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Enables a Virtual Research Environment of
interoperable tools and services based on
IVOA standards:

ESCAPE One view of the VO from

an application/portal :

In [ ]: 1 from ipyaladin import Aladin
a = Aladin(target='18 55 24.508 +04 29 46.72', survey='P/Mellinger/color', fov=180)
a
L3
[ g
In [ J: 1 a.survey = 'P/GALEXGR6/AIS/color';ja.target = 'M101';a.fov = 0.3
[
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Making data FAIR with the Virtual Observatory.

The Virtual Observatory is:

An operational framework for interoperable access to world-wide
astronomical data and services.

A pioneer of FAIR data sharing - an existing global framework —
populated by major data providers (space and ground based) that is
heavily used by the community.

Built on International Virtual Observatory Alliance (IVOA) standards

* Recognised in the ESFRI roadmap (2021).

* ‘.. aglobal implementation of a FAIR disciplinary framework and openly
avail- able data, the so-called astronomical Virtual Observatory.’

e Quoted as an example in EOSC SRIA document (Feb 2021).

Supported in Europe by Euro-VO (VO Partners + EC projects since ~2001).
Recognised in ASTRONET roadmap (2008, 2014, 2022).

Mark Allen 25/10/2022
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Successful formula: Bringing together ESFRI/RIs and VO
expert partners

Astronomy ESFRIs, Research Infrastructures and associated partners

ESO SKAO JIVE CTAO KIS EGO
NWO-I-ASTRON ORB
SKAO (cta == - (M2JJEGO
KIS
:(i;f eeeeeee nph r':rnsflt ut
- N d%O/gO **:** Royal Observatory
for Scientific Res & T e of Belgium
¢ INAF @
@ Q-
o asmonEe THE UNIVERSITY
of EDINBURGH

Heidelberg Institute for
Theoretical Studies

% HITS
rs  (WP3)

CNRS-OBAS INAF UEDIN UHEI INTA
CNRS-CPPM

Partners bringing experience from European Virtual Observatory EURQ Fi=}/
+ many contributions from external collaborators — e.qg. Europlanet

Mark Allen 25/10/2022
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The approach:

tegration of astronomy VO data and services into the EOSC
- Interaction with EOSC projects based on experience of onboarding via EUDAT

Implementation of FAIR principles for ESFRI data through the V|rtual Observatory
- ESCAPE ESFRI and RI priorities represented at the IVOA
- Community training events for scientists and data producers/providers

Adding value to trusted content in astronomy archives
- Deep learning applied to archive data sets (joint with WP3)

ESCAPE Cross-WP interaction/integration

- VO services in ESAP, VO software in OSSR, explore VO data in Data Lake, VO data/services/tools for
citizen science and Test Science Projects

Mark Allen 25/10/2022
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The results:

ntegration of astronomy VO data and services into the EOSC
- Interaction with EOSC projects based on experience of onboarding via EUDAT

=> Analysis reports on VO data and service integration into EOSC

Implementation of FAIR principles for ESFRI data through the Virtual Observatory

- ESCAPE priorities at IVOA level -- Many standards!!
- Community training events for scientists and data producers/providers:

=> 2 Science with interoperable data schools
=> European data providers Forum - Hands-on workshop for data providers

Adding value to trusted content in astronomy archives
- Results of deep learning applied to archive data sets (joint with WP3)
=> Prototype demonstrator for value-added archive services

Mark Allen 25/10/2022
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ESFRI / RIs Results for ESCAPE work toward FAIR standards and tools

Data access and visualisation standards and tools

Support of VO standards in ESO archive services — used as
exemplary case to help others

Relevant IVOA standards updated

Development of MOC2.0 (approved IVOA standard) and mocpy
Tools / libraries integrated into GW community software
Paper published in Astronomy & Computing

Creation and support of the IVOA Radio Astronomy Interest Group
New TAP services, accessible in VO tools and in the ESCAPE platform
Visualisation capabilities — transferring into SKA SRC prototyping

Data Provenance standards approved by IVOA

Many activities for adoption and implementation (Workshop held)
TAP services — Table Access Protocol for neutrino data

Reference paper published on a: Management System for
Provenance Information

VO metadata developed for Solar Physics
Prototype TAP services for solar data
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Example — 2 of the standards led/contributed to by
ESCAPE partnerﬁrovenance Data Model \

Finalised and approved April
2020.

y International International
' Virtual g 5 Virtual
) Observatory Brought to community via b —
Alliance Alliance

ESCAPE Provenance workshop
September 2020.

