Ringdowns for black holes with scalar hair:
the large mass case

GIOVANNI D’ADDARIO

In collaboration with:
Antonio Padilla, Paul Saffin, Thomas Sotiriou & Andrew Spiers

University of Nottingham

15t TEONGRAV International Workshop, 17 September 2024

r University of
M Nottingham

UK | CHINA | MALAYSIA



Black hole populations

Neutron star
equation of state

Gravitational wave
observations



Inspiral Merger Ring-
down

1.0
0.5
0.0
C.05

in (10724

Str

-1.0 H

— Numerical relativity
I Reconstructed (template)
T T

Figure: Estimated strain of GW150914 (Abbott et al., 2016a).



Outline

Perturbations in modified gravity can be extra complicated

Horndeski admits black holes with scalar hair set by the mass

Simplified formalism for perturbations in Horndeski

How feasible are future tests of GR with ringdown?



Black hole ringdown
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Figure: Boundary conditions on solutions to linearised Einstein equations.

G [h ]=0 (1)
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Frequencies are complex: quasi-normal modes (QNMSs)



Figure: Spectrum of QNM frequencies for Schwarzschild, fer 2
(diamonds) and” = 3 (crosses) (Kokkotas and Schmidt, 1999).



Black Hole Perturbation Theory in Modi ed Gravity

What is the backgroundy ?

Generically, the \nice" features of GR are not present

Figure: Status of QNM analyses in modi ed theories (Franchini and
Velkel, 2023).

Are there any possible simpli cations?



Shift-symmetric Horndeski
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Classi cation of shift-symmetric Horndeski theories

GR black holes obey no hair theorems...

(Saravani and Sotiriou, 2019) established the relation

L=LC+ G; (5)

T theories admitting = 0 and hence all GR solutions
L: theories admitting = 0 only for Minkowski

G=R R 4R R +R?

G term gives solutions with scalar hair (Sotiriou and Zhou, 2014)



Just to drive it home...
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Equations of motion & scalar charge

G =T (8)

r & G)=0 G=r G )
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Perturbative formalism
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For large black holegy is smal:M  10°M =) q. 10 %3

Only linear order perturbations ifi
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Perturbed equations of motion

0 =g

(0;1) - OHR R

G [h91=0

G [h(lzl)]= 0:1) (1;0)
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Implications:

G [h(l;l)]: (0;1) (1,0 (18)

The leading order corrections are suppressed by a factay of
G: GR operator! We are solving Kerr with a source

Source terms: contribution of G only
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Implications for LISA

LISA is unlikely to detect scalar deviations from GR via

black hole ringdown analyses

The calculation of the QNMs is in progress!
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