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Analysis in Number Theory

he 2005-2006 Theme Year at Centre

de recherches math@matiques (CRM)
is entitled AAnalysis in Number Theoryo.
The program organisers are Henri Darmon
(McGill), Chantal David (Concordia) and
Andrew Granville (Montr@al). The theme year
will consist of two semesters with different
foci, both exploring the fruitful interactions
between analysis and number theory. In many
areas of number theory, one is led to the study
and understanding of analytic objects, such
as the ubiquitous L-functions, which appear
in various forms in different areas of number
theory and  arithmetic
geometry.

The yrst semester will focus
on [-adic analysis and
arithmetic geometry, and the
second semester on classical
analysis and  analytic
number theory. In both
themes, several workshops,
schools and concentration
periods will be dedicated
to the new developments
that have emerged from
the interplay between the
two yelds. In addition to
the participants of the six
week-long workshops and
the two schools held during
the theme year, more than
forty long-term visitors will be in Montr@al for
periods varying from two weeks to six months
including many of the leading researchers in
their yelds. The 2005-2006 Andr®-Aisenstadt
chairs are Manjul Bhargava (Princeton), K.
Soundararajan (Michigan) and Terry Tao
(UCLA), who will be visiting the CRM for two
months, six months and two weeks respectively.
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by Chantal David (Concordia University)

Some of the activities of the theme year are
organised jointly with the program fiRational
and Integral Points on Higher-Dimensional
Varietieso held at the Mathematical Sciences
Research Institute (MSRI) in Winter 2006.

The theme year began with the NATO Summer
School on Equidistribution in Number Theory
(July 11-22, 2005). This two-week school,
organised by Zeev Rudnick (Tel Aviv) and
Andrew Granville (Montr®al), was primarily
targetedatseniorgraduate students, postdoctoral
fellows and junior faculty. The topics of the
school included distribution
of integers and applications,
integral and rational points
on varieties, equidistribution
of complex multiplication
points and Hecke points,
points of small height, and
quantum ergodicity.

The school was attended by
more than 100 participants
from around the world, and
was a big success, due in part
to the constant efforts made
by the lecturers to explain
the latest developments in the
subject at a level accessible to
the audience. The organisers
are pleased to report that the
attendance was as large on
the last day than on the yrst one, a tribute to the
efforts made by the lecturers!

Aconcentrationperiodon-adicrepresentations
is held in the Fall, and several distinguished
long-term researchers are visiting the CRM
from mid-August to mid-November. The
concentration period began with seminars
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The 2005 - 2006 Andr®

Aisenstadt Chairs

Manjul Bhargava
(Princeton) who has just
received the Blumenthal

Prize, will give a series of
lectures from March 15 to
May 15 20086.

K. Soundararajan
(Michigan) will give a series
of lectures during Winter
2006.
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Terence Tao (UCLA)
will give a series of lectures
in April 2006.
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The 2004-2005 Andr®-Aisenstadt Prize

by Ravi Vakil (Stanford University)

he 2004-2005 Andr@-Aisenstadt Prize was awarded to Ravi Vakil (Stanford University) on April 29, 2005. After completing his

B.Sc. and M.Sc. at the University of Toronto (1992), Dr. Vakil obtained his Ph.D. from Harvard University (1997) under the
supervision of Joe Harris. He then spent a year as a post-doctoral fellow at Princeton University and three years at MIT as a Moore
Instructor, before becoming an Assistant Professor at Stanford in 2001. Dr. Vakil works in algebraic geometry, investigating the
enumerative geometry of projective algebraic curves. In his most spectacular work, he studied degenerations in a Grassmannian,
to solve several old problems in Schubert calculus. Several prizes and honors recognized his exceptional achievements, including a
NSF Career Fellowship, a Sloan Research Fellowship, a Centennial Fellowship and a G. de B. Robinson Prize. Here is his research

description.

We consider the question: fiHow bad can
the deformation space of an object be?0
(Alternatively: fiWhat singularities can
appear on a moduli space?0) The answer
seems to be: fiUnless there is some a priori
reason otherwise, the deformation space
can be arbitrarily ugly.0 Hence many
of the most important moduli spaces in
algebraic geometry are arbitrarily singular.
More precisely, up to smooth parameters,
every singularity that can be described by
equations with integer coefycients appears
on the moduli spaces of: smooth surfaces
(or higher-dimensional varieties); smooth
curves in projective space (and the space of
stable maps); plane curves with nodes and
cusps; stable sheaves; isolated singularities;
and more. The objects themselves are not
pathological, and are in fact as nice as can
be. This justiyes a philosophy of Mumford.
The complex-minded listener may work in
the holomorphic category. The arithmetic
listener may think in mixed or positive
characteristic. Much of my research to date
has involved the study of various moduli
spaces, both as a means to other ends, and
as an end in itself. My methods are algebro-
geometric, but the motivations and ideas
also come from other yelds, including
combinatorics, string theory, representation
theory, symplectic geometry, and topology.

If you are interested in studying a certain
kind of object, say Riemann surfaces of
genus 0, you will inevitably be led to the
notion of a moduli space of such objects.
A moduli space of a some type of object is,
essentially, a parameter space of such objects.
A prototypical example is projective space
0", parameterizing one dimensional sub-
vector-spaces of an (0+1)-dimensional space
(051, (Here let O be your favorite yeld, for
example O or 0. | prefer to be agnostic about
my yeld, or even to fiwork over the integerso,
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whatever that means.) The one-dimensional
subspaces of (1™ correspond to the non-zero
vectors in (0™! | modulo multiplications by
non-zero scalars:

O“ O 000p0 0p00000 00000t

At this point, we have just described
projective space as a set. But if 0 = [,
then we intuitively have a notion that one-
dimensional subspaces can be fineard each
other, which is to say that we are expecting
that 0" is in fact a topological space. Better
yet, by covering projective space with nice
open sets, we can describe it as a manifold
(or even as an algebraic variety). Indeed,
this description is often given (sometimes
implicitly) in the yrst class in which
projective space is introduced.

