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General remarks

In the year 2002ESI was host to 433 visitors. There were 146 preprints contributed to the
preprint series(164 till mid-February), someof them still belongto programsfrom earlier years,
355 seminar talks or ESI-Colloquia were given outside of conferences,many more lectures were
given in conferencesat ESI.

ESI has spent E 409.943,- for sciencewhich was supplemented by E 282.875,-of foreign
support; E 351.346,-were spent for administrativ e costs including renting the premisesand
personnelcost.

In November and December ESI was subject of a scienti¯c review which was set up in the
following way: After consulting the Federal Ministry of Education, Science,and Culture who
promised to pay part of the expenses,J.-P. Bourguignon, director of IHES in Bures-sur-Yvette
and member of the scienti¯c advisory commiteeof ESI, wasasked on the behalf of the board of
ESI (Vorstand des Vereines)to organize a review panel of 5 leading scientists and to appoint
its chairman. This was done, the report of the review panel is included in this report, seethe
next nine pages.

>From the preprint server http://www.esi.ac.at/Preprints 14438preprints were down-
loaded during the year 2002(January 1037,February 1124,March 1294,April, 950, May 1084,
June 907, July 1090, August 802, September 965, October 2740, November 1406, December
1040) For comparison, in 1998we had 7011downloads, in 199915845,and in 200014356,and
in 200116127.

The following conferenceswere (co)organizedby ESI:

(1) The 22th Win ter school on geometry and physics , January 12 { 19, 2002, in
Srni, a small village in the Bohemian forest, Czech republic.

(2) Arithmetic Groups and Automorphic Forms , January 27 { February 2, 2002,ESI,
Vienna.

(3) Stabilit y Matters: A Symposium on Mathematical Physicsin honor of Elliott H. Lieb
on the ocasionof his 70th birthday. July 28 { August 2, 2002.

Many workshopsand conferenceswere organizedinside the current programs of 2002.
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Win ter School in Geometry and Ph ysics

The traditional winter school in geometry and physics which takesplacesfor one weekeach
January since 1980 in a picturesque village in the Czech parts of the Bohemian mountains is
a joint enterprise of the Czech society of mathematicians and physicists and ESI, from 1994
onwards. Usually there are proceedings,which are published asa supplement of the `Rendiconti
Matematici di Palermo'.

In this year, the 22th Winter school on Geometry and Physicstook placein the weekJanuary
12{19, 2002. ESI has contributed E 1.000,{.

Arithmetic Groups and Automorphic Forms

January 27 { February 2, 2002, organized by Joachim Schwermer (University of Vienna).
This workshop was ¯nanced with E 11.100,{ through the shareof K. Schmidt, foreign support
was E 900,{.
Program:
J. Lab esse: The principles of trace formula stabilization
J. Schwermer: On the Eisenstein cohomology of arithmetic groups
M. Harris: Congruences between endoscopic and stable forms on unitary groups
S. Kudla: In tegrals of Borcherds forms
H. Carayol: Cohomological realization of some Maass-type automorphic representations
J. Burgos: Arithmetic Chow rings of non compact Shimura varieties
J. Cogdell: On lifting from classical groups to GL n

U. Weselmann: The twisted top ological trace formula and liftings from GSp4 to GL 4 and GL 5

G. Harder: Eisenstein cohomology and mixed motiv es
J. Tilouine: Mo dularit y of certain rank form symplectic Galois representations
I. Mahnk opf: Cohomology of arithmetic groups, parabolic subgroups and special values of L-functions for GL n

L. Ji: Scattering °ats and matrices of locally symmetric spaces
S. Rallis: Automorphic Descent and the Relativ e Trace Formula for Classical Groups

V. Heiermann: Special representations and spectral decomposition for a p-adic group

Participan ts: Sigfried BÄocherer, Jan Bruinier, Jos¶e, Ignacio Burgos Gil, Henri Carayol, Alexander Caspar,

Laurent Clozel, James W. Cogdell, Jens Franke, Fritz Grunewald, Paul Gunnells, GÄunter Harder, Mic hael

Harris, Volker Heiermann, Lizhen Ji, Stephen S. Kudla, Ulf K Äuhn, Jean-Pierre Lab esse,David Mauger, Martin

Olbric h, Stephen Rallis, JÄurgen Rohlfs, Ulric h Stuhler, Jacques Tilouine, Eric Urban, Uwe Weselmann.

