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ESO

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

ESO Extremely Large Telescope under construction

Headquarters in Garching, Germany

Representation in Santiago de Chile

Joint ALMA Office in Santiago
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Paranal 2018
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One of the 8m telescopes
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The Survey Telescopes

VST 2.6m for optical and VISTA 4.1m für infrared observations

Coordinated sky surveys in  5-year projects
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Public Surveys

6
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VLT Opportunities

�Four 8m telescopes
Ø flexibility
Øscientific throughput

• 1200 observing nights/year

�Successful operational model
Øexpand existing model to allow new modes

• high time resolution photometry and spectroscopy
• faster turnaround (currently DDT)
• closer interaction with user, e.g. remote observing

�Telescope system
Øspatial resolution from 1 degree to 2 mas
Øwavelength coverage from 320nm to 20μm
Øspectral resolutions from a few to 100000

➤Talks by H. Boffin, M. Petr, C. Hummel 



Garching | 12 March 2018

Multi-Wavelength Astrophysics

ESO offers access to 
optical, infrared and 
sub-mm wavelength 
ranges 

VLT/I provide many 
resolution scales

Operational model 
adapted to fast 
reactions/transient 
targets
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Helix Nebula
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Science with Paranal/La Silla telescopes

�Contributions to nearly all of astrophysics
ØSolar system

• Trans-Neptunian Objects, asteroids, comets

ØExo-planets
• direct imaging, temperate planets, planetary systems

ØStellar physics
• metal-poor stars, supernovae, neutron star mergers

ØMilky Way structure
• galactic centre, distances

ØGalaxy evolution
• redshift surveys, rotation curves, absorption studies

ØCosmology
• accelerating universe, background temperature, chemical evolution

➤H. Boffin’s talk
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The ESO exo-planet machinery

�HARPS at 3.6m telescope (in the future also NIRPS)
Øbest radial velocity machine at a 4m telescope 
Øextremely stable spectrograph
ØESPRESSO at VLT 

�NACO/SPHERE
Øadaptive optics supported 

imaging and spectroscopy
�VLTI

Øhighest spatial resolution for follow-
up observations of known systems

�NACO/SINFONI/FORS2
Ø transit measurements, atmospheres of 

exo-planets
�CRIRES+

Øspectroscopy of atmospheres
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Long-term observations

SN 1987A observed over 3 decades
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ESO – Your Observatory

�Consistently high demand 

➤F. Patat and D. Gadotti

12 The Messenger 169 – September 2017

Table 1. VLT Instruments

Instrument  
Name

Instrument  
Acronym Period Date

Comments

FOcal Reducer/low  
dispersion Spectrograph 1

FORS1 63 April  
1999

Decommissioned  
April 2009

Infrared Spectrometer  
And Array Camera

ISAAC 63 April  
1999

Decommissioned  
December 2013

FOcal Reducer/low  
dispersion  Spectrograph 2

FORS2 65 April  
2000

–

UV-Visual Echelle   
Spectrograph

UVES 65 April  
2000

–

Nasmyth Adaptive Optics  
 System ( NAOS-CONICA)

NACO 70 October  
2002

–

Fibre Large Array Multi   
Element  Spectrograph

FLAMES 71 April  
2003

–

VIsible Multi-Object   
Spectrograph

VIMOS 71 April  
2003

Decommissioning  
planned for 2018 

Spectrograph for INtegral  
Field  Observations in the  
Near-Infrared

SINFONI 74 October  
2004

Upgraded in 2016;  
upgrade as part of  
ERIS  project

VLT Imager and  Spectrometer  
for  mid-InfraRed

VISIR 75 April  
2005

Upgraded in 2015

CRyogenic InfraRed Echelle 
 Spectrometer

CRIRES 79 April  
2007

Dismounted in Period 93; to 
return to the VLT in Q1 2018

High Acuity Wide field  
K-band Imager

HAWK-I 81 April  
2008

Commissioning instrument  
for the Adaptive Optics 
 Facility (AOF)

X-shooter – 84 October  
2009

Atmospheric Dispersion 
Corrector refurbished  
in 2017

K-band Multi-Object   
Spectrograph

KMOS 92 October  
2013

–

Multi Unit Spectroscopic  
Explorer

MUSE 94 October  
2014

–

Spectro-Polarimetric  High- 
contrast Exoplanet REsearch 

SPHERE 95 April  
2015

–
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remains. Like the number of proposals, 
the time requested tends to decrease 
over time for ageing instruments.

