On the forefront of astronomical research

ESO

(05 November 2014 part of Lecture 5 & 6 & 7)
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Brief history of ESO
ESO observatories overview

Detectors and instruments

Behind the scenes (how to get time?)



ESO today in 5 lines

E

E

E

E

15 member states+1 associated country
approx. 700 employees (various national.)
4 observatories (1, ALMA, jointly operated)
HQ in Garching, Offices Santiago

Director General + 5 directorates
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Director General
Tim de Zeeuw

Organisational Structure September 2014
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Brief history of ESO
How did It all start?
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21 June 1953 Leiden

Why conferences are important!

K : Cam B

http://www.eso.org/public/images/wbaadschalen/

http://www.eso.orq/pubIic/imaqes/vkourqand’rbort—hspence/r
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http://www.eso.org/public/images/wbaade-cschalen/
http://www.eso.org/public/images/wbaade-cschalen/
http://www.eso.org/public/images/wbaade-cschalen/
http://www.eso.org/public/images/wbaade-cschalen/
http://www.eso.org/public/images/wbaade-cschalen/
http://www.eso.org/public/images/vkourganoff-jhoort-hspencer/
http://www.eso.org/public/images/vkourganoff-jhoort-hspencer/
http://www.eso.org/public/images/vkourganoff-jhoort-hspencer/
http://www.eso.org/public/images/vkourganoff-jhoort-hspencer/
http://www.eso.org/public/images/vkourganoff-jhoort-hspencer/
http://www.eso.org/public/images/vkourganoff-jhoort-hspencer/

ESO is born

E In October 5, 1962, after years of meetings and
struggles, the ESO Convention, between five of the

first six countries was finally signed (Great Britain
went its own way). The required ratification,
however, was only completed in January 17, 1964

E Belgium, France, Germany, Great Britain, the
Netherlands and Sweden

(later GB left the negotiations)

E Southern hemisphere selected (SA preferred
that time)
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Africa?

E http://www.eso.org/public/images/south-africa-1961-05/

E http://www.eso.org/public/images/south-africa-1961-03/
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http://www.eso.org/public/images/south-africa-1961-05/
http://www.eso.org/public/images/south-africa-1961-05/
http://www.eso.org/public/images/south-africa-1961-05/
http://www.eso.org/public/images/south-africa-1961-05/
http://www.eso.org/public/images/south-africa-1961-05/
http://www.eso.org/public/images/south-africa-1961-05/
http://www.eso.org/public/images/south-africa-1961-05/
http://www.eso.org/public/images/south-africa-1961-03/
http://www.eso.org/public/images/south-africa-1961-03/
http://www.eso.org/public/images/south-africa-1961-03/
http://www.eso.org/public/images/south-africa-1961-03/
http://www.eso.org/public/images/south-africa-1961-03/
http://www.eso.org/public/images/south-africa-1961-03/
http://www.eso.org/public/images/south-africa-1961-03/

Direction Chile!




Why Chile?

ES e testing near toda)
t N

|t
h a South Afri ca 1 n 1¢

E Relatively good accessible, dry environment,
easier for logistics, owned by the government

E La Silla selected 26 May, 1964 (Cinchado-Norte
mountain)

E October 30, 1964 contract between ESO and
Chile signed
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La Silla inauguration

¥ AMarch 25, 1969

A mid sized telescope:
1-m, 1.5m, 1.2
Schmidt
50-cm ESO telescop

A later national
telescopes

Dream comes true!

E http://www.eso.org/public/images/Iso_inauguration_03-69 2/
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La Silla

=lIEc=+1I=mII BT AR



Paranal approved

December 1987
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E http://www.eso.org/public/images/council87/
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VLT Inauguration
4 December 1996

E http://www.eso.org/public/images/1996-12-vit-inaugur/
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ALMA inauguration
13 March 2013
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http://www.eso.org/public/images/ann13027a/
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E-ELT start
19 June 2014

http://www.eso.org/public/images/esol419a

http://www.eso.org/public/images/potwl424a/
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Overview of ESO facllities
(as of today)
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ESO sites today
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La Silla 2010+

Concept of national telescopes

NTT 1 ESO

3.6-m ESO with planet hunter HARPS

2.2-m Max Planck Institute T FEROS, WFI, GROND
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Paranal




