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Abstract:

Gibbons and Hawking proposed that the Euclidean gravity path integral with periodic boundary conditions in time computes the
thermal partition sum of gravity. As a corollary, they argued that a derivative of the associated free energy with respect to the
Euclidean time period computes gravitational entropy. Why is this interpretation correct?  That is,  why does this path integral
compute a trace over the Hilbert space of quantum gravity?   I  will  show that the quantity computed by the Gibbons-Hawking
path  integral  is  equal  to  an  a  priori  different  object  --  an  explicit  thermal  trace  over  the  Hilbert  space  spanned  by  states
produced by the Euclidean gravity path integral. I will explain that this follows if the Hilbert space with two boundaries factorizes
into a product of two single boundary Hilbert spaces.  To show the latter I  will  develop a basis for the nonperturbative Hilbert
space of quantum gravity with one asymptotic boundary. I will use this basis to show that the Hilbert space for gravity with two
disconnected boundaries factorizes into a product of two copies of the single boundary Hilbert space, from which our main result
will follow.
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