A further indication of the popularity of 
instruments is the number of approved 
Large Programmes (LPs). This is a strong 
function of the duration of operation of  
an instrument. By far the largest number 
of LPs have been approved on FORS2: 
28 programmes in total, covering a wide 
range of scientific topics from Solar Sys-
tem objects to cosmology. Most other 
early instruments (FORS1, ISAAC, UVES) 
and the survey instruments (FLAMES  
and VIMOS) had allocations of between 
14 and 16 LPs. FLAMES and VIMOS are 
also used in Public Spectroscopic Sur-
veys (Gaia-ESO, LEGA-C and VANDELS). 
The more recent instruments (HAWK-I, 
X-shooter, KMOS, MUSE and SPHERE) 
had smaller LP allocations simply 
because they have not been offered for 
the same length of time.

Science return of VLT instruments

Data on the number of publications and 
citation counts per year have been ana-
lysed statistically for all instruments, par-
tially following the methodology pre-
sented by Kulkarni (2016). We also looked 
at the ten most cited publications for 
each instrument to assess their impact.

The total numbers of publications and cita-
tions give a global view of the impact of an 
instrument. A direct comparison between 
the instruments is difficult for several rea-
sons. The time between data collection 
and publication is typically from months 

Figure 1a. (Below left) Demand per VLT instrument 
(number of proposals) over the past 12 years 
(24 observing periods). The colour assigned to each 
instrument is the same in the subsequent figures.

Figure 1b. (Below right) 
Requested time per VLT instru-
ment over the past 12 years.

Telescopes and Instrumentation Leibundgut B. et al., Scientific Return from VLT instruments

First offered
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ESO – Your Observatory

�Steadily increasing science return

Publications 
ESO publication statistics are derived from the Telescope Bibliography (telbib), a database of refereed articles that directly use 
ESO data. telbib is maintained by the ESO library. Here, we provide some basic statistics to give an overview of publications 
and citations for the publication years 1996-2017. 

Notes: 
VLT/VLTI: papers using data generated by VLT and VLTI instru-
ments, including visitor instruments for which observing time is 
recommended by the ESO OPC (Observing Programmes  
Committee), e.g., VLT Ultracam, VLTI PIONIER.  

La Silla: papers using data generated by facilities located on  
La Silla, including visitor instruments for which observing time is 
recommended by the ESO OPC, e.g., NTT Ultracam. Papers 
based on data from non-ESO telescopes or observations obtained 
during ‘private’ periods are not included. 

Survey telescopes: papers using data generated by ESO’s  
survey telescopes VISTA and VST 

APEX: papers using data generated by APEX, including visitor 
instruments for which observing time is recommended by the ESO 
OPC, e.g., APEX P-Artemis, APEX Z-Spec. Other visitor instru-
ments (e.g., APEX/CONDOR) are excluded. Only papers based 
(entirely or partly) on ESO APEX time are included. 

ALMA: papers using data generated by ALMA. Only papers based 
(entirely or partly) on European ALMA time are included. 

Papers can use data from more than one facility, therefore 
the total number cannot be calculated by simply adding all 
publications of the individual sites, telescopes, or instru-
ments.  

Publication and citation statistics mentioned in this report 
date from February 2018.  

ESO Library, Karl-Schwarzschild-Strasse 2, 85748 Garching near Munich, Germany, library@eso.org  /  http://telbib.eso.org  	 !3

Fig. 1: Refereed papers using ESO data

VLT / 
VLTI

La Silla
Survey 

tel.
APEX ALMA Total

1996 350 350

1997 388 389

1998 405 405

1999 29 324 348

2000 52 300 342

2001 105 316 399

2002 159 288 408

2003 260 305 512

2004 342 316 588

2005 359 297 607

2006 413 279 12 640

2007 495 312 1 718

2008 486 289 8 689

2009 473 260 15 660

2010 510 277 2 28 738

2011 555 286 13 27 786

2012 616 270 30 40 16 867

2013 567 273 38 44 40 842

2014 563 267 73 47 47 871

2015 555 211 94 33 73 865

2016 566 199 109 49 134 947

2017 628 229 151 46 152 1.084
Table 1: Number of refereed papers using ESO data 

(see also http://telbib.eso.org/pubstats_overview.php)
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ESO – Your Observatory

