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1)FAIR & Open Science
2)VizieR
3)Challenges

VizieR Staff and contributors:
Astronomers: P.Ocvirk, G. Monari, C. Bot.

Engineers: G. Landais, A. Flint, F.X. Pineau, T. Boch
Documentalists: P. Vannier, E. Perret, C. Fix, A. Fiallos, M. Brouty.

Non-CDS: L. Michel, C. Saillard, T.Keller (Strasbourg Observatory) 2
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A common language: FAIR principles enable Open Science

 FAIR: Findable, Accessible, Interoperable, Reusable
* (FAIR: Facile A trouver, Interopérable, Réutilisable)

« Open Science: Data sharing with open and seamless services to
analyse and reuse research data to improve science.
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The VizieR service provides unified access
to a very large collection (>23,700) of
astronomical catalogues & associated data:

* Reference catalogues & surveys of
astronomical sources at all wavelengths
(e.g. GAIA, SDSS, Pan-STARRS, 2MASS,
Dark Energy Survey, UCAC, WISE, ...)

e Tables from papers published in the major
astronomical journals (~1200 cats/yr)

* Diversity of astronomical data:
astronomical sources , spectra, polarization
data, emphasis on observational data but
also some models (evolutionary,
populations, synthetic specitra, ...)
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- Whatis Vizier? - Il

Vizier can be queried:
» By catalog name

« By wavelength, Mission name, object type / process, ...
* By keyword (galaxies, quasars, ISM, ...)
* By column description
« By position, through ALL catalogs (>50 years of observations)
Find catalogs among 23753 available Wavelength Mission Astronomy
| Clear Radio AKARI Abundances ]
Millimeter }{|ANS Ages
Expand search OJ IR ASCA AGN
9 Catalog, author's name, optical BeppoSAX Associations

word(s) from title, description, etc. uv Cassini-Huygens | Asteroseismology
e.g.. AGN, Veron, I/239, or bibcodes... EUV CGRO Atomic Data
» Search for catalogs by column descriptions (UCD) o X-ray Chandra Binaries:cataclysmic

P Search for catalogs containing additional data

Search by Position across 26466 tables

Target Name (resolved by Sesame) or Position: Target dimension:
| Clear 1J2000 | | 2 |arcminv| [ Go!
NB: The epoch used for the query is the original epoch of the table(s) @ Radius O Box size

@More about VizieR Find Catalogs 2

5



Meta data

The metadata describes the data:

* Type of data (catalog, spectra, light curves etc...)
* Units

» WWavelengths / filters / bands / instrument

* Magnitude system, Coordinates system

e Since 2018: time system

... with homogenized descriptions

Goal: Discoverability, reusability (FAIR),
platform for higher level services (phot.
Viewer, associated data, ...) = added value
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' Added value

VizieR Photometry viewer

Target 3c273

Radius (in arcsec) 1

ok

3c273 (12 29 6.695+02 03 8.662),
radius : 1 arcsec
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“VizieR content:- | = "

Ingestion statistitics :
» A steadily increasing volumetry : +1440 in past year

- Total (19/06/2023): 23 753 catalogues, >54k tables

» Dramatic increase of records : 80 billions records (+62%), 85.5TB (+60%) in 1 yr
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Special operation for Gaia DR3

6 catalogs :

- Main source

- Extra-galactic

- Non-single stars

- Variability

- Solar system

- Perf. Verification
~70 tables

including 11 large tables
Max > 11 billion records

Tight schedule !
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Diversity of access pi
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VizieR provides access to the most complete library of published astronomical

catalogues and data tables available on line organized in a self-documented database. bl c adaipst e Pap-STARRS release 1 (PS1) Survey - DRI (Chambers:, 2016) Revivtesp =
Query tools allow the user to select relevant data tables and to extract and format records e Putomoinen  Pan-STARRS DRI catalogue (orginal column names In green) (1919106885 rows)
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VizieR statistics (from the CDS statistics collector), queries / month

D0.UNVI
50.0M
45.0M
40.0M
35.0M
30.0M
25.0M
20.0M
15.0M
10.0M

Total 2022: >500K queries/day
TAP : ~36.1K queries/day

Associated data
(spectra/images): ~900
queries/day

Importance of the Virtual
Observatory

o e (conesearch+VQOTable)
SN q/& & ~70% of the queries

Queries repartition by user-agent

H python
other
java

M curlwge
t

M topcat
browser

H python-
urllib

Importance of Python(37%),
TOPcat (8%), curl+wget (9%)

Astropy / astroquery / pyvo: see
Python for astronomy talk by M.
Marchand
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Vizier submit page: https://cdsarc.unistra.fr/vizier.submit/

Check the 'make your data visible' brochure at
CDS booth

In general, a few simple rules to help smooth the
process=> get your data online:

- Avoid object names truncations
- Provide coordinates, as often as possible.

