TEAM + [H]




Dark Energy and Fundamental Physics

* |Is DE equivalentto A ?
« Does w vary with time?

E-ELT
« Z and spectral
classification of SNe
* Photo-z calibration for
faintest LSST & Euclid :
galaxies * ".?.';' /" vounewene
Independent DE probes N Ly
Sandage test [ T e
B (2l constants | B e s

and flinging all the matter and energy in
the universe apart in all directions.

BIG BANG

The universe expanded violently fram an
axtramely hot and dense initial state some
137 billion years ago.

Image credit: Discover magazine 2013




E-ELT Status

+ES+
. )
Dec 2014 construction +

approved in two phases WWW.€s0.0rg

— Phase 1: 1012 MEuro
highly capable telescope

— Phase 2: +106 MEuro
completes the project
Jun 2014 ground-breaking

May 2016 Dome & main
structure contract

2024 planned first light

Flattened mountaintop at Cerro Armazones
Image credit: ESO/G.
Hidepohl (atacamaphoto.com)




Connection to the Chilean Electricity Grid

R ——

Construction by SAESA started
on 27t May 2016

Grid connection inauguration
expected mid-2017




Recent technical work on E-ELT

M4 unit design

* M4 cell design and construction
(AdOptica)
— FDR planned for November

* M4 shell (REOSC)
— 4 blanks delivered from Schott
— 8 more underway
M1 segment support design and
qualification contracts (VDL and CESA)

M4 shell segment
prototype

VDL M1 segment e B & s L4 & Testing segment
support Design RS NS & alignment at ESO




a e L I & *cience & Technolagy Facilities Council
W UK Astronomy Technology Centre ﬁ’]‘)urham E,g ity

1hiversity

WWw. e|t-0r9 .uk UK Programme for the
EUROPEAN EXTREMELY LARGE TELESCOPE

PI: Colin Cunningham
7 May 2014

1t light
instrument
HARKMOMN|

15t genaration
Instruments

Research:&
Cavelopren!




Summary

* Wide-ranging scientific | |mp Ct from ne w 2
parameter space | - 3

AO technical feasibility demons trated
First light instrument contracts srgned

Construction unde
Expected first light 202
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Image credit: ESO/L. Calgada




