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B Future ESO facilities: Cherenkov Telescope Array
(CTA), MOONS, 4MOST

B The ELT
B ELT Instrument Highlights

W ELT (selected!) science
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Cherenkov Telescope Array (CTA)
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Gamma-rays
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20 GeV - 300 TeV

_ 1TeV =2410%Hz
- - Higher energies than those
of the LHC at CERN!
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How CTA will work

7 -ray enters the
atmosphere

Primary ¥y

Electromagnetic cascade

10 nanosecond snapshot

0.1 km? “light pool”, a few photons per m.
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How CTA will work

© Dpaniel Lopez, IAC
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Why is CTA important?
e

B Why is detecting very high energy gamma-rays
relevant for astrophysics?

» Gamma-ray radiation is the most energetic radiation of
the electromagnetic spectrum - it allows us to study
some of the most extreme physics in the Universe

B CTA will address many topics including:
» Supernova remnants
» Pulsars
» Dark matter
» Blazar physics

CTA Observatory
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Why is CTA important?
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What is a blazar?

NGC 4151-/ UGC 7166 / KUG 1208+ 396A *

SDSS image made with idldtils and photoop (Blanton, Finkbeiner, Hogg; Padmanabhan; Schlegel, Wherry)
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What is a blazar?

Less than 1 galaxy out of
20,000 is a blazar!
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The importance of being a blazar

B Sites of very high energy phenomena:
E. ..~20TeV (5x10%" Hz)and v, ~ 0.9998c

® Nature’s free (and very efficient!) accelerators

max
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CTA and blazars

THE ASTROPHYSICAL JOURNAL LETTERS, 815:1.23 (8pp), 2015 December 20 doi:10.1088,/2041-8205/815/2/1.23

© 2015. The American Astronomical Society. All rights reserved.
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DETECTION OF THE z = 0.940 BLAZAR PKS 1441+25 WITH MAGIC

M. L. AHNEN', S. ANsoLDI?, L. A. ANTONELLI, P. ANTORANZ®, A. BABIC®, B. BANERJEE®, P. BANGAI.F.T.

U. BARRES DE ALMEIDA”"* J A. Barrio®, W. BEDNAREK’, E. BERNARDINT' ™', B. BIA§L77I’ A. Bianp', O. Branca'?
S. BONNHOV G. B()NN()]I F. B()RR;\(‘(TIv, T. BRF,TZ”'“, E. CARMONA'?, A CAle A CHATTHUI—F R. CL A\I—Ro' »16
P. CoLiN’, E. CoLomBo'> i ). l.. CONTRERAS®, J. C()RTINAIZ. S. Cnvmn P. DA Vera®, F. Dazzi’, A. DE AM.Hls :

B. DFIOTTU’ E. bE ONA WILHELMI' C DELGADO MF\IDF7 . F. D1 PIERRO®, D. DomINIs PRESTER®, D. DORNER' > M Doro”"'*
S. YINF £, D. FISFNA(HFRG FISAFSSFR A I‘FRNANnH BARRAL'? D]Fm,\ secA®, L. FonT>,

knowle g@‘m ;:@%nergy SXaeT e

N LBFR
051—. , D. HRLPF( G HL(HI—: W Im=( K KODANI> KUSHIDA®
A. IA BARBFRA D LeLas’, E. II!\DFORS ,S. Iommnm M. IOPF7 R. Lopez- Cn‘ro" A. LoPEZ- ORNAS" ", E. LoRFM
JATu A 3 !
emissiofis:ve ch
AKA. MA ,' N b X SO
K Noba’, ) R Oklm" A. OVFRKFMP‘H\(; S PMANO A PAI A(‘l() M PAL ATlFll() D PA\IFQUF R PAOI ETTI, FRl, Blazar’ FSRQ’