IVOA P Data Model q . H

Version rlo_‘:)enance e e - Published - servillat et al. - SPIE MOC: Multi-Order Coverage map

Versigq
IVOA Recommendation 2020-04-11

‘Working group
DM

This version
http://www.ivoa.net/documents/ProvenanceDM /20200411 . e ol=a IVOA m eta d a ta fo r S k
patest veflstito‘?//www ivoa.net /documents/Provenance DM mu It I -0 rd e r cove ra ge 2 ‘ 0 \ g i y'
P v Coverage maps of Gravitational

Previous versions
PR-ProvenanceDM-1.0-20190719.pdf
PR-ProvenanceDM-1.0-20181015.pdf

! ] Wave detections
IND-ProvenancDNELLALSIRAD o Space coverage extended with e
‘WD-ProvenanceDM-1.0-20161121.pdf w .

FrovDM D Leueze TIME coverage.

\

Author(s) . . ‘ \
Mathieu Servillat, Kristin Riebe, Catherine Boisson, Frangois p p d p | O : E =
Bonnarel, Anastasia Galkin, Mireille Louys, Markus Nullmeier, A rove In A rl 2 22 = GW170818-HLV gaieo1082
Nicolas Renault-Tinacci, Michéle Sanguillon, Ole Streicher )

Editor(s)

Mathieu Servillat
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ESC/;«PE Highlight : VO in B2ZFIND - Demonstrates 1% level of metadata

compatibility |
- Links to the actual service
- enables feedback to EOSC
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Example of MeerKAT SKA pathfinder data

25/10/2022
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Today - Focus on ESCAPE-enabled interoperable services

Martino Romaniello
ESO
The VO at ESO

Mark Kettenis
JIVE
A VO service for the European VLBI Network

=
- ’

5 )

+
Giuseppe Greco Vernoique Delouille
INFN - Perugia Royal Observatory of
& VO interoperability for visualisation of GW sky Belgium
" localizations and strategies of EM follow-up ESCAPE VO Impact
on the European
E G O \/l RG:) Solar Telescope ESFRI

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.
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Europe S¢ of Astronomy &
rch Infrastructures

Thanks
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2 ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022
e from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.
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The VO at ESO

Martino Romaniello (ESO)
Head, Back-end Operations Department

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding
from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.



ECAPE ESO, The European Southern Observatory

What we do

Develop ground-based astronomical telescopes and observatories that are
not individually achievable by single Member States

Secure science community access to high quality data
Founded in 1962 (60th anniversary!)
16 Member States; host state: Chile; strategic partner: Australia

+ ESOs Main Off|ces + i + Observational Facilities +7

.
‘

VST and VISTA

l ChI 1963 with
S ntiago.

AII ESO b

located in ChI

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022
from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.




The ESO Science Archive as an essential component to ESO’s

operations

“The telescopes are operated to optimise scientific excellence, to
maximise the scientific return of ESO by undertaking observations that
have the potential to yield significant scientific advancements, and to
exploit synergies between them as well as with other facilities. The
telescopes are operated within an end-to-end process which starts
with proposal solicitation and ends with data preservation and
publication [...] ESO supports an open data policy”

ESO Optical/Infrared Telescopes Science Operations Policies, 2020, Cou-1847

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.



ESCAPE - : - :
= ) The ESO Science Archive as science machine

About 40% of the science publications with ESO data use the archive =
50 % [ Only archive data [0 Archive + new data No archive data §
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ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.




ESCAPE The impact of the ESO Science Archive

It allows to scrutinize published results: a staple of the scientific method

It fosters a culture of cooperation and open data in Astronomy and
science in general

Astronomy has been leading open data

It broadens ESO’s user community
Rather large community: ~ 60% of professional astronomers worldwide
One third of archive users are new to ESO
Larger fraction of early-career scientists than as Principal Investigators
Reaches out beyond the ESO Member States
Brings in new communities, e.g. earth atmosphere

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064. 25/10/2022



Data interoperability: the Virtual Observatory

About 50% of the ESO science results also use data from other
observatories (source: ESO Telescope Bibliography + NASA ADS)

Exchanging data is, then, necessary to make the most out of it

The Virtual Observatory is the de-facto standard for data
interoperability in astronomy ...

