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Abstract

We argue that all dynamical astrophysical black hole merger channels are expected to result
in a common eccentricity distribution at gravitational wave (GW) frequencies relevant for
LIGO/Virgo/KAGRA (LVK) in the high eccentricity limit. This follows from the large
separation of scales between the GW regime required for creating eccentric mergers in LVK,
and the underlying astrophysical formation environment. Our analytical solution shows
exceptional agreement with numerical studies. This finding has important implications for
both theoretical studies and ongoing searches for eccentric GW sources.



Quasinormal modes and how to find them
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Abstract

Following a binary black hole merger, the remnant undergoes a characteristic relaxation
towards its final Kerr state through the radiation of quasinormal modes (QNMs):
oscillations at specific complex frequencies dictated by black hole perturbation theory.
Although these modes are routinely extracted from numerical relativity waveforms,
reliably determining the full QNM content of the ringdown remains a significant challenge.
In this talk, I will review QNM extraction methods and their associated challenges, before
presenting a new, fully Bayesian, data-driven framework for identifying QNMs. [ will
illustrate how this method enables the detection of QNMs in state-of-the-art Cauchy-
characteristic evolution simulations, including overtones, retrograde modes, and nonlinear
modes up to cubic order. I will also discuss its application to the search for late-time power-
law tails.



Combining gravitational wave search algorithms with conformal prediction
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Abstract

Machine learning (ML) is rapidly transforming astronomy, offering the potential to speed up
and improve analyses. Yet, many commonly used ML methods return black-box predictions
without well-calibrated uncertainty estimates. Conformal prediction (CP) provides a
flexible, model-agnostic framework for attaching statistically valid uncertainty
quantification to any prediction algorithm, enabling ML methods to meet scientific
standards of trust and interpretability. My talk will introduce CP and its application to
Gravitational Wave (GW) search pipelines, discussing our results on the latest GW
catalogue. We show that applying CP to a combined ML prediction from multiple search
pipelines can improve signal detection efficiency and increase confidence in sub-threshold
candidates. By incorporating CP into ML-driven workflows, we enable ML to deliver not just
faster results, but predictions that are reliable and uncertainties rigorously quantified.



Binary black hole mergers with detailed binary models
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Abstract

The formation of binary black hole (BBH) mergers through isolated binary evolution has
been a subject of significant debate in recent years, particularly the binary interactions
responsible for producing the observed mass distribution. A key challenge is that many
population synthesis codes predict merger rates substantially higher than those observed.
Recent grids of detailed binary models suggest that mass transfer in these systems is more
stable than previously assumed, with important consequences for both the formation
pathways and predicted rates of BBH mergers. In this talk, we present BBH merger
populations from detailed binary model grids, focusing on the formation through stable
mass transfer and common envelope evolution from convective envelope donors. These
show a drastic shift in the formation mechanism of BBH mergers, leading to a population
level features.



Probing the millisecond pulsar origin of the y-ray excess in the Galactic centre
with LISA
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Abstract

The gigaelectronvolt $\gamma$-ray excess observed towards the Galactic centre remains
unexplained. While dark matter annihilation has long been considered a leading
explanation, an alternative scenario involving a large population of millisecond pulsars
remains viable. Testing this hypothesis with electromagnetic observations is difficult, as
pulsar searches in the bulge are strongly affected by interstellar scattering, high sky
temperature, and source confusion. We investigate whether gravitational-wave
observations with the Laser Interferometer Space Antenna (LISA) could provide an
independent probe of the millisecond pulsar binary population in the Galactic bulge in the
future. We constructed synthetic populations of detached millisecond pulsar—white dwarf
binaries under two illustrative formation scenarios: an accreted scenario, in which systems
are deposited by disrupted globular clusters, and an in situ scenario, in which binaries form
through isolated binary evolution. In both cases, only $107{-5}$ -- $107{-4}$ of the
underlying bulge population is detectable by LISA. Still, even a few detections would imply
tens to hundreds of thousands of unseen systems. Accreted binaries are expected to have
lower chirp masses (\approx 0.4 M$_\odot$), while in situ binaries produce more massive
companions (\approx 0.9 M$_\odot$), though part of this contrast reflects our modelling
assumptions. LISA will measure binary frequencies with high precision, but chirp masses
can only be determined for the most massive or highest-frequency systems. Thus,
identifying millisecond-pulsar binaries among the far more numerous double white dwarfs
will be challenging, as their gravitational-wave signals alone are indistinguishable.
However, coordinated follow-up with the Square Kilometre Array of LISA-selected targets
could directly test the millisecond-pulsar explanation of the y-ray excess.



