A Webtool for working with GW
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Targets and Technology

e Based on the Virtual Observatory
standards and technologies
(Aladin Lite v3, MOC, HiPS).

e You can create credible regions
on the fly - in your browser.

e Sky Operations: unions,
intersections, differences or
subtractions.

e Filtering transient candidates.

ESFRI
: Grav.ita:tional-wave Sky Lécalizéti;)ns:

'Online Calculator and Inte’raétiv'e Viewér of Credible Areas :

Version beta 0.5

The tool provides the credible areas of gravitational-wave sky localizations issued by the LIGO-Virgo-KAGRA collaborations (LVK). The resulting
credible area is encoded with the data-structures Multi Order Coverage map (MOC). MOC is a Virtual Observatory standard approved by the IVOA
(International Virtual Observatory Alliance) to manage sky coverage. Each MOC is visualized in the Aladin Lite with various background image
surveyes. The whole list and the image surveys are accessible by clicking the icon = manage layers located at the top left. The MOC maps are
created and manipulated with the WebAssembly library MOCWasm. The tool accepts the two LVK sky map formats: the multiorder format (with .fits

extention) and the unflattened skymap (with .fits.gz extention). Better performances are achieved with the multiorder format.

Tested on all major web browsers such as Chrome, Firefox, Safari, Opera. Work in progress to develop a
responsive design that adjusts itself to different screens.




GW Multi Order Coverage map
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Big-data window ] ‘ » 3 well known services: Simbad,
< VizieR & Aladin, (+Xmatch,Sesame...)

500 TB of data

Fully access to VO resources = * 16 operational sites/servers on 5
Wlth a feW CIleS or a feW e continents (7 local servers + 9 mirrors)
command lines in python = Over 2 million requests per day

— Available pixels 3.61E+14 (all HiPS resolutions,
formats, 1.06E+15 with mirrors = 1060.1 thousands of

Somne billions pixels)

(2N IRG

Public Alerts R — (equivalent to a photo album of all inhabitants of
User Guide the earth with one 372x372 picture per human)
1

Sky Map Visualizations and Credible JEESSENoXer=le1lole N HR A4SV ER VA ol [ToT I RN
Regions in Aladin

https.//emfollow.docs.ligo.org/userquide/resources/aladin.html



Towards a standard(s)

2015; Singer & Price 2016; Youngren & Petty 2017). It has also been utilized by the multiorder

coverage (MOC) map International Virtual Observatory Alliance (IVOA) standard (Fernique et al.

2019) to specify arbitrary sky regions, which has been shown useful for the planning of
multimessenger observations (Greco et al. 2022). The MOC standard was recently generalized
by associating a value to each pixel of a full-coverage map, and is now used to distribute LIGO-

Virgo gravitational wave sky localizations.-2

I. Martinez-Castellanos et al 2022 AJ 163 259

in the Aladin sky atlas (Bonnarel et al. 2000; Boch & Fer-
nique 2014) and many other Virtual Observatory (VO) tools
and platforms. Greco et al. (2019) brought MOCs to promi-
nence in the GW community by adding MOC contouring of
GW probability maps and cross-matching with catalogs to

Aladin. The hierarchical nature of HEALPix also underlies
the IVOA hierarchical progressive surveys (HiPS) standard
(Fernique et al. 2015, 2017), an astronomy map tile technol-
ogy that enables interactive panning and zooming, similar to
Google Maps, in Aladin.

Leo P. Singer et al 2022 AJ 163 209

Treasure
Map

Sentinel Visualization
tools

Gwemopt

Multi-
telescope
scheduling

Transient
filtering

Lessons from counterpart searches in LIGO and Virgo’s
third observing campaign from Michael W. Coughlin
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La Ue dice sial

caricatore unico per
tuttii dispositivi
elettronici

di Bruno Ruffilli

Oggi la discussione finale all'Europarlamento: approvate le nuove norme, obbligatorie dal
2024. La situazione attuale sara solo "un ricordo di vecchi, strani tempi di costi inutili, sprechi
e disagi'", per la vicepresidente della Commissione Margrethe Vestager

04 OTTOBRE 2022 @ 2 MINUTI DI LETTURA



Aladin Lite v3

New features

¢ Improved display: thanks to GPU rendering using WebGL2, the application is smoother and more reactive,

in particular when zooming or panning the view.
¢ Access to HiPS FITS tiles: HiPS FITS tiles can now be loaded and visualised in Aladin Lite, giving access

to the whole dynamic range of corresponding HiPS dataset. The HiPS tile format can be changed from the
Stack GUI: click on the é logo to open it, then click on the black triangle to open the image options

panel, as shown below:



Space and Time MOC

MOC: Multi-Order Coverage map

Version 2.0
IVOA Proposed Recommendation 2021-11-01

Working Group
Applications

This Version
http://www.ivoa.net/documents/moc/20211101

Latest Version
http://www.ivoa.net/documents/moc

Previous Versions
Version1.1
Versioni1.0

Author(s)
Pierre Fernique (CDS)
Ada Nebot (CDS)
Daniel Durand (CADC)
Matthieu Baumann (CDS)
Thomas Boch (CDS)
Giuseppe Greco (EGO-Virgo)
Tom Donaldson (STScl/NASA)
Francois-Xavier Pineau (CDS)
Mark Taylor (University of Bristol)
Wil O'Mullane (Vera C. Rubin Observatory)
Martin Reinecke (Max Plank)
Sébastien Derriere (CDS)
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2.4 Space and Time MOC: Einstein Telescope and Early Warning Alerts

The space and time MOC provides us with an effective way to develop new multi-messenger data analysis tools

DSS A2MASS AAKARI AFerm

GW17081%_skymap.fits ece
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-30:00

15°

Properties

Properties of the plane "MOC 0.9 GW170817_sky...

