Gravitational Wave Searches for Compact Binary
Coalescences (CBCs)
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How do searches for compact binaries work?
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Solution:

Matched filtering!
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We form “banks” of First solution: Form Trigger = a time
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Second solution: create a
better statistic than SNR to i
rank candidates
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This ranking statistic should consider things like
background statistics, expected signal distributions, etc
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The False Alarm Rate (FAR)
of a candidate describes how
frequently such a candidate
will be produced from noise

P(astro) considers the FAR and a
prior astrophysical distribution to
evaluate the probability of
astrophysical origin

know noise
statistics for
such a long
time?

Event Information

False Alarm Probability vs. Log Likelihood Ratio
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Searches running during O4




CBC pipelines
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Early Warning Search

uiD G710163
Labels EMBRIGHT_READY SKYMAP_READY
‘ ‘ N Group CBC
MV \/VWV\/\/\/\/\ANW\W\WM I l'l‘w'w‘h'\l‘ﬂl”
. Search EarlyWarnin I}

Instruments H1L1V1

Event Time ~ 1347725130.154
MR VAWMV w M

FAR (yrd) 8596.7 per year

| Latency (s) -57.770 I
inks ata

NV VV\/\A/\/\/ \/\/\/\/\/ \/ \NW i u ‘\ \\l‘ M submitted = 2022-09-20 16:04:14 UTC

Superevent S220920agw
Cut off the template at Only searches the low
different points, and try mass (BNS) space
to predict the merger Crucial for multi-

time before it happens messenger astronomy




Sub-Solar Mass Search
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O4 Results




Due to multiple
pipelines running, we
have a trials factor on
what qualifies faor a

Trials factors for O4b:

m AliSky: 5
m Early Warning: 3
m Sub-Solar Mass: 2
®m Burst: 4

A retraction is a GW
candidate that we sent
out an alert for, but
later on lost confidence




Interesting candidates: GW230529

Observation of Gravitational Waves from the Coalescence
of a 2.5-4.5 M, Compact Object and a Neutron Star

Tue LIGO ScIENTIFIC COLLABORATION, THE VIRGO COLLABORATION, AND THE KAGRA COLLABORATION

ABSTRACT

We report the observation of a coalescing compact binary with component masses 2.5-4.5 Mg
and 1.2-2.0 M (all measurements quoted at the 90% credible level). The gravitational-wave sig-
nal GW230529_181500 was observed during the fourth observing run of the LIGO-Virgo-KAGRA
detector network on 2023 May 29 by the LIGO Livingston observatory. The primary component of
the source has a mass less than 5 My, at 99% credibility. We cannot definitively determine from
gravitational-wave data alone whether either component of the source is a neutron star or a black
hole. However, given existing estimates of the maximum neutron star mass, we find the most probable
interpretation of the source to be the coalescence of a neutron star with a black hole that has a mass
between the most massive neutron stars and the least massive black holes observed in the Galaxy. We
estimate a merger rate density of 55ti-2(7 Gpe™? yr=! for compact binary coalescences with properties
similar to the source of GW230529_181500; assuming that the source is a neutron star-black hole
merger, GW230529_181500-like sources constitute about 60% of the total merger rate inferred for neu-
tron star-black hole coalescences. The discovery of this system implies an increase in the expected rate
of neutron star-black hole mergers with electromagnetic counterparts and provides further evidence
for compact objects existing within the purported lower mass gap.

https://arxiv.org/abs/2404.04248

m Probable NSBH during O4a
m Single detector candidate
® Provides support for objects in the lower mass gap

® Has implications for merger rates

— BINNED GAUSSIAN PROCESS

0-8F - PowER LAW + DIP + BREAK
— == GWTC-3 .
S = With GW230529 N
= 06F
5
&
= 04f
2
?
©  0.2f

0.0 T0-1 100 10" 102

Rss5 My [Gpe™ yr]

Figure 5. Posterior on the merger rate of binaries with one
or both components between 3-5 M. The solid curves show
the results from the BINNED GAUSSIAN PROCESS analysis
and the dashed curves show the results from the POWER
LAW + DIp + BREAK analysis. Both models analyze the
full black hole and neutron star mass distribution. The teal
and grey curves show the analysis results with and without
GW230529, respectively.




Interesting candidates: S230814ah Q-5
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Interesting candidates: S240527fv, S2406 | 5dg, S24062 | dy

event ID: S240527fv
50% area: 5 deg®
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event |D: S240621dy

50% area: 5 deg®
90% area: 21 deg®

— 60
~
a00 30°
OOL‘ : : ; - .""‘.
. n . . L : : : ‘ :
2 ¢ 1 12 9 21 18" 15" 120 gh & an on
eon\\ /30
30° 30°
L - -
60° __—— 80° T~ //
. 60° T _— 80°
event ID: 5240615dg
50% area: 1 deg®
P . 90% area: 5 deg®
60° B T T ~ 60°
:io/ \0
, Virgo data has helped a
{ 0
o | ‘ ‘ . \ 5 - -
P T S S (R P S lot in sky localization
30*’\\ /30
\\ /

New SNR Optimization
techniques also help
make skymaps more
accurate




Future Directions




m Searches keep getting more robust, more
flexible, and more efficient

B Precession and higher order modes are the
next frontier to conquer for searches

® We always want to do more science with
searches, and faster. Combining searches and
PE would be one such aim.

Gravitational-wave template banks for novel compact binaries

Stefano Schmidt ©.'-2-* Bhooshan Gadre ©,2 and Sarah Caudill @34
! Nikhef, Science Park 105, 1098 XG, Amsterdam, The Netherlands
2 Institute for Gravitational and Subatomic Physics (GRASP),
Jtrecht University, Princetonplein 1, 3584 CC Utrecht, The Netherlands
3 Department of Physics, University of Massachusetts, Dartmouth, MA 02747, USA
4 Center for Scientific Computing and Visualization Research,
University of Massachusetts, Dartmouth, MA 02747. USA

We introduce a novel method to generate a bank of gravitational-waveform templates of binary
black hole (BBH) mergers for matched-filter searches in LIGO, Virgo and Kagra data. We derive a
novel expression for the metric approximation to the distance between templates, which is suitable
for precessing BBHs and/or systems with higher-order modes (HM) imprints and we use it to
meaningfully define a template probability density across the parameter space. We employ a masked
autoregressive normalizing flow model which can be conveniently trained to quickly reproduce the
target probability distribution and sample templates from it. Thanks to the normalizing flow, our
code takes a few hours to produce random template banks with millions of templates. making it
particularly suitable for high-dimensional spaces, such as those associated to precession, eccentricity
and/or HM. After validating the performance of our method, we generate a bank for precessing
black holes and a bank for aligned-spin binaries with HMs: with only 5% of the injections with
fitting factor below the target of 0.97, we show that both banks cover satisfactorily the space. Our
publicly released code mbank will enable searches of high-dimensional regions of BBH signal space,
hitherto unfeasible due to the prohibitive cost of bank generation.

https://arxiv.org/pdf/2302.00436
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