UT3 (Melipal)
VIMOS
SPHERE
VISIR/CUBES

UT2 (Kueyen)

UVES

MOONS

X-shooter

UT1 (Antu)

CRIRES
KMOS
st ,

Pasquini et al., Messenger 154

UT4 (Yepun)

MUSE  VISTA
HAWK-| | aMOST
ERIS

AOF

ESPRESSO

VLTI

Amber
GRAVITY
MATISSE
PRIMA




APEX
The Atacama Pathfinder Experiment

1 Alstlight 14 July 2005
Asingle 12m dish

(  ,‘.-. , 4 //, N -
| e APathfinder for ALMA
W ae. AScience goals are:
astrochemistry,

cold Universe
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Atacama Large Mm/submm Array (JAO)

Operated by: ESO, NAOJ, NRAO

AChajnantor plateadl 2-m array of 4 antennas
45005000 m A7-m array of 12 antennas
A66 antennas Abaselines 150mM6km
A0.32 t0 3.6 mm  AStar formation, molecular clouc
A12-m array 50  early Universe
antennas
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http://www.eso.org/public/teles-instr/alma/

E-ELT era

Key science topics

- Extra-solar planets

- Resolved stellar populations
IN a representative sample
of the Universe

- The physics of highredshift
galaxies

- Cosmology and fundamentz:
physics

Operations start - 2024
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Benefits of ESO
membership
(CZ perspective)
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ESO and the Czech Republic

E CZ joined ESO in 2007 as member state nr. 13

E Direct access to all ESO facilities for CZ affiliated
astronomers

- In case of visitor mode run all expense for trip
paid for by ESO

Elnfluence I n deci si on r

(ESO council, ESO finance committee, ESO
scientific technical committee, ESO users
committee)
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ESO and the Czech Republic

E Preference for employment of CZ nationals
E Preferred access to ESO studentship/internship
E Support for CZ companies in tenders

E Potential for boosting of international
collaboration

E Participation of CZ in forefront astronomical
research facility
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That was 13t anniversary
April 1, 2012 (Google)
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How does ESO work?



Outline

A Detectors at ESO

A Telescopes

A Adaptive optics

A LIVE from Paranal (tech. permitting 12 Nov,
A Paranal instrumentation programme (12 Nov)
A Behind the scenes (12 N



Detectors at ESO



CCDs (you know them already)

AE.g. FORS2 EEV and MIT detectors
(blue, red)

A Highly linear till 65000 ADUs

A Large field of view

A Photoelectric effect

A Optical detectors at ESO controlled
FIERA controllers (optical, NIR is
IRACE( box attached to the
detector/instrument which
commands the detector directly
Interface with user




IR detectors (NO CHARGE TRASN

Ano charge trasnfer

Abut photoelectric effect in charge!

Aelectronical readout

Atypically Id and Hg due to suitable
band gaps '

Acooling required

HgCdTe 0.48 eV = 2.55m
InSb 0.23 eV =5.4m



IR detectors

ReadOUtS < Incident Photons
NON-Destructive

- DCS e I

- Fowler InSb (n type) 10|um

Implant (p type) Implant (p type) i

DIT vs. NDIT C ) r ) !
Temperature sensitive 5 'Sf.ﬁ.ﬁél Epory l'eli#{f; 6 m
- high sky counts A

. o __ |
- instrument/telesc. heat S Siicon Readout NS 625
3+ micron nodding/chopping | 4

= M2/telescope offsets
Cooling + vacuum for NIR
detectors is a must!

Joyce, D., NOAO Gemini data workshop 20



Where to find them?

ASiCCD081>m 170K FORS2, GMOS

W | 3/ RBSM 7HAEY K HAWKI NIFS,
NICI, FLAMINGOS?2

® Ly ¢54m 30K GRIRES, NACO NIRI,
GNIRS, PHOENIX

W { a28 bnal2 K VISIR, MICHELLE, TRe¢




UTs
Antu, Kueyen, Melipal, Yepun



FUROPEAN SOUTHERN OBSERVATORY
—— VERY LARGE TELESCOPE ——

FUROPEAN SOUTHERN OBSERVATORY
VERY LARGE TELESCORPE ——
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Unit Telescopes

’f“‘“r"‘_w A Active optics (deforming M1)
‘ | A Guiding
A 3 instruments

Active optics principle

ASTRONET- Estonia, September 16, 2014



Telescope adapter
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Insirument Interfgge Flange Telesrape Forus
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Auxiliary Telescopes