J. M. PAREDES"?, X. PAREDES- Fokww“ M. Persic™’%, J. POUTANEN" P G. PrADA MoRONT®, E. Pnnmm °, . PULIAK’,

TA will prey i‘éL W»‘é mata ¢appredch and will i, S5 g

D. F. Torres”, T. TOYAMA A. 'hu:w:s‘g V. VERGU[L)OV , L VO\’IE(J 1{ E. WarD'Z, M. YVILL”"’ M. H. WL R. ZANIN? sar Cat Var
(yIL . Nigng .
+180 ,_p“' () umes m@f@ es a@h;ng;h 1@,};} ~.Cluster, BIN, BL Lac
* USON A (.ALIAVDRO A (,AV[EROI\ CARAGIULO™ NEJA. CARAVEQA E. (.AVAZZLT[“ r), WR
J. CHiaNG™! (; (.HlARO S (.lPRlNl‘”M' E D’AmmanDo***’, E. DE PALMA™"’, R. DESIANTE®*”", L. D1 VENERE”
A. DOMf]\GUl”_Z P Fusco %, F. (J.—\RG»\NO , D. (lASPARRH\lﬁ%“ N. Qlautno'” S2 F (JIORD\NO”’ 2 M. (JIROLETTI H MOIeC. Cloud,
S, 55,56 55, <o

L. A. GRENIER™ , S. GUIRIE
32,33

580 , E. Havs™, J. W. H}:wm , T. JoLER™!, M. Kuss®’, S. LARssoN""%, J. Ll” L.Lr
E. LoNG0™>®, F. LoPARCO™, M. N. LOVELLETTE, P. LUBRANG"S%, S. MALDERA®S, M. MAYER'®, M. N. MAZZIOTTA NR, SuperbUbee
1. E. MCENERY>™S N MrABAL, T. Mizuno™ .M E MONZANT! A MorseLLi®, L. V. MOSKALENKO ,E. Nuss™!, ID. Other
R. Oya®> " f’; T. ()HSUGXIH‘ N. OV[ODLIUE ORLANDO" J1 31 PLRKINS Mﬁ!’LSCL Rou.u:ls‘ﬂ ,E Pmov , G. Prvato”’ ’
T. A. PORTER ', S. RAINO “ R. RAVDO' , M. Razzano™ """, A. REIMER™ ", O. REIV[ER , C. SGro™’ E J. SiskiNp®,
F. Spapa™’, , G. SPAI\DRE , P SPIM;LLI’ 52 , H. TAJN-\“" H. T-\mu-\sm s ,J. B. TH-\YER ,D.J. Tnom’sor\ 3 , E. TROJA}S'JT, B’ PSR’ Gamma BIN
K. S. WOOD (FERMI LAT (.OLLABORATION) M. BaLokovic® ,A BERDYUGIN®®, A. (,ARRAMNAN-\ , L. LARRASCO
V. CHAVUSHYAN®, V. FALLAH Ramazant®®, M. Feige™’, S. Haarto'”, P. HAI:LSMR’” T. Hovmm“‘ 7 J Kania”° L. K.LAMTm, rt White
A, LAHTLL\IMAK[" 72, J. LEON-Tavares®, C. LJORLY’” L. PAcCIANT*, A. PoRRAS® E ReciLLas®, R. RLNTHALm po
M. TORMKOSKI , D. WoLFERT ", ANDN ZOTTMA\I\

Zurich CH.R003 Zurich Swits
ABSTRACT

The flat-spectrum radio quasar PKS 144125 at a redshift of z = 0.940 is detected between 40 and 250 GeV with a

+357 (z = 0.944), PKS 1441425 is the most distant very high energy (VHE) blazar detected to date. The
observations were triggered by an outburst in 2015 April seen at GeV energies with the Large Area Telescope on

board Fermi. Multi-wavelength observations suggest a subdivision of the high state into two distinct flux states. In
the band covered by MAGIC, the variability timescale is estimated to be 6.4 + 1.9 days. Modeling the broadband

originating in the jet outside the broad-line region (BLR) during the period of high activity, while being partially
within the BLR during the period of low (typical) activity. The observed VHE spectrum during the highest activity
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CTA and blazars

Try TevCat 2.0 Beta!
Table Control | Map Conrol | Tools

2pPwWN
- Starburst

®HBL, IBL, FRI, Blazar, FSRQ,
LBL, AGN (unknown type)

