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GraceDB — Gravitational-Wave Candidate Event Database

| HOME | PUBLICALERTS | SEARCH | LATEST | DOCUMENTATION |
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e GraceDB, LIGO/Virgo’s online portal for alerts and real-time results.

e The Open Public Alerts are distributed through NASA Gamma-ray Coordinates Network
(GCN).


https://gracedb.ligo.org/
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LIGO and Virgo Public Alert User Guide

Welcome to the LIGO/Virgo !

Public Alerts User Guide! . o '
This document is intended . MM@JJVIRGD  Sky Map Visualizations and Credible

LIGO « ligo.skymap: Advanced Python Tools for Probability Sky Maps | Mobile Apps —
Scientific

Collaboration

Public Alerts . . .
for both professional : Regions in Aladin
User Guide
astro nomers an d SC i ence . In this section, we demonstrate working with gravitational-wave sky localizations in Aladin
. Primer g puhlie:alestsifor Desktop. The following main topics are addressed.
enthusiasts who are e o e L0
interested in receivin g observatories. « MOC and GW Sky Localizations

e Running Aladin Desktop

e Loading a GW Sky Localization

Getting Started Checklist * Building a Credible Region

e Area Within a Credible Region

e Querying and Filtering a Galaxy Catalog

Navigation

alerts and real-time data
products related to

Observing Capabilities

g rav i tat i ona I =wave (GW) Data Analysis e Thumbnail View Generator
events.

MOC and GW Sky Localizations

The enclosed area within a given probability level contour of a GW sky map can be effectively

Python Tools for Probability
Skv_Mans

Many thanks to Leo Singer (User Guide librarian) to improve the Aladin Section and
review some EPO products!
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HIPS and MOC for Educational: GIF and 3D images
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Happy holidays from @LIGO @ego
_virgo and @KAGRA_PR. We're
celebrating with a festive tree of
skymaps from our #03 candidate
#GravitationalWaves events....
(and happy 377th birthday to Isaac
Newton too &%)
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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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Click on the Figures to direct to the original post
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EGO & the Virgo Collaboration

The 3D sky localization of two gravitational wave signals
Virgo and LIGO detected last August 28th: S190828j and
S$190828|. Courtesy of G.Greco.
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LIGO and Virgo contributions to the sky
localization of the very interesting event detected
last August 14th (courtesy of G. Greco).

Credit:LGONirg0/COSIT. Boch/G. Greco, Image: A. Mellnger

Sky localizations of the candidate event S190814bv. In deep sky blue the sky map generated
using data from the LIGO-Livingston and Virgo detectors, distributed about 21 minutes after the
candidate. In gold an updated sky map generated using data from the LIGO-Livingston, LIGO-Hanford,
and Virgo detectors distributed about 2 hours after the candidate (GCN Circ. 25324).



https://www.facebook.com/112826502136591/posts/2715829648502917/
https://www.facebook.com/112826502136591/posts/2510034665749084/
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HIPS and MOC for Educational: VR and HR images

Palais de la De’couver{e, Paris

fermhamente, Fermo 2019
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Aladin Lite MOC-sonification
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Interactive Detection Skymap

Biraa logo minl Interactive Detection Skymap

sturn to the Virgo homepage  Go to the LIGO Open Science Center

* Using the skymap
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Je Interactive skymap shows the localizations of the gravitational waves reported In the Gravitational Wave Translent Catalog of Compact Binary Mergers (GWTC-1). The interactive sky map s sonorized. A specfiic chord is played when the
rsor enters or leaves the coverage of the gravitational-wave sky localization. The frequency is mapped to the galactic latitude of the mouse cursor location with a stereo spatialization (leftright speaker) for the galactic longitude.
e sonorization starts when a Localization checkbox is selected and is deactivated when the Label and Pop-up info checkboxes are choosen. The sonorization can be completely disabled from the checkbox Sonorization on the top of the
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Using the skymap

Click on the various options below to display Information relating to each detection.

GW170818 - GWTC-1 skymap
GW170817 - GWTC-1 skymap

Backgrounds

GW170814 - GWTC-1 skymap

GW170608 - GWTC-1 skymap
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Follow links to audio files in the table below
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https://docs.google.com/file/d/1HUsyDsNsZWnJQHDgjt6S0CHzgf_-RcpD/preview

An augmented reality app to visualize
gravitational events for Android and iOS

Valerio Tonelli (student) - University of Urbino
in collaboration with Thomas and Sebastien




How the app works

1. Model a 3D Sphere

2. Paste the Photosphere

3. Align the Sphere

from V/ Tonelli



GWsky: Interactive Tiling based on SAMP

Aladin v10.0
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https://docs.google.com/file/d/1htvHDVYHHSzGLPkYELHLetpM0ky8L_yO/preview

MOC Observability
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Sky regions observable from a particular site on the Earth at a
particular times with an user-defined airmass in a given MOC

contour plot. Demo tutorial
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https://docs.google.com/file/d/1Ccr2yhWNQdKOdvJmW8Evq6xn1WwueVnE/preview
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Projection Moliweide ~ | dmﬁ
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+ 360° x 180°_

V1_antenna

+ 360° x 180°

H1_antenna

360° x 180°

L1_antenna

B 360° x 180°

Strasbourg/CNRS - devaloped by CDS, distributed under GPLV3

Proposal from Nicolas Arnaud.

