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TESTING AND IMPLEMENTATIONS

{@} Developments from 2014 to 2023

d  ASTERICS DADI ESFRI Forum &
Training Event1-3 & 4
December, 2015 - Trieste.

d  ASTERICS DADI Technology
Forum 2 -7 & 8 March, 2016 -
Edinburgh.

O  DADI Meeting on Gravitational
Waves - 31 May-1June 2016 -
Strasbourg.

a ASTERICS DADI ESFRI Forum &
Training Event 2,13 & 14
December, 2017 - Trieste.

IVOA: Nor’rhern Sprmg 2016
Interoperability Meeting
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AHEAD 2020 'S

AHEAD2020 WP12 F2F meeting 4 May,
2022 - Aquila.

INFN-Perugia and SSOC-ASI dedicated
periodic calls.

ESCAPE to the Future 25-26 October
2022 - Brussels.

WP4 Technology Forum 3 - 15-16 March
2022 -online

WP4 Technology Forum 2 -13-15 April
2021 -online

WP4 Technology Forum 1-4-6
February 2020 - Strasbourg

+ Internal Virgo weeks and LVK teams calls
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GWskyY LOCALIZATIONS IN THE IVOA ECOSYSTEM
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ABOUT THE VISUALIZATION TOOLS: ALADIN LITE/DESKTOP, IPYLADIN, TOPCAT.
ABOUT THE CREATION TOOLS: MOC—WASM, ALabIN DeEskTor, MOCPY
ABOUT THE INTEROPERABILITY WITH PYTHON: SAMP



WORKING WITH GW SKY LOCALIZATIONS (2D)

April 8,2019 18:18:02 UTC
GW190408_ 181802
3.52 Gyr ago

E G O Vl R@ GWTC-2: Gravitational-Wave Transient Catalog - Sky Localizations

:@: MOTIVATIONS

In a MOC map you can add time information
performing spatial and temporal operations,
simultaneously (Pierre Fernique et al, 2020).

Generally, GW sky localizations are irregularly
shaped and the Multi Order Coverage (MOC)
IVOA standard offers:

1) fast mapping of localization areas even
if there are separated regions;

2) dedicated queries from the entire IVOA
collections into that (GW) MOC;

3) accurate comparisons between any

sky region encoding in a MOC:
a) Neutrinos, GRBs localizations,

b) EM transients field researches,
c) references images,
reactive planning to coordinate
electromagnetic followup.
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MOC and GW Sky Localizations

Running Aladin Desktop

Loading a GW Sky Localization

Building a Credible Region
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Area Within a Credible Region

GW170817_skymapfits

Querying and Filtering a Galaxy Catalog
Thumbnail View Generator
Building a Spatial and Temporal Credible Region
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VO scHOOLS AND LVK OPEN DATA WORKSHOPS

The tutorials are mainly based on use of the Aladin Desktop, mocpy, matplotlib, astropy, astroquery

and ipyladin.

VO schools

HTTPS://INDICO.IN2P3.FR/EVENT/25225/

VO participant use -cases

HTTPS://INDICO.IN2P3.FR/EVENT/25225/

HTTPS://GITHUB.COM/GW—0DW/0DW—2021

LVK open data meeting

from ipyaladin import Aladin
from ipywidgets import Layout, Box, widgets

# Define two widgets.
left_widget = Aladin(layout=Layout(width='
i i Aladin(layout=Layout (wi

, target='16.91000 -28.1100', fov=180)
), survey='P/DSS2")

items = [left widget, right widget]

# Define layout.
box_layout = Layout(display='flex'




MOC VisiBiLITY

Haleakala OI{sVlematories Paranal Observatory (ESO) Siding Spring“observatory

Demonstrations of the utility of MOCs in the
preparation of observation campaigns,
Greco et al, A&C 2022.

Table 1. Visibility MOC areas [deg?].

Obs Time (UTC) Haleakala Paranal

2019-04-25 08:18:05.0 2567 2038

GW190425

2019-04-25 10:18:05.0 3989
2019-04-25 12:18:05.0 4334

2019-04-25 14:18:05.0 3711

& cds-astro / tutorials

Multi Order Coverage data structure to plan multi-messenger observations
A new tutorials is revisited by Manon

Marchand; many thanks!

Giuseppe Greco', Manon Marchand?

