
Workshop on Random Matrices April 2010

Abstracts
Florent Benaych-Georges

Finite rank perturbations of random matrices and free probability theory

Let us consider a random Hermitian matrix X which empirical eigenvalue distribution
tends to a limit distribution as the dimension tends to infinity and such that the
extreme eigenvalues tend to the bounds of the support of the limit distribution (it is
for example the case when the X is a Wigner matrix: in this case, the limit distribution
is the semi-cricle law). We shall add a perturbation to X, and thus consider X+P, under
the hypothesis is that the rank of P stays bounded as the dimension tends to infinity
and that the eigenspaces of X and P are in generic position one to each other (it is for
example the case when X is distributed according to the GUE).
Then, a natural question arises: how are the eigenvalues and the eigenvectors of X
perturbed by the addition of P?
This question had first been asked, for a quite close model, by Johnstone, and been
solved, in a several particular cases, by Baik, Ben Arous, Péché, Féral, Capitaine and
Donati-Martin.
We shall give a general answer, uncovering a remarkable phase transition phenomenon:
the limit of the extreme eigenvalues of the perturbed matrix differs from the original
matrix if and only if the eigenvalues of the perturbing matrix are above a certain
critical threshold. We also examine the consequences of this eigenvalue phase tran-
sition on the associated eigenvectors and generalize our results to examine the case
of multiplicative perturbations or of additive perturbations for the singular values of
rectangular matrices.

Tom Claeys

Critical asymptotics for Toeplitz determinants

Abstract: I will discuss asymptotic expansions for Toeplitz determinants correspond-
ing to a family of symbols depending on a parameter t. For t positive, the symbols
are regular and the determinants obey Szego’s strong limit theorem. If t=0, the sym-
bols have a Fisher-Hartwig singularity. Letting t ? 0, we observe the emergence of a
Fisher-Hartwig singularity and a transition between two different types of asymptotic
behavior for Toeplitz determinants. This transition is described by a special Painlev
V transcendent. A particular case of our result describes a phase transition in the
two-dimensional Ising model. The talk will be based on joint work with A. Its and I.
Krasovsky.

Benoit Collins

Random Matrix Theory and Quantum Information Theory

The additivity problem for the minimum output entropy of quantum channels was
a very important conjecture in quantum information theory. It was proved to be
false in 2008 with the help of random matrix techniques. The original proofs of the
non-additivity relied on large deviation estimates for random matrices. However the
violation of the additivity was very small. I will explain how Weingarten calculus
and free probability theory provide an extensive understanding of the violation of the
additivity almost everywhere. (joint work with Ion Nechita and Serban Belinschi)
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Christa Cuchiero

Affine processes on positive semidefinite matrices

Motivated by applications in mathematical finance and in particular by multivariate
stochastic volatility models, we study stochastically continuous affine processes on S+

d ,
the cone of positive semidefinite symmetric matrices. This class of Markov processes
unifies the concepts of positive matrix valued Lévy processes, Wishart processes and
matrix-valued Lévy driven Ornstein-Uhlenbeck processes. A complete characteriza-
tion of affine processes on S+

d is provided through a detailed parameter specfication of
the infinitesimal generator. Furthermore, a relation be- tween infinitely decomposable
Markov processes with state space S+

d and affine processes without diffusion compo-
nent is established.

This talk is based on a joint article with Damir Filipović, Eberhard Mayerhofer and
Josef Teichmann.

Catherine Donati

Convergence and fluctuations of extreme eigenvalues of large deformed Wigner matri-
ces

I will discuss the asymptotic spectrum of Hermitian random matrices of size N (N →
∞) of the form XN = WN + AN where WN is a Wigner matrix and AN an additive
deterministic perturbation of rank r independent of N . The perturbation doesn’t af-
fect the limiting spectral distribution but one can wonder if the extremal eigenvalues
are pertubed by AN . We prove a phase transition phenomenon (already observed for
sample covariance matrices). If the eigenvalues of AN are greater than a critical value,
the limit of the largest eigenvalues of the deformed matrix are outside the support
of the limiting semicircular distributiion. We also discuss the fluctuations of these
extreme eigenvalues. (joint work with M. Capitaine and D. Féral).