Stabilit y Matters: A Symp osium on Mathematical Ph ysics

In honor of Elliott H. Lieb on the ocasion of his 70th birthda y

July 28 - August 2, 2002. Organized by Thomas Ho®mann-Ostenhof,Harald Grosse,Heide
Narnhofer, Klaus Schmidt, Walter Thirring, and Jakob Yngvason. ESI contributed E 300,-,
foreign support was E 30.525,-.

Parts of the conferencewere also: Decoration ceremony for Elliott H. Lieb (GoldenesBun-
desverdienstkreuz fÄur Wissenschaft und Kunst) in the Audienzsaalof the Ministry for Science,
Culture and Education, Minoritenplatz 5.
Program:
J. Yngv ason: Elliott Lieb's Contributions to Mathematical Physics.
J.P. Solovej: The Matter of Instabilit y.
R. Seiringer: Pro of of Bose-Einstein Condensation for Dilute Trapp ed Gases.
J. FrÄohlich: The KMS condition.
K. Hepp: On the Contin uum Limit in the Lovely Happy Laser.
M. Loss: A Bound on Binding Energies and Mass Renormalization in someMo dels of Quantum Electro dynamics.
H. Siedentop: The Hartree-F ock Equations of the Relativistic Electron-P ositron Field.
P. Choquard: New Results in the Theory of One-Dimensional Conservativ e Liquids.
D. Szasz: Hard Ball Systems and the Lorentz Pro cess.
M. Aizenman: On the Spectral and Dynamical Prop erties of SchrÄodinger Operators with Random Potentials.
Y. Sinai: (3x + 1) and Other Number-Theoretic Dynamical Systems.
J. Chayes: Phase Transitions in Combinatorial Optimization.
B. Jancovici: Tw o-Dimensional Coulomb Systems: A Minireview of Exact Results.
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R. McCann: Fast-Di®usion to Self-Similarit y: Complete Spectrum, Long-Time Asymptotics, and Numerology .
H.-T. Yau: Classi¯cation of Asymptotic Dynamics for Nonlinear SchrÄodinger Equations with Small Initial Data.
Sessionon human righ ts and the responsibilit y of scientists, organized by J. Lebowitz.
A. Ja®e: Twisting Supersymmetry .
E. Carlen: A Spherical analog of the Sharp Young's inequalit y and Related Topics.
R. Benguria: Speed of Propagation of Travelling Fronts for Reaction-Di®usion Equations.
L. ErdÄos: Deriv ation of the Nonlinear SchrÄodinger equation from a Many Body Coulomb System.

J. Lebowitz: Stationary Nonequilibrium States and the Contin uing Quest for a Pro of of Fourier's Law.

Participan ts: D.B. Abraham, Peter C. Aic hleburg, Mic hael Aizenmann, Joseph Avron, Mic hael Baake, Claude

Bardos, Rafael Benguria, Bernhard Bodmann, Christian Borgs, Alm ut Burc hard, Eric Carlen, Maria da Conce-

icao Carvalho, Isabelle Catto, Jennifer Chayes, Philipp e Choquard, Gianfausto Dell'An tonio, Mic hael Duetsch,

Karen Elsner, Franz Embacher, Gerard Emch, L¶aszl¶o Erd}os, Pavel Exner, JÄurg M. FrÄohlich, Gian Mic hele Graf,

Marcel Griesemer, Harald Grosse, Christian Hainzl, Klaus Hepp, Helmuth HÄu®el, Arth ur Ja®e, Bernard Jan-

covici, Norb ert Kaiblinger, Vladimir Korepin, Roman Koteck¶y, Oscar E. Lanford, Ari Laptev, Joel Lebowitz,

Mic hael Loss, Kishore B. Marathe, Robert McCann, Johanna Mic hor , Bruno Nachtergaele, Dorte Olesen,

Leonid Pastur, Gert K. Petersen, Robert Schrader, Erhard Seiler, Ruedi Seiler, Israel Mic hael Sigal, Wolfgang

Spitzer, Herbert Spohn, Daniel Sternheimer, Domokos Sz¶asz, Daniel Ueltschi, Simone Warzel, Kenji Yajima,

Horng-Tzer Yau, Minoru W. Yoshida, Jean-Claude Zambrini, Eberhard Zeidler, Herib ert Zenk.

