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Outline

▪ ESO Science Archive Facility - SAF

▪ ESO Telescopes & Public Surveys

▪ Science Data Products  

✓ In house reprocessing

✓ Contributed science products

▪ Phase 3 data releases, query forms and 

Archive science portal

▪ Building a community, impact & statistics 

from ESO SAF



ESO Science Archive Facility



ESO Science Archive Facility (SAF)
http://archive.eso.org

La Silla Summer School

Since 1998

Technical and Science Archive

Storage of the ambient conditions

from the La Silla Paranal Observatory

Proprietary period is one year



Data generated at the telescopes need to be processed 

before science information can be extracted

What does ESO do?

➢Archive the data!

➢Provide science-ready processed data

➢Support customized data processing by end users:
• Pipelines

• Workflows

Why does ESO do it? 

➢ESO’s mission: provide the best science data to our 

community, to investigate and understand our Universe

➢ Increasing complexity of instruments and data → 

need to support the community in exploiting the 

information

ESO Science Archive Facility (SAF)
http://archive.eso.org
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Operations @ the ESO SAF

Operations of the Archive 

➢ Inflow: ~10 TB/month; outflow ~15 TB/month

➢Total archive holdings: ~1 PTB of data in 50 million files and 

~40 billion database rows to store header keywords

➢ Infrastructure: on-going studies to support the evolution of 

software and hardware – storage/browsing/downloading 

infrastr.

Phase 3 process

➢ Ingestion, validation and publication of science data products 

in routine operation, from external users and in-house repr.

➢Science Data Product Standard v6.0 - evolving to include 

new products from VLT/VLTI and ELT

La Silla Summer School



ESO Telescopes and Public 

Surveys



ESO Telescopes

205 Gb/night of 

compressed data; 

Transferred within 24 hrs

(EVALSO cable link)

La Silla Summer School
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ESO Public Surveys

Public Surveys in a nut-shell

➢ Legacy value for astronomical community at large 

➢ Very large programmes (>2 years); very diversified observing strategies

➢ Synergy between optical and NIR imaging, from 0.33 to 2.15 micron

➢ Spectroscopic follow-up of sources; multiplexing capabilities (FoV ~ 10 

arcmin) to single slit; Spec_res 104 to ~1000.

➢ All raw observations are immediately public

➢ Survey teams commit to deliver reduced images/spectra and catalogues 

within ~yearly releases (http://eso.org/rm/publicAccess#/dataReleases )

VST & Omegacam

VISTA & VIRCAM

FLAMES@UT2

VIMOS@UT3

EFOSC&SOFI

@NTT

http://www.eso.org/sci/observing/PublicSurveys/sciencePublicSurveys.html

http://eso.org/rm/publicAccess
http://www.eso.org/sci/observing/PublicSurveys/sciencePublicSurveys.html
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VST PS
VST PS

The VST surveys started operations 

on October 2011

• ATLAS extended 700 sqdeg in u’ 

• VPHAS+ reprioritization

• KIDS to be completed in 2019

Completed

Completed

VST Survey ID and home 

page

Science 

topic

Area 

(deg2)

Filters Magnitude 

limits

Total 

hrs

KIDS
http://kids.strw.leidenuniv.nl/

de Jong et al. 2013 Messenger 154 44

Extragalactic 1350a u’ g’ r’ i’ 24.1 24.6 24.4 

23.4
3421

ATLAS
http://astro.dur.ac.uk/Cosmology/vstatlas

/

Shanks et al. 2013 Messenger 154 38

Wide 

area/BAO

4700b u’ g’ r’ i’ z 22.0 22.2 22.2 

21.3 20.5
1585

VPHAS+
http://www.vphas.eu

Drew  et al. 2013 Messenger 154 41

Stellar 

astrophysics 

1800c u’ g’ Hα r’ i’ 21.8 22.5 21.6 

22.5 21.8
1200

Completed

Arnaboldi et al. 2019Msngr.178...10A 

http://kids.strw.leidenuniv.nl/
http://astro.dur.ac.uk/Cosmology/vstatlas/
http://www.vphas.eu/
https://ui.adsabs.harvard.edu/
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Highlights