However, there is a subtle question here: who
is to say that the topological (or manifold)
structure is the firightd structure to impose
on this set? Is it intrinsic and AiGod-givend,
or arbitrarily imposed by man? The answer
to this question (that there is an inherent
ficorrectd structure) is subtle, and involves
the correct deynition of the notion of moduli
space (what some call a fiyne moduli spaceo).
The Grothendieck school realized the correct
deynition in the 19606s. It is short to state,
involving the notion of how the objects vary
in families, but it is conceptually difycult
to come to terms with, so | will not give a
precise description here. Sufyce it to say
that if you have a certain kind of object you
are interested in studying, then you may hope
that there is a moduli space of such objects,
and if there is a moduli space, then there is
only one.

As an example, consider the Grassmannian,
of 0-dimensional subspaces of O-dimensional
space. (The O = 1 case corresponds to
projective space.) There is indeed a set of

such objects, but in fact it has a much better
structure: if we are working over the real
numbers, there is a moduli space, which is a
compact real manifold of dimension 0(0 0 0).
(The same statement is true over the complex
numbers, or indeed over any yeld, if the right
deynitions are made.) The Grassmannian is
in some strong sense the geometric object
behind linear algebra.

In general, if you have well-behaved objects,
a moduli space will often exist. For example,
if you have finiced holomorphic objects,
there is often a holomorphic moduli space.
Even when there is no moduli space in your
category of choice, all is not lost. There
are two patches: weaken your deynition of
fimoduli spaced (using the notion of ficoarse
moduli space0), or generalize your deynition
of fispace0. In many respects the second road
is the better one. As an example, there isn6t
quite a moduli space of Riemann surfaces
in the complex-analytic category. But if you
extend your notion of fispaced a little bit, you
can indeed have such a moduli space. This
leads to the notion of a stack, or an orbifold.

From the (omitted) deynition of a moduli
space, statements about a moduli space of
your favorite objects translate directly to
universal statements about the objects in
question. For example, characteristic classes
of vector bundles correspond to cohomology
classes of classifying spaces.

I am interested in the geometry and topology
of moduli spaces, from an algebro-geometric
perspective. | will sketch four examples that
relate to different sorts of moduli spaces.

In the late nineteenth century, Schubert
created a method of solving a wide variety
of rather concrete problems, but his methods
were not rigorous. He tended to get the right
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answer, but it wasndt clear why or how; and
those following in his footsteps were correct
less often. Hilbertés yfteenth problem was in
some sense to make precise the intersection-
theoretic calculations of Schubert and his
school. In a moral sense, this problem was
resolved by Fulton and MacPherson, by their
construction of intersection theory on highly
singular (i.e. not smooth) spaces [F]: they
gave rigorous and powerful techniques with
whichwe could attempt to tackle these ancient
computations. The most difycult calculation
was Zeuthenés solution of the characteristic
number problems for plane quartic curves;
this was a benchmark of our understanding of
intersection theory. The hardest of these was
the following concrete question: how many
degree 4 plane curves are tangent to 14
generally chosen general lines? (There
turn out to be a ynite number of them

O 23,011,191,144 to be precise.) | used

a very modern moduli space, the space

of stable maps, to completely solve

the characteristic number problem for
quartics. Remarkably, some of Zeuthenfs
mysterious statements turn out to be
interpretable as describing the geometry

of this modern space, which came out of
string theory. (I was grateful to receive

the CMS0 G. de B. Robinson award for

this article, [V1].) The geometry hidden
here turns out to connect a surprising
number of other ideas: 12 points on

the Riemann sphere, elliptic curves, the [,
lattice, and more [V2].

I have also studied the geometry and topology
of the moduli space of Riemann surfaces (or
algebraic curves). Tom Graber and | have
used methods from Gromov-Witten theory
to show that a large number of conjectures
and theorems about this moduli space can
be derived from a surprisingly simple and
elegant combinatorial statement describing
when certain cohomology classes vanish
[GrV]. Together with the combinatorialists
lan Goulden and David Jackson, | am using
some of these techniques to tackle one of
the central conjectures in the yeld, Faberts
intersection number conjecture [GJV].

Another series of papers deals with
homogeneous spaces, and in particular
the Grassmannian (described above).
The topology of the Grassmannian (the
figeometry behind linear algebrad) has a
rich representation-theoretic structure. In
order to describe the cohomology ring of the
Grassmannian, geometershadto yrsttranslate
the problem into combinatorics, solve itthere,
and then translate back to geometry. | gave
a naive geometric explanation of the rule in
[\V4], which led to the solution of a variety of
unsolved problems in geometry [V5].

Moduli spaces such as the Grassmannian
and the moduli space of Riemann surfaces
are very well-behaved; they are smooth, for

Ravi Vakil, 2004-2005 Andr®-Aisenstadt Prize Winner
and, Chantal David, CRM Deputy Director

example. A few other moduli spaces that
geometers know and use and love are also
well-behaved, but many others were not
known to be so pleasant, and there has been
a great effort trying to bound how bad their
behavior can get. Two early examples include
the moduli space of algebraic surfaces (e.g.
real fourfolds with complex structure), and
the parameter space of smooth curves in
projective space. In my most recent paper
[\V6], | show that the situation is much worse
than we feared. Many of the moduli spaces
we work with on a day-to-day basis are in fact
arbitrarily singular: every single singularity
appears on them.