PR OGRAMS IN 2002

Dev elop ed Turbulence

Organized by K. Gawedzki, A. Kupiainen and M. Vergassola.27.3 man/months allocated.
ESI contributed E 55.815,-,foreign support was E 1.875,-.

11 Preprints: [1176],[1179],[1180],[1181],[1190],[1192],[1197],[1213],[1224],[1230],[1276].
Initials: KGV
May 15 to July 14, 2002.

The program has brought to ESI 60 researchers, mathematicians working on hydrodynam-
ical PDE's, theoretical physicists interested in analytical and numerical studies of statistical
models of turbulent phenomena,and experimentalists involved in laboratory measurements of
turbulent systems,for the global time of 730days. The local expenseswere covered by the ESI
contribution, using about 85%of the allotted sum 61700euro. 37 days, together with the travel
expensesof ¯v e US basedscientists, werecoveredby Clay Mathematics Institute. The program
included a workshop "Burgers Turbulence and Beyond" organizedby U. Frisch and Ya. Sinai
(May 27-31)with 22 presentations. a one-day event devoted to the Rayleigh-B¶enard convection
organizedby D. Lohse(June 18), and a large number (29) of topical seminars. The generallec-
tures Y. Brenier (on Monge-Ampµere equations,a part of the Burgers workshop), by A. Newell
(on wave turbulence, June 19 and 21), by K. Mo®att (on magneto-hydrodynamical turbulence,
June 25), by V. Zakharov (on condensationof seawaves,July 3) and a Wolfgang Pauli seminar
by P. Markovich (on di®usive PDE's, June 27) were designedto stimulate contacts with the
local communit y (which, unfortunately, remained somewhatsporadic).

The description of the context and of the aims of the ESI Program on Developed Turbulence,
the completelist of visitors with the dates,aswell asthe seminarprogram, may be found on the
web page that is transcribed below the present report. We shall then concentrate on a short
description of the scienti¯c content and the main scienti¯c achievements of the two-months
activit y.

The topics discussedduring the Burgers workshop included: the forcedand unforcedBurgers
equation in oneand several dimensionsand its applications in cosmology, tra±c jam modeling,
and others; the useof the Monge-Ampere equation to solve the inverseBurgers equation with
prescribed initial and ¯nal density ¯elds (e.g. in reconstructing the early Universe from the
present distribution of galaxies); dissipative anomalies for Burgers and incompressibleEuler
°ows (including a review of so far unknown work of Lars Onsager);quasi-linear approximation
to the Navier-Stokesequation; shell models for turbulence; dynamics of inversecascadesin 2D;
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Lagrangian aspects of passive scalar and nonlinear °ows; blowup of Euler and Navier-Stokes
solutions. Although the workshop did not achieved breakthroughs in open problems, some
progresshasbeenachieved towards the control of the forced Burgers equation in in¯nite space,
in proving the absenceof the enstrophy dissipative anomaly in 2D turbulence in the presence
of friction, and in the blowup question for the quasi-linear approximation to the Navier-Stokes
equation.

The questions of the behavior of Lagrangian tra jectories in random ensembles of veloci-
ties and of its role in transport phenomenawas an important topic of research. Progresswas
achieved in controlling such behaviors in two extreme cases:when the velocities are decorre-
lated in time and when they are time-independent. The ¯rst case(known under the name of
Kraichnan model) has beenstudied intensively before. The progresshere concernsthe discov-
ery of a new e®ectin the presenceof intermediate compressibility and for intermediate Prandtl
numbers: the \stic ky behavior" of tra jectories. This behavior contradicts someearlier claims in
literature. Its consequencesfor turbulent transport theory are presently investigated. For the
time-independent case,the progresswas achieved in analyzing the one-dimensionalmodel with
fractional-Brownian velocities (proof that tra jectories stop in ¯nite time, theoretical prediction
of the behavior of exit times con¯rmed by the numerical analysis) and in understanding the
role of sweepinge®ectsin one and more dimensions.