® Globular Cluster, Star Forming

Region, uQuasar, Cat. Var.,
Massive Star Cluster, BIN, BL Lac
(class unclear), WR

@ Shell, SNR/Molec. Cloud,
Composite SNR, Superbubble

®DARK, UNID, Other
®Binary, XRB, PSR, Gamma BIN

Export Black ' | Export White
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CTA and blazars

B Our knowl
ray emissie

» CTA will
10 times

THE ASTROPHYSICAL JOURNAL LETTERS, 815:1.23 (8pp), 2015 December 20 doi:10.1088,/2041-8205/815/2/1.23
© 2015. The American Astronomical Society. All rights reserved.
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ABSTRACT
The flat-spectrum radio quasar PKS 1441425 at a redshift of z = 0.940 is detected between 40 and 250 GeV with a

4357 (z = 0.944), PKS 1441425 is the most distant very high energy (VHE) blazar detected to date. The
observations were triggered by an outburst in 2015 April seen at GeV energies with the Large Area Telescope on

board Fermi. Multi-wavelength observations suggest a subdivision of the high state into two distinct flux states. In
the band covered by MAGIC, the variability timescale is estimated to be 6.4 + 1.9 days. Modeling the broadband

originating in the jet outside the broad-line region (BLR) during the period of high activity, while being partially
within the BLR during the period of low (typical) activity. The observed VHE spectrum during the highest activity
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o The mystery of gamma-ray photons
+
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o The mystery of gamma-ray photons
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Multi-messenger astrophysics

+

1 SFB 1258
V neUtrInOS Dark Matter

Messengers

DFG Deutsche
Forschungsgemeinschaft
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The mystery of astrophysical
neutrinos

South Pole Glacier

~ 100 astrophysical neutrinos
with energies up to 3,000 TeV
(10x higher than CTA)!
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VLT-MOONS
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Near-infrared Spectrograph

Multi Object Optical and Near-infrared
Spectrograph for the VLT

< 2 .
T
. e < @ 7 " DEGENEVE
ECOLE POLYTECHNIQUE [=] > N -

*4

FEDERALE DE LAUSANNE \9) FACULTE DES SCIENCES

(o] Département d'astronomie

Swiss Federal Institute of Technology Zurich

CENTRO DE ASTRO-INGENIERIA UC i CAAUL : I Eidgendssische Technische Hochschule Ziirich
UNIVERSITY OF Science & Technology Facilities Council

"'@!ﬁ%qire GEPI ol
4% CAMBRIDGE @ UK Astronomy Technology Centre
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VLT-MOONS

Field of view 500 sq. arcmin
Multiplex 1000 fibres
Medium resolution mode R =4,000-6000

A=0.64um —1.8um
simultaneously

High resolution mode 0.76-0.90um at R=9,000 +
0.95-1.35um at R=4,000 +
1.52-1.63um at R=20,000
simultaneously

Throughput > 30 %

Start of scientific operations: 2020
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MOONS Extragalactic Surveys

+

SDSS-like (in wavelength coverage rest-frame) +
Deep Surveys

Physical, Chemical and Environmental properties for
~1M galaxies at 0.8 <z <10

RI YJ H
R=4,000 R= 4,000 R= 6,000

- l
02 04 06 08 10 12 14 16 18 20

Couttady MOSNE Gonsriam ©° S¢no0! A (pm)




+E+§+ 4MOST - 4m Multi-Object Spectroscopic
0 Telescope

+

—_

UNIVERSITY OF

% rijksuniversiteit __——
groningen
)/ AIP @ CAMBRIDGE

ty

VISTA

UPPSALA UNIVERSITY

UNIVERSITET
lllumination and electronics for

the calibration and metrology

systems Wide Field C tor with
Objective and foldin ide Field Corrector wi
] ; M2 4MOST integrated M1 baffle .
Adjustable

mirror for metrology baffle
counterweight S — .
- Callbratlon Unit

A

UH
™
/ a §
P aston 3 |"@Vgtpglre GEPI
*E@ . Detector for
ar metrology
Fiber
positioner

