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Motivation
Observation of black holes and neutron stars: a breakthrough

- Alternatives to GR black holes and stars as precise rulers of departure from GR? 

- Other compact objects like wormholes?



No hairs in GR

No hair theorems/arguments dictate that adding degrees of freedom lead to 
trivial (General Relativity) or singular solutions.

E.g. in the standard scalar-tensor theories BH solutions are GR black holes 
with constant scalar.

• Gravitational collapse ->

• Black holes eat or expel surrounding matter
• Their stationary phase is characterised by a limited number of charges
• No details about collapse 
• Black holes are bald

Collapse settling 
down



Schwarzschild solution



Rotating vacuum black holes in General Relativity are described by the Kerr 
metric.

In Boyer-Lindquist coordinates:

Kerr solution Kerr'63



Properties of the Kerr metric



Important surfaces in the Kerr metric

from d'Inverno's book

Ergoregion
Ring singularity

Inner horizon     

Event horizon     Static limit



How to construct exact black hole solutions 
in modified gravity?

Shift-symmetry Conformal
symmetry

Stability of 
DHOST theory 
under 
conf/disformal 
transformation



Horndeski theory Horndeski’1974

Deffayet+'09'11

Kobayashi+'11



Degenerate higher order Scalar-Tensor theories (DHOST)
Langlois&Noui, Crisostomi+'16



From DHOST to DHOST

DHOST DHOST 

More precisely,

Coupling to matter is different: we get a different theory

Theory 1 Theory 2



Hairy solutions in ST theories



Shift symmetry



Shift symmetry and time dependence

Static configurations
with time-dependent scalar



Example of exact solution
EB, Charmousis’13



Example of exact solution
EB, Charmousis’13



Rotating solution?
Charmousis+’19



Stealth Kerr solution in DHOST

Charmousis+’19



Cosmological black holes
EB, Charmousis, Lecoeur’23



Disformed Kerr black hole
Anson, EB, Charmousis, Hassaine’20

[see also Achour+'20]



ergosphere
horizon

stationary 
limit

Disformed Kerr black hole



Conformal symmetry



BBMB solution
Bocharova, Bronnikov, Melnikov'70; Bekenstein'74



BBMB solution
Bocharova, Bronnikov, Melnikov'70; Bekenstein'74



Generalization of the action
Lu-Pang'20, Fernandes'21

Martinez, Troncoso, Zanelli'03 



Geometric constraint from conformal EOM

1

Geometric constraint comes from conformal 
symmetry of the scalar EOM, without conformal 

invariance of the scalar action. 



Geometric constraint from conformal EOM

2



Rotating solution Fernandes'23 



No symmetry (but simple scalar EOM?)
EB, Charmousis, Hassaine & Lecoeur '23



Conclusions

Use symmetries of gravity theories to construct analytic solutions.

Shift symmetry of a theory leads to a conserved current.

Conformal symmetry leads to a geometric constraint.

General disformal transformation as a way to construct new 
solutions.


