
The common low T path integral is Z =
R
Df D� e�I . This can be

exactly evaluated, and the action is

I = �s0 +

Z 1/T
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where f(⌧) is a monotonic reparameterization of the temporal circle with
f(⌧ + 1/T ) = f(⌧) + 1/T ,

� is a phase conjugate to the charge density with
�(⌧ + 1/T ) = �(⌧) + 2⇡n, n integer,

Sch[g[⌧ ], ⌧ ] is the Schwarzian derivative of g(⌧).
The couplings are related to the entropy S(T,Q)

and the chemical potential µ via

S(T ! 0,Q) = s0 + �T, K =
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