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01 low-latency pipelines configuration

o CcWB: Coherent WaveBurst
un-modeled GW bursts

Klimenko et al. 2016, Phys. Rev. D 93, 042004
© olLIB: Omicron + LAlLInference
un-modeled GW bursts

Lynch et al. 2015, LIGO-P150022 Low- latency
o GSTLAL: Gstreamer + LAL

Matched-filter for compact object binai
mergers

pipelines

Cannon et al. 2012, ApJ, 748, 136

o MBTA: Multi-Band Template Analysis

Matched-filter for compact object binary

mergers
Adams et al. 2015, arXiv:1512.02864

All four detection pipelines report candidates within a few minutes of data acquisition.
They continually search for transients that are coincident in the two detector within 10 ms,
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Sky Maps =3

The probability skymap are disseminated using a sequence of
algorithms with increasing accuracy and computational cost
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MINIRGO LVC GCN notices

LVC GCN notices do not contain a position (RA, Dec, error radius) instead they
point to an URL to a FITS file containing a probability sky map in the
HEALPix all-sky projection

GW Alerts and Elapsed time
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How to get started with LIG0/Virgo alerts

@ ® < dec.ligo.org % T » [

Sctenunc,

LIGO-Virgo EM Follow-Up .
Tutorial = ; ~* Code, tutorials and more
oo oo (BHESTE to use LVC GCN, FITS and

HEALPIx at https://gw-
astronomy.org/wiki/LV_EM/
Techinfo

* Tools: Astropy, Healpy,
PyGCN, GWsky and MOC

~ Singer+ 2014 (arXiv:1404.5623)
The First Two VeB@rry+ 2015 (arXiv:1411.6934)
remmemre  ESSiCk+ 2015 (arXiv:1409.2435)
LVC+ 2016 (arXiv:1304.0670)

Instructions Source codes

This document is LIGO-G1500442-v10.

Abstract

This document explains how to receive, filter, and process
gravitational-wave (GW) detection candidate alerts from Advanced
LIGO and Virgo. We provide sample code in Python and document
alternatives for users of other programming environments. You can
download this document and run the code samples in |Python
Notebook.
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GWsky: tiling the skymap in
Frelds of View

Appendix: Full example code
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GWsky makes use of Astropy and Healpy packages
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* GW sky localizations: wide regions of the skey (tens to
hundreds of sq. degrees)

+ Difficult shape, annulus, may be split into patches

prob. per deg?
prob. per deg?

Examples of BAYESTAR localizations of GW detection using only

the two LIGO detectors Singer et al 2014, ApJ, 795
Singer & Price 2016, Phys. Rev. D, 93

How to PQLM?: the wide-FoV Eet&scayes?



GWsky: tiling the skymap in FoV

GWskey is an interactive Python script to generate a
sequence of pointings givei a specific Field of View

e 2

USER OPTION: the FoVs can be overlaid or separated from their default pﬂositions
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C runs a new sequence changing the FoV center

I runs a new sequence without drawing the input

FoV

L runs a new sequence starting from the /ast
drawn FoV

R repeats the last action

Web-interface under development by the
Urbino University Informatic students
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FoV query to catalog: an example

Histogram of the apparent blue magnitude

13 14 15 16 17 18
Bmag

Descriptive statistic is plotted for each FoV
This can be useful to determine the integration time of each image
or to avoid bright galaxies or stars



MOC: Multi-Order Coverage MOC map of the enclosed area within
. The MOC method is based on the HEALPix a given probability level

tessellation algorithm and it is essentially a simple
way to map irregular and complex sky regions into
hierarchically grouped predefined cells.

The operations between MOC maps (union, ' '
intersection, subtraction, difference, complement)
are extremelly simple and fast (generally a few
milliseconds) even for very complex sky regions.

The red fin

In addition, same data servers, such as VizieR, can l blndy gyl s o o Mocm-neencmmmw.mmmemmmum

be "queried by MOC" in order to return data (catalog
sources/list of images) only inside the MOC
coverage. \/

Each MOC cell is defined by two numbers:

the hierarchy level (HEALPIX ORDER) and — S
the pixel index (HEALPIX NPIX).

The NUNIQ scheme defines an algorithm for EALigierenceiskymaploiGIV 150915

packing an (ORDER, NPIX) pair into a single i . =

integer for compactness: The enclosed area within a given probablllty level of a GW

uniq = 4 * (4*order) + npix skymap can be effectively described through the Multi-Order
Coverage (MOC) method.
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Fernique et al. (2015); http:/arxiv.org/pdf/1505.02937v1.pdf
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Why using MOC? Why using MOC*
%/IOC operation: Union, Intersection, Subtraction, Difference VFIItering by MOC the CDS Catalogues in few ms
Example Example
E&gﬂ:gg%ﬁ gunigsgfzon EAEEE T I We filter the objects inside the 90% area of credible
' level of the LALInference skymap of GW 150914

- Gravitational Wave Galaxy Catalogue (White+ 2011)
- Compact Binary Coalescence Galaxy Catalog (Kopparapu+, 2008)
- Rich Clusters of Galaxies (Abell+ 1989)

- The 2dF Galaxy Redshift Survey 100k Data Release (2dFGRS Team, 2001)
33
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Using Aladin GUI or mocpy module in Python




In Progress

Weight the pointings using galaxy priors, reference
images, GW candidate distance

Multi-order Coverage (MOC) map for rapid skymap
counts, to compare different skymaps and to rapidly
filter galaxy and transients catalogs.

Manage 3D skymap (volume probability distribution)

Singer et al. 2016 arXiv:1603.07333

Expected magnitude for the different models taking
into account distance and time delay from the GW time

Galaxy priors to identify the likely host galaxies




Next LIGO and Virgo observations run

» The current MoUs will end in June 2017

» Open release of high-confidence events (FAR < 1 per 100 yr): after 4
published GW significant events, O3 open release?

» Current FAR threshold to send alert: FAR < 1/month
For FAR higher than 1 per 100 yr MoU regime?

Alert contents:

» Distance for CBC and burst (with emitted Eg, assumr‘;' 'n), system-type flag,

mass? ‘w\}u
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