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Technologies in the 90s
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Happy 35t anniversary ADASS ! Eesa

ADASS 2020
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ESA Science Archives: an ever -growing family esa
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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
A Enable maximum scientific exploitation of SCI datasets
A Efficient long-term preservation of data, software and knowledge
A Develop cost-effective archives via integration in, and across, projects
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ESAC Science Data Centre
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ESDC Successes and Lessons Learned over the years esa
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Enabling Science Exploitation - Science driven Archives e esa

ESAC Science Data Centre

Scientists and Engineers working very closely together

ESAC SCTENCE DATA CENTRE
8
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Archives are not just FTPs nor
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data discovery and visualization services
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HUBBLE

One of the brightest nebulae in the night sky is Messier 42, the Orion Nebula, located

south of Orion's belt. At ts core is the young Trapezium Cluster of stars, the most

massive of and

radiation fieds, while protostars continue to form today in the OMC-1 molecular cloud

behind. The nebula is a treasure trove for astronomers studying the formation and early

evolution of stars, with a rich diversty of phenomena and objects, including: outflows and

young brown dwarfs; free-

objects; and regions

the gas.

The new imaging was obtained with Webb's near-infrared camera, NIRCam, and has
| been made into two mosaics, one each from the short and long wavelength channels.

& | These are among the largest Webb mosaics observed to date and given the high

resolution . they porated in y

exploration of

g within them. The
maximises Webb's resolution to reveal

discs and outflows, while the the

1o explore these images to see what hidden treasures you can find!
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This image Is released under the CC BY-SA 3.0 1GO icense.
Credit: NASA, ESA, CSA / Mark McCaughrean & Sam Pearson
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Linking Data and Scientific Publications esa

FAIR principles encourage that publications link to the data in the archives astrophysics data 'systehi
In the-Archives, linking-data with publications Is a great functionality e =

Overall, it increases the usage of the data Expandlng from Astr@@hysics to cover Earth

=R ERCE Planetary S nce and Hellowysms
o ;“.‘,‘0' e - ,4; ” 4 :E

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 semj-manually by ESA Preject Scientists,

A “see Mission Publications - Cosmos (esa.int)

NLP now can help in these tasks
ESA TACTICIAN project working in this direction
A Great progress-for some missions (Mars Express, Herschel, Planck, Cluster)

A Hoping to validate and complete all by'end 2026
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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

Stable but Evolutive architecture over time

An open 3-tier architecture :
Separate the Data from the Presentation

Meta Data
in Database

Virtual

Observatol @ Greenplum open source 1]

e
Ll

Business logic:
Java User Interface (applet) access _?o database
access to data products Data Products

2002 Provides services to User I/F on hard disks

Euclid Consortium Science Ground Segment Science data centers

Stable 3 tier Architecture
Migration of individual layer to'new technologies
FromVO-layer towards VO-built-in
Easier interoperability (Astropy, ESASky, ESA Datalabs)
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ESA Science Archives GUI Evolution over time esa
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Pcesay
oy - ESASKY

Multi-wavelength, -mission, -messenger PORTAL f:‘fﬁ‘ﬁ Foa N
All sky visualization through Aladin Lite 5887

Aimed at the entire astronomical community | e e .

Explorer version for outreach purposes

Mission agnostic, initially-based on top of ESA 5 | | _ _ :
Archives, then extended to many external non-ESA. =t | R o

=] el |~ (| = ) = ]
~100 mission metadata & data,

61,000+ catalogues, (Vizier and others) @ ))

&= Fully powered
1300+ HIPS images b by the VO

Link to publications through Simbad ~ 3JPEER

SUZAKU

Planck {| <5a%A)

Gaia
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VO role / evolution over the years

Astre

IVOA was created in 2002 NOV. S

ZEUD Chivaww

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

A Stable organizational processes (Working/Interest Groups) with two Cesa  cwromr  GAK
meetings per year with over 100 participants '

A Increased involvement of Astronomical Data Centres

Stable 'VOA Architecture
A Well established data interoperability standards

User
Frograms

A -Interoperability of sciencé platforms is the next challenge

. ConeSearch
QbsCore | | S5AP
VO Query EpnTAP  [5LaR |

Languages

VO operations = (=] Em —
p : ‘Sem.-;-_.nrri:s @E;ﬂ

A VO Data services being deployed by Data Centres TN

5]020)04d 55990V BleQ

ACentr-al ecosystem (Regi stry, C ol
IVOA members

Data and Metadata Collection e
Computation




VO Concept was FAIR before FAIR existed

Users Computers

What is FAIR DATA?
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Data and supplementary materials have Metadata and data are understandable

indable VO Query

Languages

sufficiently rich metadata and a unique to humans and machines. Data is

and persistent identifier. deposited in a trusted repository.