A 1.8-m telescopes (Coude)

A 4 telescopes, support VLTI (interfermoetry)
A Baselines up to 200 m

A movable




Adaptive optics
Fighting the atmospheric
turbulence



Diffraction limited imaging
angular res limit D
1 -m 550nm 5.50€& rad ~ 0.1 arcsec

10-m 550nm 5.508 rad ~ 0.0l1arcsec

Atmospheric turbulence can cut down about factor 100!
Soaatice

‘ b ACive Colics Adopie opilcs
WL Y

1tte | AtMmaspnEars

I Diomnestes o
e eEssorE

s L Fegeeney Soitem ol mami o abeirdiems i onnmed 0 Sl own ol TRe spadls! ooy
sl = e o O e dicerger o g h.'l-:\-.-.'-l-l'-.l
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Source ESO web






Diffraction limited

Uncorrected image
FWHM: 0.50"

AO corrected image
FWHM: 0.07"

Left: uncorrected

ESO archive



PARLA (LGS)

A Up to 7 Watts of output and is very stable. In the futuré
lasers together.

A This upgrade of the laser source takes advantage of ag
solid-state Ramarfibre laser technologygurrently under
development at ESO, together witldustrial partners
for the AOF.

A During the commissioning, and for demonstration
purposes, several targets were successfully observed
using the new laser in conjunction with different VLT
iInstruments. These included the dwarf planédumea
and its moons, observed with SINFONI, and the nucle
of CentaurusA with NACO. These observations are
available from the ESScience Archive Facility

A The original PARSEC dye laser saw six years of servi
during which it enabled importantliscoveries,
particularly on the Galactic Centre. The upgrade simp
the laser operation greatly and allows more flexibility g
planning observations.

Picture from ESO image archive


http://www.eso.org/public/announcements/ann1048/
http://www.eso.org/public/announcements/ann1048/
http://www.eso.org/public/announcements/ann1048/
http://www.eso.org/public/announcements/ann1048/
http://www.eso.org/public/announcements/ann1045/
http://archive.eso.org/cms.html

Adaptive optics + LGS

Sodium layer |T = 10km

' H ~80km

Predicted spot elongation pattern

Detector plane

Distance from launch site

Downing DfA 2009: AO WFS Detectors




Next:

A 12 November: Live from Paranal (if no tech.
problems)

A We start at 16:00 but finish 17:15 instead of
17:00!

Have a great week!



Paranainstrumentationprogramme
Lecture 6 (12 November)



UT3 (Melipal) UT4 (Yepun)

| ISAAC / SPHERE (2013)  AOF (2015)
XSHOOTER HAWK-I

M : SINFONI

i NACO / : LGS
MUSE (2014) .........................

| UT2 (Kueyen)

- FLAMES VST VISTA

: UVES : : VIRCAM

: OmegaCAM

UT1 (Antu)

CRIRES
FORS2
KMOS | . § VLT
............................. | S | Incoherent

5 ' = X combined focus:
ESPRESSO (2016)

VLTI

MIDI

AMBER

PRIMA

Visitor instrument
GRAVITY (2016)
MATISSE (2016)
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ESO Messenger 154 (Dec 2013), L. Pasquini et al.
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KMOS

A The spectrometers each utilise a single

Requirement Baseline Specification 2kX2k HngTe deteCtor and USe a.
opiical Throughpu reflective collimator with a @&lement
achromatic camera. |

0, 0, 0
(predicted) J>20%, H>30%, K>30%

Wavelength coverage 0.8 to 2.5 microns

IZ grating R~3200
YJgrating R~3400
Spectral Resolution H grating R~4000
K grating R~4200
HK grating R~1800

Number of IFUs 24

Extent of each IFU 2.8 x 2.8 s@. arc seconds
Spatial Sampling 0.2 arc seconds

Patrol field 7.2arcmindiameter circle

Close packing of IFUs ~ >=3 within 1 sq arcmin

Closest approach of IFU: >=2 pairs of IFUs separated bgrésec



FORS2

A FORS2 imagingpolarimetry, long slit and muli
object spectroscopy (spec. res. up to 2600)

A MXUc spectroscopy with masks
A LongSlit (LSS) mode
A FORS?2 has 9 lostjts with fixed widths of between

0.3" ano
A Moveab
A FORS2

2.5".
e Slitlets(MOS) mode

nas a set of 19 pairs of arms that can be move

Into the focal plane to fornslitletswith userdefined

widths.

