
 P. Padovani - 3rd Azores School 

Paolo Padovani 
ESO, Garching bei München, ELT Science Office 

The European Southern Observatory  

•  Introduction to ESO and its facilities  

•  ESO instrumentation 

•  ESO archive(s) 

•  Some (selected!) science results 
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European Southern Observatory 

  Mission 

Ø  Develop and operate world-class observing facilities for astronomical research 

Ø  Organize collaborations in astronomy (e.g., with ESA and CERN) 

  Intergovernmental treaty-level organization 

Ø  Founded in 1962 by 5 countries 

Ø  Today 15 member states (Austria, Belgium, Czech Republic, Denmark, Finland, 

France, Germany, Italy, The Netherlands, Poland, Portugal, Spain, Sweden, Switzerland, 

United Kingdom + Chile + Australia [10-year partner])  and ~ 680 employees   

Ø  Observatories in Chile:  

•  La Silla + Paranal: 3.6m, NTT (3.6m), VLT (8.2m), VLTI, VISTA (4.1m), VST (2.6m) 
[optical/near-IR] 

•  Chajnantor: APEX and ALMA partnerships [mm] 

•  Paranal/Armazones: Cherenkov Telescope Array (CTA)-South [gamma-ray] 

•  Armazones: Extremely Large Telescope (ELT) [optical/mid-IR] 

  Headquarters in Garching and Office in Santiago 

Adapted from B. Leibundgut 2 
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ESO 

Garching bei München 

Santiago 

La Silla (2400m) 

Paranal (2600m) Chajnantor (5000m) 

Adapted from B. Leibundgut 
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Observatories La Silla and Paranal in operation  

8 Telescopes, plus 4 telescopes for interferometry 

APEX in operation on Chajnantor 

Atacama Large Millimeter Array (ALMA) 

Public data archive 

Extremely Large Telescope (ELT) under construction 

Headquarters in Garching, Germany 

Representation in Santiago de Chile 

Joint ALMA Office in Santiago 

ESO 

Adapted from B. Leibundgut 
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Paranal – the VLT system

Status 2017

Paranal 2017 
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Wien’s law (black bodies) 
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Spectra and physics: stars 

∝ 1/T atmospheric cut-off 
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Spectra and physics: quasars 

∝ 1/T atmospheric cut-off 

T ≈ 105 K à λpeak ≈ 30 nm   

redshift = 6 à λpeak ≈ 30(1+6) ≈ 210 nm   
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Spectra and physics: quasar dust 

∝ 1/T 

T ≈ 100 – 1,000 K à λpeak ≈ 3,000 – 30,000 nm   
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Spectra and physics: emission lines 

100 nm 500 nm 
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Spectra and physics: redshifted emission lines 

700 nm 

redshift = 6 

3500 nm 
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The effect of the atmosphere: transmission 
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The effect of the atmosphere: emission 
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Scattered Moonlight 
Scattered Starlight 
Zodiacal Light 
Molecular Emission of Lower Atmosphere 
Emission Lines of Upper Atmosphere 
Airglow/Residual Continuum 

15 



 P. Padovani - 3rd Azores School 

Physics and atmosphere 

redshift à 
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Spectra: resolving power 

R=600 

R=120 

R = λ/Δλ 
 

17 



 P. Padovani - 3rd Azores School ESO Overview 2017

Paranal – the VLT system

Status 2017

Paranal 2017 
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Resolving power and wavelength 
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1st and 2nd generation VLT spectrographs 

2017/2018


faint sources


bright sources,

better sky 

subtraction


https://www.eso.org/public/teles-instr/paranal-observatory/vlt/vlt-instr/ 

Credit: Marc White 
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1st and 2nd generation VLT spectrographs 

2017/2018


faint sources


bright sources,

better sky 

subtraction


https://www.eso.org/public/teles-instr/paranal-observatory/vlt/vlt-instr/ 

Credit: Marc White 
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Imagers and physics: angular resolution 

θ = λ/diameter x 251643” 
 

λ= 1,000 nm, diameter = 8.2m (VLT) à θ  = 0.03” 

600 times
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Imagers and physics: atmospheric seeing 

seeing 0.8” resolution 0.05” 

typical seeing ~ 0.5 – 1” 
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Resolution and seeing 

Seeing (0.5” at 550nm)  

VLT 

HST 
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Paranal – the VLT system

Status 2017

Paranal 2017 
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1st and 2nd generation VLT imagers 

θ = λ/baseline x 251643” 
(~ 12 x better that VLT) 
 