Accelerated Sequential Posterior Inference via Reuse for Gravitational-Wave
Analyses
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Abstract

Gravitational-wave events are routinely reanalysed under different waveform models and
physical assumptions, but each update typically requires a full Bayesian inference run,
leading to significant computational cost. We present Accelerated Sequential Posterior
Inference via Reuse (ASPIRE), a general framework that transforms existing posterior
samples and evidence estimates into unbiased results under new models without rerunning
the original analysis. ASPIRE combines normalizing flows with a generalized Sequential
Monte Carlo scheme to efficiently update previous inferences.

We demonstrate that ASPIRE accurately reproduces full Bayesian results when switching
waveform models and when introducing additional physical effects such as spin precession
and orbital eccentricity, while reducing computational cost by factors of 4-10.

By enabling fast and statistically robust reanalysis, ASPIRE makes it practical to explore
waveform systematics, perform large-scale reanalyses of gravitational-wave catalogues, and
test extended physical models. This approach provides a scalable pathway for Bayesian
inference in gravitational-wave astronomy and other data-intensive fields where repeated
analyses are required.



Orbital Eccentricity in a Neutron Star — Black Hole Merger
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Abstract

The observation of gravitational waves (GWs) from neutron star - black hole (NSBH)
mergers provides a unique opportunity to discern information about their astrophysical
environment. Two signatures that are powerful tracers to distinguish between different
binary formation channels are general relativistic spin-induced orbital precession and
orbital eccentricity. Both effects leave characteristic imprints in the GW signal that can be
extracted from observations. In this talk, I will present the analysis of GW200105 with a
precessing-eccentric waveform model that revealed the first confident detection of orbital
eccentricity in a NSBH merger, with a median orbital eccentricity of ~0.145 at an orbital
period of 0.1s. We find inconclusive evidence for the presence of precession, consistent with
noneccentric results, but a more unequal mass ratio. I will also discuss the astrophysical
implications of this discovery for the population of NSBH mergers.



Cosmological interpretation of the observed gravitational-wave signal in the
European Pulsar Timing Array DR2 data
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Abstract

Following the release of the European Pulsar Timing Array's second data release, DR2, there
has been a detection of a gravitational wave background significant to 3-4 \sigma. This
project demonstrates a cosmological interpretation of the gravitational wave background.
Similar to previous works, we parametrize the GW energy density spectrum as an
inflationary power spectrum, modelled as a power law. We then model the evolution of this
power law with a matter-like reheating phase before the standard cosmological timeline.
The parameters we model are the tensor spectral index, the tensor-to-scalar ratio, the
temperature at the end of reheating and, distinctly, the scale of the end of inflation.

We then directly implement cosmological constraints into our analysis. These include Big
Bang Nucleosynthesis energy density and previous Ligo Virgo Kagra detection constraints,
along with several constraints from measurements on the Cosmic Microwave Background.
We conclude with posterior distributions on the aforementioned parameters, which
provide informative posteriors on inflationary conditions required to describe a
cosmological background.



Relaxing Gaussianity in parameter estimation: a case study of GW231123 with
Student’s t likelihood
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Abstract

The astrophysical results produced by gravitational-wave physics rest on accurate analysis
of Compact Binary Coalescences, employing parametric source models and Bayesian
statistics to fit for the parameters of these signals. These analyses are currently ubiquitously
performed assuming a stationary and Gaussian noise background, using a Gaussian
likelihood in the frequency domain with a fixed power spectral density. Loud and short non-
Gaussian components (glitches) are also modelled and subtracted from the data stream, a
sub-optimal process known to incur difficulties when such components are close to the
signal in the time or frequency domain, leaving a small residual behind that can induce
biases in astrophysical parameters. This stresses the importance of developing more
flexible approaches to parameter estimation, intrinsically accounting for non-Gaussianities
in the data and reducing possible bias.

We propose an approach based on the Student’s t likelihood, fitting for the degrees-of-
freedom parameter $\nu$ to let the likelihood tune its shape to the data and account for
unmodelled non-gaussianities. This distribution generalises the Gaussian, allowing for
heavier tails and converging to the normal probability distribution in the case of true
Gaussian noise background. Initial investigations on simulated signals have shown that in
the presence of Student’s t noise the use of a Gaussian likelihood leads to a biased recovery
of source parameters, namely the black hole masses and sky localisation.