For the ¯rst time an exact inequality has been obtained that indicates a Richardson-type
power law behavior of the tra jectory separation in the Navier-Stokes turbulence. The prefac-
tor in the inequality requires, however, a re¯nement (presently , it blows up with the growing
Reynolds numbers).

The behavior of Lagrangian tra jectories is known to be responsible for dissipative anomaly
and intermittency of passive scalar advection. One of the important results, partially achieved
during the program, was the understanding of the di®erencebetweenthe behavior of the mag-
netic potential, which is an active scalar undergoing an inversecascade,and the passive scalar
exhibiting a direct cascade,in 2D conductive °uid. The di®erencewas traced back to the
speci¯c correlations betweenscalar input and tra jectories.

The ESI activit y alsoserved to advancethe theoretical analysisof experiments studying pipe
°ows of visco-elasticpolymer solutions that exhibit turbulent behavior already at low velocities
and low Reynolds numbers. Studying the decay of passive scalar in such a °ow has provided a
simple test of the ideason relation betweenLagrangian dispersion and passive advection in the
Batchelor regime of turbulence. Explanation of the originally unexpected long time behavior
required that the theory be adapted to the ¯nite geometry of the pipe. This removed the
original discrepancy between the theory and the experiment. Further discussionsallowed to
plan new experiments and to assesthe potential theoretical problems to which they give rise.

The aim of the convection day was to reevaluate the existing theories of thermal convection
that are relevant for meteorology, geophysics, oceanography, and astrophysics. The recent ex-
periments have drastically changedour view of the phenomenon.There was generalagreement
that there are no pure scaling laws for the Nusselt number and the Reynolds number as a
function of the Rayleigh and the Prandtl number. The participant also agreedthat the focus
of future work should be on the aspect ratio dependenceand on geometry e®ects.A progress
was achieved in understanding the analogy betweenthe Taylor-Couette and Rayleigh-B¶ernard
°ow and the possibility of Bolgiano scaling for the structure functions.

In wave turbulence, the main topic of research was the notion of entropy production and
its role in the dynamical phenomena.There was also someprogressachieved in understanding
the behavior of higher correlation function in the Fermi acceleration(the SchrÄodinger equation
in random time-decorrelated potential), the problem that relates to the non-linear SchrÄodinger
equation as the Kraichnan model doesto non-linear models of advection.

The most spectacular and entirely unforeseenresult obtained during the program was the
explanation of the previously conjecturedrelations betweenthe stochastic LÄownerevolution and
2D conformal ¯eld theory via an application of the idea of stochastically conserved quantities or
zeromodes,the objects ¯rst discoveredin the study of the Kraichnan model of turbulent advec-
tion. The zero modesin the SLE/CFT correspondenceappear to be a simple generalization of
the onesrelevant to the Batchelor regime of the Kraichnan model. Roughly, the generalization
replacesthe SL(d;R) group by the (semi-)group of conformal transformation of the disc.
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The articles containing the resultsmentioned aboveareoften still in the processof elaboration
and will be placed,after completion, at the ESI server (somealready have been,as the preprint
1179describing the SLE/CFT correspondence).

In conclusion, the program has been quite succesful,creating an excellent opportunit y for
continuing old and starting new collaborations. It brought about a variety of expected,but also
unexpected results. As comparedto frequently run turbulence activities, it distinguished itself
by creating an opportunit y for interaction betweena very wide spectrum of approachesto turbu-
lence,from purely mathematical to experimental. It contributed this way to the strengthening
of unit y of science,a noble goal for an institution like ESI.

Krzysztof Gaw»edzki Antti Kupiainen Massimo Vergassola
ENS-Lyon Dept. of Math., Helsinki U. Observatoire de Nice
kgawedzk@ens-lyon.fr ajkupiai@cc.helsinki.¯ massimo@obs-nice.fr

In vited Scien tists: Nik olai An tonov, Heikki Arp onen, Erik Aurell, Bauer Mic hel, Jeremie Bec, Denis Bernard,

Luca Biferale, Mikhail Blank, Yann Brenier, Jean Bricmon t, An tonio Celani, Massimo Cencini, Marie-Line

Chabanol, Mikhael Chertk ov, Sergio Cilib erto, Colm Connaughton, Peter Constantin, Thierry Dombre, Jean

