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Abstract: We show that the entropy resulting from the counting of microstates of non extremal black holes using field theory duals of string theories
can be interpreted as arising from entanglement. The conditions for making such an interpretation consistent are discussed. First, we interpret the
entropy (and thermodynamics) of spacetimes with non degenerate, bifurcating Killing horizons as arising from entanglement. We use a path integral
method to define the Hartle-Hawking vacuum state in such spacetimes and discuss explicitly its entangled nature and its relation to the geometry. If
string theory on such spacetimes has a field theory dual, then, in the low-energy, weak coupling limit, the field theory state that is dual to the
Hartle-Hawking state is a thermofield double state. This alows the comparison of the entanglement entropy with the entropy of the field theory
dual, and thus, with the Bekenstein-Hawking entropy of the black hole. As an example, we discuss in detail the case of the five dimensional anti-de
Sitter, black hole spacetime.
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** How 1s 1t related to BH entropy
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« How does string theorv evaluate BH entropy ?
** How are the two methods related ?
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Entanglement & FT/Gravity duality
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Extension of Maldacena’s “eternal BHs in AdS”™
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Assume:

1f one side of the duality 1s 1n a thermal state so 1s the other
(Periodic time on one side 1s mapped to periodic time on the other side)
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Both entropies diverge in the limit G;= 0
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Entanglement entropv 1s
the entropv 1n a canonical
ensemble of the FT.
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Eternal AdS-BH (5D)

Entanglement entropv 1s
the entropv 1n a canonical
ensemble of the FT.

At the moment cannot
compute the bulk regulator
in terms of the boundary
reculator = free constant
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The origin of the divergence:

 Looks like i1t 1s coming from the NH region

(“brick wall ). however. exists also for free fields

in flat-space 1
Lim<0(fl)0(-fz )> I mreTE o

gl =l
el —}Iz e
e =

» Expect a softer. finite expression 1n string theory

» To calculate need correlation functions in the
coincidence limit. or a physical renormalization
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S 15 divercent & — proper length short distance cutoff
Naive origin:

divergence of the optical volume near the horizon
More later ... *not™ brick wall
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