We then apply our method to the signal produced by the most massive binary black hole
system observed by ground-based interferometers to date, GW231123. This signal has
already been shown to present unresolved systematics, which makes it an ideal target for
an analysis employing the more general Student’s t likelihood. Additionally, a glitch has
been discovered in LIGO Hanford detector close to the event, enabling a test of of our
framework both in combination with glitch-mitigating techniques and as a stand-alone
method.
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Abstract

Inferring the properties of colliding black holes from gravitational-wave observations is
subject to systematic errors arising from modelling uncertainties. Although the accuracy of
each model can be calculated through comparison to theoretical expectations from general
relativity, Bayesian analyses are yet to incorporate this information. As such, a mixture
model is typically used where results obtained with different gravitational-wave models are
combined with either equal weight, or based on their relative Bayesian evidence. In this
talk, I will present a novel method to incorporate the accuracy of multiple models in
gravitational-wave Bayesian analyses. By analysing simulated gravitational-wave signals in
zero-noise, | will show that this technique uses 30% less computational resources, and
more faithfully recovers the true parameters than existing techniques. [ will further present
results from applying this technique to real gravitational-wave signals observed by the
LIGO-Virgo-KAGRA collaboration. We envisage that this method will become an essential
tool within ground-based and space-based gravitational-wave astronomy.



The Depletion of Collisionless Dark Matter Spikes
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Abstract

Dense concentrations of dark matter surrounding black holes provide a compelling
opportunity to probe the nature of dark matter. In the classic Gondolo--Silk model, the
adiabatic growth of a massive black hole in a dark matter cusp produces a steep density
spike ($\rho \propto r*{-7/3}$), potentially inducing measurable gravitational-wave
dephasings in intermediate and extreme mass-ratio inspirals (IMRIs/EMRIs). We challenge
this paradigm by considering a collisionless dark matter spike embedded in a realistic
nuclear star cluster. Using 1D orbit-averaged Fokker--Planck simulations of isotropic
nuclear clusters, we show that mass segregation in a multi-mass stellar cusp accelerates
relaxation, relative to single-mass models, thereby driving the dark matter to the lower
density $r~{-3/2}$ Bahcall--Wolf profile within $\lesssim 1 \Gyr$. In the inner regions,
where the Fokker--Planck description breaks down, we model strong triple interactions
between dark matter particles and EMRIs using post-Newtonian 3-body simulations. We
show that EMRIs eject dark matter particles via gravitational slingshots, depleting the inner
spike over a few Gyrs. Because EMRI number densities are too low to drive two-body
relaxation, and collisionless dark matter cannot efficiently repopulate the depleted phase
space, this depletion is irreversible. While the extent of EMRI-induced depletion depends on
the EMRI rate and mass, we find reductions in dark matter densities by several orders of
magnitude. Hence, dark-matter-induced dephasings for EMRIs may fall below the
detectability threshold of LISA for massive black holes at $z = 3$ (2.14 Gyr) with masses
$\lesssim 107{5}\,M_\odot$ (for an $\mathcal{0}(10) \, \mathrm{Gyr}*{-1}$ EMRI rate),
extending to $\lesssim 1026\,M_\odot$ for more optimistic rates of $\mathcal{0}(300-
1000) \, \Gyr~{-1}$. Our findings substantially reduce the parameter space over which
massive black holes can host detectable collisionless dark matter spikes.



Search for Eccentric Compact Binary Mergers in LIGO-Virgo detectors' data and
selection function of gravitational-wave detectors network to compact binaries
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Abstract

Detections of gravitational waves from compact binaries with eccentric orbits can place
strong constraints on the fraction of binaries formed through dynamical astrophysical
processes. Current gravitational-wave search analysis methods excel in detecting compact
binaries but are optimized for binaries on quasi-circular orbits. We demonstrate that these
methods can miss up to 40% of binary neutron stars and neutron-star-black hole systems
on moderately eccentric orbits.

To address this limitation, we develop a dedicated search strategy for eccentric compact
binaries based on a template bank that explicitly incorporates orbital eccentricity. Using
Monte Carlo simulations, we demonstrate that this method can recover nearly 94$\%$ of
moderately eccentric sources. We implement this approach within the PyCBC analysis
pipeline and apply it to data from the third observing run of the LIGO-Virgo detectors.

Our results confirm that the eccentric search can successfully identify gravitational-wave
events in real data. In particular, we find improved statistical significance for the eccentric
neutron star-black hole merger GW200105 when analyzed with eccentric template-based
compared to quasi-circular template-based searches.

Finally, we present the selection function of the LIGO-Virgo detector network for eccentric
compact binaries and discuss its implications for the detectability of dynamically formed
systems in future observing runs. We highlight the potential of eccentric searches to
constrain the fraction of compact binaries formed through dynamical channels in upcoming
observations.



Fast, Faithful, and Future-Proof: Gravitational-Wave Inference at GPU Speed
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Abstract

Over a decade on from the monumental first detection of gravitational waves, the
community faces an important scaling challenge. The transition to the O5 observing run,
and subsequently to third-generation (3G) detectors and LISA, means that signals will
become longer, louder, and more frequent. Current CPU-based Bayesian inference pipelines,
while robust, are increasingly constrained by these demands, rendering the analysis of
signals of such volume and complexity very expensive in terms of both cost and energy
usage.

