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The two-matrix model is a generalization of the one matrix model defined
by the probability measure

Z exp (—n (tr(V (M) + W(My) — 7 My My)) dMyd M,

on the space of pairs (M, M3) of n x n Hermitian matrix.

One of the major problems is to obtain asymptotics for the eigenvalue statis-
tics as n — oo, which is encoded in a correlation kernel that can be expressed
in terms of biorthogonal polynomials. Until recently, rigorous results in this di-
rection is limited to the case when either V or W in the measure is a quadratic
polynomial. Due to recent advancement in the generalization of the Deift-Zhou
steepest descend method to multi-dimensional Riemann-Hilbert problems, Duits
and Kuijlaars [1] were able to obtain rigorous asymptotic results for the 2 matrix
model with more general potentials V and W for the first time. In the large n
limit, the eigenvalues of the matrix M is supported on a finite union of intervals
on the real axis. In the work of Duits and Kuijlaars [1], results were obtained
for the case when the eigenvalues of M; is supported on a single interval in the
asymptotic limit. Generalization of these results to the case when eigenvalues
are supported on multi cuts requires the use of Riemann theta functions [2]. In
this talk I will discuss some ideas behind these recent results and their relation
with Riemann surfaces and theta functions.
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