- Use existing names, use CDS dictionary:
https://cds.u-strasbg.fr/cgi-bin/Dic-Simbad

- One quantity per column: Don't mix:

 Limits and errors
o Different filters in same column

e Different units
23



Vizie3
T/

Follow best practices (Chen et al. 2022)

THE ASTROPHYSICALJOURNAL

SUPPLEMENT SERIES

OPEN ACCESS

Best Practices for Data Publication in the Astronomical
Literature

Tracy X. Chen' (2}, Marion Schmitz' (2, Joseph M. Mazzarella' (&2, Xiugin Wu'

Julian C. van Eyken? (), Alberto Accomazzi® (2}, Rachel L. Akeson? (%), Mark Allen®

Rachael Beaton® (2}, G. Bruce Berriman? (2}, Andrew W. Boyle? (2}, Marianne Brouty®
Ben H. P. Chan', Jessie L. Christiansen? (2}, David R. Ciardi® (2}, David Cook’

Raffaele D'Abrusco® (), Rick Ebert' (), Cren Frayer', Benjamin J. Fulton?
2

I
I

I

, Justin Howell® (2, Joyce Kim',
Gilles Landais® (), Tak Lo", Cécile Loup?, Barry Madore”2 (2, Giacomo Monari® (),
August Muench® (), Anais Oberto® (&2}, Pierre Ocvirk* (2, Joshua E. G. Peek'®"!

Emmanuelle Perret* (%), Olga Pevunova', Solange V. Ramirez’, Luisa Rebull®

Christopher Gelino?, George Helou (2}, Calen B. Henderson
8

I

I

Ohad Shemmer'? (2}, Alan Smale’® (2), Raymond Tam?, Scott Terek', Doug Van Orsow'®4
Patricia Vannier*, and Shin-Ywan Wang' = Hide full author list
Published 2022 May 4 - ® 2022. The Author(s). Published by the American Astronomical Society.
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~ FAIR Asseciated datapublication
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Data management plans increasingly require publication of the data used to
produce the article tables: images, spectra, data cubes, time series...

Preferably in reduced form rather than raw (available at telescope archive).

Important aspect of results reproducibility and open science (FAIRness)
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Simple search

€ 2 ObsTAP Query

Q Search by position :  83.82208 -5.39111

Q Search by spectral band :  min

Q Search by time data :  start

Q Search by catalog:

Spectrum / Time series @ Image

500 entries max

Show 10 entries

500 entries

Preview Target

OoMC2-

' | FIR4
omcz-
% FIRa

A
v

Data collection

J/AJ/136/2136

J/AJ/136/2136

J/A+A/605/A57

J/A+A/605/A57

4»

Q

Ra

83.807

83.711

83.862

83.862

_wiGs? | radius
max

stop

Q |dentifier:

Filter

Dec Band min

-5.546 801.500

-5.216 801.500

-5.166

-5.166

deg %

pm 5 -

Band max

1,094.600

1,094.600

<

Begin time

End time

0523 28.00

Facility

HST

HST

IRAM/NOEMA

IRAM/NOEMA

Header

Header

Header

Header
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- Associated data : ind xati

SRR

Indexation of the associated data

Improving the associated data visibility with indexation and meta-data based on the

ObsCore Data model (VO).

Critical metadata (WCS mandatory)

Position RA, DEC
Spectral range
Time of observation

Target name ...

FITS standard => metadata exists, but:
* non-unique, ambiguous keywords

« Can be inaccurate (tel positions, spectral coverage)

=> Mapping supervised by authors and/or CDS staff
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~ Challenges and riskSie

Encouraging status of FAIR & Open Science in astronomy, but:
 Increasing numbers of publications (though evolving landscape)
e => increased cost of data indexation/curation
e Data complexity / heterogeneity (e.g. associated data)
« Data volumetry:
* e.g. 'thin' catalogs (e.g. stellar parameters of full Gaia)
 Upcoming very large datasets:
* e.g. High Cadence large FoV surveys:
« ESO Vista VVLS: ~140 billion records (~2 times VizieR)
« LSST: 40 000 billion records (~ 500 times VizieR)
» Data access policy: Closed (e.g. LSST) versus fully open (Gaia)?
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~ Summarys: Open Science 'Wi'th VizieR

VizieR is a major infrastructure enabling Open Science in astronomy:
* VizieR helps making astronomical data FAIR thanks to:
e Data collection, indexation and curation by CDS/VizieR staff

 Distribution via a diversity of access points (html, python, ...)

Important costs (~7FTE) but enormous benefits

VizieR content and usage statistics show:
 Culture/practice of making data public is strong

« Culture/practice of re-use of archival data is strong

=> Rather encouraging state of things BUT risks and challenges

Data volumetry (technical, but also political and scientific aspects)

Data access policy (closed vs open, e.g. LSST vs Gaia)
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