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Random matrix theory is at the intersection of linear algebra, probability theory and
integrable systems, and has a wide range of applications in physics, engineering,
multivariate statistics and beyond. This volume is based on a Fall 2010 MSRI pro-
gram which generated the solution of long standing questions on universalities of
Wigner matrices and beta-ensembles, and opened new research directions especially
in relation to the KPZ universality class of interacting particle systems, and low rank
perturbations. The book contains review articles and research contributions on all
these topics, in addition to other core aspects of random matrix theory such as inte-
grability and free probability theory. It will give both established and new researchers
insights into the most recent advances in field and the connections among many
subfields.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107079922
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-1-107-07992-2 - Random Matrix Theory, Interacting Particle Systems, and Integrable Systems
Edited by Percy Deift and Peter Forrester

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107079922
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07992-2 - Random Matrix Theory, Interacting Particle Systems, and Integrable Systems
Edited by Percy Deift and Peter Forrester

Frontmatter

More information

Mathematical Sciences Research Institute
Publications

65

Random Matrix Theory, Interacting Particle Systems,
and Integrable Systems

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107079922
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07992-2 - Random Matrix Theory, Interacting Particle Systems, and Integrable Systems
Edited by Percy Deift and Peter Forrester

Frontmatter

More information

Mathematical Sciences Research Institute Publications

Freed/Uhlenbeck: Instantons and Four-Manifolds, second edition
Chern (ed.): Seminar on Nonlinear Partial Differential Equations
Lepowsky/Mandelstam/Singer (eds.): Vertex Operators in Mathematics and Physics
Kac (ed.): Infinite Dimensional Groups with Applications
Blackadar: K-Theory for Operator Algebras, second edition
Moore (ed.): Group Representations, Ergodic Theory, Operator Algebras, and
Mathematical Physics
7 Chorin/Majda (eds.): Wave Motion: Theory, Modelling, and Computation
8 Gersten (ed.): Essays in Group Theory
9 Moore/Schochet: Global Analysis on Foliated Spaces, second edition
10-11 Drasin/Earle/Gehring/Kra/Marden (eds.): Holomorphic Functions and Moduli
12—-13 Ni/Peletier/Serrin (eds.): Nonlinear Diffusion Equations and Their Equilibrium States
14 Goodman/de la Harpe/Jones: Coxeter Graphs and Towers of Algebras
15 Hochster/Huneke/Sally (eds.): Commutative Algebra
16 Thara/Ribet/Serre (eds.): Galois Groups over Q
17  Concus/Finn/Hoffman (eds.): Geometric Analysis and Computer Graphics
18 Bryant/Chern/Gardner/Goldschmidt/Griffiths: Exterior Differential Systems
19 Alperin (ed.): Arboreal Group Theory
20 Dazord/Weinstein (eds.): Symplectic Geometry, Groupoids, and Integrable Systems
21 Moschovakis (ed.): Logic from Computer Science
22 Ratiu (ed.): The Geometry of Hamiltonian Systems
23 Baumslag/Miller (eds.): Algorithms and Classification in Combinatorial Group Theory
24 Montgomery/Small (eds.): Noncommutative Rings
25 Akbulut/King: Topology of Real Algebraic Sets
26 Judah/Just/Woodin (eds.): Set Theory of the Continuum
27 Carlsson/Cohen/Hsiang/Jones (eds.): Algebraic Topology and Its Applications
28 Clemens/Kolldr (eds.): Current Topics in Complex Algebraic Geometry
29 Nowakowski (ed.): Games of No Chance
30 Grove/Petersen (eds.): Comparison Geometry
31 Levy (ed.): Flavors of Geometry
32 Cecil/Chern (eds.): Tight and Taut Submanifolds
33 Axler/McCarthy/Sarason (eds.): Holomorphic Spaces
34 Ball/Milman (eds.): Convex Geometric Analysis
35 Levy (ed.): The Eightfold Way
36 Gavosto/Krantz/McCallum (eds.): Contemporary Issues in Mathematics Education
37 Schneider/Siu (eds.): Several Complex Variables
38 Billera/Bjorner/Green/Simion/Stanley (eds.): New Perspectives in Geometric Combinatorics
39 Haskell/Pillay/Steinhorn (eds.): Model Theory, Algebra, and Geometry
40 Bleher/Its (eds.): Random Matrix Models and Their Applications
41 Schneps (ed.): Galois Groups and Fundamental Groups
42 Nowakowski (ed.): More Games of No Chance
43 Montgomery/Schneider (eds.): New Directions in Hopf Algebras
44  Buhler/Stevenhagen (eds.): Algorithmic Number Theory: Lattices, Number Fields,
Curves and Cryptography
45 Jensen/Ledet/Yui: Generic Polynomials: Constructive Aspects of the Inverse Galois Problem
46 Rockmore/Healy (eds.): Modern Signal Processing
47 Uhlmann (ed.): Inside Out: Inverse Problems and Applications
48 Gross/Kotiuga: Electromagnetic Theory and Computation: A Topological Approach
49 Darmon/Zhang (eds.): Heegner Points and Rankin L-Series
50 Bao/Bryant/Chern/Shen (eds.): A Sampler of Riemann—Finsler Geometry
51 Avramov/Green/Huneke/Smith/Sturmfels (eds.): Trends in Commutative Algebra
52 Goodman/Pach/Welzl (eds.): Combinatorial and Computational Geometry
53 Schoenfeld (ed.): Assessing Mathematical Proficiency
54 Hasselblatt (ed.): Dynamics, Ergodic Theory, and Geometry
55 Pinsky/Birnir (eds.): Probability, Geometry and Integrable Systems
56 Albert/Nowakowski (eds.): Games of No Chance 3
57 Kirsten/Williams (eds.): A Window into Zeta and Modular Physics
58 Friedman/Hunsicker/Libgober/Maxim (eds.): Topology of Stratified Spaces
59 Caporaso/M“Kernan/Mustatd/Popa (eds.): Current Developments in Algebraic Geometry
60 Uhlmann (ed.): Inverse Problems and Applications: Inside Out Il
61 Breuillard/Oh (eds.): Thin Groups and Superstrong Approximation
62 Eguchi/Eliashberg/Maeda (eds.): Symplectic, Poisson, and Noncommutative Geometry

