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PREFACE

This volume presents some courses and series of lectures which were organized
in the framework of NATO Advanced Study Institute under the title

“Asymptotic Combinatorics with Application to Mathematical Physics”

at Euler International Mathematical Institute at St. Petersburg, July 2001. At the
same time it was European Summer School as a part of the activity of European
Mathematical Society. The idea of organizers was to invite the best specialists
in this area to give a series of lectures for young mathematicians as well as for
specialisits who are interested in recent progress in wide part of mathematics
including asymptotic methods in mathematical physics, combinatorics, represen-
tation theory and some applications. One of the main points in the organization of
the School was to invite both mathematicians and physicists in order to emphsize
deep connections and interrelation between various approaches to the common
subjects. This volume includes some courses and seminar talks which are more
concerned to mathematical physics.

The areas of mathematics and mathematical physics which were the subject
of the meeting have been studied very intensively last years. This intensive in-
vestigations brought about a series of striking results which could be considered
together as a new higher level of understanding of related problems: theory of
integrable systems, Riemann-Hilbert problem, asymptotic representation theory,
spectrum of random matrices, combinatorics of Young diagrams and permutations
and even some aspects of quantum field theory. The initial idea to get leading
specialists in all these areas together in order to give short courses of lectures
on these subjects and to attract attention to recent progress, and especially to
attract young mathematicians to those areas, had met an active reaction of the
specialists, and we hope it ended up being a fruitful contact between asymptotic
combinatorics and mathematical physics. The list of lecturers included the pioneers
in these areas — E. Brezin, P. Deift, L. Faddeev, V. Kazakov, S. Novikov, et al).

The methods of theory of integrable systems, matrix problems and theory of
Riemann-Hilbert problem together with asymptotic combinatorics and representa-
tion theory give very powerful tools for solving numerous old problems: distribution
of the fluctuations of the eighenvalues of random matrices, counting the number
of coverings of algebraic curves, universality of the distribution of the spacing and
other statistical characteristics of Young diagrams, etc. It make sense to mention
the lectures and courses about spectacular new results in mathematical physics
(P. Deift, L. Pastur), matrix problems (E. Brezin, V. Kazakov), applications
of combinatorics (A. Borodin, R. Kenyon), representation theory (A. Vershik,
G. Olshansky) algebraic geometry (A. Okounkov), probability theory of maps
(V. Malyshev) as well as other distinguished lectures (L. Faddeev, S. Novikov,
L. Krichever, V. Korenpin, J. Jacobsen et al)

vii
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We do not want to comment each paper in this volume but nevertheless em-
phasize that combinatorial and probabilistic methods started to play an important
role in mathematical physics. Random matrix models, combinatorics of maps, and
Young diagrams as well as traditional methods of generating functions and related
part of analysis become more and more popular and powerful in applications to
mathematical physics. Simultaneously these needs give a serious additional im-
pulse for the pure mathematical theory of these objects. We can watch also a fast
developing of nontraditional probabilistic theories based on new achievements. All
this shows the fruitful interrelation between these new parts of mathematics and
physics.

The program of the school was even overfull with additional talks (besides
lectures). The Round table on the current problems and some special session with
the questions and answers for young people and short discussions about their
studies were organized during the school. We decided to include in this volume
some papers of authors who unfortunately could not attend to the meeting but
have sent us their papers (V. Maslov, D. Aldous and J. Pitman etc).

The NATO ASI — EMS School was organized by International Euler Math-
ematical Institute, St. Petersburg branch of Mathematical Institute of Russian
Academy of Sciences (POMI RAN) and St. Petersburg Mathematical Society. The
preparation of the School started at 1999; application to NATO was sent in July
2000 when the School was already in preparation as European Summer School
in the framework of Summer schools of the European Mathematical Society. The
support which came from the NATO Scientific Affairs Division was extremely
important. Without this support the School could not be so representative and
successful. Below we put the more details on the school.

V. A. MALYSHEV
A. M. VERSHIK
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Asymptotic combinatorics with application to mathematical physics
PROGRAM

July 8-20

July 8, Sunday (Euler International Mathematical Institute, Pesochnaya,
nab., 10)
15.00-20.00 REGISTRATION

1st day, July 9, Monday (Steklov Mathematical Institute, Fontanka, 27)

08.30-09.45 REGISTRATION

10.00-10.30 Opening Session

10.30-11.30 Brezin E. An introduction to matrix models — 1

12.00-13.00 Vershik A. Introduction to asymptotic theory of representations — 1

15.00-15.50 Korepin V. Quantum spin chains and Riemann Zeta function with
odd arguments

16.10-17.00 Bozejko M. Positive definite functions on Coxeter groups and
second quantization of Yang-Baxter type

2nd day, July 10, Tuesday (Euler International Mathematical Institute,
Pesochnaya nab., 10)

9.30-10.30 Ol’shansk: G. Harmonic analysis on big groups, and determinantal
point processes — 1