A 0.25"/pixel (with the Standard Resolution collimator)
and 0.125"/pixel (withtheHighResolution collimator)

A FoV6.8' x 6.8' and 4.25' x 4.25'



E
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Science highlights FORS?2

A Bean, Jacob L. at al., 2010, "A grodmaded
transmission spectrum of the supé&iarth
exoplanet GJ 1214bNature468(7324). 669
672

A Sterzik, Met al. 2012, Biosignatures as
revealed by spectropolarimetry of Earthshine,
2012Natur.483...64S



http://en.wikipedia.org/wiki/Nature_(journal)
http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2012Natur.483...64S&db_key=AST&link_type=ABSTRACT&high=514cb0a9f305972

CRIRES

AResolving power of up to $@0."2
arcsec slit)

ASpectral range f

ASimultaneous spectral coverage is

1 —— maximized through a mosaic of four
e~ = _H AladdinlllinSb arrays providing an

| 096 x 512 focal plane
A(?RIRI.ES cups@ Rm rray in the focal plane.
scientific applications

aiming at famﬁﬁ O Xd Optics (MACAO- Multi-
higher spat Applicatiohs Curvature Adaptive optic
sources), spectral and

IS used to optimize the signrt-noise

temporal resolution. ratio and the spatial resolution.
Kaufl. HU. et al. 2004, SPIE. 5492. 1218



http://www.eso.org/sci/facilities/paranal/instruments/crires/doc/Kaeufl_CRIRES_SPIE_2004.pdf

Science highlightsCRIRES

A Crossfield, I. J. M. et #&.qglobal cloud map of the nearest known
brown dwarf, 2014Natur.505..654C

Data obtained within: 2916006

A Paganini, L. et al. The unexpectedly
Bright Comet C/2012 F6 (Lemmon)
Unveiled at Neamfrared wavelengths
2014, AJ, 147, 15P
Data obtained within: 290-:6016

32h


http://telbib.eso.org/detail.php?instrument[]=CRIRES&start=1&rows=1
http://telbib.eso.org/detail.php?instrument[]=CRIRES&start=1&rows=1
http://adsabs.harvard.edu/abs/2014Natur.505..654C
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: UVES
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A A crosddispersedechelle N
spectrograph designed to operatgatmay
with high efficiency from the o T
atmospheric cubff at 300nmto
the long wavelength limit of the

A Twoarms UVtoB,andVto R

The two arms can be operated
separately, or in parallel via a
dichroicbeam splitter.

. . A Three image slicers
A Resolving power is about 40,000 mag

when a tarcsec slit is used. The available

maximum (twepixel) resolution is

80,000 or 110,000 in the Bluand A lodine cell available
the Red Arm, respectively.

Dekker. H. et al. 2000, SPIE. 4008. 5


http://esoads.eso.org/cgi-bin/nph-bib_query?bibcode=2000SPIE.4008..534D

E
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Science highlightsUVES

A Maxted, Pierre F. L. et dllulti-periodic
pulsations of a stripped rediant star in an
eclipsing binary systei2013Natur.498..463M
UVES86.00194

A Bernet Martin L. et alStrong magnetic fields in
normal galaxies at higtedshift,
2008Natur.454..302B