AN AN W N~

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107079922
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07992-2 - Random Matrix Theory, Interacting Particle Systems, and Integrable Systems
Edited by Percy Deift and Peter Forrester

Frontmatter

More information

Random Matrix Theory,
Interacting Particle Systems,
and Integrable Systems

Edited by

Percy Deift

Courant Institute

Peter Forrester
University of Melbourne

T CAMBRIDGE

&5 UNIVERSITY PRESS

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107079922
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07992-2 - Random Matrix Theory, Interacting Particle Systems, and Integrable Systems
Edited by Percy Deift and Peter Forrester

Frontmatter

More information

Percy Deift Peter Forrester
Courant Institute University of Melbourne
deift@cims.nyu.edu p-forrester@ms.unimelb.edu.au

Silvio Levy (Series Editor)
Mathematical Sciences Research Institute
levy @msri.org

The Mathematical Sciences Research Institute wishes to acknowledge support by the
National Science Foundation and the Pacific Journal of Mathematics for the publication of
this series.

CAMBRIDGE

UNIVERSITY PRESS

32 Avenue of the Americas, New York, NY 10013-2473, USA
Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of education,
learning, and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781107079922

(© Mathematical Sciences Research Institute 2014
This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,

no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 2014
Printed in the United States of America

A catalog record for this publication is available from the British Library.

Library of Congress Cataloging-in-Publication Data

Random matrix theory, interacting particle systems, and integrable systems / edited by
Percy Deift, Courant Institute, Peter Forrester, University of Melbourne.

pages cm. — (Mathematical Sciences Research Institute publications)
“Mathematical Sciences Research Institute.”
Includes bibliographical references and index.
ISBN 978-1-107-07992-2 (hardback)
1. Random matrices. 1. Deift, Percy, 1945— editor. II. Forrester, Peter (Peter John)
editor. III. Mathematical Sciences Research Institute (Berkeley, Calif.)
QAI196.5R37 2014
512.9'434-dc23 2014043446

ISBN 978-1-107-07992-2 Hardback

Cambridge University Press has no responsibility for the persistence or accuracy of URLs for
external or third-party Internet websites referred to in this publication and does not guarantee
that any content on such websites is, or will remain, accurate or appropriate.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107079922
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07992-2 - Random Matrix Theory, Interacting Particle Systems, and Integrable Systems
Edited by Percy Deift and Peter Forrester

Frontmatter

More information

Random Matrices
MSRI Publications
Volume 65, 2014

Contents

Preface ix
Universality conjecture for all Airy, sine and Bessel kernels in the complex plane 1
GERNOT AKEMANN AND MICHAEL PHILLIPS
On a relationship between high rank cases and rank one cases of Hermitian random
matrix models with external source 25
JINHO BAIK AND DONG WANG
Riemann-Hilbert approach to the six-vertex model 39
PAVEL BLEHER AND KARL LIECHTY
CLT for spectra of submatrices of Wigner random matrices, II: Stochastic evolution 57
ALEXEI BORODIN
Critical asymptotic behavior for the Korteweg —de Vries equation and in random
matrix theory 71
ToM CLAEYS AND TAMARA GRAVA
On the asymptotics of a Toeplitz determinant with singularities 93
PERCY DEIFT, ALEXANDER ITS, AND IGOR KRASOVSKY
Asymptotic analysis of the two-matrix model with a quartic potential 147
MAURICE DuITS, ARNO B. J. KUIJLAARS, MAN YUE MO
Conservation laws of random matrix theory 163
NICHOLAS M. ERCOLANI
Asymptotics of spacing distributions 50 years later 199
PETER FORRESTER
Applications of random matrix theory for sensor array imaging with measurement
noise 223
JOSSELIN GARNIER AND KNUT SOLNA
Convolution symmetries of integrable hierarchies, matrix models and r-functions 247
JOHN HARNAD AND ALEXANDER ORLOV
Universality limits via “old style” analysis 277
DORON LUBINSKY
Fluctuations and large deviations of some perturbed random matrices 293
MYLENE MAIDA
Three lectures on free probability 309
JONATHAN NOVAK