Duchon, B¶ereng¶ere Dubrulle, Gregory Eyink, Gregory Falkovich, Alb ert Fannjiang, Uriel Frisch, Christophe Gi-

raud, Ville Hakulinen, P¶eter Horvai, Konstan tin Khanin, Tomasz Komoro wski, Susan Kurien, An tti Kupiainen,

Yv esLe Jan, Emmanuel Leveque, Detlef Lohse, Jani Lukk arinen, Nader Masmoudi, Andrea Mazzino, Keith Mof-

fat, Mo jens Hogh Jensen, Paolo Muratore-Ginannesc hi, Stefano Musacchio, Sergey Nazarenko, Alan C. Newell,

Piero Olla, George Papanicolaou, Walter Philipp, Alan Pumir, Olivier Raimond, Alexander Shnirelman, Yakov

Sinai, Meir Smorodinsky, Andrey Sobolevskiy, Victor Steinberg, Eric Vanden Eijnden, John Christos Vassilicos,

Massimo Vergassola, Emmanuel Villermaux, Dario Vincenzi, Angelo Vulpiani, Jan Wehr, E Weinan, Vladimir

Zakharov.

Transcription of the W eb-page of the Program on Dev elop ed Turbulence:.
Organizers:
Krzysztof Gawedzki, Ecole Normale Supµerieure, Lyon, France
Antti Kupiainen, Dept. of Mathematics, Helsinki University, Finland
Massimo Vergassola,CNRS, Observatoire de la Côte d'Azur, France

Developed Turbulence: a problem with many faces
Objectivesof the Program
Workshop on Burgers Turbulence and Beyond
Clay Mathematics Institute support
List of Participants
Schedule of visits
Seminar program: Burgers week, then weekly program.

The variety of irregular phenomenaaccompanying °ows in liquids and gasesis usually en-
coded in the single term of turbulence. Turbulent °ows are omnipresent. They occur in oceans
and in the atmosphere, in industrial processesand in an astrophysical context. Turbulence is
the most striking manifestation of the non-linear nature of the laws of hydrodynamics, with the
irregularit y of °ows increasingwith the Reynoldsnumber measuringthe strength of non-linear
e®ects. The regime of intermediate Reynolds numbers corresponds to a highly nonuniversal
regime of the onset of turbulence, whereashigh Reynolds numbers, common in practical sit-
uations, characterize the regime of developed turbulence . The latter shows many general
aspects that are common to di®erent °ows (statistical symmetries, persistent dissipation, en-
ergy cascade,intermittency) supporting the hope that they may be explained in a uniform way.
Despite those universal features, the understanding of developed turbulence has entered the
third millennium as one of the great unsolved conceptual problems, on the borderline between
mathematics and physics,with numerousrami¯cations from astrophysics through meteorology
to engineering. The practical importance of such an understanding that would lead to a better
control of turbulence, permitting to enhanceits desirede®ects(lik e the turbulent mixing) and
to decreaseits adversein°uence (lik e the turbulent drag), can hardly be overstated.

On the mathematical side, the problem concernsthe behavior of solutions of the hydrody-
namical equationsdescribing the time evolution of the velocities and, possibly, other quantities
like density, temperature, magnetic ¯eld, etc. The simplest example is the almost two century
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old Navier-Stokes equations. Despite a long study, the open questions abound here. Let us
mention only the best known problem, one of the seven Millennium Prize Problems of the
Clay Mathematics Institute, about the global existenceof solutions for smooth initial data,
a genuine high Reynolds number problem. Di®erent variations of hydrodynamical equations
describe variety of physical phenomena(turbulen t transport or di®usion, environmental dis-
persion, combustion, multiphase °ows, geophysical and astrophysical °ows etc.) and their
mathematical study, besidescommon features, posesspeci¯c problems.