In this talk, I will present a GPU-accelerated implementation of one of the community
standard inference methods, nested sampling, built within the blackjax framework. By
reformulating the trusted logic of existing CPU-based tools like bilby and lalsuite, we
provide a solution that is faithful, producing posteriors statistically identical to standard
CPU implementations, whilst being radically faster.

Building on our recent paper (arXiv:2509.04336), [ will present significant new
optimisations that extend beyond our published findings. Additionally, I will show that this
future-proof approach significantly alleviates the runtime penalty for long-duration signals.
This work moves beyond simple acceleration, opening up previously infeasible methods for
dealing with realistic detector noise and more sophisticated souce modeling at negligible
increased cost. [t also establishes a robust performance baseline for the next decade of
gravitational-wave science.



Unveiling massive black hole astrophysics with highly-eccentric extreme-mass-
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Abstract

Probing the astrophysics of massive black holes (MBHs) with the gravitational-wave
emission of extreme-mass-ratio inspirals (EMRIs) of compact objects is a primary scientific
objective of the Laser Interferometer Space Antenna (LISA) mission. Recent simulations of
EMRI formation suggest that they will enter the sensitive band of LISA with higher orbital
eccentricities than previously expected. Quantifying the resulting impact on EMRI science
prospects requires both accurate and efficient EMRI waveform models, but current methods
struggle in this high-eccentricity regime due to poor convergence.

In this talk, we present an alternative approach for EMRI waveform construction that cures
this poor convergence, restoring sub-second generation of accurate waveforms when
implemented in the FastEMRIWaveforms framework. Armed with these new computational
tools, we perform the first exploration of the detectability and measurement prospects of
high-eccentricity EMRIs (into non-spinning MBHs) with a fully relativistic waveform model.
Our methods and results lay the foundation for future studies of highly-eccentric EMRI
populations.



Parameter Estimation of Black Hole Mergers in Non-Gaussian Noise Using
Simulation-Based Inference
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Abstract

Data analysis of gravitational-wave signals gives insights into the nature of exotic objects
such as black holes and neutron stars. Parameter estimation tends to rely on the
assumption that the underlying noise distribution is Gaussian (stochastically distributed)
and stationary (time-independent), which is not the case in the presence of short-lived
noise transients known as glitches. Violating this assumption leads to biased and less
reliable parameter estimation and potentially impossible likelihood calculations. For short
signals, such as those from the mergers of intermediate-mass black holes (IMBHs), these
effects can be more pronounced. We combine a simulation-based inference model with
curriculum learning to perform parameter estimation of simulated IMBHs in the presence of
blip glitches. We evaluate the effectiveness of the use of a curriculum when training the
model by performing inference in the presence of increasing signal-to-noise ratio (SNR)
glitches and compare to a standard sampler to demonstrate effectiveness in Gaussian noise.
We find that the introduction of a curriculum when training increases parameter estimation
accuracy, especially in the presence of glitches at higher SNRs, such as 50, and that the
model is accurate and comparable to the standard sampler in Gaussian noise. Inference can
be performed within minutes, drastically reducing the computational cost of parameter
estimation in the presence of glitches. Our results show promise, and further work could
refine the training curriculum so that the model is more accurate in the presence of lower
SNR glitches.
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Abstract

Extreme mass ratio inspirals (EMRIs) are an important source for LISA, and can form in a
variety of ways. One such formation channel is that of a stellar mass black hole embedded in
the accretion disc of a supermassive black hole (SMBH), known as a “wet EMRI". Previous
studies have found that the introduction of a disc can significantly increase the rate of
EMRIs for a given SMBH, and in some cases, be the dominant formation channel of EMRIs
detectable by LISA. We simulate the orbital evolution of sBHs embedded in discs for given
SMBH, and explicitly calculate the rate of EMRIs. By introducing a variety of different
physics to the formation of wet EMRIs, including different nuclear star cluster distributions,
disc setups and torque prescriptions, we compare the rates found for each change to those
found by previous studies, and explore the significance of updated physics.



A Model-Agnostic Approach to Sky Localization of Gravitational Wave Sources
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Abstract

