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Technologies in the 90s
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Happy 35 th anniversary ADASS !

ADASS I, 1991

Tucson, US

Took place few weeks 

after 9/11

1st appearance of VO

Madrid, 2005,

Solar Eclipse

Gorlitz, 2025

ñGranadaò

2020, COVID

1st fully online

Sydney, 2015

VO in action
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ESA Science Archives: an ever -growing family
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ESAC Science Data Centre - ESA Digital Library of the Universe

ESDC established more than 25 years ago, based at ESAC and ESTEC

Now more ~30 SCI missions covering all space science disciplines

(Astronomy, Planetary Science, Heliophysics)

ESA Science Archives Long Term Strategy

Å Enable maximum scientific exploitation of SCI datasets

Å Efficient long-term preservation of data, software and knowledge

Å Develop cost-effective archives via integration in, and across, projects

Leading/founding partner of International Data Alliances (IVOA, IPDA, IHDEA)

ESA Heritage Space Programme with other ESA directorates

Archival Research Visitor Programme, Conferences, Data Workshops

Data Archive for ESA Human and Robotic Exploration Directorate (including all ISS experiments)
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ESAC Science Data Centre - Stakeholders
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12 hours after Gaia Data Release #3
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ESDC Successes and Lessons Learned over the years
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Enabling Science Exploitation - Science driven Archives

ESAC Science Data Centre

Scientists and Engineers working very closely together
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Archives are not just FTPs nor ñJBODs (Just a Bunch of Disks) ò

but  powerful data discovery and visualization services
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Linking Data and Scientific Publications

FAIR principles encourage that publications link to the data in the archives

In the Archives, linking data with publications is a great functionality

Overall, it increases the usage of the data

Publishers do not enforce (yet) authors to provide links to their data

Data publishers need to establish this link

Not an easy task, often done semi-manually by ESA Project Scientists, 

Å see Mission Publications - Cosmos (esa.int)

NLP now can help in these tasks

ESA TACTICIAN project working in this direction

Å Great progress for some missions (Mars Express, Herschel, Planck, Cluster)

Å Hoping to validate and complete all by end 2026

Expanding from Astrophysics to cover Earth 

Science, Planetary Science and Heliophysics

https://www.cosmos.esa.int/web/guest/mission-publications
https://www.cosmos.esa.int/web/guest/mission-publications
https://www.cosmos.esa.int/web/guest/mission-publications
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Stable but Evolutive architecture over time

2002 2025

Stable 3 tier Architecture 

Migration of individual layer to new technologies

From VO-layer towards VO-built-in

Easier interoperability (Astropy, ESASky, ESA Datalabs)
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ESA Science Archives GUI Evolution over time

1998

~2015

2025
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ESASky

Multi-wavelength, -mission, -messenger PORTAL

All sky visualization through Aladin Lite

Aimed at the entire astronomical community 

Explorer version for outreach purposes

Mission agnostic, initially based on top of ESA 

Archives, then extended to many external non-ESA 

data (space and ground based)

~100 mission metadata & data,

61,000+ catalogues, (Vizier and others)

1300+ HiPS images

Link to publications through Simbad

Fully powered 

by the VO



1414

VO role / evolution over the years

IVOA was created in 2002

Å 22 members, some came and went (funding issues)

Å Stable organizational processes (Working/Interest Groups) with two 

meetings per year with over 100 participants

Å Increased involvement of Astronomical Data Centres

Stable IVOA Architecture

ÅWell established data interoperability standards

Å Interoperability of science platforms is the next challenge

VO operations

Å VO Data services being deployed by Data Centres

ÅCentral ecosystem (Registry, Collaboration tools, é) maintained by 

IVOA members
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VO Concept was FAIR before FAIR existed

Findable

Accessible

Reusable

IVOA creation in 2002 FAIR concept

2014
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VO ecosystem ï growing and improving
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What the VO is not  and what the VO is

What the 
VO is NOT

A Portal to access all astronomical 
data worldwide

The ultimate Application in Astronomy

A magic solution for data 
management

What the 
VO is

A data interoperability ecosystem 
between astronomical data providers

Standards to build VO Applications 
for multi-observatories data access

A data management framework to 
build interoperable data services
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Big upcoming Challenges and Opportunities
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(User) Login or not Login: that is the question  é.

                                                .é and a changing answer
2000 ï login required

Data mostly available through GUI

All Archives with proprietary and public data

User Registration need manual intervention

No login for query but login for any data download

Usage statistics: easy definition of Active Users

2015 ï login required for advanced services

Archives with User Workspaces (DB, VOSpace)

Advanced data query facilities (Gaia TAP)

Login not required for standard services

Login required only for proprietary data download and 

for advanced users services

Usage statistics for Active Users or IP addresses

2010 ï login optional

Some archives with only public data, API access to data

User self-Registration

Login required only for proprietary data download and 

on-the-fly data reprocessing services

Optional login for public data download

Usage statistics for Active Users or IP addresses

2025 ï login required back ?

Bots/LLM crawlers can distort greatly Usage statistics

More archives, more use cases (proprietary/public data)

Archives / ESA Datalabs with access to bigger User 

Workspaces and Computing needs Ÿ login required

Discussion on-going to re-enforce login for all archives 

(happy to hear what other Data Centres do)
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Long Term Data Preservation Challenges

Funding available for archives 

activities during development / 

operations / post-operations 

phases

Limited and fixed funding for 

archives activities during legacy 

phase (ESA Heritage Space 

Programme)

More and more missions going 

into legacy with 2028* turning 

key point when there will be 

more missions in legacy than 

active ones
*Caveat: some missions can be extended and a few more will be adopted
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Dedicated Mission Archive Ÿ Multi-Missions Archive
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Big Data: more than just data volume

New ñbig dataò missions require a paradigm shift

From ñmove the data to the userò towards ñmove the user to the dataò => Science Platforms
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ESA Datalabs 

Data Exploitation

ÅMove the code ot the data

ÅAccess to all Archives data

ÅLaunch from Archives GUI

ÅLeveraging ML / AI techniques

Collaboration

ÅEnable e-collaboration on 
archive data analysis 

ÅScience collaborative Virtual 
Space

Preservation

ÅAccess to Legacy code

ÅEasier access to mission data 
analysis software

Pipeline Management

ÅESDC Jupyter Notebooks

ÅData processing workflows

A 
Datalabs 