Standards, protocol, tools

... and it needs to keep evolving to keep up with new data types, new
instruments and science cases

CEVO is instrumental in doing so

For ESO data itself, and for coordination of European astrophysics interests in
the IVOA and EOSC

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064. 25/10/2022



The Virtual Observatory and the ESO Science Archive

The ESO Science Archive heavily relies on the Virtual Observatory
For internal operations, e.g. internal communications
For user access and services

ADQL SSA

Aladin Lite STC-S (point, circle, multi-polygon)
DatalLink TAP (DALI, VOSI, UWS, UCD, UTYPE, ...
HiPS TOPCAT

ObsCore VOTable "
>AMP Pyvo ihside!
SODA

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.



ESCAPE Multi-messenger, multi-wavelength view of neutron star
merger GW170817/

B (o
= 1643 1 PR | PoLvcon 12000 1969189 -2. [ i - FMALL
— e i [ o0 | 9189 2.

1208 38.553-24 07 42.40 FoV: 27.36°

ESO + HST (ESASky)

External TAP Sevices >

ES0-VISTA

ESO + LIGO/Virgo

Silla Paranal + ALMA

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022
from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.



ESCAEE ¥ In summary: ESO and CEVO

The Virtual Observatory is central to the success of the ESO Science
Archive

CEVO provided crucial support to the ESO Science Archive
Continued support and development of tools, protocols and standards
Coordinated involvement and expansion of the astronomical community
Prototyping of new techniques to add-value to archive contents
Connection to the EOSC, the common framework for European Open Science

CEVO also provided training to:
Early career researchers on the use of the VO and the development of EOSC
Other astronomy data providers for their use of the standards and tools

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.



ESCAPE ¥ An outlook to the future

The Virtual Observatory is a very mature set of tools, protocols,
standards/specifications

It is an essential component of the ESO Science Archive ... and, arguably,
of all the major ones, present and future

A key component to the success of the VO is that its components have
constantly evolved with the data ...

... this needs to continue, and the ESCAPE Open Collaboration is in an
ideal position to contribute coordination of European Virtual Observatory
efforts in the development of EOSC, in particular for interoperability

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.



Euvropean Science Cluster of Astronomy &
Particle physics ESFRI research Infrastructures

Thanks!

¢ projectescape.eu W @ESCAPE EU in company/projectescape




N ESCAPE to the Future

2520 Octeper 202
ESCAPE Brussels, Belgium

ESCAPE VO Impact on the European
Solar Telescope ESFRI

Véronique Delouille, Royal Observatory of Belgium
Nazaret Bello Gonzalez, KIS

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding
from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.
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LEVEL 0
LEVEL 1

Goal of Task 4.2: Enable high level data products and archive
services to be interoperable in the VO framework,
so that they can connect to the EOSC through the VO

<XV-HnNn-—0OmMmM2=>D

------
- -
=) -

P VO Query i

.

| Semantics VO Data
CORE

‘\ Interoperable

o
.....
......

_________
- P

¢ Languages .

A}

]
i

Models ,'

’
4

Z—=--mMme

+* Data and Metadata Collection "~ _

g RESOURCE LAYER

A}
PROVIDERS

"t +’sy._ Re-usable __.¢% "

Lol T

O-H0=XDO

nwnumoo x> >—-4>0
wr

Edable / \cccssiblc |r1tn:rcngcrrabla:

/

R eUsable
[ A J
T

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding

25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.
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ESCAPE

..........................................

What already existed in terms of VO in solar physics?

SOLARNET VO : few constraints on metadata and on ways to access the
data (ftp, https)

Limited to FITS files
No standardization, but SOLARNET recommendation for FITS keywords

USERS
LEVEL 0 % ; . E COMPUTERS
USER LAYER
USING
F G
| E
N Vo T
D CORE T
¥ N
e G
S e e S e S S S WA SHARING --------------------------------------------
RESOURGE LAYER . solarnet.oma.be
2101004 PROVIDERS -‘ 7 [
¢ % b 1 w Data ProV\de‘s

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.




Euvropean Science Cluster of Astronomy &
Particle phys ESFRI research Infrastructures

How to go further ?

