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We construct a new class of charged, rotating hairy black holes in a consistent truncation of
N = 8 supergravity, which retains one charged scalar field and a U(1) gauge field. These hairy
solutions can be uplifted to solutions of type IIB supergravity with AdS5 ⇥S5 asymptotics. We find
rotating hairy black holes with finite entropy arbitrarily close to the supersymmetric bound - the
resulting supersymmetric solution is a one-parameter extension of the Gutowski-Reall solution [1].
These solutions have finite curvature invariants (including at extremality), but in the extremal limit
exhibit diverging tidal forces in the near horizon region. Nevertheless, we argue that these limiting
supersymmetric black holes can be consistently studied within the supergravity approximation.

Introduction – Gauge/gravity duality [2–5] is one of
the cornerstones of modern high-energy physics. It has
far reaching implications for a wide range of fields, including higher-dimensional gravity, numerical relativity,
lattice simulations, string theory, quantum field theory,
confinement and condensed matter.
The reason why AdS/CFT is useful is also the reason why it is difficult to prove. It is a strong-weak duality, meaning that when one of the sides of the correspondence is (in principle) solvable, the other is in a
regime where no generic known technique can be used to
study it. In its original form, it conjectures an equivalence between four-dimensional N = 4 Super-YangMills (SYM) with gauge group SU(N ) and coupling constant gYM and ten-dimensional type IIB string theory
with AdS5 ⇥Sp5 asymptotics, string coupling gs and string
length `s ⌘ ↵0 [2]. Furthermore, the field theory lives
on the conformal boundary of AdS5 , which in global coordinates is the Einstein static Universe Rt ⇥S3 . The free
parameters on each side of the correspondence are identified via
2
gYM
= 2⇡gs

and

2

2

= L4 /↵0 ,

(1)

where L is the radius of curvature of AdS5 and we defined
2
the t’Hooft coupling ⌘ gYM
N.

The string theory side is mostly understood in the limit
gs ⌧ 1 and in the supergravity limit L2 /↵0
1. This
can be achieved by simultaneously taking N ! +1 and
1. Even in this limit, when the string theory side
reduces to a classical supergravity calculation, the duality
is hard to study, since the field theory side is strongly
coupled.
There are, however, many nontrivial tests of the correspondence in this limit, some of which have been reviewed
in [5]. One of the major successes of string theory in flat
space [6] is a microscopic counting of the black hole entropy from first principles. However, this has not yet
been accomplished in the original form of AdS/CFT just

stated above1 . On the gravity side, Gutowski and Reall
constructed a supersymmetric black hole in [1], whose
entropy has never been accounted for in N = 4 SYM.
These black holes are 1/16 BPS solutions, and in its original form, have two equal magnitude angular momenta in
AdS5 and carry three equal magnitude R-charges. They
were originally found within five-dimensional, minimal,
N = 1 gauged supergravity, and were readily uplifted to
type IIB string theory with AdS5 ⇥S5 asymptotics using
the results contained in [9]. A surprising result of [1] is
the fact that the black hole that was found has a single free parameter, i.e. corresponds to a one parameter
family of solutions. This is surprising because the most
general 1/16 BPS state in N = 4 SYM (after imposing
equality of the R-charges and equal magnitude angular
momentum) can be shown to depend on two real fugacities. This is turn implies, that if we were to attempt
a microscopic accounting of the entropy using the field
theory we would have to stop almost immediately, because the number of free parameters characterising 1/16
BPS states (within our class of symmetries) do not match
on both sides of the correspondence [10]. In this letter,
we attempt to shed light on this problem, by giving evidence in favour of a new family of supersymmetric black
hole solutions that depend on two free parameters, thus
generalising the original Gutowski-Reall black hole.
In this Letter we proceed as follows. We first present
the action that we used throughout our work. Next, we
demonstrate the existence of a new family of hairy black
hole solutions which approach the BPS bound. Finally,
we find that such solutions have diverging tidal forces,
but argue that they can be accurately described within
the supergravity approximation.
Action – Due to its complexity, we will not work directly in type IIB supergravity, but instead we will focus
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Note however that remarkable progress has been made in counting the entropy of black holes dual to certain phases of topologically twisted deformation of ABJM theory [7, 8].