ATLAS: new dwarf galaxies 

(Crater), streams, ISW effect, 

cold spot

KIDS: cosmic shear, halo 

masses

VPHAS+:young stars, white 

dwarfs, planetary nebulae, 

extinction maps
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Impact of ESO PS

Dark matter may be less dense and more smoothly distributed throughout space 

than previously thought. An international team used data from the Kilo Degree 

Survey (KiDS, PI Kujken) to study how the light from about 15 million distant 

galaxies was affected by the gravitational influence of matter on the largest scales 

in the Universe. The results appear to be in disagreement with earlier results from 

the Planck satellite. (*) Hildebrandt et al. 2017, MNRAS,465,1454

ESO PR 1642 - Constraints on the clumpyness of 

the dark matter distribution in the Universe (*)
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VISTA PS
VISTA PS

• First cycle of VISTA surveys started operations 

on April 2010. Essentially completed in P102

Completed

Completed

Completed

Completed

Completed

VISTA 1st cycle

Survey ID and home page

Science 

topic

Area 

(deg2)

Filters Magnitude 

limits

Total hrs

Ultra-VISTA
http://home.strw.leidenuniv.nl/~ultravista/
McCracken et al. 2013 Messenger 154 29

Deep high-z 1.7 deep

0.73 ultra 

deep

Y J  H 

Ks 

NB118

25.7 25.5 

25.1 24.5

26.7 26.6 

26.1 25.6 

26.0

1832

VHS
http://www.ast.cam.ac.uk/~rgm/vhs/
McMahon et al. 2013 Messenger 154 35

Whole 

Southern 

Sky

17800 Y J H Ks 21.2 21.1 

20.6 20.0

4623

VIDEO
http://www-

astro.physics.ox.ac.uk/~video
Jarvis et al. 2013 Messenger 154 26

Deep high-z 12 Z Y J H 

Ks

25.7 24.6 

24.5 24.0 

23.5

2073

VVV
http://vvvsurvey.org/
Hempel et al. 2014 Messenger 155 29

Galactic MW 560 Z Y J H 

Ks

21.9 21.1 

20.2 18.2 

18.1

2205

VIKING
http://www.astro-
wise.org/projects/VIKING/
Edge et al. 2013 Messenger 154 32

Extragalactic 1500 Z Y J H 

Ks

23.1 22.3 

22.1 21.5 

21.2

2424

VMC

http://star.herts.ac.uk/~mcioni/vmc/
Cioni et al. 2013 Messenger 154 23

Resolved 

SFH

180 Y J Ks 21.9 21.4 

20.3 

2047

Arnaboldi et al. 2019Msngr.178...10A 

http://home.strw.leidenuniv.nl/~ultravista/
http://www.ast.cam.ac.uk/~rgm/vhs/
http://www-astro.physics.ox.ac.uk/~video
http://vvvsurvey.org/
http://www.astro-wise.org/projects/VIKING/
http://star.herts.ac.uk/~mcioni/vmc/
https://ui.adsabs.harvard.edu/
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Name P.I. Short Title Filters Tot. Time 

(hrs)

Area

(deg2)

VINROUGE; N. 

Tanvir

Kilonova counterparts to Gravitational wave 

sources
Y J Ks 420 300

UltraVISTA; J. Dunlop Completing the legacy of UltraVISTA J H Ks 756 0.75

VVVX; D. Minniti Extending VVV to higher Gal lat. J H Ks 1900 1700

VEILS; M. Banerji VISTA Extragalactic Infrared Survey J Ks 1180 9

CAV; M. Nonino Clusters at VIRCAM Y J Ks 560 30

VISIONS; J. Alves VISTA star formation atlas J H Ks 553 550

SHARKS;I. Oteo Southern Herschel-Atlas Regions 

K‐band survey
Ks 1200 300

VISTA PS

• Second cycle of VISTA surveys, ESO call in 

2015 

• 13 Loi submitted by the community,   

oversubscription > 2    

• 7 proposals selected; started operations in 
April 2017

Surveys with multi-epoch observations (exploit time domain)
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Lessons learnt and time domain

• Compreh. 

Science program; 

• complementing 

obs. constraints

• Exploitation of 

the time domain 

universe

VISTA 1st cycle surveys completed in P102!