1. INFN, Sezione de Perugia, 1-06123 Perugia, Italy
2. Université de Strasbourg, CNRS, Observatoire Astronomique de Strasbourg, UMR 7550, F-67000, Strasbourg, France




COORDINATION TOOL FOR FOLLOW—UP CAMPAIGNS

An Electromagnetic

follow-up c?mﬁqngn
Fab coverage if
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GRAVITATIONAL—WAVE SKY LOCALIZATIONS:
ONLINE CALCULATOR AND INTERACTIVE VIEWER OF CREDIBLE AREAS

\
Choose a credible 'evel : llllllllllllllllllllllllllllllllllllllllllllllllll .
([0..1]): . .
S . THE WEBTOOL 1S POWERED BY ALADIN LITE
oS MOC identification name: .
; * v3 AND MOCWASM.
= Display Credible Area Save .fi i
g . : THE FUNCTIONALITIES ARE GROUPED INTO
&5 ; ‘ Info MOC plane. . 1
: Aﬁ)f\j\‘f “ Identiﬁcati:nname:GW170814C01:MixedMOCO41. : THREE MAIN CATEGORIES'
. S : (1) LOAD A GRAVITATIONAL—WAVE SKY
oo e o 1 ! LOCALIZATION FROM MY DEVICE, GRACEDB,
AL . CATALOGS AND ALERTS,
- Skymap from Zenodo. Publication data: May 11, 2022. :
— . (1) Draw MOC skY REGIONS,
» Draw MOC sky regions i (III) SKY OPERATIONS
/I SPACE SCIENCE nh‘?q&
HTTPS://VIRGO.PG.INFN.IT/MAPS/

HTTPS://ZENODO.ORG/RECORD/6805866#.ZFHEHUXBXUL



https://virgo.pg.infn.it/maps/
https://zenodo.org/record/6805866#.ZFHEHuxBxUI

G

We request that the UTC time scale in the
ST-MOC also be supported in order to
minimize potential user issves.

(0]



WORKING WITH GW SKY LOCALIZATIONS (3D)

Fig. 2 from GOING THE DISTANCE: MAPPING HOST GALAXIES OF LIGO AND VIRGO SOURCES
IN THREE DIMENSIONS USING LOCAL COSMOGRAPHY AND TARGETED FOLLOW-UP; Leo P.
Singer et al 2016 ApJL 829 L15

'@* MOTIVATIONS

For CBC events, 30 sky localization maps are
released (Singer et al. 2016). A dedicated
functionality in ligo.skymap is provided to
crossmatch in 30 the event's HEALPix map
with a galaxy catalogue. The HiPS catalog
and Aladin Lite offer:

1) optimized management of large
catalogues;

2) customized interactive filtering to
select galaxies (K- or B- absolute
magnitudes, probability density etc)

3) Online archive for realtime and
post-processing analysis

n




GLADENET
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Show galaxies with the probability per volume dV-dP greater than: 7.014e-7

~

The Progressive Web App is powered by HiPs catalogs and
Aladin Lite v3.

As GLADE+ is a vast collection of various catalogs, its
completeness can vary significantly between different
parts of the sky. Knowing the completeness of the catalog
accurately is crucial for the synergetic work of
electromagnetic follow-up and inferring cosmological
parameters.

These results can be mainly used (/) to estimate the
Hubble constant with dark standard sirens when the
catalog approach is applied and (ii) to set up EM follow-up
strategies: galaxy targets vs. wide-field observations.
Dedicated surveys can also be performed to improve the
completeness of the 3D sky localizations by uploading
new data to the Virtual Observatory servers.

HTTPS://VIRGO.PG.INFN.IT/GLADENET/CATALOGS/

_________________________________________________

collaboration with Gergely Dalya

PhD thesis of Maria Lisa Brozzettiin i

12


https://virgo.pg.infn.it/gladenet/catalogs/

G

In supporting GLADEnet, a hackathon on
HiPS catalogue can be useful.