These four projects are representative of
the type of ideas that have interested me.
One of the joys of the yeld is that | get to
work closely with people in other areas, and
to learn exciting developments from them.
As well as the people mentioned above, |
have enjoyed working with Allen Knutson
(in representation theory and symplectic
geometry), Aleksey Zinger (in differential
geometry), Sara Billey (in combinatorics),
and Mike Roth (in algebraic geometry), as
well as others in topology and mathematical
physics.

(Note: the most recent versions of my articles

are available at http://math.stanford.edu/

~vakil/preprints.html For a more leisurely
introduction to moduli spaces, see the
expository article [V3], which also
announces the main result of [GrV].)
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Analysis in Number Theory by Chantal David (Concordia University) - continued from page 1

and informal lectures intended to introduce
graduate students and postdoctoral fellows
to the topics of the workshop on 0O-adic
representations, organised by Adrian lovita
(Concordia) and Henri Darmon (McGill)
from September 12 to September 16, 2005.
This workshop explored the O-adic local
Langlands correspondence and [O-adic
families of modular forms, and how those
two topics come together. It was the yrst
in a series of workshops dedicated to these
themes that will be held around the world in
the next years (Palo Alto in February 20086,
Luminy in June 2006 and M¢nster in 2007).
The organisers are happy to report that the
workshop was quite a success, and that a
number of strong and surprising results
were announced. Among them we mention a
construction of an fAinverse correspondenced
for the local [O-adic Langlands program
for O0p00gL (P. Colmez), a proof of the
Fontaine-Mazur conjecture for 0-adic Galois
representations which are crystalline at 0 (M.
Kisin) and a proof of Serrefs conjecture for
odd conductor representations (S. Khare and
J.-P. Wintenberger). Furthermore, several
collaborations began during the workshop
and hopefully will lead to other strong
results.

The next workshop, organised by Eyal Goren
and Henri Darmon (McGill), explores the
relationship between intersection numbers
for arithmetic cycles on Shimura varieties,
Fourier coefycients of automorphic forms,
and special values of L-functions. Spectacular
examples include the Gross-Zagier formula
for the arithmetic intersection of singular
moduli, heights of Heegner points and
derivatives of L-functions, the Hirzebruch-
Zagier cycles and derivatives of Eisenstein
series, elliptic units, as well as recent work
in higher dimensional cases. This workshop
will be held from December 12 to December
16, 2005. The organisers are also planning
a related and informal three-day activity on
new directions in Starkds conjectures to be
held in December.

During the second term, which will focus
on classical analysis and analytic number
theory, a workshop on L-functions, organised
by Ram Murty (Queens) and Chantal David
(Concordia), will be held from February 13
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to February 18, 2006. The driving themes for
this workshop are: vanishing of L-functions
at critical points, zeroes of L-functions,
subconvexity estimates for L-functions
and applications to equidistribution. The
workshop will include three series of lectures
by Philippe Michel (Montpellier), Kumar
Murty (Toronto) and the Andr®-Aisenstadt
chair K. Soundararajan  (Michigan),
surveying the key ideas and recent progress
on L-functions, and presenting the new
directions in the yeld.

The next workshop, organised by Jean-
Marie de Koninck (Laval) and Andrew
Granville (Montr@al), will be held from
March 13 to March 17, 2006. In many
questions in analytic number theory and its
applications, it is necessary to have a good
understanding of the internal structure of
typical integers, that is of their prime factors,
and the interactions between those primes.
This has been a central subject for some
time, and recent developments are showing
that these considerations are also central
to the understanding of key questions on
character sums and complexity analysis.
Several of Paul Erdosd classical questions on
those topics have recently been answered by
Kevin Ford (Illinois), who will give a series
of lectures. One of the goals of the workshop
is the emergence of new directions from this
work.

will  continue with
a concentration period on additive
combinatorics. In recent years, results
and ideas from additive number theory,
harmonic and functional analysis, ergodic
theory, combinatorics, probability theory
and discrete geometry have been brought
together in some spectacular theorems, such
as the result of Green and Tao that there
are arbitrarily long arithmetic progressions
of primes and Bourgainis new bounds for
short exponential sums. The concentration
period will begin with the CRM-Clay School
on Additive Combinatorics, organised by
Jozsef Solymosi (UBC), Andrew Granville
(Montreal) and David Ellwood (Clay),
and held from March 30 to April 5, 2006.
The school is intended to give to graduate
students, postdoctoral fellows and junior
faculty an opportunity to participate in these

The theme year

exciting new developments. A week-long
workshop on additive combinatorics will
follow immediately. The lecturers of those
two events will include Jean Bourgain (I1AS,
Princeton), Tim Gowers (Cambridge), Ben
Green (Bristol), Imre Rusza (Alfred Renyi
Institute) and Terry Tao (UCLA). The CRM-
Clay School on Additive Combinatorics will
be the yrst school held on this subject in the
world.

The last workshop of the theme year is
organised jointly with the MSRI, and will
be held at the Banff International Research
Station (BIRS) on May 13-18, 2006. It is
dedicated to the current research highlighting
the pow of ideas between analytic number
theory and arithmetic geometry. On the
analytic side, one has the circle method and
its modern adaptations, sieving methods,
techniques from spectral theory, ergodic
theory and the theory of automorphic forms.
As for arithmetic geometry, there is the theory
of universal torsors, heights, intersection
theory, O-adic integration, theory of moduli
spaces, compactiycations of algebraic groups
and homogeneous spaces. Open problems
range from understanding very concrete
equations to proving and interpreting
asymptotics of rational and integral points
on orbits of linear algebraic groups, special
points on semi-abelian varieties and Shimura
varieties.