[View A1] - test

The tool
automatically
displays the
antenna
patterns and the
X credible regions
i at different
confidence
levels.
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MOCpy and Matplotlib

. . | ATLAS and VST
' L ATLAS FoV: 5.4°x5.4° J /
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Virgo data are added.

VST and ATLAS coverage of S190814bv

The method NI and MISEIBSIEEE support the Matplotlib graphics library for high-quality publication plots.
The first methods draws the interior of a MOC map and the second one its perimeter.



& GitLab Projects v Groups v More v  |ilt v Search or jump to...

L ligo.skymap Iscsoft > ligo.skymap > Merge Requests > 1141

m Opened 4 weeks ago by Giuseppe Greco # Edit Close merg

1 Project overview

WIP create contour plot in MOC standard version

[ Repository

Overview 19 Commits 2 Pipelines 3 Changes 2 0/6 threads resolved
D Issues 5
19 Merge Requests 6 Fixed #14 in order to increase the interoperability between Aladin/VO standards and 1igo.skymap . The
method returns a credible region of a probability sky map in a MOC (Multi Order Coverage) data structure. The
& Cl/CD input is a multi-resolution HEALPix probability map.

To Do Add a To Do »

0 Assignees

None

Milestone
None

Time tracking (2]

No estimate or time spent

MOC from a multi-resolution skymap (see next slides)

Proposal for a
Hack-a-thon!



Multi-Order format

q To be ready for O4 (November 2021)!

)

Proposal for a
Hack-a-thon!

« & S) In the next observational run the sky maps will be issued using

the multi-order format.

Comment

Flat-resolution fits file created from "LALInference posterior samples
LALInference.posterior_samples.hdf5" LALInference.fits.gz

FITS headers for LALInference.fits.gz LALInference.html
Multiresolution fits file generated from “LALInference posterior samples

LSC s
Scientific
Collaboration

(J)VIR

LALInference.posterior_samples.hdf5" LALInference.multiorder.fits
Flattened from multiresolution file bayestar.multiorder.fits bayestar.fits.gz
Localization copied from G361581 bayestar.multiorder.fits

FITS headers for bayestar.fits.gz bayestar.html

Flattened from multiresolution file bayestar.multiorder.fits bayestar.fits.gz
FITS headers for bayestar.fits.gz bayestar.html

Localization copied from G361581 bayestar.multiorder.fits

ublic Alerts
User Guide

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

Multi-Order Sky Maps (For Advanced
Users)

For most events, LIGO/Virgo distributes both the standard HEALPix format with the file
extension . fits.gz, as well as an experimental multi-resolution HEALPix format,
distinguished by the file extension .multiorder.fits.

What Prohlem Do Multi-Resalution Skv Mans




Why “multi-order™?

e Multi-order format is the natural representation of the BAYESTAR algorithm to
localize a gravitational-wave source in real time.

e This approach reduces the low-latency time to send an alert - no need to
flatten to a single HEALPix resolution.

e In O4, the network will be form by four interferometers and the multi-order will
be necessary (eliminate computation time TR
to flatten sky maps to a large Nside). C

e Support from astropy and ligo.skymap and mocpy (7).

An example multi-resolution mesh from a typical two-detector (LHO and LLO)
localization produced with BAYESTAR.
From Singer, L. P., & Price, L. R. 2016, Phys. Rev. D, 93, 024013.



https://emfollow.docs.ligo.org/userguide/glossary.html#term-lho
https://emfollow.docs.ligo.org/userguide/glossary.html#term-llo

What “multi-order” is

e Multi-order uses the UNIQ indexing scheme and is a superset of the FITS
serialization for Multi-Order Coverage (MOC) maps specified by IVOA

e The UNIQ indexing scheme encodes both the resolution and the sky
position in a single integer.

e From the standard HEALPIx the key differences are.

1. The ORDERING key has changed from NESTED to NUNIQ.

2. The INDXSCHM key has changed from IMPLICIT to EXPLICIT.

3. There is an extra column, UNIQ, that explicitly identifies each pixel in the UNIQ indexing
scheme.

4. The PROB column has been renamed to PROBDENSITY, and the units have change from
probability to probability per steradian.
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Many thanks for the attention and
for the kindly hospitality!

Presentation template by Slidesgo
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