13



G

Aladin Lite;
filtering ST-MOC with a dedicated slider bar



IVOA IN AN ACADEMIC ENVIRONMENT: LECTURES AND THESIS

O0Mo

unipg

DI ~ i " e e .
Home | University | Courses | International Students | Visiting Professor. UNIVERSITY OF CAMERINO

Home > ECTS Catalogue > ECTS course catalogue 2022/23

Departments Unit MULTI-MESSENGER ASTROPHYSICS
Full list of modules FROM GRAVITATIONAL WAVES TO
il GAMMA RAYS

>ECTS course
catalogue

2022/23

ECTS course

catalogue 2021/22 Course Physics
EGTSIcourse Study-unit Code A003089
catalogue 2020/21 Location PERUGIA

Courses held . sss " e =
English ‘/ L - G u O - % li‘.l m -

At the University of Perugia is active an astrophysics multimessaggera class with a
dedicated laboratory to the IVOA tools and standards. Some works have been presented at
the ADASS meetings.
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https://www.unipg.it/internazionale/ects/catalogo-dei-corsi-2022-23?annoregolamento=2022&layout=insegnamento&idcorso=238&idinsegnamento=244180
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& Tweet

Happy holidays from @LIGO @ego
_virgo and @KAGRA_PR. We're
celebrating with a festive tree of
skymaps from our #03 candidate
#GravitationalWaves events....

birthday to Isaac
**)

(and happy 377th
Newton too "

OuTREACH (HIPS2FITS)

EGO & the Virgo Collaboration

Here is a 3D skymap (courtesy of G. Greco) showing a
comparison between the localization of GW170817
(yellow) and G190425 (blue). This is why it was much
more difficult to find an electromagnetic counterpart.
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GO & the Virgo Collaboration

he 3D sky localization of two gravitational wave signals
irgo and LIGO detected last August 28th: S190828] and
190828l. Courtesy of G.Greco.

@CT 14,2019

e 187 10 Comments

Like O Comment A} Share

«o-ws. EGO & the Virgo Collaboration
Aug 22,2019 at 13:23 - @

LIGO and Virgo contributions to the sky
localization of the very interesting event detected
last August 14th (courtesy of G. Greco).

Sky localizations of the candidate event S190814b; ue the sky map g
using data from the LIGO-Livingston and Virgo detectors, dist ut 21 minute:
candidate. In gold an updated sky nerated using data from the LIGO-Livin

and Virgo detectors distributed abo burs after the candidate (GCN Ci

CLick ON THE FIGURES TO DIRECT TO THE ORIGINAL POST
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https://www.facebook.com/112826502136591/posts/2715829648502917/
https://www.facebook.com/112826502136591/posts/2510034665749084/
https://www.facebook.com/112826502136591/posts/2407551635997388/
https://twitter.com/LIGO/status/1209933492919910404
https://twitter.com/LIGO/status/1209933492919910404

SOUNDMAPS

Sky surveys

Fermi OGALEX GR6 AIS ODSS @Mellinger OFinkbeiner

2MASS OIRIS OAKARI

GW150914 - GWTC-1 skymap

» GW170814 - rapid LIGO detection

» GW170814 - rapid LIGO and Virgo detection
GW170814 - GWTC-1 skymap

GRB 170817 - GBMFemi

GRB 170817 - IPN Fermi / INTEGRAL
GW170817 - GWTC-1 skymap

AT2017gfo - Kilonova

GW190412 - GWTC-1 skymap

k hole detection with clear evidence

Science Summary:
The summary of the LVK scientific publication is available here.

(GW190521 - GWTC-1 skymap
GW190814 - GWTC-1 skymap
GW200115 - GWTC-1 skymap

for

IT WILL BE ONLINE SOON!

A specific chord is played
when the cursor enter or leave
the MOC region. When the
cursor is inside the MOC, an
avdio files will start in less one
second.

The binary merger events
that LIGO and Virgo have
detected are in the audio
band. They can be converted
to sound (wav) files, so that
you can hear them.

Soundmaps is intended for
educational purposes.

https://gwosc.org/auvdio/
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https://docs.google.com/file/d/1i2h5dpbni0lOvsTRkazYCLxNBNQ24Oa1/preview
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A BIG thank to the CDS team;
about 1 e-mail per day!
(including weekend!)




EINSTEIN TELESCOPE OBSERVATORY

In ESFRI roadmap

A sky localization is produced when a new i
event is detected. The initial map will }
incorporate every new updates with an }
automatic re-filtering of candidate transient |
events and GRB/Neutrino localizations. }
|
|
|
|
|
I
|
|
I

All sky information of that event will be
nested in a Matryosky system from the early
warning alerts to the final skymap catalogs.

Sketches to manage GW alerts in the ET era with about 1 million of black holes mergers and thousands
of neutron star coalescences in binary systems per year.
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