On the physical side, one usually deals with questions about the statistical properties of
the °ows, in particular, about the decay of a turbulent statistical state or about existence
and properties of steady states maintained by continuously stirring the °uid. Such states are
observed experimentally (e.g. in wind tunnels or water jets) and they seemto be characterized
by non-vanishing °uxes of energy and other conserved quantities, a typical feature of non-
equilibrium situations. The high Reynolds number turbulent states are strongly coupled and
defy analytic approacheswhich proved successfulin the equilibrium statistical mechanics, like
the perturbativ e expansionsand/or the renormalization group analysis. The statistics of such
quantities as the velocity or temperature di®erencesis highly non-Gaussianat short distances,
assignaledby the spatial and the temporal intermittency of signalsmeasuredin natural °ows, in
experiments and in numerical simulations. The detailed mechanism of intermittency remains
to be understood, despite many quasi-phenomenologicalmodels. An analytic control of the
turbulent states remains still an elusive goal.

An important progresshas beenachieved in the last decadein understanding somesimpler
systemsexhibiting behaviors similar to developed turbulence. Theseinclude the so-calledweak
or wave turbulence, the advection of passive scalar and vector ¯elds by random velocities that
mimic the turbulent ones, and, to certain extent, the so-called burgulence, the phenomena
described by the Burgers equation.

Weak turbulence concernsthe behavior of a spatially homogeneousensemble of weakly inter-
acting dispersive wavesand occursin several Hamiltonian PDE's, like the nonlinear SchrÄodinger
equation. TheseHamiltonian systems,oncedriven by external sources,exhibit non-equilibrium
steady states with nonzero °uxes of conserved quantities (energy and particle number in the
caseof the SchrÄodinger equation). The di®erencewith the "strong turbulence" of the Navier-
Stokesequation is that the weakly turbulent state is accessiblevia perturbation theory in the
strength of the adjustable nonlinear coupling constant which is absent in the caseof strong
turbulence.

Examplesof passively advectedquantities are the temperature or the impurit y concentration
in a °uid. Ideally one would be interested in the statistical properties of the advected ¯eld in
the casewhere the underlying °ow is turbulent. Signi¯cant progresshas been achieved when
the velocity ¯eld is taken random, with Gaussianstatistics but decorrelated (white) in time.
One mimics the important feature of turbulent °ows by taking the velocities rough, i.e. only
HÄolder continuous, in space. For such an ensemble of velocities (called the Kraichnan model),
it was possible to study the ensuing steady state of the advected ¯elds both analytically and
numerically. It appearsto be a nonequilibrium state with nonzero°ux of a conserved quantit y,
again in analogy to hydrodynamical turbulence. Moreover it exhibits intermittency in the form
of anomalous scaling of moments of scalar di®erencesin nearby points, the ¯rst (and so far
only) nontrivial model where the anomalousscaling has beenestablishedanalytically.

The Burgersequation is a pressurelessversionof the Navier-Stokesequation. Its 1-dimensional
version, in particular, has beenextensively studied. When randomly stirred, it exhibits the en-
ergy cascadewith the short-distance dissipation dominated by the shock-like structures and
strong intermittency.

Although good quantitativ e experimental measurements and numerical simulations involving
developed turbulence are notoriously di±cult, there has been a considerableprogresson that
side as well and new sets and types of data becomeavailable. As for experiments, optical
non-intrusive methods start to give accessto the multi-p oint structure of turbulent °ows. The
importance of multi-p oint objects is oneof the key lessonsthat emergedfrom theoretical studies
in the past few years. Going beyond structure functions will also permit to highlight the
presenceand the role of coherent structures. Another fast developing experimental tool is the
particle-tracking technique, whoseaim is to follow °uid particles and hencegive information
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on the Lagrangian velocity statistics. Both typesof experiments are strongly coupled with the
theoretical issuesof current debate in the turbulence communit y. Numerical simulations are
natural candidates to permit the resolution of the whole velocity ¯eld and of the Lagrangian
and multi-p oint statistics, although at more limited Reynolds numbers.

