nghllghts of the program of
The European Southern Observatory
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ESO, the European Southern Observatory
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Established in1962, with the main mission of

"7 L providifig it er St8ites 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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ESO, the European Southern Observatory

f b +15+1 member states at present, plus Chile with a special status
i as host state i _____

f pobs
Wl + Headquarters in Garchlng néar Munic Ge;many

« Four sites in Chile, | Ing three obs latorles

I’ " ¥, Around 630 staff, mémlyoengineers an upmsbnnel

somewhat over 100 scientists (physicists and astronomers)

« Serving the astronomieal eemmunity in the member states and
the rest of the world

+ « “Open skies” policy: projects selected on scientific merit basis,
f + affiliation secondary
+ « Permanent record of science data in a publicly accessible achive

+ SDNEIZNS S o




nterferometry |
precision metrolody ‘
sphere proflle characterization - =

ngh throughpuLJow noise detectors in
the VISIble infrared and submillimeter
—
Detector contrallers a
. * Massive intercontinental data transfer
— e a— " G .

* Data storage and mining
« Eftc...
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Why in Chile?

Dy » . -
5 & . » -

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

« Other international institutions have built their observatories in Chile as well



Chajnantor: E§O 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




La Silla, ESO’s first ob/sgrvatory

Near La Serena, since 1969:

- Two 4-meter class telescopes, pioneering
when they started operations and still in
very high demand

. é - i -« An observing platform for other national
N = “Tacilities (not belonging to ESO), including
‘ S.U . robotic telescopes for observation of
o {ransients

- New specialized instrumentation and new
telescopes have kept La Silla at the
forefront of observational astronomy:

"aﬁy of the currently known extrasolar

/planets were discovered from here

‘.~ Upgrades of existing instuments and
&!" construction of new ones ongoing




Paranal, ESO’s flagship

\

Near Antofagagta, 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



ESO telescopes carry out
cutting edge research in almost
every field of astronomy:

Solar System bodies
Extrasolar planets

e / ®
State-of-the-art science



http://www.eso.org/public/archives/images/screen/eso0511a.jpg
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Star formation

kb

[

Structure of our Galaxy and its components
The center of our Galaxy




State-of-the-art science

Supermassive black holes in other i
galaxies '- .

Gamma-ray bursts . 2 ’ ' .-

Structure formation in the early ; B - .
Universe |

The most distant objects known ' R ': - ) '
Structure and expansion of the . - .

Universe CTa 2

Cosmic evolution of chemical \ ' . .
abundances :

Etc...



http://www.eso.org/public/archives/images/screen/eso0314d.jpg

_/

RORUR Wl VLT instrumentation
el NACO . 3 foci at each telescope (2

MUSE (2014)

Les Nasmyth, 1 Cassegrain): 12
Instruments always available

- Both general-purpose
Instruments and specialized

T Instruments available

AMBER

e« 2nd generation of instruments

Visitor instrument

ESPRESSO (2016) already OperatiOnal

GRAVITY (2016)
MATISSE (2016) .

- One 8.2 m telescope equipped
with Laser Guide Star

- Interferometry laboratory,

Currently 2 instruments

GRAVITY (2nd generation) being
commissioned

« Incoherent focus: ESPRESSO,

a high-resolution spectrograph

using VLT as a 16m telescope

UT2 (Kueyen)
FLAMES
SHOOTEF

VST

UT1 (Antu)
CRIRES

VLTI

KMOS (2013)
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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




GRAVITY

t the 10 micro-arcsecond



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-

IR wavefront

groci® N [ A interferometer Event Horizon
| k. Telescope

Orbital motion can be directly
measured

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.
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s '-,. ",-;5’ALMA the most recent addltlon

L1ano de Chajnantor near San Pedro de -
Atacama smce 2013 - '

B Atacama Large MllllmeterArray (ALMA)
an array of 66 movable radiotelescopes 4
* (ap‘erture syntheS|s) unparallel sensmwty -