There will be a strong emphasis on training
during the theme year, whose activities
include the SMS-NATO Summer School on
Equidistribution in Number Theory in July
2005, and the CRM-Clay School on Additive
Combinatorics in April 2006, which are
both primarily targeted at graduate students,
postdoctoral fellows and junior faculty. Two
courses, one per semester, will introduce
graduate students to the subjects of the
workshops and concentration periods of the
theme year. In the Fall, Peter Clark will teach
a course on Shimura Varieties, and the course
of Andrew Granville in the Winter term will
prepare graduate students to the topics of the
second term of the theme year. More details
about the activities of the 2005-2006 theme
year can be found on the web pages of the
CRM.
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Scientipc Reports

Workshop on Algebraic K-theory 2004
October 2-6, 2004
Organizers: Eric Friedlander (Northwestern), Dan Grayson (Illinois, Urbana-Champaign), Rick Jardine (Western Ontario),
Manfred Kolster (McMaster)

The meeting repected some of the major developments of the past
year in the subject, particularly in motivic homotopy theory. These
include Levineds proof of the Voevodsky slice conjecture, Morelds
proof of the unstable connectivity theorem for motivic homotopy
types (which was described in his talk as a type of Hurewicz theorem),
and the identiycation by R°ndigs and Ostvaer of \oevodskyos
triangulated category of motives with the stable category of modules
over the cycle-theoretic Eilenberg-Mac Lane spectrum. Levinefs
theorem uses a homotopy theoretic approach to the Chow moving
lemma, which was discussed during his talk. The Levine and the
O000000-Ostvaer results together substantially demystify the relation
between the motivic stable category and motivic cohomology, while
Morelés work points the way to explicit calculations of motivic
homotopy groups. Suslin displayed a spectral sequence for the
motivic cohomology of an arbitrary Severi-Brauer variety which
is built from a decomposition of the motive associated to its Lech
resolution.

It had been expected that the proof of the Bloch-Kato conjecture
relating Galois cohomology to the Milnor K-theory of a yeld would
be completely written up by the time of this conference, but this was
not to be. Suslin predicts, however, that this proof will be properly
written up within a year. The Bloch-Kato conjecture has sensational
calculational consequences; these include the Lichtenbaum-Quillen
conjecture which says that K-theory can be computed from ®tale
cohomology.

Manfred Kolster

Rick Jardine

Report on Stochastic 2004

July 16-26,2004
Organizers: Peter Glynn (Stanford), George Kesidis (The Pennsylvania State University), Donald A. Dawson (McGill),
Raj Srinivasan (Saskatchewan)

In July 2004, within the framework of its general program, the CRM
hosted a workshop on Stochastic Networks with three different
activities. The Madison style Stochastic Network Conference
(SNC) included two satellite workshops. The two-day workshop on
Economics of Communication Networks preceded the SNC, while
the three-day Call Centre Workshop (CCW), partially funded by the
Wharton Financial Institutions Center, was at the tail end of the SNC.
Here are some comments from each of the three organizers relating
to their associated event.

Workshop on Economics of Communication
Networks
Org.: George Kesidis

This workshop attracted some of the major ygures who are working
on increasingly important economic issues related to the theory

of communication networking. In particular, two very interesting
talks on the role of economic incentives for emerging peer-to-peer
networks drew a great deal of discussion during the breaks. Lively
discussions also broke out during several talks and participants
expressed the value of the clariycation of issues that was achieved in
this sometimes confusing area where a diversity of issues need to be
considered simultaneously. For example,

A the roles and mathematical deynitions of ¢ fairness & and how
they might be interpreted as regulation in a communication
network that is run more according to free market dynamics than
in current practice.

A how security, pricing & billing, and quality-of-service may be
interrelated.

continued on page 18 - Stochastic
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SMS-NATO ASI 2004 Session

by IOctav Cornea (Universit® de Montr®al)

he 43" S@minaire de Math®matiques Sup@rieures (SMS), a NATO Advanced Summer Institute, took place in Montr®al from

June 21 to July 2", 2004. The theme of the meeting was Morse Theoretic Methods in Nonlinear Analysis and in Symplectic
Topology. The SMS was organized by Octav Cornea (Montr@al) and Paul I. Biran (Tel Aviv). Attended by 65 students as well as by
the 12 speakers, it provided an excellent, active audience for the lectures. Octav Cornea comments on its scientiyc content.

The talks at this meeting centered on Morse
theoretical techniques which can be used
to solve difycult analytic problems as well
as problems in symplectic topology and in
robotics.

The key tool in modern symplectic topology
is Floer homology techniques, and this has
constituted a recurring theme for the lectures
given at the SMS.

In the yrst week Helmut Hofer talked
about the foundations of symplectic yeld
theory, one of the major new fimachinesg
in symplectic topology whose development
has been pursued by Hofer, Eliashberg and
Givental for a number of years now. The
origins of symplectic yeld theory lie in
Floerts machinery but it goes much beyond
that, and both in applications in complexity.
Hoferds lectures were therefore extremely
timely. Matthias Schwarz presented his
recent proof for a result of Viterbo relating
the Floer homology of the cotangent
bundle and the string topology of the zero
section of this bundle. This notion of string
topology has been recently introduced by
Chas and Sullivan with a purely topological

motivation, and the fact that it yts perfectly
with the quantum product in Floers theory is
quite remakable. Michael Farber discussed
applications to robotics. Paul Biran described
efycient methods to use Floer homology in
the monotone case to prove results concerning
the topological structure of Lagrangian
submanifolds. Leonid Polterovich showed
how to relate this symplectic topology
to dynamics and geometric group theory
methods. Octav Cornea presented higher
order Floer type invariants and applications.