The objective of the program that we organizeat ESI is to provide an opportunit y for collab-
oration and exchangeof ideasbetweenexperts in the turbulence related ¯elds, mathematicians
working on the hydrodynamical PDE's and physicists interestedin the statistical aspectsof tur-
bulence, in order to induce a fruitful interaction as well as to chart ways of proceedingbeyond
the simple models of turbulent states. A number of experimentalists will also take part. Both
experiments and numerical simulations continue to provide an essential input without which
conceptualprogressin understanding turbulence would be impossible. On the other hand, such
progresssuggestsnew questions that can be submitted to experimental and numerical veri¯-
cation. Hencethe importance of the permanent exchangesbetweentheorists and practitioners
in the ¯eld. The program will create another possibility for such a contact. If expecting major
breakthroughs in the reputedly hard fundamental theoretical questionsmight not be realistic,
we are expecting to seeprogressin the following directions:

An important role in the practical control of turbulence is played by simpli¯ed non-linear
dynamical systemsmodeling the turbulent evolution of few selecteddegreesof freedom(e.g. the
strain and vorticit y). Confronting the data from such modelswith the theoretical ideasand the
real turbulence data should lead to further improvements in this type of modeling. Although
perturbativ e analysis of weak turbulence has been performed for several models, the rigorous
results are scarce. It seems,that a lot can be learned by perfecting the mathematical theory
of the corresponding equations (e.g. by exhibiting cascade-like tendenciesin the evolution of
the energy spectrum of individual solutions). One of the general lessonsfrom the study of the
passive advection is that the turbulent states which occur there are supported on dissipative
weak solutions of the corresponding PDE in the zero di®usivity limit. It seemsthen important
to better understand the role of such weak solutions in the nonlinear models. The persistence
of dissipation in the zero viscosity limit is related to a striking property of nonuniquenessof
°uid tra jectories in rough velocity ¯elds. Up to now, the phenomenonwasstudied in detail only
in simple synthetic ensembles of velocities statistically decorrelatedin time. It is important to
understand the nonuniquenessquestion in the caseof time correlated velocity ¯elds. It will be
also important to design more penetrating tests of that behavior in real °ows. Intermittency
in the passive advection was shown to be related to zero modes of the e®ective generatorsof
the multi-tra jectory processes.Such zero modes seemto be present in the realistic turbulent
ensemblesbut their role there still remains to be understood. One of the important questionsis
their relation to the spatio-temporal structures observed in the °ows. In general, the program
should stimulate experiments and numerical simulations aimed at extending the, presently
insu±cient, Lagrangian and multi-p oint information about realistic °ows. Although the free
decay of solutions of the Burgers equation in one dimension has beenstudied extensively, the
results about the forced caseand higher dimensionsare much lesscomplete and it seemsthat
further progresshere is not beyond reach.

ESI W orkshop on Burgers Turbulence and Bey ond (BTB6). May 27-31(organizedby
Uriel Frisch and YashaSinai)

SCIENTIFIC PROGRAM:
KHANIN: Burgers turbulence in unbounded domains.
BEC: Hyp erbolicit y and statistics in forced Burgers turbulence
GIRA UD: Burgers turbulence (homogeneous/ space-periodic / non-homogeneous) and its evolution in one di-

mension
WEHR: Front speed in the Burgers equation with a random °ux
Burgulence: discussion
BRENIER: The Monge-Amp ere equation (lecture 1)
BRENIER: The Monge-Amp ere equation (lecture 2)
FRISCH: Reconstruction of the primordial Univ erse: cosmological background, from the Burgers/adhesion

model to the Monge-Amp ere equation; presentation of the results.
SOBOLEVSKI: Reconstruction of the primordial Univ erse: implementation of the reconstruction hypothesis,

cyclic monotonicit y, mass transp ortation and the assignment problem.
Discussion on Monge-Amp ere and Burgers:
AURELL: Burgers equation and the dynamics of strati¯ed self-gravitating particles.
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BLANK: Dynamics of tra±c jams
YAKHOT: Similarities of Burgers and real turbulence
Discussion on Burgers and applications (with a co®eebreak : around 15:30)
EYINK: An Historical Account of Onsager's Dissipation Anomaly
DUCHON: Dissipation in weak Euler and Burgers solutions
VANDEN-EINJDEN: Topic: dissipation and anomaly
SINAI: Quasi-linear approximations of the 3d Navier-Stok es system.
discussion on dissipation and Navier-Stok es (with a co®ee: break around 15:30)
JENSEN: Pulses in the Parisi contin uum shell equations
VASSILICOS: Lagrangian prop erties of Kinematic Simulations and their relation to Eulerian statistics
BERNARD: In°uence of friction on 2D enstrophy cascade
GAWEDZKI: Variations on Lagrangian °ow
Final discussion.

