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Multiband observations of coalescing stellar-mass black holes binaries could deliver valuable information on
the formation of those sources and potential deviations from General Relativity. Some of these binaries might
be first detected by the space-based detector LISA and, then, several years later, observed with ground-based
detectors. Due to large uncertainties in astrophysical models, it is hard to predict the population of such binaries
that LISA could observe. In this work, we assess the ability of LISA to detect the events of the third catalogue
of gravitational wave sources released by the LIGO/Virgo/KAGRA collaboration. We consider the possibility
of directly detecting the source with LISA and performing archival searches in the LISA data stream, after
the event has been observed with ground-based detectors. We also assess how much could LISA improve the
determination of source parameters. We find that it is not guaranteed that any event other than GW150914
would have been detected. Nevertheless, if any event is detected by LISA, even with a very low signal-to-noise
ratio, the measurement of source parameters would improve by combining observations of LISA and ground
based detectors, in particular for the chirp mass.

I. INTRODUCTION

We are now well into the era of gravitational wave (GW)
astronomy. The LIGO-Virgo-KAGRA collaboration (LVK)
[1–3] has recently released its third catalogue of GW sources,
GWTC-3, which contains 90 candidate events [4]. The in-
creasing number of detections allows us to perform more pre-
cise tests of general relativity (GR) [5], to better understand
the features of the population of stellar-mass black hole bina-
ries (SBHBs) [6] or else to probe the expansion of the Uni-
verse [7]. The improvement of ground-based detectors over
the next few years will provide us with even more numerous
and precise detections, increasing the scientific outcome of
GW astronomy. In particular, third generation detectors such
as the Einstein Telescope (ET) [8] or Cosmic Explorer (CE)
[9] will observe virtually all merging SBHBs in the Universe,
some of them with a signal-to-noise ratio (SNR) up to thou-
sands.

Scheduled for 2034, the Laser Interferometer Space An-
tenna [10] will observe GWs in the mHz band and should
be able to detect and resolve the loudest SBHBs during
their early inspiral, allowing for multiband observations [11].
Though the main targets of the LISA mission are massive
black hole binaries [12] and galactic binaries [13], the sci-
entific potential of SBHB observations with LISA is enor-
mous. Such observations could be used to detect early fre-
quency modifications to the signal, caused by deviations from
GR [14–21] and/or astrophysical effects [22–27], or to inform
ground-based detectors and allow them to improve their sensi-
tivity to the merger of the system [28, 29], allowing for more
precise ringdown tests. Moreover, the precise sky localisa-
tion provided by LISA could be used to inform electromag-
netic instruments about a potential counterpart [22, 23, 30],
simplifying multi-messenger observations, and to tighten con-
straints on the Hubble constant, even in the case of dark sirens
[31]. Finally, the orbit of SBHBs is circularised to a high
degree for frequencies accessible to ground-based detectors
[32], whereas the orbital eccentricity could be substantial in
the LISA frequency band. By measuring the eccentricity,

LISA could help to distinguish between different formation
channels [33–37].

The number and properties of SBHBs that LISA will detect
are hard to predict, due to the large uncertainties in the pop-
ulation of these systems. Therefore, we adopt a data-driven
approach and investigate the ability of LISA to detect the sys-
tems reported by the LVK so far and the improvement in their
parameter estimation thanks to LISA. We consider both di-
rect observations, where LISA would detect a system before
ground-based detectors, and “archival” ones, where we use the
information provided by ground-based detectors to reduce the
parameter space and facilitate the detection of those sources
in the LISA data [38]. On one hand, we find that even in the
most optimistic configurations only a few sources in GWTC-
3 could have been detected by LISA. On the other hand, we
show that even for systems with low SNR in LISA, the large
number of cycles in the LISA band would improve the param-
eter estimation relative to ground-based detectors alone, even
for ET. Our study gives a realistic overview of the potential of
SBHBs detections with LISA, though more massive systems,
to which ground-based detectors are less sensitive, could be
more easily detected with LISA.

This paper is organised as follows: in section II we review
the tools of LISA data analysis that we use in this work, in
section III we describe how do we define LISA events from
GWTC-3, and in section IV we present our results for the de-
tectability of these events and parameter estimation for some
selected events.