* ¥k

* 4%

2 ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022
e from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.
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Correspondance between
EPN-TAP parameters and
SOLARNET FITS keywords

Review of UCD for the needs of
solar physics community

Comparison with existing
databases of solar event (HEK,
HFC)

Addition of UCD terms

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding

Registry

EPN-TAP extension to solar physics

Users Computers
In-Browser User Layer User
Apps Desktop Apps Programs
Using
______________________________________________________________________
|
|
VO Query
Languages
[ HTJ\P
? . VO Data I
E Semantics Core Models 5
T | 3
|
VODataService | |
| Formats
|
Sharing
Data and Metadata Collection .
Storage Computation

Resource Layer

Providers

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.
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25/10/2022



Euvropean Science Cluster of Astronomy &
Particle phys ESFRI research Infrastructures

Data Access Layer for solar physics data sets

& Xk

* 4%
4

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022
e from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.
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Implementation of EPN-TAP services

uset_sunspot_drawings Catalog of Coronal Holes, from EUV solar images

uset_sunspot_groups

‘ n)“‘m. o -
Drawing™ " 222

Parameters from the - i
drawings, e.g — —
Total number of sunspots Individual sunspot group

parameters computed
from in-house software

rob_spoca_ch : main table with position, area, intensity, etc,...
rob_spoca_ch_tracking : tracking table to follow a same CH over time

uset : EPN-TAP service exists (still need to be registered) spoca : data ready to be ingested in EPN-TAP
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MEDOC - EIT Synoptic maps

Using SOLARNET as a TAP client

MEDOC - GAIA-DEM maps

= = C O B nttps/fsolarnetomabe vy & X i - 5 @ O B htpsysolametomabe ¥y & » =

| ——— —

Filter metadata

Observation date

Start End

Filter metadata

Hide Cbservation date
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+
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Hide
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== ) |nteroperability with solar visualization tool JHelioviewer

€ c o '] esaint -9 neoe =

EUROPEAN SPACE AGENCY of  SCIENCE & TECHNOLOGY of ‘SAMP ragistration timed out, please try sgain SIGN IN

USET images
imported from
SOLARNET

Orbiter Archive

Start Time: 2002-02-12721:29:56.000
EndTime & 2002-02-12T21:41:48,000

Eruption Patrol

L e Vv Standard Parameters
CACTuS
Flaremail e ¢
Solar Demon Active Region 0
Drag Based Model GOES Class 5.0
coft Image Cube
SEP Forecast Limb Flare false
GLE Alert Peak Time 2002-02-12721:33:38
Thumbnall
i G 24
TAP archive of ESA oneg
Y .+ FHNW 78;}528*'2%”
imported via SAMP ¥ RHESS! Flare Lis 2WEeS
Jan 2002

> All Parameters

protocol S
RHESSI Flare list imported from EPN-TAP

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.
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KIS/ €ST\ in ESCAPE WP4

Than kS tO ESCAPE WP4, K|S/ EST haS achieved g —————" v e et e
the following goals: R |
* Curation of highly-inhomogeneous datasets

of high-res ground-based spectro-polarimetric
solar data starting from 2014

* Creation of an instrument-independent importing
framework

* Proper archiving of the data
archive.sdc.leibniz-kis.de

* Implementation of IVOA standards

EPN-TAP publishing of ground-based solar data in the Astronomical VO planned for Nov 2022
in collaboration with M. Demleitner, GAVO (Heildeberg)

This has been a pioneering endeavour within the ground-based high-resolution solar community

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.
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Summary CEVO/EST

... and the future e T

Users Computers \0\/;\?\ Ftho, L:y/
In-Browser User Layer User <
Apps Desktop Apps Programs N
T T Q'
| Using | S5 q . .
__________ Visualization tool
e e
i VO Quer I
i .'_anguage)'/s g
| e | 2
;‘ g i . VO Data i D) 8
.% E : UcnSemanch Core Models | g %
x o ! l « 3 —
— | )
i Formats i ?T
| SOLARNET FITS keywords |
i Sharing :
Data and Metadata Collection .
Storage Resource Layer Computation
Python access
Providers : ground based telescopes (pyVo, ‘fido’ search
(high resolution, synoptic observations) function, etc...)
=

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.




