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ESO, the European Southern Observatory
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Established in1962, with the main mission of \

"7 . providifig it€ e iher St8tes with world-class facilities
that individual European countries could not afford
« promoting collaborations in astronomy across Europe

Inter-Governmental Organization
« regulated by a government-level treaty

« agreement between ESO and the Government of
Chile established in 1963
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Why in Chile?
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Casleo '

The combination of dry air, low cloud coverage, low light pollution and
atmospheric stability makes Northern Chile an almost unique region on Earth

«  Other internatior J=IJ institutions have built thei . lories in Chile as well



. Why Chile?
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Political and Iegal stablllty
Astronomy-friendly state policy

Good level of infrastructures and
qualified personnel

- Strong commercial, industrial, cultural,

diplomatic... presence of Europe
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Chajnantor: ESO in Chile

* Longitude: 67:45 W
o |Latitude: 23:00 S
o Altitude: 5100 m

Paranal:

* Longitude: 70:25 W
o Latitude: 24:40 S

« Altitude: 2635 m

La Silla:

» Longitude: 70:44 \W
o Latitude: 29:15 S

« Altitude: 2400 m

Santiago
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/La Silla

Since 1969:

- Two 4-meter class telescopes, pioneering
when they started operations and still in
- .very high demand
-« Observing platform for other facilities (not
- belonging to ESO), including robotic
- 4elescopes for observation of transients

- Strong focus on exoplanet research:
HARPS @3.6, Euler, TRAPPIST

- Up /ades of existing instruments and
onstruction of new ones ongoing,
keeping exoplanets focus: NIRPS, SOXS




Paranal, ESO’s flagship

Since 1999:

Very Large Telescope (VLT), 4 telescopes each of 8.2m
Advanced instrumentation, currently at second generation

Near-infrared interferometer (VLTI) using the 8.2m telescopes and 1.8m movable
auxiliary telescopes

Two other telescopes, VST (2.5m, visible) and VISTA (4m, near-infrared),
devoted to imaging surveys

Currently the most advanced optical and infrared ground-based facility in the world



VLT instrumentation

3 foci at each telescope (2

: UT3 (Melipal) i UT4 (Yepun)

uwos muse. Nasmyth, 1 Cassegrain): 12
ViSRouses | Instruments always available
{UT2 (Kueyen) ' : .
e '\ .. Both general-purpose instruments
e = and specialized instruments
it 1S T || S - 2nd generation of instruments
KMOS L ! — already operational

One 8.2 m telescope equipped
with Laser Guide Star

Interferometry laboratory,

Currently 2 instruments
4o . GRAVITY (2nd generation) being

GRAVITY

__poven sommisslonse

Incoherent focus: ESPRESSO, a
high-resolution spectrograph using
VLT as a 16m telescope
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Wide parameter space covered, both in spatial and spectral resolution,
over a broad wavelenth range

Other important parameters not covered here: polarimetry, high

multiplexing, integral field spectroscopy, high time resolution... also
offered in visible and infrared

High sensitivity provided by 8m-class telescopes
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Its pﬂmary specméatlon IS phase reference astrometry at ;“.he 10 mlcro‘arcsesend
evql (reference star within the 2" field of view) _ ‘ 1 5= 4 {]

pettroecop%‘mp toR~ 4000 in tt e, 2 mict ’gp’d
e F|rst Ilg@.sthc sfui I ”cfll p) e
lﬂSCIénfe ﬁatq ns i rti earl'y‘*§617
..,& I

/ [" “~. - I\ ‘x,l T -

L 9



GRAVITY

0.1 AU astrometric accuracy at the
Galactic Center matches the
estimated size of the Schwarzschild
radius.of the Galactic Center black
hole

Complementary to the mm-wave-
Interferometer Event Horizon
Telescope

Orbital motion can be directly
measured

IR wavefront
sensor

Origin of the flares (hot spots in the last stable orbit? Random brightness
fluctuations? Jet?) can be unambiguously established

Important goal is to observe periapsis of star S2 in 2017, less than 300 AU from
central black hole

~100 AU (size of the Solar System) resolution at 10 Mpc

Other science cases: X-ray binaries, intermediate black holes, AGNs, young stellar
objects, etc.



An integrated sysﬁm 0 turn UT4 into an adap
4 Laser Guide Stars Facilityz*
"+ Being com »viés'llgfhed at thé_ telescope S
'fvc@bn(jgary;Mi"'f or s -~ 2
0 be installed end 2016 |, |
AWK b

the rest of the AOF
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Exoplanets galore

Many facilities in operation or soon to come at La Silla and Paranal for exoplanet
detection and characterization

HARPS at the La Silla 3.6
SPHERE at the VLT
TRAPPIST at La Silla
NGTS at Paranal

3
Coming in the next few years: g
ESPRESSO at the VLT 2 Srap T RN
NIRPS at the 3.6 (Brazil permitting...) ‘” , a2

" a 3 ® Gnaue

SOXS at the NTT $ 83 Fo0  cRwedel
SPECULOOS (4 x 1m telescopes) on Paranal [ Ly Troper e -
ExTrA on La Silla ; Litaidln i

