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Scalar-Gauss-Bonnet of gravity

The general action of sGB theory
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« The field equations are of second order as in general relativity and the theory is
free from ghosts.
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Scalar-Gauss-Bonnet gravity

Field equations
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Scalar-Gauss-Bonnet gravity

Special class of sGB theories
» We consider coupling functions which are analytic in ¢
f@=fotfio+3; 0% + ..
« Since R{ZGB} Is a topological invariant f,, plays no role and we choose f, = 0.

« Without loss of generality we can also put f, = e = +1 (by redefining the
coupling constant 12 - |f,| A?)

* From now on we will focus on sGB theorieswith f; =0 <=> %(O) =0!

Two subclasses: e =1 and e = —1.

« This class of sGB theories is indistinguishable from GR in the weak field
regime and can differ from GR in strong curvature regime only.
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Scalar-Gauss-Bonnet gravity

Observational constraints

« Obsevational constraints on the Gauss-Bonnet coupling constant A can be impose
by using real gravitational wave events, for example GW190814 and
GW151226. (L. Wong, C. Herdeiro and E. Radu, PRD (2022))

« More stringent constraints on A can be imposed by using observations of pulsars
In close binary systems (V. Danchev, D. Doneva and S.Y., PRD (2002) ).

« The maximum mass of a static scalarized black hole is roughly 18 Mo (1 <
18 M)

S. Yazadjiev Aveiro 2022



Spontaneous scalarization

» The phenomenon of spontaneous scalarization was discovered by Damour and
Esposito-Farese  almost 20 years ago. In a seminal paper (T. Damour and G.
Esposito-Farese, PRL (1993) ) they discovered the spontaneous scalarization of
neutron stars in classical scalar-tensor theories.

Spontaneous scalarization in simple words

» Beyond certain threshold in the mass of objects (in the case of the classical scalar-
tensor theories) or in the spacetime curvature (in the case of ESTT), GR solutions
become unstable within the bigger scalar-tensor theory. The instability leads to the
development of a nontrivial scalar field and the compact objects acquire scalar hair
- the compact objects get spontaneously scalarized.
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Spontaneous scalarization

» Alternatively, the spontaneous scalarization can be viewed iIn the reverse way: as
a screening mechanism that forces a scalar field to transition to a trivial

configuration in weak field and hence explain why this field has managed to
remain undetected so far.

» Why the spontaneous scalarization is so iInteresting and important? The
spontaneous scalarization is the only known dynamical mechanism for endowing

black holes (and other compact objects) with scalar hair without altering the
predictions in the weak field limit.

» New development, July 2021 : There exists new fully nonlinear mechanism for

generating black hole scalar hair different from the spontaneous scalarization!
(D. Doneva and S. Y. (2021))
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Dynamics of the spontaneous scalarization

« The tachyonic instability that triggers the spontaneous scalarization is to a large
extent well understood and extensively studied both in the static and the rotating
regimes.

« The same applies to the scalarized solutions produced by the spontaneous
scalarization, both in the static and the rotating cases.

« However, the very dynamics of the spontaneous scalarization, i.e. the process of
forming scalarized black holes from non-scalarized ones, is much less studied and
understood.
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Scalarization through core-collapse

Realistic physical mechanism for the formation of
Isolated scalarized BHs and NSs

« The gravitational collapse can produce scalarized black holes and scalarized
neutron stars starting with initial state with no scalar field present
(H.-J. Kuan, D. Donevaand S. Y., PRL (2021) )

2 . d2 ]
For € = Z—q)’;(O) = 1 both static black For € = d—goi (0) = —1 static black
holes and neutron stars can scalarize. holes can not scalarize.
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Scalarization through core-collapse
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Scalarization through core-collapse
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Conclusions and future perspectives

e Spontaneous scalarization is a very interesting nonlinear effect allowing for large
deviations from GR while keeping the weak field regime unaltered.

 Interesting observational signatures are expected that can help us further constrain
the strong field regime of gravity.

Remains to be done:

¢ Dynamics of scalarized BH and NS should be further studied.

¢ Further understanding of the problems appearing for certain theories allowing
scalarization and determining whether they are viable and how to overcome the
problems.
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THANK YOU!
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