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Intro

Alternative Theories of Gr

e Compatible with all solar system tests!
e Strong gravity?

e Black holes

e Neutron stars

e Exotic compact objects

e Cosmology?
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Alternative Theories of Gravity
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Introduction

Einstein-scalar-Gauss-Bonnet Theories

EsGB action

S = o /d4x\/7{ ( 0u)® + f(o)Rep

Gauss-Bonnet term: quadratic in the curvature
R%p = Ruvpe R — 4R, R" + R*
coupling function f(y)

Jutta Kunz (Ur



Introduction

Einstein-scalar-Gauss-Bonnet Theories

generalized Einstein equations
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scalar equation
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crucial: choice of coupling function f(p)
e GR black hole solutions do not remain solutions
= only hairy black holes result
e GR black hole solutions do remain solutions

= in addition scalarized black holes emerge
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EdGB BHs

EdGB black holes: properties

dilatonic coupling function f(p) =

static black holes
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EdGB BHs

EdGB black holes: properties

horizon area versus angular momentum
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EdGB BHs

EdGB black holes: properties

shadow

EJGB shadow
Kerr shadow
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EdGB BHs

EdGB black holes: properties

Polish doughnuts: EAGB (upper) vs Kerr (lower)
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EdGB BHs

ive-one-body formalism

EdGB black holes: effec

Inspiral-merger-ringdown waveforms in EAGB
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EdGB BHs

EdGB black holes: QNMs of BHs

perturbation theory: damped oscillations
metric

uv = g/(g/) (T) + Ehuu(tv T, 97 ¢)

scalar

polar(-led) modes:  (leading) even-parity perturbations
axial(-led) modes:  (leading) odd-parity perturbations

eigenvalue equation: static ODEs, stationary PDEs
eigenvalue w
W = WR + Wy

frequency: wg decay time: 7= 1/wy
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EdGB BHs

EdGB black holes: QNMs of rotating BHs

numerical methods for rapid rotation
@ spectral decomposition

r in Chebyshev polynomials, § in Legendre functions

1L static
Q=010 > extremal
0.75 critical |
Qo GR
- . H‘/Q:O
05} el 055 1
HVa=
0251 0.033 |
OL: n n n -
0 0.05 0.1 2 0.15 0.2
a/M

limited domain of existence of background black hole solutions

Jutta Kunz (Uni ldenbur,



EdGB BHs

EdGB black holes: QNMs of rotating BHs

polar-led, axial-led, and scalar-led QNMs versus coupling constant o /M?

J/M? =0.2
J/M2=0-2 1=2, axial
-0.088 L
£ 06 ¢ C Spolr T F 0091
= =
-0.094 t
1=2, axial
04 ———ea |
=2, polar
: : : : -0.097
0 0.04 0.08 0.12 0.16
am>
real part

Jutta Kunz (Uni denb ac! ole > s 4 10/20



EdGB BHs

EdGB black holes: QNMs of rotating BHs

polar-led, axial-led, and scalar-led QNMs versus coupling constant o /M?
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EsGB BHs
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B BHs

Spontaneously scalarized black holes

scalar equation

daf

Vu Vi + %RéB =0
Gauss-Bonnet: Kerr
48 M2
RéB = W (7‘6 — 157 4 1572\ * — XG) , X =uacosf

effective mass

mig(r) = —nREp <0
en>0
— spin suppresses scalarization
e n<0

—> spin induces scalarization

Jutta Kunz (Universitidt Oldenburg) Black Holes... Pescara, 13-17 Jul 2026



EsGB BHs

ontaneously scalarized black holes
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EsGB BHs

Spontaneously scalarized black holes

coupling function
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EsGB BHs

Spontaneously scalarized black holes

Cunha et al. arXiv:1904.09997
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EsGB BHs

Dynamical descalarization of scalarized black holes
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EsGB+R BHs
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E +R BHs

Einstein-scalar-Gauss-Bonnet with Ricci coupling

) )

Compact object scalarization with general relativity as a cosmic attractor
EsGB with Ricci action
2 5]
S=_— o /d4:c\/ {R— —(0u)* + 5 (aRéB - 23)}

A2
coupling function f(¢) = %, tachyonic instability: independent of 5 (R = 0)
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Static curvature induced scalarized black holes

domain of existence of spontaneously scalarized static black holes
B
mie = R aR%y <0

tachyonic instability: independent Of 8 (R=0)
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B+R BHs

Non-radial instabilities of static scalarized black holes

Ricci coupling Schwarzschild B=40 50
i B=1000 p=125 =30
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hierarchy of angular instabilities: [ =2,1=3,1=4,1=5,...
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Non-radial instabili atic scalarized black holes
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EsGB+R BHs

Non-radial instabilities of static scalarized black holes
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Conclusions

GR versus generalized gravity theories

black holes beyond GR: hair
GR black holes

Kerr: no hair

gravitational waves

@ shadow

o EAdGB
e GW: QNMs, EOB approach
e perturbatively stable
7 o shadow
e EsGB, EsGB+Ricci
o GW: static
e stability?
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Conclusions
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