MASCARA on La Silla Wo S0 &0 fas o

Equilibrium temperature (K]




. o ALMA and SPHERE results on Structure, ;' ‘Y
““ kinematics, chemistry, gas and dust =~ >Y

components
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= ESA-ESO

An agreement was signed by ESA and ESO
Directors General in August 2015 in Chile,
setting the frame for current and future —
cooperation 7

Coordination of strategic plans
Technology development
Scientific research

Sharing of best practice
Joint outreach activities

Representation as observers in sci
strategy external bodies

Secondments
Etc...
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A case can be btiilt around cnttcal compiemer arlty betieen: s‘pace\ algel ground,
also around raising publlc awareness of sﬁage _science bt
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Joining forces with the Chllean governmé‘ﬁt‘to protect dark skies in Chlle (and

elsewhere) _ o

R

Let’s talk about it!



'_.ALMAf

L'Iano de Chajnantor near San Pedro de
Atacama since 2013 - |

S Atacama Large MllllmeterArray (ALMA)
an array of 66 movable radiotelescopes ,
(ap'erture syntheS|s) unparallel sen5|t|V|ty -

w and resolutlon '_ e ~

o A collaboratlon among Europe (37 5%)

e North Amenca (37 5%) and East AS|a
S (25%)’ . :

AL 5100m altltude one of the dnest places |
on Earth = |



ALMA, Llane de Chajnanter, alt. 5040m

P PWv=0.50 Pwv=2.00 Pwv=4.00 Pwv=8.00

T /-l\'. T 3 T T - T T T T T
TS | : ;
= o

0.3

0.6

Transmission
0.4
T
T

0.2
|
=

- i |
i | = | |
| | | | 't f | I
4 w0 1 £ \ !
<I ¥ | I : il ’/\ # J <t
o 1 | L ! h i) l‘n-&. = - . : 2

206 40C0C 6G0O 800

Frequency (GHz)

The exceptionally low water vapor content of Chajnantor gives access to
submillimeter windows down to ~300 microns
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owest frequenme ﬁd 2) low

Commissioning of long baselines proceeding .
. Science observations now available with baselines up to 12 km

« Longest baselines available only at the lowest frequencies
. Stand-alone operation of the Compact Array (12 x 7m antennas) possible

- Relatively undersubscribed mode
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ALMA has-beeﬁ upgraded recently tq" |

single 85nﬁéleséﬁp‘e ; ?_7‘ Ef

i '-ﬂl i

It wil become the largest element of the E\—IT (Event Horlzon Telescope), a \/ery
long baseline global interferometer at millimeter wavelenghts

34 microarcsecons resolution achieved at 3 mm (with 30m antenna in Spain)

gﬁased array, equn‘lglent to a



The future:
the European Extremely Large Telescope (E-ELT)

I tel escope wit m dlameter almost 19 tlmes
‘ﬂ( argest teiescopes at rese ‘ . o |
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Current technology C

Some of the most relev
astrophysics, cosmology aRd even possibly

fundamental physics and exoRjology reqwre,_
its resolving and light-gathering‘gower 3

It provides aspectacular ex anS|o of the




« Designed for observations from
0.35 to 20 microns (violet to
thermal infrared)

Optlcal conflguratlon wrth 5

close-to-diffraction I|m|t
_ performance




Lasers

Altitude cradles
for inclining the
telescope

Instrument platforms
sit either side of the
rotatable telescope

Five-mirror design

1. The 39.3-metre primary mirror
collects light from the night sky
and reflects it to a smaller mir-
ror located above it.

2. The 4-metre secondary mirror
reflects light back down to a
smaller mirror nestled in the pri-
mary mirror.

3. The third mirror relays light to
an adaptive flat mirror directly
above.

4. The adaptive mirror adjusts its
shape a thousand times a sec-
ond to correct for distorsions
caused by atmospheric turbu-
lence.

5. A fifth mirror, mounted on a
fast-moving stage, stabilises
the image and sends the light to
cameras and other instruments
on the stationary platform.

i Seismic isolators

The 2800-tonne telescope
system can turn through 360 degrees




Secondary mirror (M2) |







| .Ecu-racy |
Jliuse o __@tlve optics
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In some ways, the VLT Is
ELT technologies:

Viulticonjugate adaptive optics

| arge deformable mirrors

Instrumentation concepts

nas gainea Jpﬁlenr*' WJrrJ
mf—f\ fwrimﬁlry mirrors througk
SS to Gran Telescopio Canarias




Science with th

The E- ELT will explore some of the most ambltlous goals of present-day

astronomy
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N }o C ::r g facts placed early to obtain blndlng prices
Lo _un/,,;;;’péanmal standing

' f° ¥ Contracts for the construction of three
/& = instruments and one AO module signed

- Two-phases approach to ensure first light in
:2024 '
Feas le even if Braill does not ratify \\
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