Octav Cornea

This was an intense yrst week with lectures
of the highest order of interest for specialists
as well as for beginners in the yeld. Some
of the topics discussed (in particular by
Hofer, Schwarz, Cornea and Polterovich)

were presented publicly for the yrst time
at the ASI. The second week continued
as strongly: Claude Viterbo talked about
generating functions techniques, Alberto
Abbondandolo discussed Morse theory in
Hilbert spaces, Kenji Fukaya talked about a
new version of his A®Imachinery (developed
with Oh and Ono) and applications, some of
which overlapped with applications obtained
by different methods by Cornea jointly with
Lalonde and mentioned in the yrst week.
Marek Izydorek lectured on his approach to
the inynite dimensional Conley index and
Yong-Geun Oh presented his recent spectral
invariant techniques and chain level Floer
methods. Finally, Ralph Cohen described
his topological approach to string topology
and its potential implications for symplectic
topology.

Obviously, as it follows from the description
above, many of the talks of different speakers
were strongly interrelated (for example,
Hoferds talks and those of Cornea, those of
Schwarz with those of Cohen, those of Oh
and those of Viterbo). This contributed to the
overall quality and strength of the ASI itself.

Chirurgie des
grassmanniennes

L. Lafforgue, Institut des Hautes
£tudes Scientiyques - AMS, 2003,
170 pp., Hardcover, ISBN 0-
8218-3358-8, List: $45, All AMS
Members: $36, CRMM/19

Editors -

Algebraic Structures and
Moduli Spaces: CRM Workshop

Functions

Jacques Hurtubise, McGill University, and
Centre de Recherches Math@matiques, and
Eyal Markman, University of Massachusetts,
AMS, 2004, 258 pp., Softcover,
ISBN 0-8218-3568-8, List: $79, All AMS
Members: $63, CRMP/38

CRMM/21

Quantization, Classical and
Quantum Field Theory and Theta

Andrei Tyurin, Steklov Institute of Mathematical
Sciences - AMS, 2003, 136 pp., Hardcover, ISBN
0-8218-3240-9, List: $43, All AMS Members: $34,

Hecke Algebras with Unequal
Parameters

Hecke Algebras

with Unequal
Parameters

&) =

G. Lusztig, Massachusetts Institute of Technology
- AMS, 2003, 136 pp., Hardcover, ISBN 0-8218-
3356-1, List: $39, All AMS Members: $31,
CRMM/18

Pour plus de renseignements sur les publications visitez notre page Web au www.crm.umontreal.ca/pub/
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Andrew J. Majda (Courant institute)

Andrew J. Majda is the Morse Professor
of Arts and Sciences at the Courant
Institute of New York University. Born in
East Chicago in 1949, he received a B.S.
degree from Purdue University in 1970 and a
Ph.D. from Stanford University in 1973.

Majdabs primary research interests are
modern applied mathematics in the broadest
possible sense, merging asymptotic and
numerical methods, physical reasoning and
rigorous mathematical analysis. He is well
known for both his theoretical contributions
to partial differential equations and his
applied contributions to diverse areas such as
scattering theory, shock waves, combustion,
incompressible pow, vortex motion, turbulent
diffusion, and atmosphere ocean science.

Majda is a member of the National Academy
of Sciencesand hasreceived numerous honors
and awards including the National Academy
of Science Prize in Applied Mathematics, the
John von Neumann Prize of the Society of
Industrial and Applied Mathematics, and the
Gibbs Prize of the American Mathematical

Society. He was awarded the Medal of the
Coll ge de France and is a Fellow of the
Japan Society for the Promotion of Science.
He recently received (2000) an honorary
doctorate from his undergraduate alma mater,
Purdue University.

He began his scientiyc career as a Courant
Instructor at the Courant Institute from 1973
to 1975. Prior to returning there in 1994, he
held professorships at Princeton University
(1984-1994), the University of California,
Berkeley (1978-1984), and the University of
California, Los Angeles (1976-1978). In the
past several years at the Courant Institute,
Majda has created the Center for Atmosphere
Ocean Science with a multi-disciplinary
faculty to promote cross-disciplinary research
with modern applied mathematics in climate
modeling and prediction.

Majdabs book with A. Bertozzi, Vorticity
and Incompressible Flow, was published by
Cambridge University Press, and his lecture
notes, Introduction to PDE® and Waves
for the Atmosphere and Ocean, came out

recently in the Courant Lecture Notes Series
of the AMS. His Aisenstadt lectures at the
CRM, written jointly with R.V. Abramov
and M.J. Grote, are forthcoming in the CRM
Monograph Series of the AMS under the tiltle
Information and Stochastics for Multiscale
Nonlinear Systems.

Andrew J. Majda

Thomas Yizhao Hou (California Institute of Technology)

homas Yizhao Hou is the Charles

Lee Powell professor of applied and
computational mathematics at Caltech, and
one of the leading experts in applied and
numerical analysis for vortex dynamics
and multiscale problems. In his twenty year
research career his research interests have
been centered around developing analytical
tools and effective numerical methods for
vortex dynamics, interfacial pows, and
multiscale problems.

He was born in Guangzhou, China, and
studied at the South China University of
Technology before undertaking his Ph.D. at
UCLA. Upon obtaining it in 1987, he joined
the Courant Institute as a postdoc and then
became a faculty member in 1989. He moved
to the applied mathematics department at
Caltechiin1993, and is currently the executive

ofycer in the department of applied and
computational mathematics. He was awarded
the Morningside Gold Medal in Applied
Mathematics in 2004, the SIAM Wilkinson
Prize in Numerical Analysis and Scientiyc
Computing in 2001, the Fran-ois N. Frenkiel
Award from the Division of Fluid Dynamics,
American Physical Society in 1998, the Feng
Kang Prize in Scientiyc Computing in 1997,
and was a Sloan Foundation Research Fellow
from 1990 to 1992. He was also an invited
plenary speaker at the International Congress
on Industrial and Applied Mathematics in
Sydney in 2003, an invited speaker of the
International Congress of Mathematicians
in Berlin in 1998, and a founding Editor-in-
Chief of a SIAM interdisciplinary journal on
Multiscale Modeling and Simulation since
2002.

