GraSP23 October 24-27, 2023 INFN

GravityShapePisa: New Frontiers in Gravity Universita di Pisa
Phenomenology

UNIVERSITA
DI P1SA

The effects of orbital precession

on hyperbolic encounters
[arXiv:2307.00915 [gr-qc]]

Marienza Caldarola (PhD student at IFT UAM-CSIC),
Sachiko Kuroyanagi, Savvas Nesseris,
and Juan Garcia-Bellido

. Instituto d
ifL = UAM =csic @ g

UAM-CSIC CONSELD SUPERIOR DE INVESTIGAGIGNES CIENTIF O C H OA



Modelled

Unmodelled

Different types of gravitational-wave sources
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A. without orbital
precession

GW bremsstrahlung //,/I

M.C., S. Kuroyanagi, S. Nesseris, J. Garcia-Bellido
arXiv: 2307.00915 [gr-qc]
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GW emission
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GW polarizations (é\ | _' GWpowerspectrum .
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https://arxiv.org/abs/1711.09702v2

Memory effect

Long time scale difference in the values of the observed metric
perturbation associated with the GW, due to non-linearities in
GR, and may be detectable by the Einstein Telescope
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Viable range of parameters
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Next-to-leading
order corrections
to gravitational
wave emission
from close
hyperbolic

encounters

A. Roskill, M. C., S. Kuroyanagi, S. Nesseris

arXiv: 2310.07439
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Next-to-leading
order corrections
to gravitational -4 — Re100
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Black hole induced spins from hyperbolic
encounters in dense clusters

S. Jaraba, J. Garcia-Bellido
arXiv:2106.01436 [gr-qc]

Proposal of a mechanism that can occur in dense clusters of BHs: spin up of

primordial BHs when they are involved in close hyperbolic encounters.

Exploration of this effect numerically with the Einstein Toolkit for different
initial conditions, including variable mass ratios.

Induced spins in two initially non-spinning equal-mass BHs are larger for
higher initial velocities and smaller values of the impact parameters.

For different-mass BHs, for a given impact parameter and initial velocity, the
highest spin is induced on the most massive BH.



Black hole induced spins from hyperbolic
encounters in dense clusters

S. Jaraba, J. Garcia-Bellido
arXiv:2106.01436 [gr-qc]
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The stochastic gravitational wave background (SGWB) from close hyperbolic
encounters (CHE) of primordial black holes in dense clusters

« Computation of the SGWB spectrum from a superposition
of GWs from CHE events and comparison of the amplitude
with the one from BBHs.

 Different frequency dependencies of the spectra, which
would help to distinguish the two different origins when
detection of SGWB is made.

« There exist combinations of parameter valuesthat can
make the CHE contribution detectable by future GW
interferometers, especially with ET, CE or LISA.

J. Garcia-Bellido, S. Jaraba, S. Kuroyanagi
arXiv:2109.11376 [gr-qc]
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Conclusions

o General theoretical study of hyperbolic encounters between massive compact objects, expected to happen
in dense BHs clusters when two objects gravitationally scatter with each other.

o Exploration of the influence of orbital precession at Newtonian order providing templates for GW
amplitudes and power spectra, including the precession of the orbit.

o Evaluation of the linear GW memory effect, only present in the cross polarization state for non-spinning
compact binaries in hyperbolic orbits.

o The GW signatures from hyperbolic encounters could provide valuable information that can help in
estimating parameters and broaden our knowledge of these intriguing phenomena and the nature of the
objects that originated them. This is also a challenge from an experimental point of view (need to
disentangle these signals from typical interferometer noise bursts).

Thank you for your attention!
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