II. GENERATION OF LISA SIGNALS AND DATA
ANALYSIS

We briefly summarise our tools for the analysis of SBHBs
with LISA, and refer to our thorough investigation of param-
eter estimation for SBHBS with LISA in [30].

Since LISA will observe SBHBs during their early inspi-
ral, we consider only the dominant ` = 2,m = 2 mode and
neglect the contribution of higher modes. Moreover, since
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during the early inspiral precession effects are expected to be
sub-dominant, we consider only spins components parallel to
the orbital angular momentum. Finally, due to the limitation
of our waveform model, we only consider quasi-circular bi-
naries. Eccentricity information was not provided in GWTC-
3, the signals being compatible with circularised orbits in the
LIGO/Virgo band, but this is in principle an important limita-
tion of our current analysis, as eccentricity might be important
in the LISA band. A signal is then described by 11 parame-
ters: the (detector frame) masses m1 and m2, the spins χ1 and
χ2, the initial frequency of the signal in the LISA band f0, the
luminosity distance DL, the inclination ι, the longitude λ and
the polar angle β in the solar system barycentre (SSB) frame,
the polarisation ψ and the initial phase ϕ0. We denote this set
of parameters by θ. We generate the GW signal using the phe-
nomenological waveform PhenomD [39, 40] and compute the
full LISA response as described in [41, 42] to obtain the three
time-delay interferometry (TDI) [43] channels A, E and T .

They constitute three noise-uncorrelated data streams, the
equivalent of the measured strain in ground-based detectors.
In general, the observed data stream will be a superposition
of GW signals and noise: d =

∑
i h(θ0,i) + n. Here, we work

in the zero-noise approximation (n = 0), which can be seen
as an average over noise realisations [44], and consider only
one GW signal at a time. These slowly evolving but non-
monochromatic signals have a very distinct morphology from
the other LISA sources, such as massive black hole binaries
and galactic binaries, and, given the small expected number of
resolvable events (as we will show in this paper), it is unlikely
that they overlap in the same time-frequency bins. Therefore,
it is reasonable to treat these signals individually.

We define the noise-weighted inner product between two
data streams as

(h1|h2) = 4Re
(∫ +∞

0

h1( f )h∗2( f )
S n( f )

)
, (2.1)

where S n( f ) is the power spectral density (PSD). In this work,
we use the SciRDv1 noise curve [45], which sets pessimistic
limits on the noise level, as well as the “current best estimate”
(CBE), for which the level of noise is about a factor 1.5 lower
across the LISA frequency band occupied by SBHBs. For a
given choice of the PSD, the SNR of a signal h is defined as
SNR =

√
(h|h).

To estimate the parameters of detectable systems, we work
in a Bayesian framework and compute their posterior distri-
bution given an observed dataset d using Bayes’ theorem:

p(θ|d) =
p(d|θ)p(θ)

p(d)
, (2.2)

where p(d|θ) is the likelihood, p(θ) is the prior and p(d) is the
evidence. As long as we are not interested in model selection,
the latter acts as a normalisation constant, and thus can be
discarded. We take the prior to be flat in individual masses
and spins, volume and flat in cos(ι), as well as in the remaining
parameters, as the Fiducial prior in [30]. Under the hypothesis
that noise is stationary and Gaussian the likelihood is given

by:

p(d|θ) ∝ exp
(
−

1
2

(d − h(θ)|d − h(θ))
)
. (2.3)

The posterior distribution is then sampled via a Markov chain
Monte Carlo algorithm (MCMC), the same one introduced in

[30]. In particular, we use the chirp mass,Mc =

(
m3

1m3
2

(m1+m2)

)(1/5)
,

the symmetric mass ratio, η = m1m2
(m1+m2)2 , and the mass-weighted

symmetric and antisymmetric spin combinations χ±
m1χ1+m2χ2

m1+m2
,

instead of the individual masses and spins for the sampling.
χ+ is often called the effective spin.