Thomas Yizhao Hou
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R®trospective de liann®e th@matique 2004-2005

Les math®matiques de la mod®lisation multi®chelle et stochastique

AannBe th®matique 2004-2005 sur la  mod®lisation
math®matique multi®chelle et stochastique sbach ve, et cest
loheure des bilans et remerciements. Une des missions essentielles
du CRM est la formation ™ la recherche des ®tudiants et stagiaires
postdoctoraux, et léann®e qui séach ve a foisonn®
dooccasions en ce sens, en particulier 16@cole do@t®,
pilot®e par Eric Vanden-Eijnden, et le cours ISM avanc®
sous la houlette de Claude Le Bris - deux activit@s
but p@dagogique, certes, mais sans compromis sur la
qualit®, avec un contenu ~* un niveau doexcellence qui
a rBussi " secouer et enthousiasmer les participants,
novices et autres.

Ce bilan est donc une occasion tr s appropri®e de donner
la parole " l6un des participants juniors: ci-dessous, le
compte-rendu scientiyque des activit®s de léann®e du
point de vue tr s personnel de Tony Leli vre, qui vient
de r@int@grer son laboratoire au Cermics au terme de son ann®e
postdoctorale ™ Montr®@al. Une ann®e exceptionnellement productive
pour Tony, on peut ajouter: il en a proyt®, entre les ateliers, @cole,
cours, etc. pour pr@senter une dizaine de s@minaires ~ Montr®al et
dans les environs, pour initier des projets de recherche avec divers
visiteurs scientiyques, pour ynaliser cing articles, et pour r@colter
pas moins de trois prix prestigieux pour sa th se.

Anne Bourlioux

Et tout cela, dans une perspective multi-disciplinaire trs
repr@sentative de la perspective scientiyque pr@conis@e tout au
long de léann®e, puisque ses travaux et pr@sentations ont touch®
notamment, les simulations de Monte-Carlo quantiques et des
questions ynes de convergence sy rapportant, des
strat®gies de r@duction de variance dans les approches
stochastiques pour les puides rh®ologiques ainsi
que des preuves de convergence du comportement
asymptotique en temps de mod les micro-macro pour
ces ®coulements, le suivi dointerfaces pour la simulation
doinstabilit®s dans les cuves ddelectrolyse ddAlcan - tout
un programme !

Loheure est aussi aux remerciements: aux organisateurs
doateliers C. Le Bris, P.Tupper, T.Souganidis, R.Sircar
et J.P.Fouque, Weinan E et E. Vanden-Eijnden, en
particulier aux deux conf@renciers Aisenstadt Andrew
Majda et Tom Hou, tr s g®n®reux dans leurs interactions avec
les chercheurs locaux; et ynalement, au personnel du CRM pour
laccueil attentif quéil a r@serv® aux nombreux participants - les
commentaires enthousiastes ont abond® pour souligner ™ quel
point ldorganisation locale soign®e a favoris® de fa-on essentielle

la qualit® des interactions scientiyques.
Anne Bourlioux

Ce petit texte a pour but de donner mes impressions de
postdoctorant sur Idann®e th®@matique 2004-2005 consacr®e aux
math@®matiques de la mod®lisation multi®@chelle et stochastique. Je
me propose tout déabord de mentionner les divers th mes abord®@s
dans les conf@rences de cette ann®e sp@ciale, puis dd@voquer ensuite
plus particuli rement trois ateliers qui méont marque.

Les mod les multi®chelle stattachent =™ d®crire la r®alit®, en faisant
appel " plusieurs @chelles de descriptions: par exemple, dans le
domaine de la m@canique des solides, on cherche ~ comprendre les
liens entre les ph®nom nes " 16@chelle de lbatome et les comportements
de lamati re " 16@chelle macroscopique. Ces techniques déint®gration
multi®chelle font appel = des technologies scientiyques r@centes,
dans des domaines tr s vari®s.

Les diff@rents cours et ateliers tout au long de léann® ont mis
en lumi re un domaine o% les math@®maticiens appliqu®s jouent
un rile primordial entre les physiciens cr@ateurs de mod le, les
math®maticiens motiv®s par des questions plus th@oriques et les
nume@riciens soucieux de construire des algorithmes adapt®s au
mod le. Une des qualit®s de ces ateliers @tait doailleurs de r@unir des
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chercheurs de tous ces horizons. Le travail du math®maticien appliqu®
" lointerface de plusieurs communaut®s prend toute son importance
dans ces nouveaux types de mod®lisation 0% des connaissances pluri-
disciplinaires sont n@cessaires pour progresser.

La vari®t® des techniques math@matiques n@cessaires ~ l6@tude
de ces mod les (th@orie de lohomog@n@isation, th®orie des larges
d@viations, th®orie ergodique, sch®mas symplectiques, ...) ainsi
que des domaines de la physique concern®s (m@canique statistique,
mod®lisation de la turbulence, dynamique mol@culaire, climatologie,
...) constituait en soi un attrait majeur de cette ann®e th®@matique pour
un postdoctorant cherchant ™ ouvrir ses horizons. La conf@rence
organis®e par T.Y. Hou donnait un bon exemple de la vari®@t® des
domaines o% la mod®lisation multi®chelle est utiliske, et de la
diversit® des techniques math®matiques et nume@riques n@cessaires
loanalyse de ces mod  les.