Arnaboldi et al. 2017Msngr.168...15A

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2017Msngr.168...15A&db_key=AST&link_type=ABSTRACT&high=588d9eca5e28396
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UltraVISTA: Early universe, high-redshift objects, galaxy 

evolution

VHS: connections to several optical surveys (e.g. DES), 

discovery of brown dwarf at 2pc, planetary-mass companions, 

high-z QSO

VIDEO: high-z quasars, galaxy evolution

VIKING: high-z quasars, galaxy evolution, lensed galaxies, 

cool, dwarf stars; still to come: cosmology with KIDS

VMC: LMC star formation history, geometry, Cepheids. RR 

Lyrae, reddening map of 30 Dor field, MC bridge

VVV: structure of bulge, reddening map of inner galaxy, new 

star clusters, variable stars/transients

Highlights
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Highlights of ESO PS

The structure of the Milky Way outside the Bulge(*)

This image shows the surface density of stars in the Milky Way as seen from 

the Sun, taken from four different surveys (UKIDSS, VVV, 2MASS, and 

GLIMPSE) and corrected for extinction. The bulge is the thicker region near 

the center; it is asymmetric because it is barred. The asymmetry in the disk 

towards the left of the image is due to the thinner long bar outside the bulge. 

Wegg, Gerhard & Portail 2015, MNRAS, 450, 4050

* MPE PR http://www.mpe.mpg.de/6333402/News_20150521



La Silla Summer School

Gaia ESO: this survey targets 105 stars distributed among the major components of 

the Milky Way (MW) and in 100 open clusters. It has a strong synergy with the Gaia 

satellite survey. It provides the phase space structure and abundances for the stellar 

populations in the MW. Started in 01/2012 on FLAMES/ UVES@UT2, current 5th year 

of operations. Target selection comes from the imaging surveys VHS and VVV, among 
others. (http://www.gaia-eso.eu/ )

PESSTO: spectroscopic follow-up of about 150 SN candidates in an unbiased sample 

of nearby galaxies to understand the physics of supernovae explosion. Started in 

01/2012 on EFOSC/SOFU@NTT, current 5th year of operations. (http://www.pessto.org/ )

VANDELS: study of the star forming galaxies in the redshift range 2.5<z<7.0 and 
passive galaxies in the redshift range 1.5<z< 2.5, in the two CANDELS fields, CDF 

South and UDS. Goal is to measure metallicities and kinematics of the ionized gas in 

these systems. 914 hours allocated on VIMOS@UT3. (http://vandels.inaf.it )

LEGA-C: study of 3000 early-type galaxies in the COSMOS field in the redshift range 

0.6 < z< 1.0. Understand how galaxies grow in mass through measurements of their 
dynamical masses, stellar ages and metallicities. 1010 hours allocated on 

VIMOS@UT3. (http://www.mpia.de/home/legac/index.html )

Spectroscopic Surveys

http://www.gaia-eso.eu/
http://www.pessto.org/
http://vandels.inaf.it/
http://www.mpia.de/home/legac/index.html
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Public Spectroscopic Survey 

ID and home page

Science topic Number of 

targets/ 

spectra

Spectral 

resolution

Total  

number 

of nights

Gaia ESO
http://www.gaia-eso.eu/
Randich et al. 2013 Messenger 154 47

MW, stellar 

populations

200000 20000 282.5

PESSTO
http://www.pessto.org/
Smartt et al. 2013 Messenger 154 50

Transient, SN 

progenitors

150 ~2500 384.0

VANDELS
http://vandels.inaf.it
McLure et al. 2017 Messenger 167 31

Physics of galaxies 

in the early universe 

CANDELS, UDS & 

CDFS fields

2700 ~1500 142.7

LEGA-C
http://www.mpia.de/home/legac/index.html
van der Wel et al. 2016 Messenger 164 36