Cable Wrap

Fiber Feed

Fiber Stress £z
Relief

Cryostat
Electronics Cabinet

Electronics
for LRS 4MOST
Instrument
Control System
Electronics High Resolution Low Resolution Fiber Feed Control
for HRS Spectrograph Spectrographs Cabinet

25 =Sl B IEOEE E
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Instrument specifications 4

+

Field of view 4.0 sq. deg

Multiplex 2400 fibres

Medium resolution R =5,000-7000
1600 fibers
A =0.390um — 0.930um

High resolution R ~ 20,000

800 fibers

0.392um — 0.437um +
0.515um — 0.572um +
0.605um — 0.675um

Fiber diameter 1.4 arcsec

Start of scientific operations: 2022
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~70-75% of the fibers allocated to primary surveys

()H\ o ~25-30% available to the community

Tiles Per F|eId
Dark Brlght \ s

RPRPRPONUOUARNO

wN o
(11
(1111
N
[ee]

inates, Hammer-Aitoff Projection

4MOST Facility Simulator - OpSim

Several million spectra in Galactic and extragalactic surveys and follow-up of:

« (Gaia (astrometry)
* e-ROSITA (X-ray)
« Euclid (optical-NIR), LSST (optical [time domain]), SKA (radio)

P. Pa do ni_- 3rd Azores School 27
Courtesy MOS Consortium
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4MOST + MOONS

Extragalactic Surveys

-
N T Lo {(p" MOONS

& @& 4m telescope f 8m telesqope

@ .. Large FoV [ Deep optical and
we  Optical A-coverage : near-IR A-coverage

CRA . s pi
"y Dedicated facility = ‘
o AO ,
P astion ".@
Near-infrared Spectrograph

-

—2.4
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The ELT

39-m class telescope
the largest optical/near-IR telescope

® Adaptive optics built in to deliver diffraction limited
performance

® Mid-latitude southern site (Armazones in Chile) ¢ \_

® First light planned for 2024 (work well underway)

® Construction costs: 1.1 B€ (including first-light
instrumentation and contingency)

® CQOperation costs: ~ 50 M€ per year

P. Padovani - 3rd Azores School




o Novel 5 mirror design to include adaptive optics in the telescope

(classical 3-mirror anastigmat + 2 flat fold mirrors [M4, M5])
o Diffraction limited over full 10’ FoV

o Segmented primary mirron (798 segments)

- —
R = - - —

P. Padovani - 3rd Azore

30

M1 Unit

39-m

Concave — Aspheric /0.9
Segmented (798 Segments)
Active + Segment shape Control

M2 Unit

4-m

Convex Aspheric /1.1
Passive + Position Control

M3 Unit
4-m — Concave — Aspheric /2.6
Active + Position Control

M4 Unit

2.4-m

Flat

Segmented (6 petals)
Adaptive + Position Control

M5 Unit
2.7x2.1-m

Flat

Passive + Fast Tip/Tilt

LGSU

(Laser Guide Star Units)

Laser Sources + Laser Beacons
shaping and emitting
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ELT Optomechanics







Why do we need an ELT?
e

B Making real progress in Astronomy requires:

» Opening up new parameter space: a new wavelength
range”?
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Square Kilometre Array Euclid (optical/NIR: 2020)
(radio: 2020+)
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0 The case for an ELT

+

B Making real progress in Astronomy requires:

» Opening up new parameter space: a new wavelength
range”?

» Field of view: surveys!
« Imaging: VISTA, VST, CFHT, UKIRT, PANSTARRS, SDSS, etc.
» Spectroscopic: MOONS, 4MOST, etc.
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+ES+

0 The case for an ELT

+

B Making real progress in Astronomy requires:

» Opening up new parameter space: a new wavelength
range”?

» Field of view: surveys!
« Imaging: VISTA, VST, CFHT, UKIRT, PANSTARRS, SDSS, etc.
» Spectroscopic: MOONS, 4MOST, etc.