3 :and resolutlon
W& |

A collaboratlon among Europe (37 5%)
e North Amenca (37 5%) and East AS|a

(25%1 | . '

AR 5100m altltude one of the dnest places |

on Earth = |



ALMA, Llane de Chajnanter, alt. 5040m
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The exceptionally low water vapor content of Chajnantor gives access to
submillimeter windows down to ~300 microns



ALMA is already living up to its

Q

Sclentitic promises...
Already grouna-breaking
giscoveries In the structu

mics of circumstellar disks

=
¢
Q
=
O

VIEWS OT cold and dusty
star Torming clouas or
Dulae

St formation Iin

St In circumnuclear
ming pre-galactic
y early



. 7. ALMA and the Event Horizon Telescope "
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+ ALMA has been upgraded recently to operate as a phased array, equivalent to a
single 85m telescope

- It wil become the largest element of the EHT (Event Horizon Telescope), a very
long baseline global interferometer at millimeter wavelenghts

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






Current technology can build It

J
astropnysics, Cosmology an
fundamental physics ar

tS resolving :mr_,\ Ignt

« It provides a Spectz
parameter space 1

Some of the most relevant questions ir
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Designed for observations from 0.35
to 20 microns (violet to thermal
Infrared)
Optical configuration with 5 mirrors
corrects astigmatism, coma and
spherical aberration over a wide
field (107)
Adaptive optics fully integrated in
the telescope design gives close-to-
diffraction limit performance



Some technical challenges

About 800 segments to be
aligned with ~1/10
wwﬂamgr [ accuracy

~ull use of adaptive optics
n large aeformable
IFrors

Hnglh precision pointing

nd tracking of a structure
ver 5,000 tons in weight

lding Includes a
ng dome over 80m in
etler

- $1,500,000,000



| .&“ - The VLT as a testbed

Tt ol

/

In some ways, the VLT is a testbed for
E-ELT technologies:

Laser guide stars

Extreme adaptive optics

Multiconjugte adaptive optics
. - Large deformable mirrors

Instrtumentation concepts

ESO also has gained experience with
segmented promary mirrors through
access to Gran Telescopio Canarias
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d
. E-ELT instrumentation

Up to 8 available foci (6 Nasmyth, 1 vertical, 1 coude)

Various modalities of post-
focal adaptive optics (GLAO,
SCAO, LTAO, MCAO, MOAOQ,
XAO)

Contracts signed for the
construction of first three
Instruments




b g ‘... .7 .Ascience case:
' e fundamental phy5|cs with the E-ELT

« A hrgh resolutron spectrograph E- ELT—HIRES IS being planned to take full

advantage of the E- ELT light gatherlng power to observe cosmologrcal ol@ts a®
extremly high S/N. - e e »-

 + Able to measure the raté of change of redshlft at various z over a perrod ofoio 20
-+ years using the Lyman-alpha forest in the spectra of-quasars: a direct
measurement of the deceleratlon/accelerafion of the Universe at various epochs

. “A direct, non- geometrrc measurment of the evolutlon of the expemsron of the
Unrverse ' . e , _ <o S \

4
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AP T R e Asaence case -
B fundamental phy5|cs W|th the E- ELT

L = ghabts 2

= : ; » » g i
' ' 3 ; -
T i
Testrng new physrcs =T R 3 | ';, Gy e S B

Observatlons of atomic-transition doublets in drstant objects will reveal (or
‘_ constrain) variations in fundamental constants . . SRt

e
Derivation of the local\CMB temperature at hrgh redshrft will verify the
T(z.)—(1+z)T0 e : WP Ao T

A B

These are unprecedented experiments Whose resuItS may chaILenge marnstream
physrcs

o TR R e t
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Science with th

The E-ELT will e_Xp:Io.re some of the most arhbitious goals of present-day

astronomy

' ,' C] detectlon of Earth like extrasolar planets around solar-type stars

B
ALY