The Laser Interferometer Space Antenna (LISA) is a future space-based gravitational wave
(GW) detector to be launched in the next decade. LISA will open a new window in the
gravitational wave spectrum, being able to detect sources in the mHz band. Among the
many exciting scientific prospects of LISA is the possibility of multi-messenger detection.
This presents a significant observational challenge, due to tight constraints imposed on
gravitational wave data analysis algorithms in terms of sky-localization precision and
computational efficiency. We propose a model-agnostic method to address this problem
based on coronagraphic time-delay interferometry (TDI). TDI is a central piece of LISA's
pre-processing pipeline. It is a numerical procedure which drastically reduces otherwise
overwhelming laser frequency noise. LISA data analysis is usually performed on subsets of
TDI variables which form a basis e.g., Michelson variables $(X, Y, Z)$ or quasiorthogonal
variables $(A, E, T)$. We investigate a less standard TDI variable, denoted $\kappa$, which
depends on time and two parameters $(\beta, \lambda)$. For any GW source located at sky
position $(\beta_\star, \lambda_\star)$, $\kappa$ has the singular property of canceling
GW signal when ($\beta, \lambda$) tend to $(\beta_\star, \lambda_\star)$, very much like
a coronagraph. Thanks to this property, coronagraphic TDI has the potential to be an
efficient model-agnostic method for sky localization of GW sources with LISA. These
characteristics make it relevant for low-latency searches of sources with a high multi-
messenger potential. Building on previous theoretical work, and a first assessment of the
sky localization capabilities of $\kappa$ in the current LISA configuration, we investigate a
sky localization algorithm based on coronagraphic TDI. We discuss the results in the context
of the accuracy required by facilities susceptible of detecting electro-magnetic counterparts
emitted by such sources.



Probing the formation environments of binary compact objects with orbital
eccentricity
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Abstract

Measurable orbital eccentricity in merging compact binaries is a smoking-gun indicator that
the binary did not evolve in complete isolation. However, many different evolutionary
environments---e.g., globular clusters, nuclear clusters, active galactic nucleus disks,
hierarchical field triples---may produce binaries with non-negligible eccentricity. While
these different environments are expected to yield distinct eccentricity distributions, we
have recently shown that these distribution are indistinguishable within the range of
eccentricities measurable with LIGO-Virgo-KAGRA detectors. In this talk, [ will show how
third-generation gravitational-wave detectors will give us the required sensitivity not only
to distinguish these different environments, but also to measure key properties of each
environment from the detected eccentricity distribution. I will also present a new model for
bursting gravitational wave sources that may be used to probe the properties of a
perturbing tertiary.



An update on the development of searches for massive binaries using LISA
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Abstract

The space based laser interferometer LISA, expected to be operational in the next decade,
will be able to probe the millihertz frequency band. This will make it sensitive to a vast
array of compact object mergers including the massive black holes or MBHs. These black
holes, straddling the intermediate and supermassive types of black holes, have masses
extending above a minimum of 1000 M®. It would be in general important to work on
developing the science ground segment to enable the designing of searches for the binaries
that LISA will be sensitive to, fitting of multiple diverse sources and the generation of
simulated data to test and calibrate such searches. The MBHs are expected to be observable
within the LISA band for several weeks to months before they merge, making them
excellent candidates for low latency, pre-merger observations. Also, some mergers of MBHs
are expected to have electromagnetic counterparts which makes it important to send out
pre-merger alerts with sky location information from LISA data analysis to the astronomy
community for early detections of such mergers in multiple electromagnetic bands. It would
also be important to assess the precision up to which we can measure the parameters of
MBHs. In my talk I explore some developments towards the designing of the search for
MBHs in LISA data.



Will we be able to distinguish black hole and neutron star binaries from double
white dwarf systems with LISA?
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Abstract

LISA, the Laser Interferometer Space Antennae, is a large-scale ESA-led mission with NASA
contributions. It will detect gravitational waves in the frequency range 0.1mHz--1Hz from
sources including massive black hole binaries, stellar mass compact binaries, and extreme
mass ratio inspirals. The mission recently passed the major milestone of adoption by ESA
and is scheduled for launch in 2035. Amongst the LISA observational challenges is the
question of whether Galactic compact binaries comprised of black holes and neutron stars
can be distinguished from the vast number of Galactic double white dwarf signals expected.
In this study, we do a mock analysis of 300 black hole and neutron star binary systems.
Using the recovered masses, we determine which systems have measured system masses
that enable them to be distinguished from double white dwarf systems.



Wavelet-Domain Inference for LISA: Toward Robust, Fast Matched Filtering

Authors
Tomasz Kinowski (1), Christopher J. Moore (2)

(1) Institute of Astronomy, University of Cambridge
(2) Kavli Institute for Cosmology, Institute of Astronomy, and Department of Applied
Mathematics and Theoretical Physics, University of Cambridge

Abstract

Space-based gravitational-wave observatories such as LISA will observe signals lasting
months to years in data likely to contain non-stationary features, including gaps, glitches,
and time-varying noise backgrounds. These characteristics challenge the assumptions that
make frequency-domain matched filtering especially convenient for short ground-based
events, where the noise can often be treated as approximately stationary over the analysed
duration.

A promising alternative is to work in a time-frequency representation using basis functions
localised in both time and frequency. In particular, the Wilson-Daubechies-Meyer (WDM)
wavelet family provides a natural basis for gravitational-wave data analysis, combining fast
transforms with a flexible treatment of non-stationary noise.

