
MATH 595 FALL 2019
THE MATHEMATICS OF THE ADS/CFT CORRESPONDENCE

One of the most exciting topics in modern physics with applications as diverse
as Quantum Gravity and Condensed Matter Theory is the so called AdS/CFT
correspondence. Loosely put, AdS/CFT, is a duality that establishes a corre-
spondence between string theory in an asymptotically AdS background and a
conformal field theory on the conformal boundary of the bulk. The basic con-
nection between the (dimensionless) parameters gs, ls (resp. string coupling and
string lenght) and curvature radius R of the bulk theory are related to basic

(dimensionless) parameters of the field theory via g2 = 4πgs and g2N = R4

l4s
.

Here N is the number of colors and for large N , the t’ Hooft coupling λ = g2N
controls the perturbation theory. In the regime in which the curvature radius R
is much larger then the string length (and therefore, due to g2N = R4

l4s
, in the

regime where the number of colors N is large) and when gs is very small, it is well
known that the string theory reduces to classical supergravity. Therefore one of
the first striking applications of the theory is that one can perform (semi)classical
calculations in d+1-dimensional can be used to deduce properties of strongly cor-
related Conformal Field theories. One striking example of this is the celebrated
Ryu-Takayanagi formula which computes the entanglement entropy of a region
A (and its complement) in the boundary CFT via the renormalized are of a bulk
minimal submanifold sharing the boundary of the region A.

The topic of the course is to explain all this in mathematically sound fashion
(when possible) and also explain many mathematical and physical consequences
and current research topics.

• Introduction to String Theory and CFT: type II string theory and SUSY
• Analysis of PDE’s (Einstein equations, unique continuation results for

systems of PDE’s and their application to the diffeomorphic structure of
conformally compact Einstein manifolds, fractional Laplacians and non-
local PDE’s)

• General introduction to CFT’s
• Minimal surfaces in asymptotically hyperbolic manifolds and their nor-

malized volumes and their application to Entanglement entropy
• Energy/Thermodynamic formulation of (quantum) gravity: Einstein equa-

tions out of boundary data and entanglement entropy (via Ryu-Takayanagi
formulae)

• Quantum chaos
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