And enjoy the solar
eclipse !

Eclipse Map — 25 October 2022 Partial Solar Eclipse
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VO interoperability for visualisation of
gravitational-wave sky localisations and
strategies of EM follow-up

Giuseppe Greco - INFN Perugia
Mateusz Bawaj, Roberto de Pietri, Marica Branchesi,
Flavio Travasso, Michele Punturo, Helios Vocca and CDS team

EGO/2JNIRGD

ESCAPE - The European Science Cluster of Astro y&P I Physics ESFRI R rch | f ures has ived funding
from the European Union’s Horizon 2020 rese d n programme d r Grant Agreement no. 824064.



7 o, e A SN ~ ' One of Virgo’s mirrors
? One of Virgo’s optical benches ! A

The Virgo Collaboration works as a community on the building, development and operation of the Virgo gravitational-wave
detector, hosted by the European Gravitational Observatory (EGO) at Cascina, near Pisa, Italy. The Virgo Collaboration works

together with the scientists of the LIGO Scientific Collaboration and of the KAGRA Collaboration to form the LIGO-Virgo-KAGRA
(LVK) Collaboration - https://www.virgo-gw.eu/about/scientific-collaboration/.

= ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 26/07/22
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ESCAPE The dawn of Multi-Messenger and Gravitational-Wave Astronomy

GW150914: first gravitational wave detection, BH-BH merger.
BH-BH binaries exist, and coalesce within a Hubble time at a detectable rate.

The observation of tens of BH-BH coalescences has revealed a previously unknown population of stellar-mass BHs,
much heavier than those detected through the observation of X-ray binaries.

GW170817: first NS-NS merger, birth of the multi-messenger with GW.
Neutron star tidal deformability and equation of state constraints.
Solved the long-stating problem of the origin (at least some) short GRBs.

The observations of the associated kilonova revealed that NS-NS mergers are a major formation site of the heaviest
elements through r- process nucleosynthesis.

GW200105 and GW?200115: Gravitational Waves from Two Neutron Star—Black Hole Coalescences.
Speed of GWs is the same as the speed of light to about a part in 10:15.
The first measurement of the Hubble constant with GWSs.

The tail of the waveform of the first observed event, GW150914, showed oscillations consistent with the prediction from
General Relativity.

Several possible deviations from GR (graviton mass, post-Newtonian coefficients, extra polarizations, etc.) could be
tested and bounded.

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 26/07/22
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MOC (Multi Order Coverage) in action
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MOC VO Standard to encode GW sky localisations

A\

GW170818-HLV

"\ Gw170608
GW170729
4

GW17

N GW170817-HLV
x GW170814-

We demonstrate that these irregularly shaped and complex sky localisations can be encoded as MOC
maps, and how they can be used in visualisation tools, and processed (filtered, combined) and also their
utility for access to Virtual Observatory services which can be queried ‘by MOC’ for data within the region of
Interest. The use of MOC maps allows a high level of interoperability to support observing schedule plans.

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 26/07/22
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Aladin Desktop in action

4 * “‘; ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 26/07/22
2 e from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.

* 4%



LIGO
Scientific
Collaboration

(IRYNVIRD

Public Alerts
User Guide

Primer on public alerts for
astronomers from the LIGO and
Virgo gravitational-wave
observatories.

Navigation

Getting Started Checklist
Observing Capabilities
Data Analysis

Alert Contents

al 1. 1

LIGO-VIRGO-KAGRA Public Alert User Guide

Added new sections dedicated to the MOC 2.0

GW170841%_skymap.fits eoe

Properties

< ligo.skymap: Advanced Python Tools for Probability Sky Maps | Mobile Apps —

Properties of the plane "MOC 0.9 GW170817_sky...

PlanelD. MOC 0.9 GW170817_skymaf.

| 1 IS T ]
HON ENENN (N
Space Time MOC (STMOC)

0.039% of ? => 16.16"A2

6.871" (order=9)
2017-08-17T12:41:3.430

2017-08-17T12:41:9.430

Color:

Format:
Coverage:
Best ang.res:

Sky Map Visualizations and Credible
Regions in Aladin

In this section, we demonstrate working with gravitational-wave sky localizations in
Aladin Desktop. The following main topics are addressed.

