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) Introduction

Einstein-Gauss-Bonnet-dilaton gravity

- Higher order curvature corrections to Einstein theory are predicted by
string theory

- Low energy limit of heterotic string theory
Gauss-Bonnet term + scalar field

- Quadratic in curvature - second order differential equations
(ghost free)
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) Introduction
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Field equations of Einstein-Gauss-Bonnet-dilaton gravity
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) Introduction

Mignemi, Stewart, PRD47 5259 (1993)

Static and spherically symmetric black holes  Mignemi. PRD51 934 (1995)

; : . Kanti et al, PRD54 5049 (1996)
with scalar field: Torii, Yajima, Maeda. PRD55 739

(1997)

de*= "fi:}” dztdz? = —F(r)dt?* + K(r)dr? + r%(d6?* + sin® 6 dp?)

=7 0 ( r }

Near-horizon expansion: Yt 1 _rH_
S 1=-2my r—rg

F(r) =~ fi(r —ru)

Do(r) = Pog + Po1(r — ry),
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) Introduction

Rapidly rotating black holes

B. Kleihaus, J. Kunz, E. Radu, PRL 106, 151104 (2011)
B. Kleihaus, J. Kunz, S. Mojica, PRD 90, 061501 (2014)
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ds® = — g (1, 0)dt* + g (1, 0)dr* + gog(r, 0)dO* + goe(r, 0)dd® + g1 (r, 0)dtde

¢ = o(r,0) -
git(r,0) = f(r,0) — ;((Z %]) w? (r, ) sin? 6 |
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Numerical solutions!



) Introduction

Rapidly rotating black holes

B. Kleihaus, J. Kunz, E. Radu, PRL 106, 151104 (2011)
B. Kleihaus, J. Kunz, S. Mojica, PRD 90, 061501 (2014)
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ds”

= — gt (r, 0)dt> + g, (r, 0)dr? + goo(r,0)d6® + (1, 0)dS* + gro(r, 0)dtd)
¢ = ¢(r,0)

Asymptotically:

Near horizon: 2M
gi(r,0) =~ 1 — y + ...
o 2.7

Grp(r,0) = —— sin® 6 + ...
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f
grr(r,0) = 14+ — + ...

Gu(r,0) = —=Quko(0) + k1 (0)(r —rg)?* +O((r — rg)*
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Il) Perturbations and quasinormal modes

Spectral decomposition of the metric perturbations
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II) Spectral decomposition of the metric perturbations 21

Introducing metric perturbations to the metric

Juv = G (bg) + eSh - (f r, 0, ) ?

[z

Oh,, = 0 KA L spP)

g Y

In general for axially symmetric background the perturbations have the shape:
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II) Spectral decomposition of the metric perturbations

We tackle the full 2D problem.
Compactified coordinates e.g. for black holes:

Convenient parametrization

O = ®y(z,y) (1—x) (1 —y?)"/2ef
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II) Spectral decomposition of the metric perturbations

System of PDEs for 7 unknown perturbation functions:

Choose 7 equations from the field equations:

~ Outgoing wave at infinity

— Outgoing at negative infinity

Regularity at the poles

Complicated PDE system...
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II) Spectral decomposition of the metric perturbations

Spectral method: Decomposition of the perturbation functions
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II) Spectral decomposition of the metric perturbations

Discretization of the domain:

Gauss-Lobato in x — homogeneus iny

The system of equations and BC can be cast in matrix form

(-’M{T} + Myw + J\/lgwg) C

For scalar + metric perturbations the matrices have dimension

_}
-Y

(7 x Ny x Ny) x (7 x N, x N,)

0.
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II) Testing the method with Kerr

We have applied this method to [l gglellely with excellent results:

PRD 109 (2024) 6, 064028 » e-Print: 2312.10754 [gr-qc]




II) Testing the method with Kerr 28

We have applied this method to [l gglellely with excellent results:
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PRD 109 (2024) 6, 064028 » e-Print: 2312.10754 [gr-qc]



II) Testing the method with Kerr 29

We have applied this method to [l gglellely with excellent results:

PRD 109 (2024) 6, 064028 « e-Print: 2312.10754 [gr-qc]



Ill) Spectrum of rotating EAGB black holes
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lII) Spectrum of rotating EGBd black holes

Three families of modes: polar-led / | scalar-led
Each mode is characterized also by some leading multipolar behaviour + excitations.

polar
axial
scalar




lIl) Spectrum of rotating EGBd black holes 33

Typical profiles for the perturbation functions:

polar-led 1=M

polar-led 1=M

Re(hy)

polar-led 1=




lIl) Spectrum of rotating EGBd black holes
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lIl) Spectrum of rotating EGBd black holes 35

Excellent agreement with perturbative results:
L. Pierini and L. Gualtieri, Phys. Rev. D 106, 104009 (2022)
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lII) Spectrum of rotating EGBd black holes

-) Isospectrality is broken: three families of modes

Ringdown spectrum very rich: axial / polar / scalar modes

-) I=2 modes are not necessarily the longer lived.

Damping time is sensitive to the angular momentum and coupling constant.

In some black holes the ringdown could be dominated by scalar-led modes.
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IV) Spectrum of rotating shift-symmetric
EsGB black holes
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V) Spectrum of rotating shift-symmetric EsGB black holes

extremal
critical
static

GR ——
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V) Spectrum of rotating shift-symmetric EsGB black holes
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V) Spectrum of rotating shift-symmetric EsGB black holes 40

Comparison with the weak coupling approximation of Chung & Yunes PRL 133, n0.18, 181401 (2024)
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Conclusions and further applications
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V) Conclusion and further applications 42

-) New method to calculate the QNM spectrum of rotating compact objects.
Spectral decomposition of the metric perturbations.
-) First full calculation of the QNMs of black holes in EAGB and shift-symmetric
EsGB without further approximations.
The results are consistent with previous perturbative analysis:
- Slow rotation: L. Pierini and L. Gualtieri, Phys. Rev. D 106, 104009 (2022)
- Small coupling: A. Chung, N. Yunes, PRL 133, no.18, 181401 (2024)
A. Chung, N. Yunes, Phys.Rev.D 110 (2024) 6, 064019

-) Richness of the ringdown spectrum:

Damping time ratio between the different families of modes strongly
depend on spin and coupling



V) Conclusion and further applications

Applications:
Precise modeling of the ringdown phase in EGBd
So far only perturbative results have been used to model the ringdown
- F.L. Julie, L. Pompili, A: Buonanno, Phys. Rev. D 111, 024016 (2025)
Further applications: other models
- Black holes in other alternative theories

Einstein-Gauss-Gonnet with different couplings
Additional curvature terms

- Neutron stars

- Boson stars

- Wormholes
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