III. FROM GWTC-3 TO LISA EVENTS

For the exploration here we consider all events as detected
by the LVK in all observing runs up to and including O3b.
We use the latest parameter estimation results from GWTC-
2.1 [46] for all events in O1, O2 and O3a, and results from
GWTC-3[4] for events in O3b. We use samples which have
been reweighed to a prior which is uniform in comoving
volume. To minimize the impact of waveform systematics,
we use the ‘C01:Mixed‘ datasets for all cases1, which in-
clude a mixture of two precessing, higher-order mode mod-
els IMRPhenomXPHM[47] and SEOBNRv4PHM[48] data for most
events (see Ref. [4] for more details).

For each candidate event in GWTC-3 we use the samples
forMc, η, χ+, χ−, cos(ι) and log10(DL). We take the aligned
component of spins by projecting them on the orbital angu-
lar momentum. We discard the information about sky posi-
tion, polarisation and phase because we take those sources as
representative, while these parameters could be anything dur-
ing the LISA’s mission time. Therefore, we draw randomly
these parameters for each sample (uniform on the sphere for
the sky location and uniform in [−π, π] for polarisation and
phase). We retain the inclination information provided by the
LVC because it is strongly correlated with the distance, for
which the distribution over binaries should depend on their
formation channels. As extensively discussed in [30], the ini-
tial GW frequency (or orbital separation) at the beginning of
the LISA observation has a great impact on its detectability
and subsequent parameter estimation. The best results are
achieved when the binary is observed as close to merger as
possible, i.e. when it starts chirping. Therefore, in order to
span the range of possibilities, we consider three combina-
tions of the time to coalescence (tc) and the observation time
with LISA (Tobs), ranging from most pessimistic to most op-
timistic: (tc = 10yr, Tobs = 6yr), (tc = 6yr, Tobs = 6yr) and
(tc = 10yr, Tobs = 10yr). In the first case, the LISA observa-
tions end before the binary has merged, while in the two latter
cases, we observe the chirp towards the merger as it happens
in LISA.

1 Except for the two BNS events.
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FIG. 1. MCMC chain of the chirp mass and the log-likelihood for a system with LISA SNR 4.5 and ground-based SNR of 240. The drop in
likelihood for several iterations and the width of the chirp mass region explored show that the sampler has ”lost” the signal and is exploring
the prior. The red dashed lines indicate the 1σ interval around the true value of the Gaussian prior used to mimic ET. This shows that systems
at such low SNR might not be confidently detected by LISA, even in the case of archival searches following ET detections with a reduced
prior. Note that what appears as a line (source sampling) actually has a finite width which is 4 orders of magnitude thinner than the prior (wide
regions).

Following the above procedure to define LISA events, we
compute their SNR for each tc and Tobs combination, using
both the SciRDv1 and CBE noise curves. Finally, we multiply
the computed SNR by

√
0.75 to account for the estimated 75%

duty cycle of LISA. This is a good approximation for almost
monochromatic signals with mildly changing amplitude dur-
ing the observational period, and it is an acceptable approx-
imation for SBHBs. However, this simple scaling cannot be
applied when performing parameter estimation, since a lot of
the constraining power comes from the late inspiral, more than
the relative contribution of the late inspiral to the total SNR
[30]. Though the search for SBHB signals in the LISA data
stream is known to be non-trivial [49], for simplicity we will
assume that a signal is detectable by LISA alone if its SNR is
above 8, and with the help of ground-based detectors, i.e. per-
forming archival searches, if its SNR is above 5. We will
somewhat justify these choices later in section IV. We then
perform parameter estimation for a GW191109 010717-like
(source detectable by LISA alone ) and a GW20012 065458-
like (source detectable through the archival search) systems.
We pessimistically use SciRDv1 noise curve when perform-
ing parameter estimation, but do not account for the effect of
duty cycle.

When performing parameter estimation on selected events,
we mimic a multiband detection with LISA and LVK-like de-
tectors by fixing the time to coalescence, since it is very accu-
rately measured by ground-based detectors, and using a Gaus-
sian prior with covariance matrix computed from the LVK
samples for Mc, η, χ+, χ−, cos(ι) and log10(DL). We center
the Gaussian prior at the injection point. We call this sce-
nario LISA+LVK. When fixing the time to coalescence, the
initial frequency f0 is no longer left free to vary, and it is com-
puted from the values of masses and spins such that the co-
alescence time is the one we have fixed. We also consider a
LISA+ETr scenario, where r stands for ”rescaled”, by divid-
ing the elements of the prior covariance matrix by 162. The
factor 16 corresponds to the average improvement in the SNR

from LVK-like detectors to ET for the systems in GWTC-3,
as we have computed using the ET noise curve EinsteinTe-
lescopeP1600143 implemented in pycbc [50]. We then use
the standard approximation that measurement errors scale as
1/SNR. Notice that our LISA+ETr scenario is conservative,
since in addition to having a lower noise level, ET would ob-
serve more cycles of SBHB systems. This would, in partic-
ular, improve the estimation of the chirp mass relative to the
simple SNR scaling we are considering.