» Temporal information: LSST
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The transient Universe

ES+
+

B The Large Synoptic
Survey Telescope
(LSST)

B Science operations to
start in 2023

B An 8.4-m telescope to
survey the visible sky
every 3 nights for 10
years

® Millions of alerts to
follow up
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0 The case for an ELT

+

B Making real progress in Astronomy requires:
» Opening up new parameter space: a new wavelength
range”?

» Field of view: surveys!
« Imaging: VISTA, VST, CFHT, UKIRT, PANSTARRS, SDSS, etc.
» Spectroscopic: MOONS, 4MOST, etc.

» Temporal information: LSST
» Sensitivity
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James Webb Space Telescope
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0 The case for an ELT

+

B Making real progress in Astronomy requires:

» Opening up new parameter space: a new wavelength
range”?

» Field of view: surveys!
« Imaging: VISTA, VST, CFHT, UKIRT, PANSTARRS, SDSS, etc.
» Spectroscopic: MOONS, 4MOST, etc.

» Temporal information: LSST
» Sensitivity
» Angular resolution
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The ELT In perspective

W ELT collecting area =978 m? > ~ 18 x VLT
W ELT resolution =0.006" @ 1,000 nm - 4.8 x VLT

® The ELT will be an AO telescope: the atmosphere will
be “removed” by default (weather permitting) = will
reach its diffraction limit
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Angular resolution (arcseconds)
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ELT Discovery Potential

ELT excels in collecting power and angular resolution

Compared to existing 8m telescopes, 39m telescope with Adaptive Optics will
deliver

5x better angular resolution (o< D)

18x better collecting area (o< D?)

L g ~ F T Y
G i : B,
L ¥ e - TR
n ¥ 4 e ¥
i

500x faster exposure time [point sources] (o< D4)

Gullieuszik 2014.
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The ELT: recent developments

+

® Dec 2014: ESO Council gave green light for ELT
construction in two phases
- Funding approved for Phase | (90% of the costs)
- Still expected that both phases will be completed

- Comprehensive suit of state-of-the art
instrumentation

® May 25 2016: signed the Dome and Main structure

& |
contract with the ACe consortium (Italy; largest $ \
contract ever in ground-based astronomy) Rl — <}

® June 2016: Council approved first light in 2024 (was N
2026)

¢ May 26 2017: first stone ceremony

°

Many other major contracts have started (e.g.,
primary mirror, secondary and tertiary mirrors):
~ 85% of the total amount available already

awarded
P. Padovani - 3rd Azores School
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ELT Instrumentation Programme

MICADO+MAORY HARMONI
Imager and single slit Integral Field Spectrograph
spectrograph

MOSAIC
High resolution Multi-object spectrograph
spectrograph

PhaseA (pre-design) started in
March 2016

METIS
Mid-IR imager and
spectrograph

PCS
Extreme AO imager and
spectrograph
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ofl Establishing an instrument suite
+

¢ Top Level (Science) Requirements have been developed for each E-ELT
instrument

¢ Involvement of the community at large through workshops organized by
the community and/or ESO, as well as through white papers

¢ Involvement of the phase A study teams through their science cases and
their participation to these workshops

¢ The ELT Project Science Team collaborates with the ELT Science Office to
author the Top Level Requirements

¢ The ELT Programme Scientist reviews the requirements and presents them
to the ESO Scientific Technical Committee (STC) for consultation

¢ Once the requirements are “blessed” the E-ELT construction project will
proceed with a normal instrument procurement

¢ Changes to the requirements based on technical, managerial or scientific
grounds are possible but proceed through the normal change request
review process
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ELT capabilities

100,000 HIRES -

<« HARMONI

MOS |

/ (single IFU)

1’000 | | | | | | !