Semantics
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Accessiblq

Metadata use a formal, accessible, Data and collections have a clear

shared, and broadly applicable language usage licenses and provide accurate

Data and Metadata Collection

) Computation
Resource Layer P

for knowledge representation. information on provenance.
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Reusable Providers
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Accessible Interoperable Reusable

FAIR concept
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VO ecosystem 1 growing and improving

SIAP1, SIAP2, SSAP, TAP resources over time
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SCS resources over time
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SIAP2 compliancy evolution
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SSAP compliancy evolution

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2025
Nov

SSAP-Compliant SSAP-Partial M SSAP-NotCompliant

TAP compliancy evolution

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2025
Nov

TAP-Compliant TAP-Partial M TAP-NotCompliant
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What the VO Is not and what the VO Is

S
]

A Portal to access all astronomical A data interoperability ecosystem
data worldwide between astronomical data providers

Standards to build VO Applications

The ultimate Application in Astronomy for multi-observatories data access

A magic solution for data A data management framework to
management build interoperable data services

17
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Big upcoming Challenges and Opportunities

18

m EH B E E_ DAl EEEEEGCSEEBEBEENENE &SR

w—

+ THE EUROPEAN SPACE AGENCY



(User) Logl n

Or

V4

e

N Ot
and

Logl n
a chang.l

tééﬁ‘sb

2000 | ‘login required
Data mostly available through.GUI
All Archives with proprietary: and.public data
User Registration need manual interventibn
No Ibgin for-query but login for any data download
Usage statistics: easy definition of Active Users

20107 login optional

Some archives with only public data, APl 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

2015 T ‘login required for advanced services
Archives with User Workspéces (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

‘Workspaces

2025 1 login required back.?

Bots/LLLM crawlers can distort greatly Usage statistics

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

Archives / ESA Datalabs with access to bigger User
a.nd_ ‘Comp ut i.n.g

Discussion: on-going to re-enforce login for all archives
(happy to hear what other Data Centres do)

19
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Long Term Data Preservation Challenges esa

Funding available for archives

ey Pt activities during development /
-
DISTRIBUTION OF SCIENCE MISSIONS PER STATUS ,‘@ \ operations / post-operations
I @oesa s
e !
- \. _# phases
Samms”

35

Limited and fixed funding for
archives activities during legacy
phase (ESA Heritage Space

Active

I m Legacy Programme)
g

30

More and more missions going
Into legacy with 2028* turning

Key point when there will be
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN more missions in legacy than
active ones

013
014
015
016
017
018
019
020
021
022
023
024
025
026
027

*Caveat: some missions can be extended and a few more will be adopted %4
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Big Data: more than just data volume

ESA _?pace Science Archives - Volume (PB)
b d B
!) .

30.00

25.00

m PLATO - 2027
M Solar Orbiter-2020
w Euclid - 202?
mJWST -2021
Gaia - 2013
Herschel - 2009
m Planck - 2009
H PSA (MEX - 2003, Rosetta - 2004, VEX - 2005,

ExoMars-TGO - 2016, BepiC - 2018, Juice-2023)

m Cluster - 2000

VOLUME

Huge amount of data

PN 4

Inconsistencies and
uncertaintyin data

Different formats of data
from various sources

7 DATA

VALUE

High speed of Extract useful data

accumulation of data

B XMM-Newton - 1999 . 0
opo bm == & & m Hubble - 1990
'\9@ '\9\0 '\90 '\90 '»°0 '\9¢ xdb
Abi-g datao M SsSIiORS: - e€qus.r e’ a “payl a
From data ~to-t"he:"us ero St:iaemzweaPIIattibr$nsﬁmove22
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ESA Datalabs

/Data Exploitation

A Move the code ot the data

A Access to all Archives data

A Launch from Archives GUI

A Leveraging ML / Al techniques

Collaboration

A Enable e-collaboration on
archive data analysis

A Science collaborative Virtual
Space

\

A Access to Legacy code
A Easier access to mission data

analysis software

£ )
[
- J
Preservation Pipeline Management

A ESDC Jupyter Notebooks
A Data processing workflows

23
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