In this talk, I will present progress toward an end-to-end WDM gravitational-wave data-
analysis pipeline for LISA. I will describe why time-frequency methods are well matched to
LISA analysis, and outline the core components of our implementation: a fast WDM
transform and a LISA response model evaluated directly in the time-frequency domain. I
will discuss the approximations and design choices used to make the computation rapid,
and show how these affect accuracy and where they are expected to be sufficient for
exploratory inference and fast iteration. Finally, I will discuss strategies for injecting
realistic noise and data-quality artefacts into the pipeline, and describe a path toward
accelerated inference using JAX on GPUs.



Improving the IMBH searches in LIGO with XGBoost
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Intermediate mass black holes (IMBHs) bridge the gap between stellar-mass and
supermassive black holes, with masses between 10”2 Msun and 10”5 Msun. While
electromagnetic observations hint at their existence, these astrophysical objects remain
elusive. Detecting an emerging IMBH population could provide insight into stellar
evolutionary models, the pair-instability supernova mass gap, and the formation channels of
supermassive black holes. During the first three observing runs by the ground-based
detectors LIGO-Virgo-KAGRA (LVK), the first conclusive evidence of an IMBH was obtained
through the detection of the gravitational-wave event GW190521.

In this talk, I will discuss the different data analysis techniques employed by the LVK to
search for gravitational wave (GW) signals from binary black hole (BBH) mergers and the
various challenges associated with detecting IMBH systems. [ will focus on the Coherent
WaveBurst search algorithm (template-independent) and compare it with the PyCBC search
(template-based). The cWB algorithm uses time-frequency representations of the detector
data to identify generic GW signals buried in the LVK data with minimal assumptions about
the signal model. This algorithm was recently upgraded to use a machine learning (ML)
method employing XGBoost to enhance the signal-noise classification of the identified
events. With the upgraded cWB, we demonstrated an improvement of ~40% in the
detection efficiency of simulated BBH events at a false alarm rate of less than one per year. |
will also discuss ongoing efforts to improve the PyCBC IMBH search by incorporating
similar XGBoost-based techniques, and present preliminary results in the context of the
fourth observing run.



GWTC-5.0: Constraints on the Cosmic Expansion Rate and Modified
Gravitational-wave Propagation
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Gravitational-wave standard sirens offer a direct method to probe the Universe, providing
independent measurements of the Hubble constant and a fresh window onto cosmology. A
decade after the first detections, | will present the latest results from the Fifth Gravitational
Wave Transient Catalog (GWTC-5), including new observations from the second half of the
LIGO-Virgo-KAGRA Collaboration’s (LVK) fourth observing run (04b), showcasing updated
constraints on cosmic expansion from gravitational waves.

[ will review the standard siren method, both with and without electromagnetic
counterparts, and show how combining GW population-based analyses with galaxy catalog
approaches strengthens our insights. These complementary techniques may not only
tighten the measurement of the Hubble constant but also open an avenue to constrain
modified gravitational-wave propagation.



Ringdown Amplitudes in Precessing Binary Black Hole Mergers
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Abstract

In this talk, I will focus on the ringdowns of binary black hole mergers. I will begin with a
brief overview of traditional tests of GR performed using ringdowns, followed by a
discussion on the excitation amplitudes of different modes and their significance. I will
discuss how precession fundamentally alters the amplitude hierarchy and excitation
patterns compared to aligned-spin mergers, where a large number of modes can be

excited. I will present a new Gaussian process regression fits that, for the first time,

predict ringdown amplitudes across the precessing parameter space. Finally, [ will conclude
with a discussion on what is needed to improve the accuracy of these fits.



The role of GOTO and wide-field optical telescopes in the era of gravitational-
wave astronomy
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Abstract

We discuss the contribution of GOTO in the development of wide-field optical follow-up in
the decade since the first detection of gravitational waves. Rapid electromagnetic
observations have become essential to multi-messenger astronomy, not only with regards
to searching for counterparts, but also for providing astrophysical interpretations of
compact binary mergers. We will discuss GOTO's contribution in the broader gravitational-
wave follow-up landscape and summarise how it has adapted to the evolving follow-up
requirements alongside upgrades to the interferometers and to low-latency data analysis
methods. We highlight lessons learned from the recent 04 follow-up campaign and discuss
the continuing role of wide-field optical telescope networks for the future of gravitational-
wave and multi-messenger discovery.