IV. RESULTS

We start by discussing our choice of SNR threshold for de-
tection with LISA.

A. SNR threshold

In this study we do not perform a proper search for sig-
nals in the LISA data stream, our MCMC chains start close
to the injection. Despite that, sometimes the chains ”lose”
the signal, depending on the SNR of the system in LISA and
the width of the prior. This is illustrated in Fig. 1. There,
we can clearly see that the drop in log-likelihood is associ-
ated with the chain exploring the (Gaussian) prior for the chirp
mass. The system for which we run our MCMC has a LISA
SNR of 4.5, and we have rescaled the covariance matrix used
in the Gaussian prior such that it corresponds to an SNR of
240 in ground-based detectors, a typical value for ET. Vary-
ing the SNR of the system in LISA, our MCMC code unam-
biguously ”finds” the signal for LISA SNRs above ∼ 5 when
using a similar Gaussian prior, and above ∼ 8 when using uni-
form (LISA only) prior. This behaviour justifies our choice
of thresholds for archival and direct detection of SBHBs with
LISA. Note that our threshold for archival detection is higher
than the value 4 that was originally suggested in [38].
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FIG. 2. Distribution of SNRs in LISA of events in GWTC-3 for different configurations, using the CBE PSD. As expected from our previous
study [30], observing the sources closer to merger increases significantly the probability of detection. The black solid (dashed) line indicates
the threshold for direct (archival) detection. We show in colour the events with p5

det > 0.1 (defined in the main text). GW150914 and
GW191109 010717 are shown in solid lines because they are the only events that have p8

det > 0.1 in the tc = 10yr, Tobs = 10yr configuration,
indicating that they are the only directly detectable by LISA.

