Title: Probing spacetime with black hole mergers
Speakers: Neil Lu

Collection/Series: Strong Gravity

Subject: Strong Gravity

Date: March 26, 2026 - 5:00 PM

URL: https://pirsa.org/26030081

Abstract:

The detection of gravitational waves from binary black hole mergers enables us to observe the behavior of spacetimes in the
strong-field, highly dynamical regime. The LIGO-Virgo-KAGRA collaboration has now observed hundreds of such events, offering
several exciting candidates with differing properties. In this talk | will discuss recent results using these gravitational wave
observations to test general relativity and probe the spacetime near black holes. | will present the first confident detection of an
overtone in the ringdown signal during the postmerger phase of the binary black hole signal. | will also discuss the “direct wave”
signal, a recently proposed model for the merger portion of the waveform that depends on the physics close to the black hole

horizon. Finally, | will present the first results from applying this model to real data, using it to analyze the loudest gravitational
wave event ever detected.
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GW230814 - deviations in the ringdown phase?

e Multiple pipelines find some “deviation from GR” in the ringdown phase.

o But none of them report a positive Bayes factor preferring a non-GR model.
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GW230814 - deviations in the ringdown phase?

Multiple pipelines find some “deviation from GR” in the ringdown phase.
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GW230814 - deviations in the ringdown phase?

e Multiple pipelines find some “deviation from GR” in the ringdown phase.

o But none of them report a positive Bayes factor preferring a non-GR model.
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Black hole horizons

° - boundary of a
black hole beyond which
nothing can reach distant
observers.

e It’saregion where gravityis
strongest and where quantum
physics and general relativity
intersect.

e Theevent horizon has a
rotational frequency and
surface gravity.

Pirsa: 26030081 Page 5/16




Pirsa: 26030081

Inspiral

V" R

o O
\_/'

Ringdown

\\\
k
\\

Page 6/16

32




Direct wave signal

e Arecent paper (Oshita, Ma,
Chen, Yang 2025) proposes
that the merger signal is
consists of

e The direct wave signal

depends on the
black hole’s properties
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Direct wave signal

e Physics that affects the LL' F 55' 5~
direct wave signal: /
o frame
dragging
o Potential barrier
o Differentto QNMs

e Computed with
perturbation theory
o Valid for comparable
mass black hole
binaries
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Direct waves
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Direct waves
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Templated search

e Search for the direct wave signal
in GW250114 real data

e Remove the QNMs first.

e Use Bayesian analysis to search
for the analytic waveform.
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Templated search

e Search for the direct wave signal
in GW250114 real data

e Remove the QNMs first.

e Use Bayesian analysis to search
for the analytic waveform.

¢ \We measure a matched-filter
SNR:
o Hanford: 14.07)3
o Livingston: 13.5%)3

e Datais consistent with a remnant
black hole with:
o Angularfrequency = 92Hz

Surface gravity = 5.6 x 10" m/s’
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Future directions for
direct waves

e Theoretical work ongoing

e Using direct wave models for
parameter estimation -
consistency with inspiral
measurements

e Replicating the ideas of black
hole spectroscopy

e Allow for parameterized
deviations from GR
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Summary and conclusions

e Analyzing data from binary black
hole signals is incredibly rich.

e First observation of an subdominant
QNM (and possibly the second
overtone).

e Care needs to be taken when
analyzing data.

e Direct waves offer a very promising
way to analyze the merger signal.
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Damped sinusoid search

- Numerical relativity B8 Horizon mode
— GW250114 = = Quasinormal modes
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Direct waves
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