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Abstract: At the event horizon of a black hole, gravity reaches its most extreme behaviour. Studying the dynamics of event horizons is key to
understand gravity in is ultra-strong field regime and investigate the most fundamental properties of black holes. Black hole collisions provide a
unique scenario to observe event horizons in a highly distorted and violently changing regime, which leads to a vast collection of phenomena that
has not yet been detected by Advanced LIGO and Virgo. In thistalk | will discuss the imprint that these phenomena leave in the gravitational -wave
emission of black hole collisions and what it can teach us about the properties of black hole horizons.
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JCB+ Phys, Rev, Lett, 121, 191102 (2018)
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Binary face-on:
simple signal
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The information in the higher order modes
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Initial inspiral Merger
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| Mass ratio g=3, non-spin
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Gerosa & Moore, Phys. Rev. Lett. 117, 011101 (2016)
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Gravitational Wave Strain [1/M)
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Defining a reference frame
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Defining a reference frame

Standard quadrupole waveform  Indistinguishable
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Defining a reference frame

Waveform including higher modes Fun happens
at merger
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The “kick” frame

Fun happens
at merger
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Reference signals (kick-on)
Overlap
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We conclude that the higher mode content of the GW
signals is weak enough that models including them are not
strongly preferred given our data. This is consistent with
the fact that the contribution from higher modes is highly
suppressed for signals emitted by binaries with mass ratio
q = 0.5, total masses £ 100M;, and weak support for
edge on inclination @y = 90°, as is the case for the ob-
served BBHs [0, ]. Our results agree with those in

LIGO-Virgo O2 Catalogue: arXiv:1811.12907v1
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Binary face-on:
simple signal

Binary edge-on:
more complex signal

Face-on
Edge-on 1

Edge-on 2
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q=3 Face-on Kick-off
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Double chirps!

+ A second raise of the frequency (chirp), and subsequent ones visible from the orbital plane (edge-on)

« Differences in amplitude expected due to momentum conservation, what about frequency?

= Second chirp happens after the common horizon has formed: no orbital frequency here.
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— i Why double chirps: looking into the simulations

N Orbital plane
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Why double chirps: looking into the simulations

 Orbital plane
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Why double chirps: looking into the simulations
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Why double chirps: looking into the simulations
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Equal mass case: no double chirps

t=123.80 M
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Kick-on vs. Kick-off observer
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Kick-on vs. Kick-off observer
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Kick-on vs. Kick-off observer

(kick-on) (kick-off)
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FIG. 1: Cartoon of the generation of the antikick in the head-on col-
lision of two unequal -mass Schwarzschild BHs. Initially the smaller
BH moves faster and linear momentum is radinted mostly down-
wards, thus leading to an upwards recoll of the system [stage (1))
Ai the merger the curvature |s higher in the upper hemisphere of the
distorted BH (of shading) and linear momentum is radiated mostly
upwards leading 1o the antikick [stage (2)]. The DH decelerates till a
uniform curvature is restored on the horizon [sage (3)).
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Why double chirps: looking into the simulations
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Orbital plane
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» Decreased sensitivity to highly asymmetric and high mass binaries
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