tc = 10yr, Tobs = 6yr tc = 6yr, Tobs = 6yr tc = 10yr, Tobs = 10yr

GW150914 p5
det 7.1 - 9.9 × 10−1 0.9 - 1 1

p8
det 0.3 - 1.9 × 10−1 1.6 - 4.6 × 10−1 4.2 - 9.1 × 10−1

GW170814 p5
det 0.02 - 2.1 × 10−2 0.07 - 3.3 × 10−1 2.7 - 8.7 × 10−1

p8
det 0 0-3.6 × 10−5 0 - 1.1 × 10−3

GW190426 19064 p5
det 0.8 - 4.8 × 10−2 1.4 - 4.0 × 10−1 2.9 - 5.9 × 10−1

p8
det 2.4 - 7.7 × 10−4 0.3 - 1.9 × 10−2 1.0 - 5.6 × 10−2

GW190521 030229 p5
det 1.4 - 4.5 × 10−2 0.9 - 2.8 × 10−1 2.0 - 5.2 × 10−1

p8
det 0.3 - 2.1 × 10−3 0.6 - 2.0 × 10−2 1.4 - 4.3 × 10−2

GW190521 074359 p5
det 1.0 - 3.1 × 10−2 3.3 - 9.7 × 10−2 0.8 - 2.6 × 10−1

p8
det 0 - 1.8 × 10−3 1.5 - 6.2 × 10−3 0.5 - 2.0 × 10−2

GW190602 175927 p5
det 1.3 - 8.9 × 10−3 0.2 - 1.3 × 10−1 0.9 - 3.4 × 10−1

p8
det 0-5.8 × 10−5 0.1 - 1.4 × 10−3 1.0 - 5.9 × 10−3

GW190630 185205 p5
det 0.3 - 2.8 × 10−3 0.2 - 2.3 × 10−2 0.2 - 1.1 × 10−1

p8
det 0 0-6.0 × 10−5 0.6 - 3.6 × 10−4

GW190701 203306 p5
det 0.1 - 1.2 × 10−3 0.2 - 3.2 × 10−2 0.2 - 2.3 × 10−1

p8
det 0 0 - 8.9 × 10−5 0.9 - 6.6 × 10−4

GW190706 222641 p5
det 0.7 - 2.5 × 10−2 4.0 - 9.5 × 10−2 0.8 - 1.5 × 10−1

p8
det 0.5-1.9 × 10−3 3.2 - 8.1 × 10−3 0.7 - 2.0 × 10−2

GW191109 010717 p5
det 0.7 - 1.9 × 10−1 2.4 - 4.5 × 10−1 4.0 - 6.3 × 10−1

p8
det 0.3 - 1.3 × 10−2 1.9 - 6.5 × 10−2 0.5 - 1.4 × 10−1

GW200112 155838 p5
det 2.3-6.9 × 10−4 0.09 - 1.7 × 10−2 1.1 - 1.2 × 10−1

p8
det 0 0 0-2.3 × 10−4

GW200129 065458 p5
det 0.05 - 1.6 × 10−2 0.9 - 8.5 × 10−2 0.7 - 3.2 × 10−1

p8
det 0 0 0 - 3.0 × 10−3

GW200220 061928 p5
det 0.8 - 1.5 × 10−2 2.4 - 8.4 × 10−2 0.5 - 1.5 × 10−1

p8
det 2.0 - 3.6 × 10−3 0.5 - 7.1 × 10−2 0.8 - 1.4 × 10−2

GWTC-3 p5
det 7.5 - 9.9 × 10−1 0.9 - 1 1

p8
det 0.4 - 2.1 × 10−1 2.0 - 5.3 × 10−1 4.8 - 9.3 × 10−1

GWTC-3 - GW150914 p5
det 1.2 - 3.7 × 10−1 5.0 - 9.2 × 10−1 8.6 - 9.9 × 10−1

p8
det 0.4 - 2.6 × 10−2 0.4 - 1.4 × 10−1 1.0 - 2.9 × 10−1

TABLE I. Detection probabilities for the three tc and Tobs combinations. The lower value is obtained assuming the SciRDv1 noise curve and
the higher value, the CBE one. Both account for the 75% duty cycle. We give the values only for the 13 events that have p5

det > 0.1 in the
most favourable case (tc = 10yr, Tobs = 10yr, CBE PSD). If instead we use the SciRDv1 noise curve, only 4 events pass that criteria, and only
GW150914 if we further take tc = 10yr and Tobs = 10yr. The last two rows indicate the probability of detecting at least one event in GWTC-3,
with and without GW150914, assuming all the events are independent.

B. Detectability of GWTC-3 events

As described in section III, we use the masses, spins, dis-
tance and inclination posterior samples released in GWTC-3
and for each sample we compute the SNR in LISA randomis-

ing over sky location, polarisation and initial phase. Out of
all the events in GWTC-3, only a few could be detected with
LISA. We define the probability of a direct (archival) detec-
tion with LISA of a given event, p8

det (p5
det), as the fraction of

samples for this event that have SNR above 8 (5). Fig. 2 dis-
plays the distribution of SNRs in LISA for the LVK events,
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FIG. 3. Inferred posterior distribution for our GW191109 010717-like system in the LISA only (green), LISA+LVK (blue) and LISA+ETr

(orange) scenarios. The contours correspond to the 68, 90 and 95 % confidence regions. In the LISA+ETr case the covariance matrix of
the Gaussian prior is computed from LVK samples and rescaled according to the improvement in SNR from LVK-like detectors to ET, as
described in section III. The sky location, polarisation and initial phase distributions are the same in the three scenarios because we discard the
information on those parameters coming the LVK data.