10.40-11.40 Brezin E. An introduction to matrix models — 2

12.10-13.10 Malyshev V. Combinatorics and probability for maps on two
dimensional surfaces

15.00-15.50 Hora A. An algebraic and combinatorial approach to central limit
theorems related to discrete Laplacians

16.00-16.50 Nazarov M. On the Frobenius rank of a skew Young diagram

17.20-18.10 Kenyon R. Hyperbolic geometry and the low-temperature
expansion of the Wulff shape in the 3D Ising model

19.40 Brezin E. Informal discussion on matrix models

3rd day, July 11, Wednesday

9.30-10.30 Okounkov A. Combinatorics and moduli spaces of curves — 1

10.40-11.40 Brezin E. An introduction to matrix models — 3

12.10-13.10 Biane Ph. Asymptotics of representations of symmetric groups,
random matrices and free cumulants

14.00-17.00 Excursion over St. Petersburg

19.00 Mariinski Theatre

4th day, July 12, Thursday

9.30-10.30 Deift P. Random matrix theory and combinatorics: a
Riemann-Hilbert approach — 1

10.40-11.40 Okounkov A. Combinatorics and moduli spaces of curves — 2
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12.10-13.10 Kazakov V. Matrix quantum mechanics and statistical physics on
planar graphs — 1

15.00-15.50 Faddeev L. 3-dimensional solitons and knots

16.30-18.10 Krichever I. T-functions of conformal maps

19.30 Boat trip

5th day, July 13, Friday

9.30-10.30 Detft P. Random matrix theory and combinatorics: a
Riemann-Hilbert approach — 2

10.40-11.40 Okounkov A. Combinatorics and moduli spaces of curves - 3

12.10-13.10 Ol’shanski G. Harmonic analysis on big groups, and determinantal
point processes — 2

15.00-15.50 Kazakov V. Matrix quantum mechanics and statistical physics on
planar graphs — 2

16.00-16.50 Round table on combinatorics of the configurations and limit shapes

17.20-18.10 Liskovets V. Some asymptotic distribution patterns for planar
maps

July 14 Excursions, Museums, etc.

July 15 Excursion to Petergof 10:00 (from Euler Institute)

6th day, July 16, Monday

9.30-10.30 Deift P. Random matrix theory and combinatorics: a
Riemann-Hilbert approach — 3

10.40-11.30 Kazakov V. Combinatorics of planar graphs in matrix quantum
mechanics — 3

12.10-13.10 Borodin A. Asymptotic representation theory and
Riemann—Hilbert problem - 1

15.00-15.50 Novikov S. On the weakly nonlocal Poisson and Symplectic
Structures

16.00-16.50 Spiridonov V. Special functions of hypergeometric type associated
with elliptic beta integrals

17.20-18.10 Missarov M. Exactly solvable renormalization group model

7th day, July 17, Tuesday

9.30-10.30 Deift P. Random matrix theory and combinatorics: a
Riemann—Hilbert approach - 4

10.40-11.40 Borodin A. Asymptotic representation theory and
Riemann-Hilbert problem — 2

12.10-13.10 Okounkov A. Combinatorics and moduli spaces of curves — 4

15.00-15.50 Speicher R. Free probability and Random matrices

16.00-16.50 Korotkin D. Riemann-Hilbert problems related to branched
coverings of GP!, r-function and Liouville action

17.20-18.10 Litvinov G. Representation theory in Idempotent (asymptotic)
Mathematics
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8th day, July 18, Wednesday

9.30-10.30 Smirnov S. Critical percolation is conformally invariant — 1

10.40-11.40 Pastur L. Eigenvalue distribution of unitary invariant ensembles of
random matrices of large order — 1

12.10-13.10 Pevzner M. On tensor products and Beresin kernels

15.00-17.00 Memorial session devoted to Sergei Kerov and Anatoly
Izergin

9th day, July 19, Thursday

9.30-10.30 Speicher R. Free probability and Random matrices — 2

10.40-11.40 Bozejko M. White noise associated to the characters of the infinite
symmetric group — Hopf-Kerov deformation

12.10-13.00 Jacobsen J. L. Enumerating coloured tangles

13.05-13.35 Sniady P. Random matrices and free probability

15.00-15.30 Mlotkowski W. A-free probability

15.30-16.00 Petrogradskij V. Asymptotical theory of infinite dimensional Lie
algebras

16.30-17.00 Kuznetsov V. On explicit formulae for special Macdonald
polynomials

17.05-17.35 Dubrovskiy S. Moduli space of symmetric connections

17.40-18.10 Stukopin V. Representations of Yangians of Lie Superalgebras
A(m,n) type

10th day, July 20, Friday

9.30-10.30 Pastur L. Eigenvalue distribution of unitary invariant ensembles of
random matrices of large order — 2

10.40-11.10 Vershik A. Introduction to asymptotic theory of representations — 2

11.15-11.45 Yambartsev A. Two-dimensional Lorentzian Models

12.15-13.00 Round table: Problems of the theory of integrable operators and
determinant processes

13.00-13.30 Closing the school
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