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The gravitational-wave spectrum



Ground-based interferometric detectors



Roadmap for ground-based detectors

[LRR 23 (2020) 3]



Current gravitational-wave detections

[LIGO-P2000318 (2021)]













Gravitational-wave science

Fundamental physics
• Strong-field tests of GR
• Black hole no-hair theorem
• Cosmic censorship conjecture
• Dark energy equation of state
• Alternatives to general relativity

Astrophysics
• Formation and evolution of compact binaries
• Origin and mechanisms of γ-ray bursts
• Internal structure of neutron stars

Cosmology
• Cosmography and measure of Hubble’s constant
• Origin and growth of supermassive black holes
• Phase transitions during primordial Universe
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Consistency test for final mass and spin
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Constraining post-Newtonian parameters
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Constraining post-Newtonian parameters
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Constraining post-Newtonian parameters

dipolar
radiation

[PRD 100 (2019) 104036]



Constraining post-Newtonian parameters

gravitational
wave tail

[PRD 100 (2019) 104036]



Null test for Kerr black hole ringdown
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Falsifying scalar-tensor theories

|cg/c − 1| < 10−15

[PRL 119 (2017) 251304]
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Isotropic gravitational-wave background

[PRD 104 (2021) 022004]
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Independent measure of Hubble’s constant
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−6



Evolution of the Hubble parameter
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Constraints on cosmic strings

[PRL 126 (2021) 241102]



LISA: a gravitational antenna in space

The LISA mission proposal was accepted by ESA in 2017 for L3
slot, with a launch planned for 2034 [http://www.lisamission.org]



LISA sources of gravitational waves



Multi-band gravitational-wave astronomy

[PRL 116 (2016) 231102]
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Do black holes have hair?

Geodesy

M` arbitrary

Botromeladesy

M` + iS` = M(ia)`
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How do massive black holes form?





Systematic uncertainties in modeling IMRIs

The mass ratio of GW191219 163120’s source is inferred to be
q = 0.038+0.005

−0.004, which is extremely challenging for waveform
modeling, and thus there may be systematic uncertainties in
results for this candidate.

Modeling of higher-order multipole moments is particularly
important for inferring the properties of systems with unequal
masses, and may impact inference of parameters including the
mass ratio, inclination and distance.

[LIGO-P2000318 (2021)]



Modeling coalescing compact binaries
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Modeling coalescing compact binaries
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Perturbation theory for comparable masses

[PRL 125 (2020) 181101]



Gravitational waveforms
[Wardell et al. 2021]
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Mode waveform amplitudes
[Wardell et al. 2021]

q=10



Waveforms frequency evolution
[Wardell et al. 2021]
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Accumulated dephasing
[Wardell et al. 2021]
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