�High impact

13The Messenger 169 – September 2017

tions per year) as the plateau of ISAAC 
and FORS1 (both decommissioned). 
NACO and FLAMES had a slower evolu-
tion to reach a plateau of about 60 publi-
cations every year.  SINFONI has contrib-
uted to about 40 papers per year for  
the past 6 years. HAWK-I, VISIR and 
CRIRES peak below 30 papers per year, 
but all three instruments were not offered  
for some time because of upgrades.  
The second-generation instruments have 
begun operating too recently to have 
reached a peak in their paper evolution. 
X-shooter displays an increase compa-
rable to the most successful instruments, 
but has levelled at about 70 papers  
per year for the past three years, while 
KMOS, MUSE and SPHERE will need 
several more years to reach equilibrium.

to years, which means that a lag time 
from when an instrument is first offered 
would have to be applied. Similarly, cita-
tions build up after publi cation, and a 
corresponding lag time would need to be 
considered. The data in Table 2 should 
therefore be interpreted with caution.

As might be expected, the earliest instru-
ments have also resulted in the most 
papers and citations (Figures 2 and 3). 
UVES has resulted in the most publica-
tions and the highest number of citations, 
while FORS1 and FORS2 have contrib-
uted more than 1000 papers each. ISAAC 
is the fourth VLT instrument with over 
50 000 citations to nearly 1000 papers. 
VIMOS stands out with a large number of 
papers considering its late arrival and has 
a high number of citations. On the other 
hand, SINFONI has produced about half 
as many publications as VIMOS but joins 
FORS1, ISAAC, FORS2, and VIMOS as 
one of the instruments with more than 
40 citations per publication on average.

The first VLT instruments (FORS1, ISAAC, 
FORS2, UVES) showed an early steep 
rise in publications and citations. It should 
be noted that not all foci of the available 
UTs were initially occupied, so the first 
instruments had a larger fraction of 
observing time available. While the num-
bers of papers for FORS1 and ISAAC 
started to decline after they were decom-
missioned, FORS2 and UVES have 

reached a stable level of about 120 (UVES) 
and 100 (FORS2) papers per year for the 
past ten years.

The increase in the number of papers for 
the instruments that came into operation 
later is more modest (NACO, FLAMES, 
VIMOS, SINFONI, VISIR and CRIRES). 
However, these instruments did have 
smaller shares of telescope time as the 
UT foci filled up. Specific situations for 
some instruments apply. As FLAMES and 
VIMOS are survey instruments, publica-
tions often require large samples collected 
over several semesters. In particular, the 
early rise in publications for VIMOS is not 
as steep as those for the FORSs, ISAAC 
and UVES, but VIMOS publications now 
match the same level (about 80 publica-

Table 2. Total publications and citations

Instrument Publications Citations

FORS1 1000 57265

ISAAC 978 51839

FORS2 1365 62499

UVES 1781 69754

NACO 598 23121

FLAMES 567 22001

VIMOS 715 32807

SINFONI 365 16075

VISIR 167 4225

CRIRES 168 4251

HAWK-I 199 6794

X-shooter 383 8072

KMOS 23 363

MUSE 66 391

SPHERE 45 344
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Figure 2. Number of 
publications per VLT 
instrument.
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Figure 3. Number of 
citation counts of VLT 
instruments.
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Science impact of VLT instruments

All VLT instruments show rising citation 
counts, which means that their impact 
continues to grow. The citation counts 
seem to separate the VLT instruments 
into three groups (Figure 3). Obviously, 
the citation counts strongly correlate with 
the length of time an instrument has been 
offered to the community. FORS2 and 
UVES, the two instruments in operation 
for the longest time show the highest 
citation counts. FORS1 and ISAAC lev-
elled off after decommissioning. VIMOS 
shows a very steep rise in the past years 
and is now the third most cited VLT 
instrument. While still showing a steady 
increase, NACO, FLAMES and SINFONI 
are on a less accelerated path than the 
first instruments. This can clearly be seen 
when comparing the citation counts 
 relative to the start of operations for all 
instruments (Figure 4).

Here the top group for the first decade of 
operation includes FORS1, FORS2, ISAAC, 
UVES, VIMOS and X-shooter. They each 
reached about 4500 citations per year 
after a decade. X-shooter has of course 
not reached the 10-year mark yet, but it 
is fully on track to match the evolution of 
the other instruments. A second group  
of instruments reaches about 2000 to 
2500 citations after ten years and includes 
NACO, FLAMES, SINFONI and HAWK-I. 
Finally, VISIR and CRIRES had fewer than 
1000 citations per year after their first 
decade; but CRIRES was only in opera-
tion for seven years.