assuming the CBE PSD. In each panel, we plot in colour the
events that have p5

det > 0.1 when using the CBE PSD. As
expected, more events pass this criterion as we observe the
systems closer to merger and for a longer time (from left to
right panel). In Table I, we give p5

det and p8
det for our three

fiducial observational scenarios and for the events that have

p5
det > 0.1 in the most optimistic configuration (tc = 10yr,

Tobs = 10yr, CBE PSD). These events are shown in colour
in the right panel of Fig. 2. The lower value is computed as-
suming the SciRDv1 PSD and the higher one assuming the
CBE PSD, accounting for a 75% duty cycle in both cases. We
find that 13 events would have had a 10% probability of be-
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ing found in the LISA data stream through archival searches
in that most optimistic case. If instead we use the SciRDv1
PSD this number drops to 6, and to 1 if in addition we ob-
serve the systems far from merger. In fact, only GW150914
would have been almost guaranteed to be observed with LISA,
confirming once again how exceptionally loud this event was.
Other than GW150914, only GW191109 010717 would have
had a higher than 10% probability of being directly detected,
and still, only in the most optimistic configuration.

Assuming the events in GWTC-3 are independent, we can
compute the probability that LISA would have detected at
least one of them, directly and through archival searches. We
also compute the probability of detecting at least one event
other than GW150914, which would have had high detection
probability as we saw. Note that our computation assumes
all events are observed with the same tc and Tobs combination,
an unrealistic assumption, which leads to overly pessimistic or
overly optimistic predictions. To bracket uncertainties, we can
take the value obtained for tc = 6yr, Tobs = 10yr (left column)
as lower bound and the one for tc = 10yr, Tobs = 10yr (right
column) as higher bound. We find that with the CBE noise
curve the probability of observing at least one event other than
GW150914 is in the range 2.6-29% for a direct detection, and
37-99% for an archival detection.

C. Parameter estimation

Due to its scientific importance, GW150914-like systems
have often been used to assess the ability of LISA to ob-
serve SBHBs. Therefore, we decide instead to focus on a
GW191109 010717-like system and perform parameter es-
timation for such system for the three tc and Tobs combina-
tions. Moreover, we also perform parameter estimation for
a GW200129 065458-like system, which could be detected
only through archival searches when tc = Tobs = 10yr. The
events on which we perform parameter estimation lie rather
in the tail of the high SNR distribution, which corresponds
to the tail in the distance distribution. We further picked a
sample that has representative masses (close to maximum a
posteriori). For the parameter estimation (from now on) we
use the SciRDv1 noise curve and do not account for the 75%
duty cycle. We give the parameters of the systems for which
we perform parameter estimation together with their SNR in
Table II.

1. GW191109 010717-like system

Fig. 3 shows the posterior distribution for
GW191109 010717-like system in the tc = Tobs = 10yr
case, in the form of a corner plot[51]. There, we compare the
distribution obtained with LISA alone to the one obtained in
the LISA+LVK and LISA+ETr scenarios. For sake of clarity
we show the distribution of the relative error in chirp mass
and initial frequency, whereMc,inj and f0,inj are the values of
the injected system. We refer to [30] for a discussion on the
measurement accuracy and correlation between parameters

in the LISA posterior, and emphasise instead the difference
between the three scenarios. Because we retain no informa-
tion for the LVK data on sky position, polarisation and phase,
the distribution of these parameters is the same in the three
scenarios. As discussed in [30], we find that LISA provides a
very precise sky localisation, typically within 1deg2.

We zoom on the mass parameters in Fig. 4. In the left panel
we show the 90% contours forMc and η in the three scenar-
ios, as well as for the LVK and ETr priors. The black dashed
lines indicate the injected values. It is clear that LISA pro-
vides the best chirp mass measurement, even better than ETr,
despite a modest SNR of 11.9. This is a result of LISA ob-
serving many GW cycles during the early inspiral. In that
regime, the phase evolution is dictated by the leading order
post-Newtonian term, which depends only on Mc [52]. We
also find that in this favourable case, where we observe the
system chirping and for a long time, LISA can actually pro-
vide a better estimate of η than current ground-based detec-
tors. As a consequence, the determination of the individual
masses is much tighter when combining LISA with LVK-like
observations, as can be seen on the right panel. However,
ETr can constrain the symmetric mass ratio much better than
LISA, and, as a consequence, the measurement of the individ-
ual masses improves only marginally when including LISA
information.