Time

Drawing method: [ perimeter  cell borders 3 fill in

Overlay opacity
0 20 40 60 80 100

Apply Close

» MOC and GW Sky Localizations

« Running Aladin Desktop

» Loading a GW Sky Localization

e Building a Credible Region

» Area Within a Credible Region

» Querying and Filtering a Galaxy Catalog
o Thumbnail View Generator

gbuts_healpix_systematic
;;;;;

choose a MOC operation and
press the CREATE button to generate the resulting MOC

Plane MOC 0.9 gbuts_healpix_systematic - "12 26 39.93205 -22 21 36.4266"

Plane MOC 0.9 GW170817_skymap.fits - "17 41 26.53479 -10 51 11.9537"

Plane - none --

Plane - none -~

Plane -- none -~

Union  © Intersection Subtraction Difference

Building a Spatial and Temporal Credible Region

Spatial and Temporal Coverage Intersections

Target MOC parameters

Space  Order 10 => 3.435' Time  Order 54 => 128us %]

Target size © unlimited less than MB

if too big, reduce the resolution in

CREATE Reset

Close (7]
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Aladin Lite “meets” MOCWasm
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Online Calculator and Interactive Viewer of Credible Areas

The webtool organizes L =

all the skymaps released
by the LVK
collaborations both in
low latency and catalog
publications. mydes | [Tomoon | oo | [Tarn

Users can locate EM }
transients and perform g orew HOC sl reglone
dedicated Operations_ : Box Circle Ellipse Ring Zone

Note. Sky show plots the 90% credible area by default. The event is fully accessible from the menu alerts.

> Load a gravitational-wave sky localization from:

> Sky operations

Drawing&Filtering Operations Refresh Page

Ehble Acues sible 1tero; erable Reusable
Y
O & o O

= E ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 26/07/22
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ESCAPE ¥ Multi Order Coverage data structure to plan multi-messenger

O b S e rva t | O n S Haleakala Observatories Paranal Observatory (ESO) Siding Spring Observatory

; R
A new applicatian of multi-meSsenger
observations by ESCAPE and AHEAD2020 I
Accepted for publication in Astronomy and | » = | o ' . A 5:;2‘ ‘

Computing Journal the work led by Giuseppe Greco
focused on supporting multi-messenger astrophysics

with Virtual Observatory standards and tools
O

Click for more information T
AHEAD 2020

Visibility MOC maps of a gravitational-wave sky localisation.
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Educational and outreach
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Universities, training schools, festivals and disseminations

VO ESCAPE schools.
LVK Open data workshop.
Learning activities at the University of Perugia.

Bachelor's and master's degree theses at the Camerino and Perugia Universities
presented to ADASS2021/2022 conferences.

PhD thesis (UniPG): Evaluation of catalogues completeness by extending the Virtual

Observatory framework to estimate the HO Hubble constant with dark standard
sirens.

Dissemination material for outreach, news and press releases.
Science Festivals.

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding
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Einstein Telescope: third-generation
gravitational-wave observatory
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E2CAEE T Einstein Telescope approved for ESFRI Roadmap 2021

Looking ahead Low frequency: Multi-messenger astronomy

* If we are able to cumulate enough SNR before the merging phase, we can trigger
e.m. observations before the emission of photons

» Keyword: low frequency sensitivity:

“umulative SNR

(

Curtesy of M. Punturo

New RlIs for Roadmap
2021 announced

ROADMAP 2021

ET - Einstein Telescope, the first and most
advanced third-generation gravitational-wave

observatory, with unprecedented sensitivity that will
put Europe at the forefront of the Gravitation Waves

research A Nested skymap system

https://www.esfri.eu/latest-esfri-news/new-ris-roadmap-2021.
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A VO service for the
European VLBI Network

Mark Kettenis, Software Project Scientist
Joint Institute for VLBI ERIC



EVN & JIVE o JIVE

@
European VLBI Network (EVN)
Very Long Baseline Interferometry Su Ve
High-resolition radio astronomy WA Joint Institute for vLB1
ERIC

Europe and beyond!