Lower demand for an instrument naturally 
results in fewer observations, leading to 
fewer publications and citations. This 
causality can be roughly followed from 
Figures 1 to 4. A direct comparison of the 
total number of citations per instrument  
is not meaningful given the different oper-
ating times of the individual instruments. 
One should also be careful as overall 
 statistics only tell part of the story and 
some instruments may have an important 
scientific impact in specific fields while not 
excelling in the global averages. For exam-
ple, we note NACO’s key role in the meas-
urement of the mass of the supermassive 
black hole at the centre of the Milky Way.

Most cited papers of VLT instruments

Citation counts can also depend on the 
specific research topics and communities. 
When comparing absolute numbers, the 
time for which an instrument has been in 
operation is also a deciding factor. The 
most cited VLT publications (more than 
750 citations as at the end of 2016) come 
from FORS1, FORS2 ISAAC, VIMOS, 
NACO and SINFONI. The topics include 
supernova cosmology, deep  galaxy 
 surveys (GOODS, COSMOS), supernova– 
gamma-ray burst connection, dark 
 matter searches, galaxy evolution at high 
redshifts, a massive pulsar in a compact 
binary and the Galactic Centre. Most of 
these publications use data from several 
major observatories and have large co- 
author lists (typically more than 20); for 
example, only five of the 25 most cited 

VLT papers have fewer than ten co- 
authors. Table 3 lists the most cited publi-
cations per instrument until 2016 based 
on ESO Publication  Statistics2.

Conclusions and outlook

All VLT instruments are in constant 
demand, display a good scientific return 
and show significant scientific impact as 
measured by the proposal statistics, num-
ber of publications and citation counts, 
respectively. According to the criteria set 
out by Kulkarni (2016), the operational VLT 
instruments are all delivering. Instruments 
in operation for a few years show a nearly 
constant publication rate. Publications 
from new instruments increase substan-
tially during their first years of operation. 
Instruments that were not offered for a 
period, or have been decommissioned, 
show a decrease in the number of publi-
cations after some years. The citation 
counts continue to increase for all opera-
tional instruments, which means that  
their scientific impact is maintained. A 
reduction in citation counts would indi-
cate a loss of scientific edge and point 
toward necessary instrument upgrades 
or replacements (Kulkarni, 2016). This 
does not apply to any of the operational 
VLT instruments at the moment.

The oldest currently operated VLT instru-
ments (FORS2 and UVES) have not 
received any major upgrades. They are 
among the VLT instruments with the  
highest scientific impact and their future 
operation must be ensured. As work-
horse instruments they are the most ver-
satile tools for astrophysics at the VLT 
and they will remain relevant for the fore-
seeable future.

ESO has upgraded instruments with  
low overall impact to improve their sci-
ence capabilities in recent years (VISIR, 
CRIRES, HAWK-I). It remains to be  
seen how these upgrades increase their 
scientific impact. VISIR will be used for  
an experiment with the Breakthrough 
 Initiatives (Kasper et al., p. 16). The new 
CRIRES capabilities will be extremely 
important in the characterisation of 
exoplanet atmospheres and HAWK-I will 
operate with a ground-layer adaptive 
optics system that will deliver supreme 
image quality for most of the time.
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to the start of operation.

Telescopes and Instrumentation Leibundgut B. et al., Scientific Return from VLT instruments
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ESO – Your Observatory

�Support for observation preparations

➤Talks by H. Boffin, F. Primas, 
L. Tacconi-Garman, M. Hilker, 
G. Beccari, J. Pritchard

�Support with data reductions
Ø Instrument pipelines

➤Presentations by W. Freudling, L. Coccato, 
J. Pritchard
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Science Archive

➤Talks by M. Romaniello
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Science Archive
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New Science Archive Interface
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Stay involved

�Student- and Fellowship programme

�Visitor programme

�Workshops and conferences

�Messenger

�Science Newsletter

�Web pages
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ESO Studentship Programme

■Open to all nationalities, 
but preference to ESO 
member countries

■ Students spend one or 
two years at ESO

■ Also 2-3 month research 
opportunities for student 
interns
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ESO Fellowship Programme

■Open to all nationalities, but preference to ESO 
member states

■ 3 years in Garching or 4 in Chile
■Chile Fellows do research plus observatory work
■Garching Fellows do research plus support work 
■New: Technical Fellowships
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ESO Visitor Programme
■ ESO welcomes short and long term visits by 

astronomers from around the world
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ESO Messenger
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ESO Science Newsletter