0.5 1.0 2.0 5.0 10.0
Wavelength (um)
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Spectroscopy Resolving Power

100,000

1,000

| HIRES

- D D D «— HARMONI

(single IFU)
10,000 M I /
I |

C T[T [

Imaging

K

0.5 1.0 20 5.0
Wavelength (um)

Near-diffraction limit performance
Multiple plate scales

N
g
o

J

FoV (arcmin)

50uas precision astrometry (MICADO)

High-contrast/Coronograph
Non-siderial tracking
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ELT capabilities
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Eé MICADO+MAORY

MAORY
MICADO (Multi-conjugate Adaptive Optics
(Multi-Adaptive Optics Imaging Camera for RelaY)
Deep Observations) Pl: E. Diolaiti, INAF, Italy
Pl: R. Davies, MPE, Germany » Single Conjugate Adaptive
Optics (SCAO) and Multi-
AO

* Imaging 0.8-2.4um, pixel scales of
- 4mas (FoV ~537)
- 1.5mas (FoV ~207)

conjugate

« Astrometric imaging with 50uas precision
« Spectroscopy for single slit R~8000.
« Coronagraphic imaging

« Time Resolved Astronomy (goal)

~ INSTITUT FUR
ASTROPHYSIK
G OTTINGEN




MICADO+MAORY
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P. Padovani - 3rd Azores School 54 EHNIZEIINII T BT IEONE @



+

+%* HARMONI

HARMONI
(High Angular Resolution Monolithic Optical and Near-infrared Integral field
spectrograph)
Pl: N. Thatte, University of Oxford, UK

« 3D spectrograph (Integral Field Unit)
« Covering optical (0.47 uym) to near-IR (2.45 ym)

* From seeing limited down to the diffraction limit with SCAO and Laser
Tomography Adaptive Optics (LTAO)

» Range of resolving powers from R=3500 to 20000

» Range of spatial scales with field of views from 9°x6” to 0.8"x0.6"

Bl

’:%“:“

- B f_
1

§eow UNIVERSITY OF

T N % OMNER
RAL Space‘ss ﬁo e

Science & Technalegy Pac Uthes Councl :‘ J—’ S ':EM' \
@ UK Astronomy Technology Centre 23§ y- : o OXFORD
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B> HARMONI

20mas 10mas 4mas
60 mas x 30 mas I:' 0
Diffraction-limited, single field NIR IFU
. For optimal Best combination Highest
For non-AO & visible sensitivity sensitivity and spatial
— o o e
Point source (AB mag) 6.42" x9.12”

500 27.42 Vamas | Vonan | 26.02 T
3500 229312664 |2 IC_If Vé_(-)r/81 I([)\IOFON I © 25.64 | 26.98
7500 25.82 ( maS) 26.43

20000 24.76 25.63 25.87 25.63

0.61" x 0.86"

S/N=5, point sources, 0.7”seeing, LTAO
Large wavelength range & resolution combinations:

o 0.45-0.8,0.8-1.35, )
V+R” or “I+z+]” or “H+K | 45. 45 3000
(1} ” 111 LLJ [ " (1% ”» 0'8-I'0’ I’I-I'35, -
hz" or ) or “H" or “K | 45-1.85, 1.95-2.45 7500
“Z” or“|_high” or“H_high” or “K_high” | 0.9, 12, 1.65,2.2 ~20000
(TBD)




METIS

ETHzirich [H31}'/3Y

& Science & Technology Facilities Council

UK Astronomy Technology Centre <+
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Second generation instruments

+

Selected in 2015
Phase A started in March 2016
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B> ELT-MOSAIC

+

Multi-object spectrograph (MOSAIC)

Pl: Francois Hammer (GEPI, France)

Wavelength range: 0.4 — 2.45 pm

« High definition (HDM, 80 mas/pix) with 210 MOAO IFUs
¢ High multiplex (HMM, 100-250), GLAO/seeing resolution

- R=5000-20,000

|y
Tiled Focal Plane
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B> ELT-HIRES

+

High-resolution spectrograph ELT-HIRES

Camera [§]s] 0.36-0.46

1EH A E
T HHE:
Blue optimized s E cl e AV 0.46-0.60
. , Bl R Wyl A fCrDisp. f Camera 40-U.
Pl: Alessandro Marconi (INAF, Italy) st?Lnda;rsﬂ)bers J ¢
<25m

