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Abstract: <p>We consider planar hairy black holes in five dimensions with area scalar field in the Breitenlohner-Freedman window and show that
is possible to derive a universal formula for the holographic speed of sound for any mixed boundary conditions of the scalar field. As an example,
we locally construct the most general class of planar black holes coupled to a single scalar field in the consistent truncation of type |1B supergravity
that preserves the SO(3)xSO(3) R-symmetry group of the gauge theory. We obtain the speed of sound for different values of the vacuum expectation
value of a single trace operator when a double trace deformation is induced in the dua gauge theory. In this particular family of solutions, we find
that the speed of sound exceeds the conformal value. Finally, we generalize the formula of the speed of sound to arbitrary dimensional scalar-metric
theories whose parameters lie within the Breitenl ohner-Freedman window</p>
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Black Holes have no-hair: A theory

independent proof [Bekenstein]
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Scalar fields and AdS/CFT

D—1 AL2m?
A, = ) 11\/1+( -

irsa: 18020101 Page 7/35



Scalar fields and AdS/CFT
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Scalar fields and AdS/CFT
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AdS/CFT with Multitrace deformations
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AdS/CFT with Multitrace deformations
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AdS/CFT with Multitrace deformations
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AdS/CFT with Multitrace deformations
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Holographic speed of sound and Hairy Black Holes
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When there is an asymptotic region the speed of sound must necessarily
depend on the boundary quantities. The right formula is
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The hairy black hole problem in D=5
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The hairy black hole problem in D=5
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Take a scalar field saturating the BF bound
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The same argument applies to

all the integration constants
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The formula for the speed of sound with
boundary condition
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The formula for the speed of sound with
boundary condition
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An Example from type IIB
supergravity




An Example from type IIB
supergravity
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An Example from type IIB
supergravity
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The speed of sound is always
larger than the conformal value
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The Universal Formula
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Every theory in the BF window has infinite number of hairy black
hole solutions

Every hairy black hole solution has different thermodynamics.

The speed of sound can be larger than the conformal value for
theories with an holographic dual

The characterization of the theory in terms of a single function
allows to codify the numerical integration of the systemin a simple
form
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