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The information paradox is the problem that pair creation at a black hole (BH)
horizon leads to ever-rising entanglement between the BH and its surroundings. ;‘i‘f
This leads to breakdown of unitarity, or pathological planck-sized remnants. | |

Early efforts to aVOId these COnC|USIOnS InVO|VEd attempts to construct ’halr’ Sl
deformations of the horizon. Many ‘no-hair’ theorems in classical gravity resulted.

In string theory however, hair may be constructed, suggesting that

 Quantum effects are important at the would-be-horizon (fuzz)

I”

* Bound states have non-trivial size (ball). “Fuzzbal

The two-charge BH is perhaps the best-understood example of a BH in string theory.
Its simplest realization is a fundamental string carrying winding and momentum charges
around a compact S'?! direction y. We workon R*! x St x T%.

The generic state of the string is very quantum. To learn about the system, one may study
coherent states which have good classical descriptions. A string with a classical profile sources
a geometry with no horizon, but with non-trivial structure at the would-be-horizon.
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Flat space

This system may be dualized to the D1-D5
system on 74, where the geometries have
- flat R*1 x S1 x T*asymptotics,

-an AdS; x S3 x T* throat and

- a smooth ‘cap’, with no horizon.
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The simplest state is described by a metric and a RR 2-form. The metric takes the form:
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where

a = —, f=7r%+a’cos?0, h=1—|—%.

D1-D5-P geometries from string amplitudes

Adding momentum charge P, the D1-D5-P black hole has a macroscopic horizon.
Do individual D1-D5-P microstates backreact to give the BH solution, or something else?

For certain microstates one can calculate the first-order backreaction
via worldsheet one-point functions.

N\

r

For the calculation of the fields at large distances r from a bound state
of NV D-branes, the effective open string coupling is ]
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e Momentum-carrying waves on D1-D5 geometries

It is known that if one attempts to add a travelling wave to the D1-D5-P black hole geometry,
the wave develops a curvature singularity at the horizon. However one can add a wave
to a 2-charge microstate geometry (P=0) to construct a 3-charge microstate geometry.

Thg D1-D5 orbifold CFT has symmetries generated by AdSs X 3 w T4
- Virasoro generators L_
- SU(2) R-symmetry currents J%_ i $ $
- T* translation currents J* _ .
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These are dual to the asymptotic diffeomorphisms —n —n —n

of the AdS; x S x T* throat.
Each of the above generators maps a 2-charge ground state (P = 0) to a 3-charge state.
What is the gravity descriptionof L_ , J* , J'_ acting on a D1-D5 ground state?

Consider a T translation current J#_ (choosing z* = z) acting on the ground state in Eq. (1).
In the AdS throat the corresponding asymptotic diffeo is generated by (v=t-y)

e—Z?’L’U 82;

which generates a perturbation /. . Around the full asymptotically flat geometry (1), we find
a perturbation which reduces to the above diffeo in the throat, but is not a pure diffeo
everywhere; in particular it has one unit of energy and momentum above the ground state.

A way to picture the perturbation:
imagine truncating to the AdS throat,
making a diffeo, then ‘gluing’ back

to the flat asymptotics.

This creates a physical deformation
in the ‘neck’ region of the geometry.
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The metric perturbation is:
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This perturbation also provides a way to visualize many three-charge states, using the n,n.
individual copies of the T'4 CFT contained in the full orbifold CFT.

While the total L_ ,J*, , Ji_
individual L__, J*, J'_

. create perturbations at the neck, other combinations of the
should create perturbations at the ‘cap’, where most of the states are
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concentrated.
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1. The NS1-P profile, D1-D5 cap : .
’ 2. A state with a small sub-throat . -
and orbifold CFT state of eq. (1). 3. Astate with two large sub-throats
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For large enough r, the worldsheet calculation is weakly coupled in this regime. | s is the leading

order 3-charge

diagram.

We consider a D1-D5 bound state with travelling-wave profile f(v). e
The bound state includes vevs for the 1-5 strings, which D1, \\\D5f
we encode through the insertion of vertex operators. \‘
Their polarizations combine into a self-dual 3-form v, . W i

X I
The fields derived from this amplitude yield a new 1/8-BPS /'l
ansatz in type |IB sugra, generalizing the Bena-Warner ansatz. yd
The ansatz is valid in a 1/r expansion: - o
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The fields Z, and a, are the ‘new’ fields generalizing the Bena-Warner ansatz. In terms of the
1-5 condensate v, and the profile f, the string amplitude gives
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The above has been extended to a full non-linear ansatz in type 1B supergravity.
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Non-supersymmetric microstates

It is important to investigate whether the fuzzball structure applies not just to BPS black holes,
but also to non-BPS and general non-extremal black holes.

Can one construct microstates in string theory with large mass but no overall charges?

By winding a string in different ways along two or more directions in an internal torus, one can
obtain a neutral classical string solution at zero coupling.
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In the D1-D5 duality frame, the analogous configuration is a supertube whose charges rotate
from D1-D5 to NS1-NS5 along the ring. For a large ring, this is an approximate solution.

This is a step towards constructing microstates of neutral, non-extremal black holes.