Search for Precessing Binary Black Holes in Advanced LIGO’s Third Observing
Run using Harmonic Decomposition

Authors
Rahul Dhurkunde (1), Ian Harry (1)

(1) University of Portsmouth

Abstract

Gravitational-wave astronomy has cataloged over 200 compact binary systems which have
improved our understanding of the astrophysical population. However, the formation
mechanisms of these systems is not completely understood. Binary black holes (BBHs)
exhibiting spin-induced orbital precession offer unique insight into compact-binary
formation channels, cosmology, and tests of general relativity. Yet standard search pipelines
often omit precessional effects, potentially leaving a significant population of sources
undiscovered. In this talk, I'll discuss a search method utilising harmonic decomposition of
precessing waveforms. [ will present new results from a targeted search for unequal-mass
binaries using Advanced LIGO’s third observing run (03) and demonstrate how this
approach enhances our sensitivity compared to existing precessing search techniques.



Universality in the Mass Distribution of Black Hole Mergers in Globular Clusters

Authors
Lana Alabbasi (1), Bence Kocsis (1)
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Abstract

Globular clusters are a key environment for the dynamical formation of stellar-mass black
hole binaries detectable by LIGO, Virgo, and KAGRA. Three-body interactions, mass
segregation, and gravitational focusing preferentially pair the most massive black holes into
binaries that harden and merge. Understanding how these processes shape the merger
mass distribution is critical for interpreting gravitational wave observations and
distinguishing formation channels. Using the fast cluster evolution code cBHBd, we simulate
black hole binary formation across multiple cluster realisations, spanning a range of cluster
masses, densities, and initial black hole mass functions. We adopt power-law mass functions
dN/dM ~ M*{-alpha} with alpha = 0, 1, 2, 3, and 4, as well as metallicity-dependent
populations from stellar evolution. We compare the merger mass distribution to that of
randomly paired black holes and define their ratio as the dynamical enhancement rate, beta.
This quantity captures the degree to which gravitational dynamics preferentially drives
massive black holes toward merger. We find this enhancement follows a smooth power-law
in total binary mass, beta ~ M_tot"*{beta}, across all mass function slopes explored, and
examine how beta depends on cluster properties including half-mass density, cluster mass,
and the black hole mass function slope. By using both stellar-evolution-derived and analytic
mass functions, we isolate the role of dynamics from stellar evolution uncertainties. Qur
results show that the power-law enhancement is a robust feature of dynamical formation,
with the exponent beta primarily set by the three-body formation rate and subsequent
hardening and ejection processes. This provides a useful framework for interpreting the
mass distribution of dynamically formed black hole mergers in gravitational wave
observations.



Fast neural network surrogate for effective-one-body waveforms from
generically precessing binaries

Authors
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Abstract

The provision of accurate and computationally efficient waveform templates is critical to
detect and analyse compact binary mergers in gravitational wave data. Unfortunately,
models with more extensive and accurate coverage of realistic physical effects tend to be
slower than models with more limited or more approximate physics content, motivating the
development of faster surrogate models. In this talk we will introduce
SEOBNRv5PHM_NNSur7dq10, a reduced order neural network surrogate of SEOBNRv5PHM
trained on quasicircular waveforms with generic spin magnitudes and orientations, and
mass ratios up to 1:10. After outlining how our model is constructed, we will verify its
faithfulness to the base EOB model and show its applicability to Bayesian inference using
both injected and real gravitational wave signals. We conclude by assessing the
computational cost of our surrogate model on CPU and GPU architectures, finding
significant speedup compared to SEOBNRv5PHM, with sub-millisecond average cost when
evaluating batches of waveforms on the GPU.



Parameter Estimation and Waveform Modelling in Gravitational-Wave
Astronomy (Invited)

Authors
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Abstract

In this introductory talk, I will give an overview of parameter estimation and state-of-art
waveform modelling for gravitational-wave astronomy. I will highlight recent advances in
improving efficiency and the accurate extraction of source properties and discuss the
impact of waveform systematics on astrophysical inference. Finally, I will outline key
challenges such as longer duration signals and the need for higher modelling accuracy for
future detectors, including third-generation observatories and LISA.



Advanced Gravitational Wave Detectors (Invited)

Authors
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Abstract

Gravitational wave detection helps us better understand black hole and neutron star
populations, test strong field gravity, and probe physics on cosmological scales, but remains
one of the most challenging fields in experimental physics. The ground-based observatories
LIGO, Virgo, and KAGRA are complex machines that integrate state of the art inertial sensing
and suspension isolation technology, interferometry techniques, optical engineering, and
quantum optics to extract the waveforms with ever increasing accuracy. This is an
introduction to the exciting field of gravitational wave discovery and will discuss key
aspects of current detector technology.



Future Ground-Based Gravitational Wave Detectors (Invited)

Authors
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Abstract

The current generation of ground-based gravitational-wave detectors has ushered in a new
era of astronomy and pushed interferometer technologies into new territory. Now, a new
generation is being planned. Detectors such as the Einstein Telescope (Europe) and Cosmic
Explorer (USA) aim to overcome the facility limitations faced by observatories such as LIGO,
Virgo, and KAGRA, targeting sensitivities 10 times — and at some frequencies more than a
million times — greater. This presentation will provide a brief overview of what these
ambitious projects hope to observe, how they plan to achieve it, and their current status.