The determination of spins follows a similar pattern, as can
be seen in Fig. 5. The symmetric spin combination χ+ is bet-
ter measured with LISA than with ground-based detectors, but
ETr provides a much better constraint on the antisymmetric
spin combination. Therefore, the individual spins are much
better constrained in the LISA+LVK scenario relative to the
LVK-based prior, but LISA improves only marginally the de-
termination of individual spins relative to ETr. Note that in
fact the spin combination that LISA can the most precisely
measure is [30]

χPN =
η

113

(
(113q + 75)χ1 + (113q−1 + 75)χ2

)
. (4.1)

We plot in dashed lines the injected value of χPN in both pan-
els. In the nearly equal mass case, χPN '

94
113χ+, explaining

why χ+ is measured that well with LISA.

Fig. 8 in App. A shows the full comparison between the
posteriors obtained with our MCMC code and the priors used
in the LISA+ETr scenario. Moreover, Fig. 9 shows the same
comparison in the LISA+ETr scenario for the tc = 10yr,
Tobs = 6yr case. So far from merger, LISA can no longer con-
strain η and χ+, since it does not observe the system chirping
enough. However, it can still measureMc better than ETr, and
as a consequence this improves the measurement of parame-
ters that correlate with the chirp mass, such as the symmetric
mass ratio and the effective spin. From these figures, we can
also conclude that the determination of the distance and the
inclination in the LISA+ETr scenario seen in Fig. 3 comes
from the ETr measurement alone.
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GW191109 010717 GW200129 065458
tc = 10yr, Tobs = 6yr tc = 6yr, Tobs = 6yr tc = 10yr, Tobs = 10yr tc = 10yr, Tobs = 10yr

m1 (M�) 68 55
m2 (M�) 63 27
χ1 -0.12 0.28
χ2 -0.41 -0.01
ι 1.5 0.3

DL (Mpc) 327 1036
f0 (mHz) 7.8728 9.5336 7.8728 10.993

λ 1.5 1.2
β -0.3 -0.5
ψ 1.0 1.9
φ 0.0 0.0

SNR 7.7 10.2 11.9 5.1

TABLE II. Parameters of the two events from GWTC-3 for which we perform parameter estimation. We consider the three time to coalescence
and observation time combinations for GW191109 010717. For GW191109 010717 we consider only the most optimistic case, since it has
not chances of being detected otherwise. The SNRs were computed using the SciRDv1 noise curve and not accounting for the duty cycle.

FIG. 4. Left panel: 90% contours for the chirp mass and the symmetric mass in different scenarios and for the different priors used. Right
panel: same for the individual (redshifted) masses. Dashed lines indicate the injected values. On the right panel we also show the line in the
(m1,m2) plane corresponding to the injected Mc value. As expected, LISA can measure the chirp mass very accurately, but not other mass
combinations, leading to the ”banana-like” correlation between m1 and m2. Thanks to this very accurate measurement, LISA can considerably
(marginally) improve the measurement of m1 and m2 in the LISA+LVK (LISA+ETr) scenario.

FIG. 5. Left panel: 90% contours for the symmetric and antisymmetric spin combinations in different scenarios and for the different priors used.
Right panel: same for the individual spins. Dashed lines indicate the injected values. We also plot the lines in the (χ+,χ−) and (χ1,χ2) planes
corresponding to the injected χPN value (see Eq. 4.1). LISA can measure χPN accurately, but not other spin combinations, leading to a strong
correlation between χ1 and χ2. Thanks to this very accurate measurement, LISA can considerably (marginally) improve the measurement of
χ1 and χ2 in the LISA+LVK (LISA+ETr) scenario.
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FIG. 6. Comparison between the prior used in the LISA+ETr scenario and the parameter estimation results for GW200129 065458. Even in
this low SNR case, LISA can provide more information about the chirp mass than ETr, thanks to the large number of cycles in band. On the
other hand, all the information on inclination and distance comes from the ETr prior.

2. GW200129 065458-like system

The posterior distribution for GW200129 065458-like sys-
tem in both the LISA+LVK and LISA+ETr scenarios are
shown in Fig. 7. The sky localisation is a bit worse for this
system, around 2deg2, due to its very low SNR. The benefit
of using LISA can be better seen in Fig. 6, where we compare
the posterior distribution obtained in the LISA+ETr scenario
to the prior. As in the case of GW191109 010717-like sys-
tem, LISA allows a much more precise determination of the
chirp mass. This in turn provides a better measurement of pa-
rameters that correlate withMc, such as the symmetric mass
ratio and the effective spin. When transforming to individual
parameters we find that the determination of the masses im-
proves a bit when including LISA, while the determination of
spins improves only marginally, as can be seen in Figs. 10 and
11.

