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Towards inf ere nee of overlapping gravitational wave signals 
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5Department of Astronomy and Astrophysics, Penn State University, University Park PA 16802, USA6 School of Physics and Astronomy, Cardiff University, Cardiff, CF24 3AA, United Kingdom(Dated: April 29, 2022) Merger rates of binary black holes, binary neutron stars, and neutron star-black hole binaries in the local Universe (i.e., redshift z = 0), inferred from the Laser Interferometer Gravitational Wave Observatory (LIGO) and Virgo, are 16-130 Gpc-3 yr-1, 13-1900 Gpc-3 yr-1, and 7.4-320 Gpc-3 yr-1, respectively. These rates suggestthat there is a significant chance that two or more of these signals will overlap with each other during their lifetime in the sensitivity-band of future gravitational-wave detectors such as the Cosmic Explorer and Einstein Telescope. The detection pipelines provide the coalescence time of each signal with an accuracy 0(10 ms). We show that using a prior on the coalescence time from a detection pipeline, it is possible to correctly infer the properties of these overlapping signals with the current data-analysis infrastructure. We study different configurations of two overlapping signals created by non-spinning binaries, varying their time and phase at coalescence, as well as their signal-to-noise ratios. We conclude that, for the scenarios considered in this work, parameter inference is robust provided that their coalescence times in the detector frame are more than~ 1-2s. Signals whose coalescence epochs lie within ~ 0.5 s of each other suffer from significant biases in parameter inference, and new strategies and algorithms would be required to overcome such biases. 
I. INTRODUCTION

The advent of the third generation (3G) gravitational-wave 
(GW) observatories, such as the Cosmic Explorer (CE) [1-3] 
and the Einstein Telescope (ET) [4], will offer the possibility 
to observe binary coalescence events from redshifts z ~ 10-50, 
thanks to an order of magnitude improved strain and frequency 
sensitivity compared to the current generation of detectors of 
Advanced LIGO [5], Advanced Virgo [6], and KAGRA [7]. 
Indeed, 3G observatories will have unprecedented sensitivity 
to detect coalescence events from an epoch when the Universe 
was still in its infancy assembling its first stars and will rou­
tinely detect mergers with stupendously large signal-to-noise 
ratios of several thousands [ 1, 8-10]. An order of magnitude 
greater redshift reach and access to extremely high-fidelity sig­
nals compared to current interferometers promises many new 
discoveries, while allowing completely independent, precision 
tests of cosmological models, alternative gravity theories, and 
astrophysical scenarios of compact binary formation and evo­
lution [ 1, 10]. With an expected rate of hundreds of thousands 
of binary coalescence signals each year [ 1, 10-12] on top of 
weak, but persistent, radiation from isolated neutron stars [8], 
rare bursts from supernova and other transient sources and 
stochastic backgrounds [13], 3G observatories demand novel 
algorithms for signal detection and characterization. Therefore, 
a proper understanding of systematics arising from overlapping 
loud and quiet signals alike will answer a range of scientific 
questions that are at the forefront of fundamental physics and 
astronomy, as well as a realistic estimation of the computa­
tional cost. 

According to current estimates, 3G observatories are ex­
pected to detect hundreds of thousands of binary black hole 
(BBH) and binary neutron star (BNS) mergers each year [l, 10-
12]. If we take account of the fact that signals will last longer 

due to a lower starting frequency (3 Hz for ET and 5 Hz for 
CE), then it is clear that 3G data will be dominated by many 
overlapping signals [13-17]. The problem of overlapping sig­
nals producing a confusion background in future terrestrial 
detectors was identified more than a decade ago [18]. The 
problem poses two challenges: first, the detection of individ­
ual signals could, in principle, be affected by the presence of 
multiple signals. Second, the current Bayesian inference meth­
ods [19, 20] may not guarantee unbiased estimation of source 
parameters, which is crucial to deliver the science promises of 
3G observatories. 

A similar issue has been tackled, in a different context, by 
the LISA (Laser Interferometer Space Antenna) community. 
LISA is expected to produce a data set containing many over­
lapping astrophysical signals: galactic white dwarf binaries are 
persistent sources of gravitational waves and they produce a 
"foreground" noise [21] that could masquerade the detection 
and parameter estimation of other astrophysical signals. Sev­
eral authors have studied the problem of both detection [22-24] 
and Bayesian inference [25, 26] in this context, while others 
have focused on searching for the global solution to the full 
family of potential signals [27-29]. A parallel effort has been 
made by other studies [30-32] to characterize the overlapping 
between GW signals and glitches in the context of LI GO/Virgo 
data analysis. These studies represent a useful reference that 
could guide the development of new algorithms specifically 
suited to deal with the parameter estimation of multiple signals 
in the context of terrestrial detectors. 

However, no effort to study the problem of inference in the 
case of 3G terrestrial detectors has so far been made. Given 
the relevance of this specific problem, an exploratory study of 
the capabilities of current parameter estimation methods in the 
context of overlapping signals in terrestrial detectors appears 
to be necessary. With this consideration in mind, we aim to 


