Les mod les al®atoires jouent un rtle particulier dans ces mod les
en plein d®veloppement, non pas tant par le fait que la meilleure
description de lamati re " 16@chelle la plus microscopique (m®@canique
quantique) soit intrins quement al®atoire, mais plutlt parce que le



passage doune @chelle microscopique ~* une @chelle macroscopique
consiste " @liminer des degr@s de libert® ou ~ consid@rer des
asymptotiques dans les @chelles en temps ou en espace, dio% na't
loal®atoire. Loatelier organis® par A.J. Majda ainsi que ses cours de la
Chaire Aisenstadt illustraient particuli rement ces aspects pour des
applications ** la mod@lisation climatique, 0% léon cherche justement
" bOtir, " partir de mod les pr@cis et tr s complets mais en tr s grande
dimension, des mod les approxim@s plus simples qui conservent des
propri®tes statistiques proches du mod- le initial, avec pour objectif
de comprendre les ph®nom nes d@terminants pour le climat. Les
®tapes essentielles sont alors la d@tection des degr®s de libert® les
plus importants, puis la d@rivation dé®quations @quivalentes sur ces
degr@s de libert®, en utilisant des relations de fermeture appropri®es.
Ceci requiert des outils li®s " la th®orie de I6homog®n@isation ou
encore ~ la m@canique statistique. Les mod les al@atoires @taient
®galement au coeur de la conf@rence consacr®e aux math®matiques
ynanci res et organis@e par R. Sircar et J.-P. Fouque.

LoGtude num@rique et th@orique des couplages de mod les est un
autre aspect que ces mod@lisations multi®chelle ont en commun.
En particulier, le couplage de mod les al®atoires et d@terministes
soul ve des questions num@riques int@ressantes li®es aux relations
entre les diff@rentes erreurs de discr@tisation (en temps, en espace,
erreur statistique pour les mod les Monte Carlo). La conf@rence
organis@e par A. Bourlioux et P. Souganidis sur les mod les de
combustion illustrait particuli rement les questions soulev®es par
les interactions entre mod les stochastiques (d@crivant [6®coulement
advectif al®atoire) et mod les d@terministes (d@crivant la chimie de
la combustion). Le couplage de mod les peut aussi se faire ~* des
interfaces, une zone @tant d@crite plus ynement quéune autre. Coest
le probl me du passage de ldinformation aux interfaces qui est
alors soulev@. Ce th- me @tait notamment au centre de la conf@rence
organis®e par W. E et E. Vanden-Eijnden sur la mod®lisation
multi®chelle dans les solides, 0% une des questions r@currentes
concernait le choix des conditions aux limites entre les mod les de
dynamique mol®culaire essentiellement discrets, et les mod les de
m@canique des milieux continus. Ce domaine est un exemple oY% il
reste encore beaucoup de questions th@oriques pertinentes, sur des
mod les simpliy®s (comportement déune cha’'ne de ressort uni-
dimensionnel par exemple): Quelle notion de minimum (locale ou
globale) de ld®nergie m@canique faut-il consid®rer ? Quelle est la
bonne dynamique ?

Certaines conf@rences ont particuli rement retenu mon attention.
Le cours déintroduction au calcul stochastique doE. Vanden-Eijnden
permettait ddintroduire des notions r@currentes dans cette ann@e
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th®matique, intervenant par exemple en dynamique mol@culaire. Les
simulations en dynamique mol@culaire, ~ une @chelle interm®diaire
entre la m@canique quantique et la m@canique des milieux continus,
occupent en effet une place pr@pond@rante dans les mod les
multi®@chelle, et l16analyse math®matique de ces simulations n@cessite
des outils probabilistes avanc®@s (th®orie des larges d@viations,
th®orie ergodique, @tude des processus stochastiques sur une vari@te).
Loatelier sur la dynamique mol®culaire de P.F. Tupper et A.M. Stuart
a constitu® pour moi une superbe introduction ~ ce domaine dans
lequel beaucoup de questions restent pos@es au math@maticien.

Les probl®matiques de la dynamique mol@culaire (dynamiques
contraintes, ergodicit®, calcul dd®nergies libres, ...) vont certainement
inpuencer mon activit® de recherche future. En collaboration avec E.
Vanden-Eijnden et C. Le Bris, nous avons ddores et d@j " obtenu des
r@sultats concernant ldéanalyse num@rique de sch®mas de discrétisation
des @quations diff@rentielles stochastiques avec contrainte. Ce type
de question appara’t notamment en dynamique mol@culaire dans le
calcul dd®nergie libre en fonction des coordonn@es de r®action, ou
encore pour la simulation des polym' res rigides en solution (cristaux
liquides).

Il me reste " @voquer la conf@rence organis®e par C. Le Bris sur les
mod les rh®ologiques multi@chelle, qui a constitu® une premi  re pour
moi: coest en effet la premi re conf@rence au cours de laquelle joai pu
suivre et comprendre léensemble des expos@s, @tant donn®e quéelle
portait sur le sujet m°me de ma th” se ! Cette conf@rence a doailleurs
®t® looccasion de conclure un travail amorc® durant ma th se apr s
une discussion d@cisive avec F. Otto, sur 168tude du comportement en
temps long doun syst me micro-macro pour les puides polym@riques
par des techniques déentropie (cf. preprint CRM-3188).

Cette ann®e au Centre de Recherches Math®matiques méa donc @t®
tr s proytable. Je voudrais terminer ce compte-rendu tr s informel
et personnel en remerciant Anne Bourlioux pour léorganisation de
cette ann®e th®matique et nos nombreuses randonn@es, les membres
de léadministration du CRM pour leur accueil, Michel Delfour
pour son support ynancier, Stéphane Dellacherie pour nos longues
discussions scientiyques ou autres, et Eric Vanden-Eijnden avec
qui jéai commenc® une collaboration fructueuse au cours de cette
ann@e.

