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The VO and thedVOA: what?

“A multi-wavelength digital sky that can be searched, visualised and
analysed in new and innovative ways”

What is the Virtual Observatory?

(e Framework for astronomical )
datasets, tools, services to work
. together in a seamless way )

What is the International Virtual
Observatory Alliance?

K A science driven organisation that
builds the technical standards

e A place for discussing and sharing
VO ideas and technology to enable

science
kPromoting and publicising the VOJ
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The VO and thedVOA: why?

Clear benefits

(. Growth in the scientific return of data h
» Capability to discover and fuse multiple data sets
* Application of the VO in planning new observations and

L observing strategies y
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The V and th__e'.-

Who is the IVOA? http://ivoa.net/

K Exec, Tech Coordination, Standards & processes, Media, Science priorit%
e 6 Working Groups:

* Applications, access, models, grid & web services, registry, semantics
e 8 Interest Groups
e Time-domain, radio, solar system, education, data curation, knowledge &

discovery, theory
\Completely open to participation J

Want to join the IVOA?

* Meetings: 2 interoperability meetings per year
e Emaill list: https://www.ivoa.net/members/index.html
e GitHub: https://github.com/ivoa-std)

ada.nebot@astro.unistra.fr
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https://www.ivoa.net/members/index.html
https://github.com/ivoa-std
mailto:ada.nebot@astro.unistra.fr

‘The VO and theé\yOA:,where?

Existing global framework: populated by major data providers (space and ground
based) that is heavily used by the community (e.g. Gaia data access is fully VO)




The VO and thed/OA: how?

Through the development and adoption of common standards
scientifically driven, as an international community effort where
astronomers, software engineers and documentalists are involved
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IVOA development p,ggc.essof standards

* Build IVOA standards to match users needs:

Find and report the community needs

Find and report gaps in the existing
standards

Propose new ways to fill the gaps
Implement & validate
Standardise when consensus is reached

IVOA Recommendation Process

|

IAU Standard

Possible IAU endorsement

NS

Recommendation

IVOA-wide RFC, TCG review, 6 weeks

Incremental versions if needed
TCG vote, 2 weeks

VOA Exec review and approval

\_

Proposed
Recommendation

Agreement within Working Group

N

Working Draft

Notes




Les Hautes Energies
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‘What is high energy astronomy?

* What is high energy astronomy? X-ray - gamma-ray - extreme UV -
neutrinos - cosmic rays -

* X-ra °* gamma-ray ° cosmic rays
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Multi-wavelength /
messenger approach is
needed - different data types

Follow-up observations and
reaction time for that can be
crucial - alerts

Analysis, Visualisation &
navigation through the data

Coordination & transmission
of information

The IVOA should match
user’s needs



-Quelles sont les (quelques selectlonnes)

standards'IVOA pour Ies‘hautes energies?

1. VOTable a format for tabular data for allowing interoperability (coosys, timesys,
ucd, utype, VOunits, datalink).

2. Search for data:
e Cone search — spatial + temporal interval search

e MOC — spatial and temporal indexing for large data volumes and complex
areas

e ObsCore & ObsTAP — description of observations (ADQL)

3. Planning of observations:

* ObjVisSAP — visibility of object to plan observations

* ObsLocTAP — facilitate coordination of observations

* Facilities / observatory list
. Transmission of alerts: VOEvents & VOEvent Transport protocol
. Description of provenance ProvenanceDM & ProvTAP
. Registering the services — RM - Resource Metadata for the Virtual Observatory

. Communication : Send / receive (share) data among services & tools with
SAMP

N OO O B~
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https://www.ivoa.net/documents/RM/20070302/index.html

VOTable time: mg:datéda .

Gtandardisation of coordinate system annotation (time and coordinatesD

Time Scale: UTC, TT, TAI, TCB,...
Format: JD, MJD, ISO, truncated I1S0O,...
Offset: e.g. JD-XXX (e.g. Gaia...)