V. CONCLUSION

Our goal in this paper was to realistically assess the abil-
ity of LISA to detect SBHBs. To do so, we have estimated
how many events from GWTC-3 could be detected by LISA
using the publicly released data. We considered the possibil-
ity of detecting these systems with LISA before ground-based

as well as through archival searches, using posteriors for the
sources detected by the ground-based detectors as priors in the
LISA search. We found that even in the most optimistic con-
figuration, only 13 events would have had a higher than 10%
probability of being detected, and most of them only through
archival searches. Only the golden event GW150914 would
have been almost certainly detected. The probability of de-
tecting any other event from GWTC-3 is in the range 2.6-29%
for a direct detection, and 37-99% for an archival detection
for a realistic LISA noise curve.

We have justified our choice of SNR=8 as threshold for di-
rect detection and SNR=5 for archival detection by examining
the behaviour of MCMC chains for near threshold systems.
Below these values the chain can ”lose” the signal, imply-
ing that the detection is not statistically sound. Note that our
threshold for the archival detection is slightly higher than what
was previously suggested (4) [38].

Next, we performed parameter estimation for a
GW191109 010717-like system that passes the threshold for
direct detection with LISA and a GW200129 065458-like
system, which could be detected through the archival search.
We created mock multiband observations together with
LVK-like detectors by imposing a Gaussian prior on the
source parameters with covariance matrix computed from the
samples released in GWTC-3. We also mimic a LISA+ETr
case by rescaling the covariance matrix according to the
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FIG. 7. Inferred posterior distribution for GW200129 065458 in the LISA+LVK (blue) and LISA+ETr (orange) scenarios.

improvement in SNR from LVK to ET. We found that even
for very low SNR systems, LISA can better measure the mass
than ETr thanks to observing the binary for many orbital
cycles. This leads to a better measurement also of parameters
that correlate with the chirp mass, such as the mass ratio and
the effective spin, when adding LISA information relative
to ground-based detectors alone. However, when translating
into individual masses and spins, the improvement is often
marginal. Thus, the information provided by LISA could be
helpful in distinguishing between astrophysical models that

predict distinctive features in the chirp mass and effective
spin distributions. Moreover, for systems loud enough to be
directly detected, LISA would localise the sources typically
within 1deg2, which would facilitate the search for a possible
electromagnetic counterpart, in particular merger counter-
parts. Although we did not explore this possibility here,
we expect that such multiband observations should improve
constraints on low-frequency modifications to the GW signal,
which could arise due to astrophysical or modified gravity
effects.
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Our study provides a realistic estimate of the ability of
LISA to detect SBHBs and constrain their parameters. Note
that as the total mass of the system increases, the LISA hori-
zon expands while the LVK one shrinks, until they cross at
a few 100M�. Therefore, intermediate mass black hole bina-
ries, an interesting class of sources for LISA [53, 54], might
be under-represented in our study. Finally, here we assumed
all binaries to be quasi-circular and non-precessing. While the
second assumption has little impact for LISA, it will be neces-
sary to include eccentricity in future studies. Important steps
have been done recently in this direction in [33].
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Appendix A: Complementary plots

We provide here the remaining plots that are commented in
the main text.
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FIG. 8. Comparison between the prior used in the LISA+LVK (upper) and LISA+ETr (lower) scenarios and the parameter estimation results,
with and without the ground-based informed prior, for GW191109 010717 in the tc = Tobs = 10yr.

FIG. 9. Same as Fig. 8 for Tobs = 6yr.
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FIG. 10. Sames as Fig. 4 for our GW200129 065458-like system. Including LISA has a greater impact on the measurement of individual
masses than for our GW191109 010717-like system.

FIG. 11. Sames as Fig. 5 for our GW200129 065458-like system. As for our GW191109 010717-like system, although LISA can help
constraining the effective spin, the impact on the measurement of individual spins in marginal.
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