Tony Leli vre

Tony Leli vre
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& propos des boursiers postdoctoraux

Alain Bourget, stagiaire postdoctoral
du CRM ~ McGill en 2004, enseigne
pr@sentement " la  University  of
Massachusetts ~~ Amherst.

Guillaume Bourque, boursier postdoctoral
du CRSNG au CRM de 2002 2004, a
obtenu un poste de chercheur ™ Singapoure.
Pendant son stage au CRM, M. Bourque
a con-u un algorithme de s®quen-age de
g®nome.

Pietro-Luciano Buono, boursier postdoctoral
au CRM de 2001 ™ 2004 (dont deux ans
comme boursier CRSNG), est professeur
adjoint en math@matiques ~ la University
of Ontario Institute of Technology,
Oshawa. M. Buono se sp@cialise en th@orie
des bifurcations.

Marcelo Lanzilotta Mernies, boursier
postdoctoral CRM-ISM en 2002-2004 ~
10Universit® de Sherbrooke, est maintentnat
professeur adjoint = la Universidad de
la Republica de I6Uruguay et chercheur
au Centre de math®matique de la m°me
institution. M. Lanzilotta a travaill® sur
les m@thodes homologiques en th@orie des
repr@sentations des alg bres pendant son
stage.

Trois prix sont venus couronner la th se de
Tony Leli vre, qui a pass® léann®e 2004-
2005 comme stagiaire postdoctoral au
CRM dans le cadre de loann®e th@matique
sur les math@matiques de la mod®8lisation
multi®chelle et stochastique. Effectu®e au
CERMICS de IoEcole Nationale des Ponts
et Chauss®es (ENPC) sous la direction de
Benjamin Jourdain et Claude Le Bris, cette
th™se portait sur les Mod les multi-8chelles
pour les puides visco®lastiques. Elle a
valu " son auteur le prix de th se 2004 de
la Fondation de 16ENPC, le prix de th se
Paris Tech plac® sous le haut patronage de
I6Acad®mie des Technologies et ynalement
le premier prix de th se GAMNI (Groupe
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pour  I6Avancement des  M®thodes
Nume@riques de 1oIng@nieur).
Ambrus Pal, boursier postdoctoral

CRM-ISM de 2001 ~ 2003 et stagiaire
postdoctoral du CICMA en 2003-2004,
poursuit ses recherches postdoctorales ™
I0IHES en France.

Yan Pautrat, stagiaire postdoctoral du
CRM " McGill en 2003-2004, est ma'tre
de conf@rence ~ ldUniversit® Paris-Sud,
Orsay. Ses travaux portent sur le calcul
stochastique quantique et ses applications.

Alexei Penskoi, stagiaire postdoctoral
du groupe de physique math®matique du
CRM de 2001 " 2004, est charg® de cours
(Lecturer) ~ l0Universit® ind®pendante de
Moscou et professeur adjoint = [6Universit®
do£tat Technique Bauman de Moscou.

Anupam Saikia, boursier postdoctoral
CRM-ISM de 2002 ** 2004, est professeur
adjoint au D®partement de math®@matiques
du Indian Institute of Technology de
Bombay. Les travaux de recherche de M.
Saikia sont en th®orie des nombres.

Dr. Libor Snobl arrived in Montreal in
February 2004 as a postdoctoral fellow
supported by the Mathematical Physics
Laboratory. He has been working very
productively with two members of that
Laboratory. His collaboration with A.M.
Grundland concerns the embedding of
surfaces associated with certain types
of sigma models on Minkowski space
into su(n) Lie algebras. The surfaces
have interesting geometrical properties
that should lead to physical applications.
Liborés work with P. Winternitz concerns
an unsolved problem in Lie algebra theory,
namely the classiycation of solvable Lie
algebras and more generally, the basis free
identiycation of arbitrary ynite dimensional
Lie algebras. The productivity of his yrst

year in Montreal is indicated by his high
publication rate: 5 articles published or
accepted, one more submitted.

Shannon Starr, boursier postdoctoral
CRM-1SM en 2004, est professeur auxiliaire
“UCLA depuis janvier 2005. 1l a®galement
compl®t® un stage postdoctoral doun an
avec le groupe de physique math@matique
du CRM en 2003-2004.

Piergiulio Tempesta, boursier CRM-ISM
de 2001 2003 et stagiaire du groupe de
physique math@matique en 2003-2004, est
chercheur au SISSA de Trieste.

Dimiter Vassilev, boursier CRM-ISM
de 2003 ~ 2004 au CIRGET ™ I0UQAM,
est pr@sentement professeur invit® ~ la
University of Arkansas.

Dr. Ismet Yurdusen arrived in Montreal
in February 2005, shortly after receiving
his PhD degree from the Middle East
Technical University in Ankara, Turkey.
His visit was made possible by a 6 month
fellowship that was awarded by the
Scientiyc and Technical Research Council
of Turkey. Immediately after his arrival he
began a collaboration with P. Winternitz
on integrable and superintegrable quantum
mechanical systems involving particles
with spin. So far they have shown that
such systems exist and are physically
interesting. The classiycation of integrable
and superintegrable systems with spin is in
progress. Previous studies of integrability
in classical and quantum mechanics were
restricted to scalar particles.

Alexander Zhalij,boursier CRSNG-OTAN
au CRM de 2002 ™ 2004, est chercheur
adjoint de léInstitut de math®@matiques
de I0Acad®mie nationale des sciences
doUKkraine " Kiev.