Patrik Ferrari

Universality: from stochastic particle systems to random matrices

In the last decade non-Gaussian distributions discovered in random matrices (e.g.,
the Tracy-Widom distributions) were proven to describe limit laws of fluctuations
in apparently unrelated probabilistic models, like the last passage percolation or the
asymmetric exclusion process. It is believed that these distributions are universal,
that is, they appear independently of the details of the model (under mild assump-
tions). Similarly, the extension to joint distribution has lead to the discovery of new
universal limit processes (e.g., the Airy processes). The simplest example of universal-
ity is given by the central limit theorem and an universal process is Brownian motion.
I will present some of these developments by focusing in one of the probabilistic model.
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Chris Hughes

Zeros of the Derivative of Characteristic Polynomials

The zeros of the characteristic polynomial are the eigenvalues of the underlying ma-
trix. If that matrix is unitary then all the zeros lie on the unit circle. It is simple
to show that the zeros of the derivative of such a polynomial must all lie inside the
unit circle, and in this talk we will study the distribution of zeros lying close to the
unit circle when the unitary matrix is chosen with Haar measure. This distribution
has close connections to the distribution of zeros of the derivative of the Riemann zeta
function.

Rowan Kilip

Autocorrelation of the characteristic polynomial of a random matrix

We compute the expected value of a general product of the characteristic polynomial
and its complex conjugate (evaluated at multiple points) in the microscopic thermo-
dynamic limit. The result holds for arbitrary inverse temperature β ∈ (0,∞). This is
joint work with E. Ryckman.

Emmanuel Kowalski

Local limit theorems for characteristic polynomials in compact groups and arithmetic
applications

Arno Kuijlaars

Multiple orthogonal polynomials in random matrix theory

Multiple orthogonal polynomials (MOPs) are a generalization of orthogonal polyno-
mials where the orthogonality is distributed among a certain number of orthogonality
weights. MOPs are related to certain determinantal point process in the same way that
usual orthogonal polynomials are related to eigenvalues of unitary invariant random
matrix ensembles. I will present examples arising from non-intersecting paths, random
matrices with external source, and coupled random matrices. The large n-behavior of
these models is described in certain special cases by a vector equilibrium problem.

Joseph Najnudel

On a flow of operators associated to virtual permutations

Neil O’Connell

A deformation of the GUE with applications to directed polymers
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Alain Rouault

Large deviations for spectral measures and sum rules

I will discuss the Large Deviation Principle for the random spectral measure of the pair
(A,e) where A is sampled in the CUE or in the GUE and e is a fixed unit vector. In
the circular case, the rate function is the reversed Kullback information with respect
to the (uniform) equilibrium measure and I will explain the connection with the first
Szeg theorem and the random moment problem. In the gaussian case, the rate func-
tion consists of two parts. The contribution of the absolutely continuous part of the
measure is the reversed Kullback information with respect to the semicircle distribu-
tion and the contribution of the singular part is connected to the rate function of the
extreme eigenvalues in the GUE. One key point is the encoding of the spectral measure
through the Verblunsky or Jacobi coefficients whose distributions were discovered by
Dumitriu, Edelman, Killip and Nenciu. This method is also valid for the beta versions
of these models, and I will discuss its extension to the Laguerre and Jacobi ensembles.
(joint work with Fabrice Gamboa).

Benjamin Schlein

Bulk Universality for Wigner Matrices

In this talk I am going to consider ensembles of NxN random matrices whose entries
are, up to the symmetry constraints, independent and identically distributed. Assum-
ing sub-exponential decay of the matrix entries, I will present a proof of the universality
of the local eigenvalue statistic; in the limit of large N we show that the eigenvalue
correlation functions are independent of the particular distribution of the entries and
are determined only by the symmetry of the matrix (hermitian, real symmetric, or
symplectic).
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