Reference position: Topocentre, Geocentre, Barycentre,... (light-travel
correction)

UCD, VOUnits, datalink
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~Search: know wQere & when

e Cone search extension to add a time interval for search in cats.

e Search by temporal+spatial coverage of surveys for the more
complicated areas (ST-MOC = space-time multi-order coverage map)

U WG e e st g M HERERITER. (1
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International
Virtual
Observatory

Alliance

MOC: Multi-Order Coverage map
Version 2.0

IVOA Recommendation 2022-03-17

Working group
Applications
This version
http:/ /www.ivoa net /documents  tnoc /20220317
Latest version
http: /S www.ivoanet /documents mac
Previons versions
Versionl.1

~ Versionl.0
Author(s)

Pierre Fernique {CDS), Ada Nebot {CDS}, Daniel Durand (CAD(
Matthien Banmann ((CDS), Thomas Boch (D8], Gluseppe Gre
(EGO-Virge)., Tom Denaldson (STScl/NASA), Francois-Xav
Pineau (CDS), Mark Taylor [ University of DBristol), Wil O'Mulla
(Vera. €. Rubin Observatory). Martin Reinecke (Max Plane

Sébastien Derriére (CDS)
Lditor(s)

Pierre Fernique., Ada Nehot, Daniel Durand

International
Virtua!
Observatory

Alliance

Simple Cone Search

Version 1.1

IVOA Working Draft 2020-08-28

Working group

Data Access Layer
This version

http://www.ivoa.net;documents/ConeSearch /20200828
Latest version

http://www.ivoa.net /documents/ConeSearch
Previous versions

REC 1.03

PR 2007-09-14

PR 2007-06-28

PR 2006-09-08

Author(s)
Marco Molinaro, Ada Nebot, Markus Demleitner, Robert Hanisch,
Raymond Plante, Alex Szalay, Roy Williams

Editor(s)
Marco Molinaro, Ada Nebot, Raymond Plante

CoCliLtAalivil Liuwle “



'ObsCore & ObSIAP f |

e Goal: “ we need to give data providers a set of metadata attributes
that they can easily map to their database system in order to
support queries of the sort listed below.”

e Science cases:
e Support multi-wavelength as well as positional and temporal searches.

e Support any type of science data product (image, cube, spectrum,
time series, instrumental data, etc.).

* Directly support the sorts of file content typically found in archives
(FITS, VOTable, compressed files, instrumental data, etc.).

ObsCore & ObsTAP are Key IVOA standards for searching, finding and
combining all sorts of data and allow for interoperability
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‘ObsCore & ObSZEAP f 3

International
Vidual

Obscrvalory

Aliance

Observation Data Model Core Components
and its Implementation in the Table Access
Protocol

Version 1.1
IVOA Recommendation, May 09, 2017

Approved by IVOA executive committee March 20, 2017

Werking Groups: Data Model, Data Access Layer
This version:
hitp“feaavw ivaa netDocumentONRCore/Z01 TOSN9/REC-CEsCara-vl 1-20170509 pdf

Latest versian:

http:f/wawvivea.net'Documents/OasCore/20170509/REC-CEsCora-v1.1-20170509 pdf
Previous version(s):

/ 'Docuime

Editors:
Mirelle Louys, Doug | ocy, Fatmck Dowler. Dani2l Durand
Authors:

Mireil e Louys, Doug Tocy, Patrick Dowler, Danizl Durand, Laurent Michel, Franccis
Bonnarel, Alberto M col ard the IVOA DetaModel werking group

* Map the METADATA of your
project data into ObsCore
Keywords

* Set a TAP Service
* Register it

=) Search, find, and combine
the data coming from
multiple missions

1itation title
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Different services have different inputs / outputs

Facilitate the work by having some level of standardisation inputs / output

Object Visibility Simple Access Protocol, Aitor Ibarra, Richard Saxton, Jesus Salgado et aI 2019
http:/www.ivoa.net/documents/ObjVisSAP/index.html
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Observation Locator Table Access Protocol, Aitor Ibarra, Jesus Salgado et al. 2019
http:/www.ivoa.net/documents/ObsLocTAP/ Lo



http://www.ivoa.net/documents/ObsLocTAP/

International
Virtual
Observatory

Alliance

Observation Locator Table Access Protocol

Version 0.5
IVOA Working Draft 09 September 2019

This version:

hp:Mweew.ivosa net/documents/ObeLoc TAP201 30809/
Latest version:

http:vww.ivoa. net'cocuments/ObeLoc TAPY
Previous version(s):

hitp:hwww.ivoa.net/documents/ObsLoc TAP/ 20180723/

Working Group:
hitp:fwww.ivoa.nettwikirbin/view/1VOA/lvoaDAL

Editor(s):
Jesus Salgado, Aitar Ibarra

Author(s):

