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Figure 1: An illustrative description of this picture of black holes. My research focuses on con-
structing more microstate geometries with no horizon, and on improving the dictionary between the
existing ones and the states of the CFT (the dashed vertical arrow).

paradox: microstates have unitary physics, and thus information is not lost. Second, since
the maximal entropy in a region of space comes from microstates that have the same size
as the would-be black hole, this would prove ’t Hooft’s holographic principle. Third, these
microstates will appear whenever we have a large-enough energy density, and it is quite likely
that their physics will be dominant in cosmological settings, like in the Big Bang and the
Big Crunch singularities. To use an analogy from classical physics, one can say this picture
could revolutionize quantum gravity and the physics of black holes in the same way in which
statistical physics revolutionized the understanding of thermodynamics.

Furthermore, this picture of black holes might also be experimentally testable with the
gravity wave detector LISA or if black holes are found at the Large Hadron Collider. It is
therefore a crucial problem in quantum gravity to establish whether this picture is correct.

In previous work I have taken quite a few important steps in this direction by constructing
and analyzing huge families of black hole microstates, both in string theory and in supergravity.
In the future, I believe there are two directions in this research programme that both have a
good shot at proving or disproving this revolutionary picture of black holes.

The first is to construct a precise map between the states of the dual boundary theory and
the solutions we have constructed. Per Kraus and I have been the first to describe black rings
in this CFT, and I believe I have some, and I can master the other tools needed to successfully
attack this problem. Once this map is obtained, I intend to find the bulk geometries that
correspond to the typical states of the CFT. These geometries would be then the typical
microstates of the black hole; if they are horizonless, this would give a proof that the black
hole is a thermodynamic description of an ensemble of horizonless configurations.

The second direction is to construct more generic three-charge solutions, that have black
hole charges and depend on several continuous functions. The solutions N. Warner and I
have constructed have the appropriate charges, but do not depend on arbitrary functions.
Other groups (including my present postdoc, A. Saxena) have on the other hand constructed
solutions that depend on arbitrary functions, but do not have black hole charges. I think our
methods can be combined to build these more generic solutions. We can then count them and
see if they can account for the entropy of the black hole. If they do, this would again establish
that black holes are ensembles of horizonless configurations.

Another direction that is important to pursue in longer term is the construction of mi-
crostates of near-BPS and non-BPS black holes. Most of the effort in this field has so far
concentrated on constructing and analyzing microstates of BPS (supersymmetric) black holes.
This is enough for the purpose of establishing this picture of black holes: if one can prove that
BPS black holes are ensembles of horizonless microstates, then it will be rather unlikely that
non-BPS black holes will not have the same description. However, if one is to use this picture


