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Black holes letting their hair down

Probing hairy black holes in sGB gravity with
scalar tidal effects and analyzing the imprint
on the GW signature.
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Testing (modified) gravity

> One of the main open questions in theoretical physics : nature of gravity
> Phenom POV: Testing modified gravity models with GWs

> Specifying to promising theory: scalar Gauss Bonnet gravity
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Scalarized black holes

> sGB evades no hair theorem -> hairy BH solutions O¢p = V'(¢) — af'(¢p)R:5

> Spontaneous vs nonvanishing -> f(¢)
> Properties of hair depend on parameters of the theory
Massless vs massive

Regularity at the horizon
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Scalar tidal effects

> In binary: leading order interaction effect of (massless) scalar clouds
> Tidal field E, of the scalar field is given by gradient

> Tidal field deforms scalar field = induced dipole moment Q.
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Dynamics & Inspiral modelling binary

Vs
> Change in energetics + additional radiative energy loss et r /\m.
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Contributions to the phase evolution

Focus on phase evolution in fourier domain

Tidal & GB contributions are supressed

Degenerate in the frequency

Tidal contributions from dynamics and induced dipole

come with opposite sign
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Phase analysis

> Main findings:

- Early vs late inspiral difference in tidal & GB contributions, opposite sign

- In Fourier domain early inspiral : smaller coupling, larger tidal contributions
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Prospects for detection

> Opportunities for multiband detection

> LISA & ET/aLIGO

> Mitigating degeneracies
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Take home message

Interesting BH scalar configurations
Effects of the additional higher curvature and scalar tidal corrections in GWs
Different contributions and dependencies on the parameters early inspiral vs late inspiral
Outlook:
- extended analysis massive scalar field
- Including mixed tidal effects

- bias on parameter estimation

Sparked your interest? Check out our paper: arxiv 2302.08408

Thank you!







Scalarized black holes
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Massive scalar field
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Coupling & mass dependencies tidal and GB contributions
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Skeletonization
S = Sgravity + Spp + Stig

A
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Dynamics, PN expansion & 2 body lagrangian
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Calculation waveforms /Lszam
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From waveform to phase
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Construction fs action

Scalar multipole moments Q and external fields E

Up to second order derivatives in the field

Time derivatives supressed over spatial ones (PN approximation)
Adiabatic limit

Field redefinitions
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On EdGB in string theory

Low energy limit in heterotic string thoery

Scalar field corresponds to dilaton

Lagrangian:
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Where alpha relates to the regge slope in the string tension




On R"2 making GR renormalizable

Introducing quantum fluctuations h_uv, arbitrary background:
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Counterterm one loop
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