Ailor |barra. Jesds Salgace, Mallhias Eh'e, Carlcs Gabriel, James Dempszey, Markus
Demlenner, Marfa DIaz Trgo, Yue Huang, Jaime Keenea, Mark Kettenis, Peter Kretzchmar, Erk
Kuulkers, Uwe Lammers, Giorgio Maett, Brure Mern, Merco Mclirara, Jer-Uwe Ness, Julian
Oshorne, Emma da Ofia Wilhelmi, Edward J. Salbol, Emilic Sgszar, Celis Séncheez, Richard
Saxton, Gregory Sivakoff, Lian Tao, Aarcn Tohuvavehu, Bill Workman
TEC: Representatives of a large multi-absarvatary collabomtian

International
Virtual

Observatory

Alliance

Object Visibility Simple Access Protocol

Version 0.5
IVOA Working Draft 19 March 2019

This version:
ObjVisSAP-0.5-20190319

Latest version:
ObjVisSAP-0.4-20180912

Previous version(s):

Working Group:
http://www.ivoa.net/twiki/bin/view/IVOA/IlvoaDAL

Editor(s):
Aitor Ibarra, Richard Saxton, Jes(s Salgado

Author(s):

Aitor Ibarra, Richard Saxton, Jesus Salgado, Matthias Ehle, Carlos Gabriel, James
Dempsey, Maria Diaz Trigo, Yue Huang, Jaime Keenea, Mark Kettenis, Peter Kretschmar, Erik
Kuulkers, Uwe Lammers, Giorgio Matt, Bruno Merin, Marco Molinaro, Jan-Uwe Ness, Julian
Osborne, Emma de Ofia Wilhelmi, Edward J. Salbol, Emilio Salazar, Celia Sanchez, Gregory
Sivakoff, Lian Tao, Aaron Tohuvavohu, Bill Workman
TBC: Representatives of a large multi-observatory collaboration
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1. VOEvent (REC):

1. Container —> XML

2. Content —> defined by the community: FRB, (GRB, SN, Neutrino,... )
2. VOEvent Transport protocol (REC):

1. Works for low rates (10 Hz)

2. Doesn’t scale for very high rates (103Hz)
3. Open questions:

1. A VOEvents validation library is missing

2. How to find who distributes alerts? Register in the registry?
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‘Provenance

International Virtual Observatory Alliance

IVOA Documentis

I[VOA Provenance Data Model
Version 1.0

IVOA Recommendation 11 April 2020

Interes/Working Group:
htip:'www. voa. nattwiki/binMVew/IVO A/IvoaDataModel
Authors):
. xa)tueu Servillat, Kristin Riebe, Catherine Boisson, Francois Bonnarel, Anastasia Galkin, Mireille Louys, Markus Nullmeier, Nicolas Renault-Tinacci, Michéle Sanguillon, Ole Streicher
or(s):
Mathieu Servillat

Abstract
This documert describas row provenance information can 26 modeled, stored and exchanged within the astronromical cormmunity ir a standardzed way. We fellow the definition of provenance as proposed by the W3C, ie, that
"rrovenance is infformation about entites activiies, and peopla irvolved in praducirg a piece of data or thing, which can be used to form assessments akou! its quality, ieliabity or ¥ustworthiness ” Such provanzne2 information in

astrcnomy is mportant to enable any scientist to trace back th2 origin of a dataset (2.q. an image, spectrum, catalog or single points in a spectral enemy disribution diagram or a lignt curve), a docurren! (e.q. an article, a technica
note) or a device (e g. a camara, atelescope), lean abeut the peopl2 and organzatiors invalved in a preject axd assess the reliebility, quality as wall as the usafulness of the dataset, documen: or devic2 for Fer own scientific work.

Status of this documant

This documert has been produced by the Data Model Working Group.

Ithas beer reviewed by IVOA Mermbers anc other inlerested parlies, and has been endorsed by the IVOA Execulive Comimillee as an VOA Recommendalion. ILis a sleble docunent anc may be used as nefererce malerial or citexd
as a normativa reference from another document. IVOA'e rele in making the Recommendaticn ie tc draw attenion to the egecification and to promote ite widaepread degloyment. Thie enhancee the funclionality and interoperability
insidr the Astronnomica Community

Available formats: pdf, lex

mainained by _ivaa dooument coodinglor
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IVOA Recommendation
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‘Register your: semvices
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International Virtual Observatory Alliance )