Joint Institute for VLBI ERIC

operates the EVN correlator
provides support to EVN users
hosts the EVN Data Archive

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022
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: e
EVN Data Archive

e ] ) Not Secure — jive.nl @ th (a)

Searchable archive of most EVN
observations since 1998

Most data is public

Users complain search is slow! e R —

About JIVE EVN Data Archive at JIVE
JIVE management Select EVN experiment Select a sourceposition from EVN experiment N19K2
ERIC council
[NEL < ] Ra Dec Source Image Image
News 164.6234 1.5663  J1058+40133 sdss evn
. 179.8826 29.2455 J115942914  sd
ece i) Not Secure — archive jve.nl e o support Access to EVN archive ates o
Visiting JIVE c
* Show experiment N19K2
FITS-finder Tool for the EVN Archive Access to VO archives
Find FITS files in the EVN Archive matching specified selection criteria, including source name ot position. P B Info o Aladin Sky Atlas
rrelator overview i £
-_ e-VLBI g
P.Investigator & |Frequency /] P. Investigator Any B [Any | Select stations: P. Investigator Operations . tatisti since June 2004
Ar .
Experiment Channel width ' =and Experiment
Experiment  Any B s o = or (priorty in evalustion) Software
Source name Freq. channels Cm Source name
Source name  Any Eb E.g.: EfIEbIWD,AriGb
RA Nr bands Ef RA (
DEC Bandwidth / IF Polarization | Any B r Ay DEC | EVN Data Archive i
Equinox Total Width Find sources in Circle (1Box Find sources in frequency range: Observ. date ’
” Any band Min. frequency
File name Stations RA (hhimmss)  12:00:00 P-band 90,49 cm Frequency
File length Polarization L-band 2118 cm 320, i Total Width . . .
DEC (dd:mm:ss)  00:00:00 S-band 13 cm Ve ?
File startdate Integr. time C-band 6,6 om Freq. channels u I S I I n a e
File starttime Total time Radius (degr) 1 X a2 o 50000 MHz Integr. time °
File enddate Observ. date Offset degr RADEC 180 90 Total time
File endtime Polarization Q Q
Showlist | | Plotist | Typedinput | Info | Defauits || Reset e g I Ste re W It re at a O r g
L]
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VO protocol use cases \

52.57"

Access to historic data for high-resolution follow-up
Gravitational Wave events

52.56"

Gamma Ray Bursts P e
Fast Radio Bursts .
(EOSC Future: The Extreme Universe and Gravitational Waves)

 58.703° 58.702° 587015  5'31M58.700°
a (J32000)

Standardized access to archival data for science .
EVN localization of FRB

platform 121102

JupyterLab environment (talk by Aard Keimpema) B. Marcote et
al 2017 ApJL 834 L8
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VLBI data is different

Visibility data; not images!
Requires further processing to make images
Algorithms & parameters depend on science goals

Observation properties not well defined:
Footprint depends on desired sensitivity
Potential gaps in spectral coverage

Multiple sources per data set
Calibrators are essential for imaging targets

Discussion with ESCAPE CEVO partners and IVOA
Radio IG were essential to get metadata right!

Credit: EHT Collaboration
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IVOA @

JIVE participates in the IVOA Radio Interest Group

Contributed to Implementation Note
Descriving JIVE use-case and implementation
https://www.ivoa.net/documents/Notes/RadioVOImp/index.html

Contributes to Radio Obscore Extension
Characterization of UV (visibility) coverage
excentricity and filling factor
Frequency vs. Wavelength
https://github.com/ivoa/ObsCoreExtensionForVisibilityData

ESCAPE CEVO was instrumental in getting the IVOA Radio IG going!

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022
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= ) VO Protocols used in our service @

JIVE

ObsTAP (Table Access Protocol serving ObsCore metadata)
Provides metadata describing observations

Datalink
Used to link together dataset components
Used to link to calibration information
Will be used to add preview images and diagnostic plots

ESCAPE - The European Science Cluster of Astronomy & Particle Physics ESFRI Research Infrastructures has received funding 25/10/2022

from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement no. 824064.
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Implementation of the service \

@ ADQL Query x o+ v

& evn-vojive.eu/__system__/adgl/query/form aQ b &

(=Y ADQL Query

L ]
Parameters
B a S e d O n D a ‘ H S ]IVE = ADQL query: select * from ivoa.obscore where target_name="M87"
Help
Result
Service info
Matched: 28
° ° ° Related
Tables available for
ADQL
Product Subtype Calibration Collection Obs. ld Title Pub. DID Creator Access Media Type Size Target Target [
Metadata type Jevelcald DD URL [Kbyte] Name Class 1d
Identifier
iveillive ul_system, iy, NA 1 EVN EGOS3A NA joflivesur? N - applicalionl-  3p03553  Me7  NIA -172.2040€
y EGO63A_120619_1_1_M87_4926.90MHz = votable+xmicontent=datalink -

