
What is a gravitational wave ?

A gravitational wave is a tiny ripple in the curvature of
spacetime that propagates at the vacuum speed of light

gravitational wave background curvature

□hab + 2R̄acbdh
cd = −16πTab

Key prediction of Einstein’s general theory of relativity
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Electromagnetic vs gravitational waves

Electromagnetic waves Gravitational waves

Origin electromagnetic field spacetime curvature

Nature waves in spacetime waves of spacetime

Sources accelerated charges accelerated masses

Wavelength ≪ size of source ≳ size of source

Structure dipolar quadrupolar

Coherence low high

Interaction strong weak

Detection power amplitude

Analogy vision audition

Complementary sources of information about the Universe



The gravitational-wave spectrum



Gravitational-wave science

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

Fundamental physics

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



The beginnings of gravitational-wave science

KAGRA

Science with gravitational-wave observations Detectors

LIGO 

Virgo



Need for accurate template waveforms
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If the expected signal is known in advance then n(t) can be filtered
and h(t) recovered by matched filtering −→ template waveforms

(Credit: L. Lindblom)



Need for accurate template waveforms
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An example: the event GW151226

[PRL 116 (2016) 241103]



Current gravitational-wave detections

[PRX 13 (2023) 041039]





Properties of observed compact binaries
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[arXiv:gr-qc/2409.02037]



Properties of observed compact binaries

[arXiv:astro-ph.CO/2409.00179]



Roadmap for ground-based detectors
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Roadmap for ground-based detectors

[arXiv:astro-ph.HE/2303.17628]



LISA: a gravitational antenna in space

The LISA mission was officially adopted/approved
by ESA in 2024, with a launch planned for 2035

[www.lisamission.org]



LISA sources of gravitational waves

[arXiv:astro-ph.CO/2402.07571]





Un état des lieux biophysique

Énergie
• Combustibles fossiles et “impulsion du carbone”
• Pic du pétrole conventionnel passé en 2008 (AIE)
• Additions et synergies énergétiques et matérielles

Climat
• Réchauffement climatique d’origine anthropique
• Boucles de rétroaction et points de bascule
• Risque d’un emballement climatique

Écologie
• Érosion accélérée de la biodiversité
• Effondrement des populations d’espèces
• Début de la sixième extinction de masse
• Déficit écologique global depuis ∼ 1970
• Nombreuses limites planétaires dépassées

Où va-t-on ?



Un exercice de réflexivité à Royaumont ?

Quelques questions au-delà de l’exercice de comptabilité carbone
attendu des tutelles:

• Quel est le sens (individuel et collectif) de notre activité ?

• Quelle rôle jouons-nous, en tant que scientifiques, dans le
désastre en cours ?

• Quelle recherche en astrophysique à l’ère des conséquences ?


