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Introduction

« So far, GR seems compatible with all observations.
* Modified gravity to test GR in future observations

e DHOST theories: include traditional scalar-tensor
theories, Horndeski, Beyond Horndeski, EsGB ...

 Here:
S = /d‘lx\/?g P(X)+ F(X)R+ A1(X) (¢" ¢ — (O9)?)
+A3(X) (¢§¢M¢W¢y — ¢A¢/\u¢W¢V>]

with X = _%VM¢V“¢ b =V, v = Vi V¢



Non-rotating black holes

o Static solution with a nontrivial scalar field:

2

: d
— Metric:  ds? = —A(r)dt® + —— + 12 (d6” + sin®0 dp?)

B(r)
— Scalar field: ¢(t, 7“) =qt+ ¢(T) [Babichev & Charmousis ‘13]
e BHs with primary hair [Bakopoulos et al. ’23; Baake et al. 23]
P(X) = —20XP, F(X) = 1-2XAy, 4(X) = SX71, 43(X) = S (2p— 1)x7~
Ay =By =12 B [7 xo_ 7
N N r rJo (1+4+u2)’ 2(1 4+ r2)



Black Holes with primary hair

« p=1/2: « stealth » Schwarzschild (Horndeski theory)

« p=2 : deformation of Schwarzschild

2M /2 — arctanr 1
_ 1=
A(r) . —I—ﬁz( +1—|—7“2)

— regular solution if M = 152 k_,/

— regular BH (otherwise soliton) if

Soliton

M > Mgy ~221 (Le. & > &gy ~282) w0/ — &




Black Holes with primary hair

Phase diagram
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New BHs via disformal transformations

Transformation ¢, — G, = C(X,¢) g, + D(X,9) 0,0 0,0

From an action S [®, G,] , one gets the new action
S[¢7g,u,u] — g [¢7§,uu — Og,ul/ -+ D ¢,LL¢1/]

Disformally related theories are physically inequivalent, assuming
matter (& light) minimally coupled to the metric.

S[g,uua ¢] + Sm[\pma g,ul/] 7£ S[gw/a qb] -+ Sm[qjma g,uz/]

New BH solutions

C=1, D(X)
Metric 1 in theory 1 < » Metric 2 in theory 2

dr? A
a0 d3® = —A(r)di® + —— + 12 dQ?
A(T) B(r)

ds® = —A(r)dt* +



Black hole perturbations



Black hole perturbations

GW astronomy provides a new window to test GR, in particular in
the strong field regime.

Inspiral Merger Ring-
down

200

Ringdown phase of a BH merger can be described by BH
perturbations.

Deviations in the context of DHOST theories ?



Black hole perturbations

 In the frequency domain: f (t,r) = f(r) g 't

« Axial (or odd) modes: ho(r),hi(r) [ Regge-Wheeler gauge ]
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« Polar (or even) modes: Hgp,H1,H2, K (and ")
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