PlanelD: MOC 0.9 GW170817

Color.

Format. Space Time MOC (STMOC)
Coverage. 0.039% of ? => 16.16"A2
Best ang.res. 6.871' (order=9)

2017-08-17T12:41:3.430
2017-08-17T12:41:9.430

Time

Drawing method: () perimeter  cell borders @ fill in

Overfay opacity
0 20 40 60 80 100

Apply Close

Projection NYSTRT e
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MOC 0.9 cwwoaw,skyma;lm

S MOC 0.9 GW170817_skymap.fit-

GW170817_skymap.fits .
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prop |- F156° x 1756" @
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gbuts_healpix_systematic

12:00

Plane
Plane
14,00
Plane
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00

142.7° x 63.

MOC operations.
Specify one or two MOC planes,
choose a MOC operation and
press the CREATE button to generate the resulting MOC

MOC 0.9 gbuts_healpix_systematic - "12 26 39.93205 -22 21 36.4266"
MOC 0.9 GW170817_skymap.fits - "17 41 26.53479 -10 51 11.9537"
-~ none -~
-~ none -~

-~ none -~

Union  © Intersection Subtraction Difference
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

that will have a crucial role when the third-generation interferometric gravitational wave observatories, such as
the Einstein Telescope (ET), will begin operation. Here we figure out a few potential applications. ET will explore LS
the universe with gravitational waves up to cosmological distances with an expected detection rate of order 105

|| (©2017-08-17T12:41:3.430 ... 12:41: 8




Graphical User Interface: GW transient Catalogs

GWTC-2.1 PE for GW190814 (update)

Date added: May 13, 2022
show / hide parameters

Source File

Posterior Samples Zenodo Entry

Skymap for GW190814 mummm mEmE @ SeEE e am *

Default PE

The skymaps are taken from the GWOSC website
following the last publication data in Zenodo.

Last publication date: May 11, 2022

'

my device GraceDB catalogs alerts

gwtc-2.1-confident v GW190814 2 CO01:Mixed ~

Choose a credible level ([0..1]):

Reusable
9%
s

Edable / Ccessible

nteroperable

JORLE- -

MOC identification name:

GW190814 C01:Mixed
Display Credible Area Save .fits

; ‘ Info MOC plane.
: Identification name: GW190814 C01:Mixed MOC 0.5.
MOC order: 10.
Coverage: 0.010 % of sky.
Area: 4.1 square degrees.
Number of disjoint MOCs: 1.

Publication data: May 11, 2022.




Graphical User Interface: Real time

y S
Latest LVK Public Alert: - -

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

Real time: latest LVK public alert in real time
and visibility plot (with Google Earth?)

Night time shading for September 14, 2015 at 09:50:45 UTC
— MR GW150914
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Transient Localizations

. _J

:

My transient 2

transient

S

M=

Choose a credible level ([0..1]):

MOC identification name:

Info MOC plane.

Identification name: final skymap MOC 0.5.
MOC order: 10.

Coverage: 0.009 % of sky.

Area: 3.7 square degrees.

Number of disjoint MOCs: 1

pemo - Draw MOC sky regions

pemo = Sky operations:

virgo.pg.infn.it dice

The transient: My transient 2 is outside the plane: final skymar

MOC 0.5.

Draw and Filter

Transient sky position [in degrees]:

ra 7.55

dec -21.71

A plane to filter the transient:

final skymap MOC 0.5

Transient name Identification:

id My transient 2

Also for transients stored in the
Transient Name Data Server
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MatryosKY

Low frequency: Multi-messenger astronom : :
G Y g_ ,y The idea is to develop nested ET sky
* If we are able to cumulate enough SNR before the merging phase, we can trigger

e.m. observations before the emission of photons |Oca|izations from the f| rSt early Warning
* Keyword: low frequency sensitivity: 5 - -

. alerts to the final ET localization. Nested
] also EM/neutrino transients and
EM/neutrino surveys.

aLIGO ==ET

er == CE

Cumulative SNR
N

able (seconds)

by M. Puntur

@

Real-time search, post-processing and

data storage... e
~ ESCAPETO THE FUTURE

25-26 Octolier 2022
Y .
SAVEYOURSEATNOW  SHio

Join us either in Brussels or online
- ¥
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Many THANKS!

https://virgo.pqg.infn.it/maps/webtool evolution2/index evolution v2.html
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https://virgo.pg.infn.it/maps/webtool_evolution2/index_evolution_v2.html