Cite this
ivorffive.eu/~? application/x-

. .
Advice on citing this r¢ il - B
Advicoonciingthis e visibiity  NIA 1 EVN EHO31 NIA  puosi 140803 1.1 Ma7 1saegaMy  NA votablerxmiconmtdaain, 19241904 M87  NIA -172.2940¢
D ipti
M‘ il . ivo:ffjive. eu/~7 5 application/x-
endpoint for submi  visibilty  N/A 1 EVN EGUSEB NA [oocon or 11 et aamagane  NA 4686145 MB7  NIA -172.2040€

votable+xml;content=datalink

;:::,‘::;Mwm visibilty  N/A 1 EVN EGO438 NA Eemaa_100127_1_1_M57‘i%/ﬁ‘i§xn/|:; NA = omblenmicon oot 3133913 M7 NA 17229408

E t t t d t f F ITS I D I f. I I::::;ﬂenis visitikty  NAA 1 EUN  eg043a NiA EGM3A7091‘11971717M87‘i:§f&‘1vi§h\11:; NA = sotablonmiconomteiamne 278427 MET NI 17220408
X ra C S I I Ie a a a rOI I l = I eS ;D';;‘D‘;mmmm visibily  N/A 1 EVN EGO43D N/A Esmnjooaao;,w,MWf%ﬂieTnﬁ NiA = sotablonmicorrPucatione  3a02850 M7 NIA 17220408
2':2':_;1::;'::6.“59; visibilty  NIA 1 EVN  GKO52 NIA aKa5271anzmj;,mm}%%esgmz NIA - %blwmlm‘:gﬂf:;“‘;’l‘iﬁ; 49164749 M7  NIA -172.20406

ertte N |n Python |y N1 S0 A o, ol 7 ool 1 T e e
Open Source: https://github.com/jive-vlbi/evn-vo
(BSD 3-clause)
Runs on top of existing archive
Datalink URLs point to existing server
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https://github.com/jive-vlbi/evn-vo

Registering the service

@ [ ] Aladin v11.0

Available data -+ 27764 Command Frame I_ Projection
DSS mPanSTARRS mSDSS m2MASS mGALEX mGaia mSimbad gNED +
ey tap
B Collections Welcome to Aladin,
M Catalog your professional sky atla
| vizieR 3
W Journal table

DaCHS conveniently

B MNRAS
EGAPS - The EVI

implements a registry

Others
TAP (table)

Registering that registry
makes published services
findable

EVN Data Archive shows
up in Aladin

[T [—

select K3
LT - - all collections -- [~ 5.

@B o1 [

]
coll ort view scan filter

Osel /22195 src 418Mb JS
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Conclusions \
JIVE

The EVN Data Archive is now much more Findable
DOIs will be available soon!
TAP service is fast

VO protocols already used to implement other services
Science platform

Help from ESCAPE CEVO and IVOA Radio IG was essential for getting metadata
right

Help from Markus Demleitner (GAVO/Universitat Heidelberg) really useful to
get DaCHS running (ESCAPE CEVO workshops)

Further improvements planned!
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Future perspectives

Mark Allen and Francois Bonnarel
CDS, Observatoire astronomique de Strasbourg
For WP4, ‘CEVO’
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Future outlook of VO in ESCAPE and EOSC

Integration of astronomy VO data and services into the EOSC

- Next big step is to use evaluate/use the new ‘enhanced EOSC Resource Catalogue’ for on-
boarding of ‘data sources’

FAIR principles for data through the Virtual Observatory

- ESCAPE has built capacity within ESFRI/RIs to become actors in defining the standards.
Future : Implementation / Coordination / Innovation / Scaling up

- Continue networked approach — Standards, Data, tools/services, Training

Integration in platforms, virtual research environments

- Within ESCAPE, but also beyond: space agencies and major observatories and data centres

- Coordination of European efforts necessary to continue global impact

Mark Allen 25/10/2022
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