UVE/5.A0841, 0/6.A0860



http://telbib.eso.org/detail.php?boolany=or&boolaut=or&boolti=or&instrument[]=UVES&boolins=or&booltel=or&fq[]=journal:Natur&start=0&rows=1
http://telbib.eso.org/detail.php?boolany=or&boolaut=or&boolti=or&instrument[]=UVES&boolins=or&booltel=or&fq[]=journal:Natur&start=0&rows=1
http://telbib.eso.org/detail.php?boolany=or&boolaut=or&boolti=or&instrument[]=UVES&boolins=or&booltel=or&fq[]=journal:Natur&start=0&rows=1
http://telbib.eso.org/detail.php?boolany=or&boolaut=or&boolti=or&instrument[]=UVES&boolins=or&booltel=or&fq[]=journal:Natur&start=0&rows=1
http://telbib.eso.org/detail.php?boolany=or&boolaut=or&boolti=or&instrument[]=UVES&boolins=or&booltel=or&fq[]=journal:Natur&start=0&rows=1
http://telbib.eso.org/detail.php?boolany=or&boolaut=or&boolti=or&instrument[]=UVES&boolins=or&booltel=or&fq[]=journal:Natur&start=0&rows=1
http://telbib.eso.org/detail.php?boolany=or&boolaut=or&boolti=or&instrument[]=UVES&boolins=or&booltel=or&fq[]=journal:Natur&start=0&rows=1
http://adsabs.harvard.edu/abs/2013Natur.498..463M
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=086.D-0194
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=086.D-0194
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=086.D-0194
http://telbib.eso.org/detail.php?boolany=or&boolaut=or&boolti=or&instrument[]=UVES&boolins=or&booltel=or&fq[]=journal:Natur&start=9&rows=1
http://telbib.eso.org/detail.php?boolany=or&boolaut=or&boolti=or&instrument[]=UVES&boolins=or&booltel=or&fq[]=journal:Natur&start=9&rows=1
http://telbib.eso.org/detail.php?boolany=or&boolaut=or&boolti=or&instrument[]=UVES&boolins=or&booltel=or&fq[]=journal:Natur&start=9&rows=1
http://adsabs.harvard.edu/abs/2008Natur.454..302B
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=075.A-0841
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=075.A-0841
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=075.A-0841
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=076.A-0860
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=076.A-0860
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=076.A-0860

FLAMES

A multi-object, intermediate and high :
resolution spectrograph of the VLT

A field of view 25 arcmin in diameter.

A feeds two different spectrograph
covering the whole visual spectral
range.GIRAFFE and UVES. ‘

A GIRAFFE allows the observation oSSl e
up to 130 targets at the time or to
do integral field spectroscopy, with &
iIntermediate resolution (either R ~ | 2
25000 or R~ 10000).

A UVES provides the maximum
possible resolution (R=47000) but N
can access only up to 8 objects at N
the time.

ES+
+
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Science highlightsFLAMES

A Campbell, Simon W. et @odium content as a
predictor of the advanced evolution of
globular cluster star2013Natur.498..198C
FLAMESGIRAFFE89.50038

A Chiappinj Cristina et allmprints of fast
rotating massive stars in the Galactic Bulge
2011Natur.472..454C
FLAMESGIRAFFE73.B00/74 71.B0617



http://telbib.eso.org/detail.php?instrument[]=FLAMES-GIRAFFE&boolins=or&instrument[]=FLAMES-UV&fq[]=journal:Natur&start=0&rows=1
http://telbib.eso.org/detail.php?instrument[]=FLAMES-GIRAFFE&boolins=or&instrument[]=FLAMES-UV&fq[]=journal:Natur&start=0&rows=1
http://telbib.eso.org/detail.php?instrument[]=FLAMES-GIRAFFE&boolins=or&instrument[]=FLAMES-UV&fq[]=journal:Natur&start=0&rows=1
http://adsabs.harvard.edu/abs/2013Natur.498..198C
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=089.D-0038
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=089.D-0038
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=089.D-0038
http://telbib.eso.org/detail.php?instrument[]=FLAMES-GIRAFFE&boolins=or&instrument[]=FLAMES-UV&fq[]=journal:Natur&start=1&rows=1
http://telbib.eso.org/detail.php?instrument[]=FLAMES-GIRAFFE&boolins=or&instrument[]=FLAMES-UV&fq[]=journal:Natur&start=1&rows=1
http://telbib.eso.org/detail.php?instrument[]=FLAMES-GIRAFFE&boolins=or&instrument[]=FLAMES-UV&fq[]=journal:Natur&start=1&rows=1
http://adsabs.harvard.edu/abs/2011Natur.472..454C
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=073.B-0074
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=073.B-0074
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=073.B-0074
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=71.B-0617
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=71.B-0617
http://archive.eso.org/wdb/wdb/eso/eso_archive_main/query?prog_id=71.B-0617
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UT3¢ Melipal (The Southern Cross)

A VIMOS VisibleMultiObject Spectrograph
AXSHOOTER

A (SPHEREPBpectroPolarimetricHigh-contrast
ExoplaneResearch

AVISIR VLT Imager and Spectrometer for mid
Infrared