Dynamics of 

galaxies at              

z = 0.6 - 1.0

3100 ~1500 99.8

Spectroscopic Surveys

Completed

Completed

Completed

Completed

Arnaboldi et al. 2019Msngr.178...10A 

http://www.gaia-eso.eu/
http://www.pessto.org/
http://vandels.inaf.it/
http://www.mpia.de/home/legac/index.html
https://ui.adsabs.harvard.edu/
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Gaia-ESO: metallicity gradients, age-metallicity 

relations, kinematics of dwarf galaxies and stellar 

clusters, metal-poor stars

PESSTO: characterization of neutron star merger, 

superluminous, supernovae, supernova 

progenitors, CSM of SNe Ia

LEGA-C: ages and star formation history in z~1 

galaxies, gas & stellar dynamics, scaling relations

VANDELS: stellar mass, star-formation rates, 

stellar metallicities and gas outflow rates in z>2.5 

galaxies

Highlights
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IMPACT of ESO PS

Mosaic of VISTA images of NGC 4993 showing changing kilonova

ESO PR 1733 - ESO Telescopes Observe First Light from 

Gravitational Wave Source

ESO PS VINROUGE, PI N. Tanvir

Montage of 

X-shooter 

spectra 

showing 

changes in 
the kilonova

in NGC 

4993 over 

12 days. 

ESO/Pian et 

al./Smartt & 

ePESSTO
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Impact of ESO PS

From http://telbib.eso.org

0

100

200

300

400

500

600

700

Cumulative number of refereed publications/citation for ESO PS

N. ref. pubs N. Citation/10

Total ref. publications: 848
172 (20.3%) are from archive
84 (10%) are archive + PI
(since 2010)

http://telbib.eso.org/


Science Data Products  

✓ In-house reprocessing

✓ Contributed science products



PI science

Raw data

Science users

Processed 
by the user

Processed by 
ESO & fed 

into the 
archive

Processed 
by the 

community & 
fed into the 

archive

In-house generation of science processed data

UVES raw frames

1D science spectrum

Archive science

It’s a Black Hole in 

the infant Universe 

that illuminates 

everything in 

between! 
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Processing data at ESO & feed the science archive (since 

2013) - QC group + BOD 

➢ 1.7 million spectra including UVES Echelle, XSHOOTER Echelle, 

HARPS, FLAMES/GIRAFFE MOS (Medusa)

➢ ~ 10000 IFS  including MUSE & MUSE DEEP

➢ ~ 20000 images including HAWKI & VIMOS imaging

Requirements for quality-oriented processing of science data 

➢ Stable science operations 
• Calibration plan
• On-site QC0

• Instrument status well known (scores, Health Check monitor)

• QC loop 

➢ Understood and certified data processing tools (pipelines)

In-house generation of science processed data



Links to the 
associated data 
documentation

Links for 
Data Access

Phase 3 data streams  
organized by 
• pipeline-processed data

http://www.eso.org/sci/observing/phase3/data_streams.html
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In-house generation of science processed data

In house processed products available to Pis of ESO approved runs during 

proprietary period from user portal account.



Raw data

Science users

Processed 
by the end 

user

Processed 
at ESO

to feed the 
science 
archive

Contributed 
by the 

community 
to feed the 

science 
archive

Contributed processed science data

1D science spectrum
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VIRCAM 

raw frame

Source lists 

at several 

wavelengths

3D shape of our own 

Galaxy



Processed data contributed by the community to the 

science archive – routinely since 2011

➢ Mandatory for datasets with high legacy value (Public Surveys 

and Large Programmes) - Arnaboldi+2014, Messenger,156, 24

• Open to contributions from the community at large

Goals of the quality control on the contributed data: 

build high quality, trusted content
➢ Homogeneity and completeness of the published data

➢ Coherent and comprehensive scientific quality of the data

➢ Ensure homogeneous, reliable user documentation of the data

Contributed processed science data

VISTA survey tile.

ASG - Phase 3 

science 

data standard

3D cube

Content validation by ASG

Retzlaff+2014, SPIE, 9149, 3
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Contributed processed science data

http://eso.org/rm/publicAccess#/dataReleases



Data Release Description
▪ Provide short broad overview of the program, with an 

overview/layout of the observations

Essential input for data content validation.

Release content
• Extended listing for each sky position, filters, exposure 

times, seeing 

Release notes
• Reduction method used, calibration procedures, data 

quality 

Data format
• Description of files in this data release , associated 

files, and naming conventions

Acknowledgements
• Bibliographic reference to be included when using 

these  data.



Phase 3 releases, query forms 

and Archive Science Portal



Data releases in 2019

Arnaboldi et al. 2019Msngr.178...10A 

https://ui.adsabs.harvard.edu/




ESO Archive 

Query Forms

• Queries by high-

level quality 

parameters:

- MAGLIM

- PSF_FWHM

• Seamless access to all 

ESO data products via 

top-level query form;

• Including ESO-

generated stream of 

data, currently 

UVES/Echelle; 

Xshooter/Echelle, 

HIP3, Giraffe/Medusa.