IVOA Documents A )/~

Resource Metadata for the Virtual Observatory
Version 1,12

IVOA Recommenrdation 02 March 2C07

InterestWorking Groun:
kttpAwww ivoa, nettwikibinview/IVO M voaR s Reg

Author(s):
::Pen Hanisch, tha IVOA Resource Registry Working Group, the NYO Metadata Working Group
Roberl Hanisch

DOI:

" 10.5479/ADS/bib/2007voa.spac.C302H

Abstract

An essential capabilty cf the Virtual Cbservatory is a means lo- describing what data and ccrrputational faciliies are avalable where, and once idartified, how 1o use them, The data themselves have associated metadata (e.g., TS
keywo'ds), and simiary we require meladata abou! da'a collactions and data servicas S0 1hat VO users can easily find information of interest. Furthermore, Such matacala are needed in order 1 marage cistnbuted quenes
efficiantly; if a ucer is intarasted in finding x-ray images there is no poirt in querying tha HST archive, ‘o example. In this documen: we sucgast an architecture for racource and sevice metadata and deseriba tha relafonshp of this
architocture to emnarging Web Sorvices standards, We also dafne an initial sot of metadata conoeats.

Status of this document

Ths document Fas been produced by the Resource Regatry Working Group.

It ras been reviewed by IVOA Memders and other interested paries, and has been endorsed 2y the IVOA Executive Sommite2 as an IVOA Recommendation. It 's a statie document ard may be used as relerence materia cr cited
&s a normative rafarenc2 from another document |VOA's role in making the Recommendation is to draw atiention 1o the specif cation and to promota its widespread deployment. This enhances the functionality and interoperzbility
ineide the Astroromical Communiy.
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International Virtual Observatory Alliance

IVOA Documents

Simple Application Messaging Protocol
Version 1.3

IVOA Recommendation 11 April 2012

InterestWorking Group:
nttpAwwaivoa. nettwik /binv ew/IVO AdlvoaApplicaticne
Author(s):
M. Taylor, T. Boch, M. Fitzpatrick, A. Allan, J. Fay, L. Paioro, J. Taylor, D. Tody
Editor(s):
T. Boch, M. Fitzpatrick, M. Taylor
DOI:

10.5479/ADSNIL20 | 2ivoa.spec 1104T

Errata

No errata yet

Absiract

SAMP is a massagirg prolocol that erablas as‘ronomy software tocls 1o interoperzte and communicate. IVOA mambers nave racogrisad thal building a monolithic tcol that atempts to fulfil all the requirements of all users is
impractical, and itis a bettar use of our limited resources tc enable individual tools to work togethar betler. One element of this is defnira common file formats for the exchance of data between different applcatiors. Another
imporiant component is a messeging sys'em trat anables the applications to share data and take acvantage of 2ach other's furctonality. SAMP supports communication between applications on the desktog and in web browsers,
and is also intendad to form & framework for more general messaging requiremants,

Status of this document

Ths cocsment has been producad by the Applicaliors Interest Group.

It ras been reviewed by IVOA Members anc other inlerested parties, and has baen endorsed by the IVOA ExecJtive Conmittee as an IVCA Recommendation. It 5 a stable document and may be used as re'erence matarial or cted
as a rormalive re'erence from another document. IVOA s role in meking the Nezommendation is to draw &ttention o the specificalion and lo promole its widaspread deployment This enhances the functionality and interoparability
inside the Astroncmical Community.
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In a multi-messenger landscape
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Publishing yourdata in the VO

* https://wiki.ivoa.net/twiki/bin/view/IVOA/PublishinginTheVO
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https://wiki.ivoa.net/twiki/bin/view/IVOA/PublishingInTheVO

‘What next?

* Roadmap
1.State of the art for High Energy Astronomy:
* archives
* tools
* mission data distribution plans

2.Evaluate if the existing standards are enough or if we need
changes / new developments?

3.Collect the scientific use cases and set the minimal
requirements

e The IVOA needs the community to participate!
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* The IVOA standards are built to enable access, discovery and
ultimately interoperability

 The IVOA standards needed for High Energy Astronomy are existing
or under development

e The IVOA needs the community to participate!
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Seance ASOV

e Catherine Boisson - CTA

* Laurent Michel - XMM-Newton
* Eric Chassande-Mottin - LIGO/Virgo
* Fabian Schussler - AstroColibri

* Fabio Acero - Athena
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Quelques-liens

* ivoa.net

* |[VOA Docs : https://www.ivoa.net/documents/

* |[VOA GitHub : https://github.com/ivoa

* |[VOA mailing list : https://www.ivoa.net/members/index.html
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