Astronomy and astrophysics from the LIGO-Virgo-KAGRA fourth observing run
(Invited)

Authors
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Abstract

The latest data from the first two parts of the LVK’s fourth observing run have provided a
wealth of new compact binary signals. These results have not only more than doubled the
total number of observed binaries, but have also provided observational proof of
fundamental predictions from General Relativity: Hawking’s Area Theorem and the Kerr
nature of astrophysical black holes. New insights continue to challenge our understanding
of the black hole mass gaps and reveal details of the population of compact binaries in the
Universe, while other observations provide evidence of second-generation mergers,
revealing how black holes interact in dense stellar environments.



Exploring the Gravitational Wave Universe with PTAs: where we are and where
we are going (Invited)

Authors
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Abstract

By tracking radio pulses from an array of millisecond pulsars, several pulsar timing array
collaborations have found evidence for a stochastic gravitational-wave background
permeating the universe. In this talk, [ will review how this evidence was obtained, discuss
ongoing efforts to identify the signal's origin, and explore its implications for astrophysics,
cosmology, and fundamental physics.



Advancing Gravitational-Wave Detectors Towards Design Sensitivity (Invited)

Authors
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Abstract

Gravitational-wave detectors are among the most complex scientific instruments ever built,
designed to measure minute distortions in spacetime at the level of $\sim10*{-21}$ m. The
first direct detection of gravitational waves in 2015, nearly 100 years after Einstein
predicted their existence as a consequence of general relativity, opened a new observational
window on the universe. Since then, the Advanced LIGO detectors have completed four
observing runs, operating in a continuous cycle of observational campaigns followed by
upgrades and commissioning to improve detector performance. Because of the
extraordinary complexity of these instruments, progress relies on repeated cycles of
operation and refinement. The current upgrade phase is expected to bring the detectors
close to their designed sensitivity, enabling deeper exploration of the gravitational-wave
universe. This talk will provide an overview of the detector instrumentation and recent
upgrades, highlighting how state-of-the-art technologies in interferometry, control systems,
quantum optics, precision mechanics, materials science, and electronics are integrated to
achieve the required sensitivity. These advances are essential for probing increasingly
distant and subtle astrophysical phenomena, ultimately enabling exploration of the
universe in ways that were previously impossible.



The Laser Interferometer Space Antenna: Science, Signals and Data Analysis
(Invited)

Authors
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Abstract

The Laser Interferometer Space Antenna is an ESA-led space-based gravitational wave
observatory with the primary goal of observing gravitational wave sources within the mHz
frequency band. LISA will be able to “listen” to the most spectacular collisions between
supermassive black holes in the heart of galaxies, smaller stellar compact objects
inspiralling into massive black holes, likely hundreds of thousands of galactic compact
binaries and probe cosmological backgrounds arising from many unresolved gravitational
wave sources within our universe. This review talk will provide an overarching discussion
on the LISA instrument, from scientific prospects of mHz gravitational wave sources to the
challenges that face the LISA instrument with particular emphasis on modern data analysis
techniques. This talk offers a pedagogical approach to LISA and is intended for a broad
audience beyond the gravitational wave community.



Posters

The LIGO Magazine

Authors
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Abstract

The LIGO Magazine is published twice a year by the LIGO Scientific Collaboration. Articles
focus on the people behind the science, featuring personal stories, interviews, and advice, as
well as news from across the gravitational-wave community. Ever wondered what it is like
working at the LIGO observatory sites, or being on-call to look at gravitational-wave event
triggers as they come in (day or night)? The LIGO Magazine aims to capture these personal
insights of working in a large-scale collaboration. It is free to read online at
www.ligo.org/magazine and is aimed at both the gravitational-wave community and the
public. This poster summarises the aims of the LIGO Magazine and the topics you can read
about in each issue.



A Comparative Study of Noise Modelling Techniques for Gravitational-Wave
Parameter Estimation.
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Abstract

Accurate modelling of detector noise via the power spectral density (PSD) is a key
systematic in gravitational-wave parameter estimation, directly affecting sky localisation
and multi-messenger follow-up. As LIGO-Virgo-KAGRA prepares for IR1 and 05,
inconsistencies between PSD methods used across online and offline pipelines remain
unresolved. We compare PSD estimation methods in terms of whitening performance and
computational cost. We show that Welch’s method, previously considered sub-optimal,
performs comparably when spectral lines are properly treated, while retaining a
substantially lower computational cost compared to the offline standard BayesWave. These
results inform efforts to improve robustness and consistency in parameter estimation
focussing on online sky map localisation.