Data products are available for 

download by the astronomical 

community worldwide!





Catalogue Facility Query Interface





ESO Archive Science Portal

La Silla Summer School

http://archive.eso.org/scienceportal



Target-driven search &

multi-resolution preview of imaging data

La Silla Summer School



Inspecting spectral data using 

the integrated previewer

VHS background image

Zoom, Pan, Rescale

La Silla Summer School



Multi-dimensional faceted 

(all-sky) search

La Silla Summer School



VVV Survey Footprint

(H band)

La Silla Summer School



Survey coverage: VVV H bandDynamic coverage maps
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2) Browse targets and 

review available data products

Archive  Sc ience  Por ta l S
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1) Drop your target list

3) Data download
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The ESO Archive Science Portal
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http://archive.eso.org/scienceportal/home


Upcoming:
Exploring the spectral dimension of IFS data cubes
Abell 370, MUSE data, P.I. J. Richard

La  Si lla Summer School



Upcoming:
Exploring the spectral dimension of IFS data cubes
Abell 370, MUSE data, P.I. J. Richard
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Upcoming:
Exploring the spectral dimension of IFS data cubes
Abell 370, MUSE data, P.I. J. Richard

La  Si lla Summer School



Imaging data overlaid with catalogue source positions
KiDS Data Release 4, P.I. K. Kuijken

La  Si lla Summer School



Summary of ASP Features

Multi-dimensional faceted search

Zooming and panning the sky 
view (powered by Aladin light, 
CDS)

Aggregations expose the entire 
archive content

Iterative queries (adding and 
dropping constraints)

Footprints & dynamic coverage 
maps

Highlighting of datasets across 
views

Previews for all products

Spectral data viewer

Color-coding according to data 
type

HiPS multi-resolution previews 
of imaging datasets

Search by target name or 
around a position & target list

Background Imagery from 
HiPS network

Autocompletion of text-based 
fields

Interval constraints

Server-side sorting

One-click download

Dataset detail view

Interoperability via SAMP & 
programmatic access



Building a community, impact 

& statistics from ESO SAF



Refereed papers from 

Archive science 
➢ The fraction of archive papers keeps 

increasing. In 2019 it reached 36%, up from 

32% in 2018 and 29% in 2017.

Building a community

➢ >3589 unique users of science ready 
data…and counting!       

➢ > 10 requests per user;

➢ ~30% of these users are new to ESO, having 
not applied for tel. time

Impact of quality archived science 

data



La Silla Summer School

Returns for the community

Archive users 

are accessing 

science data 

products for 

their 
independent 

science

http://archive.eso.org/scienceportal 

0

2000
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8000

10000

12000

14000

16000

18000

Data Volume (Gb) downloaded
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Returns for the community

Archive users are 

accessing science data 

products for their 

independent science

http://archive.eso.org/scienceportal 

On average users carry out **21** independent 

queries for catalog records via the ESO catalog 

query interface.

Since 06.2018, 105 invocations*/237 users for 

catalogues@ESO via programmatic access interface 

of SAF

*Aladin, topcat, sql queries

Catalogue facility

Number of queries and distinct users
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Exciting DRs from ESO PS (KIDS DR4, UltraVISTA DR4, VIKING DR4, GAIA-

ESO DR4 etc) in 2019-2020

Planet transit projects: Next Generation Transit Surveys 

(NGTS - DR1 on 19.11.2018), SPECULOOS, TRAPPIST  and more 

DRs to come

Call for Large programmes on VISTA/VST in P104 

Construction and deployment in operations of two wide field 

spectrographs – the Multi Object Optical and Near Infrared 

Spectrograph (MOONS) – and the 4 meter Multi Object 

Spectroscopic Telescope (4MOST) in 2022

These spectrographs on VLT/VISTA  have large multiplexing 

(1000, ~2400 fibers), wide-field (500 sq. arcmin, 4.1 sq. deg), ext. 

wavelength coverage  (0.6-1.8 micron; 0.37-0.95 micron)

Forward look 
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End!