2020


2018


https://www.eso.org/public/teles-instr/paranal-observatory/vlt/vlt-instr/ 
26 
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VLTI - Very Large Telescope Interferometry 
The VLTI is a virtual 100-Meter Telescope


Adapted from B. Leibundgut 
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1st and 2nd generation VLT/I imagers 

θ = λ/baseline x 251643” 
(~ 12 x better that VLT) 
 

2020


2018


https://www.eso.org/public/teles-instr/paranal-observatory/vlt/vlt-instr/ 

very bright 

sources (K < 9)
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Current LaSilla instruments 

 New Technology Telescope (3.58m)  
Ø  SofI (Son of ISAAC): a large field of view IR (1,000 - 2,500 

nm) spectro-imager 

Ø  EFOSC2 (ESO Faint Object Spectrograph and Camera): 
low-R spectroscopy and imaging (305 – 1,100 nm) 

 ESO 3.6-metre telescope 
Ø HARPS (High Accuracy Radial velocity Planet Searcher): 

very high resolution (R = 120,000) spectrograph (378 - 691 
nm) 

https://www.eso.org/public/teles-instr/lasilla/ 
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The Survey Telescopes 

 VST (VLT Survey Telescope) 2.6m for optical and VISTA (Visible 
and Infrared Survey Telescope for Astronomy) 4.1m for infrared 
observations 

 Coordinated sky surveys in 5-year projects 

Adapted from B. Leibundgut 
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VST Public Surveys 
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VISTA Public Surveys (first cycle) 

All public survey data are publicly available!
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Spectroscopic Public Surveys 

Adapted from B. Leibundgut 

Transients, EFOSC2 and SOFI

Milky Way, FLAMES 

High-z galaxies, VIMOS z = 0.6 -1 galaxies, VIMOS 
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Atacama Large 
Millimeter/submillimeter Array (ALMA) 

VLT etc.
 ALMA
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ALMA 

 66 antennas located at 
5,000 m altitude 
 Partnership 
Ø  Europe (ESO), North America 

(USA and Canada), East Asia 
(Japan, Taiwan, South Korea) 

 Wavelength range: 0.3 – 
3.6 mm (84 – 950 GHz) 
 Cold Universe: T < 10 K 
 Spatial resolution:  
Ø  0.5 – 4.8” (compact 

configuration: ~ 160 m) 
Ø  20 – 43 mas (extended 

configuration: ~16 km) 

35 

  Some ALMA science topics 
Ø  gas and dust in dense molecular clouds and 

proto-stellar discs 

Ø  dust and molecular gas in nearby galaxies 

Ø  dust and spectral line emission in high-
redshift galaxies 

θ = λ/baseline x 251643” 
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ESO Science Archive 

http://archive.eso.org/cms.html 36 

350 Tb 

Size 

500 Tb 

100 Tb 
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ESO Science Archive Form (raw data) 

http://archive.eso.org/eso/eso_archive_main.html 
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New ESO Science Archive Form 
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ESO Science Archive Form (data products) 

http://archive.eso.org/wdb/wdb/adp/phase3_main/form 
39 
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ALMA Science Archive Form 

http://almascience.eso.org/aq/ 40 
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(Some) ESO Science Results 

 Supermassive black hole at the centre of the 
Milky Way  

 Exo-planets 

 Accelerating Universe and supernovae (lecture by 
B. Leibundgut) 

 Stability of fundamental constants (lecture by J. 
Webb) 

 See http://www.eso.org/public/science/top10/ 
for more 

41 
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 Precise mass determination from 17 stars (Gillessen et al. 2017) 

Ø  M = (4.28±0.10|stat ±0.21|Ro) x 106 M¤ 

 No relativistic effects detected so far: e.g., 

Ø GRAVITY should (might?) do that 

Supermassive black hole at the centre of 
the Milky Way  

42 
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HARPS data (Anglada-Escudé et al. 2017)  

 Planet in habitable zone around nearest star (Proxima Centauri) 

Exo-planets (1): Proxima b  

43 
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HARPS data (Anglada-Escudé et al. 2017)  

 Planet in habitable zone around nearest star (Proxima Centauri) 

Exo-planets (1): Proxima b  

44 



 P. Padovani - 3rd Azores School 

Exo-planets (2): GJ 1214b  

 First Super-Earth atmosphere analysed 

 GJ 1214b: R = 2.6 R⊕ and M = 6.5 M⊕ 

FORS2 data (Bean et al. 2010)  
45 
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Summary 

 ESO is an intergovernmental treaty-level 
organization 

 ESO instruments cover a very large range of 
parameter space and wavelengths 

 The ESO archive is a free resource, there to be 
used 

 ESO is producing exciting science 