vii

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107079922
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-1-107-07992-2 - Random Matrix Theory, Interacting Particle Systems, and Integrable Systems
Edited by Percy Deift and Peter Forrester

Frontmatter
More information
viii CONTENTS
Whittaker functions and related stochastic processes 385

NEIL O’CONNELL

How long does it take to compute the eigenvalues of a random symmetric matrix? 411
CHRISTIAN PFRANG, PERCY DEIFT, AND GOVIND MENON
Exact solutions of the Kardar—Parisi—Zhang equation and weak universality for
directed random polymers 443
JEREMY QUASTEL
Replica analysis of the one-dimensional KPZ equation 451
TOMOHIRO SASAMOTO
Asymptotic expansions for 8 matrix models and their applications to the
universality conjecture 463
MARIYA SHCHERBINA
KPZ scaling theory and the semidiscrete directed polymer model 483
HERBERT SPOHN
Experimental realization of Tracy—Widom distributions and beyond: KPZ
interfaces in turbulent liquid crystal 495
KAZUMASA TAKEUCHI
Random matrices: the four-moment theorem for Wigner ensembles 509
TERENCE TAO AND VAN VU

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107079922
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-07992-2 - Random Matrix Theory, Interacting Particle Systems, and Integrable Systems
Edited by Percy Deift and Peter Forrester

Frontmatter

More information

Random Matrices
MSRI Publications
Volume 65, 2014

Preface

In the spring of 1999, MSRI hosted a very successful and influential one-
semester program on random matrix theory (RMT) and its applications. At the
workshops during the semester, there was a sense of excitement as brand new
and very recent results were reported. The goal of the 2010 Program has been
to showcase the many remarkable developments that have taken place since
1999 and to spur further developments in RMT and related areas of interacting
particle systems (IPS) and integrable systems (IS) as well as to highlight various
applications of RMT.

One of the outputs of the 1999 program was volume 40 in the MSRI Publica-
tions series, entitled “Random matrix models and their applications”. Looking
back on this publication today, it is clear that this volume gave a representative
snapshot of topics that were occupying the attention of researchers in the field then.
Moreover, the papers — consisting of a mix of research articles and reviews —
provide a conveniently bundled resource for researchers in the field to this day.

Since 1999 random matrix theory has captured the imagine of a whole new
generation of researchers, and through a collective effort some outstanding
questions have been settled, and new highly promising research areas initiated.
One example of the former is work on universality questions for Wigner matrices,
where the task is to show that for large dimension a symmetric matrix with
independent entries of mean zero and standard deviation 1 has the same statistical
properties as in the case of standard Gaussian entries. Another is universality
questions for 8 ensembles, where one wants to show that the statistical properties
are independent of the one-body potential. New research areas include the KPZ
equation and related growth processes, which has led to the precise experimental
realization of some random matrix distributions, and also to quite spectacular
theoretical advances relating to a rigorous understanding of the replica trick via
so called Macdonald processes; analytic predictions of the 8-generalization of
the so-called Dyson constant in the asymptotic expansion of spacing distributions
in B-ensembles; and stochastic differential equations and PDEs for eigenvalue
distributions in the case of a low rank perturbation leading to eigenvalue separa-
tion.

A core aim of the 2010 semester was to spur further developments in RMT and
the related areas of interacting particle systems and integrable systems. It is our
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hope that this new MSRI Publications volume based on the 2010 semester will
lend weight to this cause. Each author was a participant of the semester. Articles
on all topics nominated above relating to solutions of outstanding questions and
new research areas can be found: universality for Wigner matrices (Tao and Vu),
universality for 8 ensembles (Borodin, Shcherbina); KPZ equation (Quastel,
Sasamoto, Spohn, Takeuchi), Macdonald process (O’Connell), Dyson constant
and asymptotics of spacing distributions (Forrester), low rank perturbations (Baik
and Wang, Maida). One should also highlight the work on RMT and numerical
algorithms by Pfrang, Deift and Menon, which is in the spirit of one of the very
early uses of random matrices by von Neumann and co-workers at the dawn of
the computer era, and the extensive review of free probability theory by Novak,
the latter being a write up of a series of lectures he delivered during the semester.

Percy Deift (Courant Institute)
Peter Forrester (University of Melbourne)
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