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Part I

Black Hole Microstates
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PRELUDE

In Part I of this thesis, based on [3][4][5], we report on our program to understand the
quantum structure of black holes by studying and quantizing microstates originating from
supergravity.

Our initial motivation when starting [3] was to understand which objects in string theory
could provide corrections to OSV [10] following the developments of [15][16][9]. This
work eventually took a different direction, however, and our focus shifted to extracting as
much information as possible aboutN = 2 black holes by studying only supergravity so-
lutions with the same asymptotics. We first did this using AdS/CFT in [3] but soon found
we could also directly quantize the space of such solutions providing much more fine
grained control over the quantum mechanics of the BPS sector [4]. An important ques-
tion throughout has been how far one could hope to get by restricting only to supergravity.
While a considerable amount of technology exists to treat the latter, if a generic state in
the black hole ensemble essentially requires knowledge of stringy or non-perturbative de-
grees of freedom to distinguish it then it is unlikely that we can carry out a complete
program of study using only supergravity modes. This led to [5] where we established
that it is very unlikely that supergravity will suffice to probe the generic black hole states.

Despite this setback several unexpected surprises proved that our efforts were hardly in
vain as we established the existence of interesting quantum phenomena of exactly the
kind one might imagine are necessary to resolve information loss and other associated
paradoxes. In particular we have found that in these systems quantum effects can extend
over macroscopic distances and our standard intuition from field theory seems to break
down. Moreover, we have (further) opened the N = 2 system to study via AdS/CFT and
also via an unrelated 0+1 dimensional quiver quantum mechanics first pioneered in [17].
With these tools we may hope to go beyond supergravity and access the full quantum and
stringy structure of a generic black hole microstate.
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