Warm/standard spectrograph

« Spectral resolution: R > 100,000

Camera I8 0.60-074

% sl of 8
Red -t-'-‘-"d- ; 'E % %
ed optimize 5 = i 0.74-0.97
« Wavelength range: 0.37 — 2.4 um dancnatees | 1 8140 © |
(L <100m)

Warm/standard spectrograph

Y| 097-1.13

Camera

« Accuracy: <10cm/s

Camera | J | 1.15-1.37

Dichroics }
Dichroics

standard fibers
(L <300m)

M
Echelle

Collimator

Berei H 1.46-1.81

Cold IR spectrograph

HEYIE
? £ E Camera 1.95-2.48
Special IR fibers o || = || ©
T o] L
(L <25m) gl o
Cold IR spectrograph
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Planets & Stars

Stars & Galaxies

Galaxies & Cosmology
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HR 8799, SPHERE H-band

Direct.detection of exo-planets

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?

‘ .:-A*mdsph,_er'esgﬁz 3

(<]
ignatures of Iife,;{%’




) a strong gravjgational field)
sver seen before) -

3 .Testing General Relativity around a Super-
~massive Black Hole




Black Holes

M31 Nucleus Hubble Space Telescope « ACS/HRC

* Intermediate Mass BHs in
Galactic Clusters

*  MW-type BHs (10° M)
out to Virgo

* M87-type BHs (10° M)
outtoz~0.2

HST ACS/HRC

HARMONI, MICADO

64 =Sl B IEOEE E

WIYN/KPNO 0.9m Mosaic. I

NASA, ESA, and T. Lauer (NOAO) STScl-PRC12-04a
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Resolved stellar population

R 3 B ®. S T .

AN <

Colour-magnitude diagrams

" Tip of the RGB
1 mag below the tip
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0.5
J-K

Simulated observations of M32 = ~ : :
ih : : Simulated ELT IFU

<

What is the evolution and merger history the Milky Way?
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Structure and marphology of galaxies * . “ = - Dynamics and physics‘from spatially resolved spectroscopy.

s

z=2 galaxy 100mas on VLT

MICADO @ E-ELT NIRCam @ JWST
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So do we already know what the ELT
(and other facilities) will discover?

€ Yes and no!

€ We need to plan ahead and build our instruments based
on “real” science cases

€ But we cannot predict what the astronomical landscape is

going to be in 10 years or so
<-HST was launched in 1990; one of its major goals was to
measure the Hubble constant (H,)
<In 1999 the HST Key Project Team announced that H, was
72 km/sec/Mpc
<-In December 1995 HST looked at one spot of the sky for
about 10 days: the era of “deep fields” was born
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" So do we already know what the ELT
(and other facilities) will discover?

yased

. for

O R

N

o' .M -

Hubble Deep Field HST WFPC2 .

ST Scl OPO January 15, 1996 R. Williams and the HDF Team (ST Scl) and NASA
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So do we already know what the ELT
(and other facilities) will discover?

€ The ESO 3.6m telescope was commissioned in 1977
® The first extra-solar planet was discovered in 1995

¢ HARPS @3.6m was commissioned in 2003; since then it
has discovered hundreds of exo-planets and
revolutionised the field!

4 Nobody even dreamt about exo-planets in 19771

® The ELT (and other future facilities) is going to make
amazing discoveries thanks to the instruments we are
planning for now; but we don’t have the faintest idea what
many of them are going to be
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Astronomical synergies

SKA1

(2023) SKA2

(2030+)

Plato >
(2024+)
VLT and ALMA Athena-+ kil
Euclid & (2030+) 7

(2020+)

10 years science operation
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Summary
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The E-ELT will be the largest optical/near-IR telescope
excelling in collecting power and angular resolution

B Good momentum across the ELT Programme

B Preliminary Designs of instruments progressing well
B Exciting scientific capabilities

B Planned first light in 2024

m CTA, MOONS and 4MOST will also add to the (already
large) ESO suit of facilities
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