Clay Mathematics Institute support: Five U.S.-basedscientists will participate in the Pro-
gram as emissariesof the Clay Mathematics Institute.

List of Participan ts: N. An tonov, J. Arp onen, E. Aurell, M. Bauer, J. Bec, D. Bernard, L. Biferale,

M. Blank, Y. Brenier, J. Bricmon t, A. Celani, M. Cencini, M-L. Chabanol, M. Chertk ov, S. Cilib erto, C.

Connaughton, P. Constantin (CMI emissary), T. Dombre, B. Dubrulle, J. Duchon, W. E (CMI emissary), G.

Eyink, G. Falkovich, A. Fannjiang, U. Frisch, K. Gawedzki, C. Giraud, V. Hakulinen, P. Horvai, M. Jensen,

K. Khanin, T. Komoro wski, A. Kupiainen, S. Kurien, Y. Le Jan, E. Leveque, D. Lohse, J. Lukk arinen, N.

Masmoudi, A. Mazzino, K. Mo®att, P. Muratore-Ginannesc hi, S. Nazarenko, A. Newell (CMI emissary), P.

Olla, G. Papanicolaou (CMI emissary), A. Pumir, O. Raimond, A. Shnirelman, Y. Sinai (CMI emissary), A.

Sobolevski, V. Steinberg, E. Vanden Eijnden, C. Vassilicos, M. Vergassola, E. Villermaux, D. Vincenzi, A.

Vulpiani, J. Wehr, V. Zakharov.

Latest update on 5/07/2002.

Arithmetic, automata, and asymptotics

R. Tichy and P. Grabner, spring, 35 man/months.
ESI contributed E 38.811,-,foreign support was E 2.025,-.
6 ESI preprints: [1158], [1160], [1161], [1184], [1187], [1218].
Initials: TIG
The special semesteron Arithmetic, Automata, and Asymptotics o®ereda wide-rangedsci-

enti¯c program. It brought together researchers from di®erent areassuch as number theory,
ergodic theory, automata theory, asymptotic analysis, and averagecaseanalysis of algorithms.
The intention of the program was to demonstrate the interplay between these areas and to
initiate collaborations betweenresearchers from thesedi®erent ¯elds. The program culminated
in the two one week research conferences\Arithmetics and Automata", April 8{12, 2002 and
\Algorithms and Asymptotics", July 1{5, 2002both held in Graz. Furthermore, three seminar
days (March 22, April 19, June 21) were held at the ESI in Vienna.

Arithmetics and Automata. The workshopon Arithem tics and Automata washeld in Graz.
The workshop was devoted to recent developments in the interplay between number theory,
automata theory, and ergodic theory.
J.-P. Allouc he (CNRS, France) Functions that are both p- and q-additiv e or multiplicativ e
M. Bennett (Univ. of British Colum bia) Pro ducts of consecutive integers
D. Berend (Ben Gurion Univ ersity, Israel) Some substitution sequencesin number theory
J.-M. Deshouillers (Univ. Bordeaux, France) Automatic aspects of the distribution modulo 1 of powers of

algebraic elements in Fq (( X ))
K. Gy}ory (Univ. Debrecen, Hungary) Distribution of solutions of decomposable form equations
G. Hanrot (INRIA Lorraine, France) The Diophan tine equation x n ¡ 1

x ¡ 1 = yq

E. Herrmann (Univ. SaarbrÄucken, Germany) Computing all S-integral solutions in a family of two simultaneous
Pell equations

I. Katai (Univ. Budap est, Hungary) Generalized number systems
J. Kubilius (Univ. Vilnius, Lith uania) On some inequalities in the probabilistic number theory
P. Liardet (Univ. Marseille, France) Dynamical prop erties of redundant numeration systems
E. Mansta vi ·cius (Univ. Vilnius, Lith uania) Analytic and probabilistic problems of combinatorial structures
A. Peth}o (Univ. Debrecen, Hungary) On CNS polynomials
A. van der Poorten (Macquarie Univ., Australia) Non-p eriodic contin ued fractions of formal power series and

pseudo-elliptic integrals
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A. Schinzel (Univ. Warszawa, Poland) On power residues
R. Tijdeman (Univ. Leiden, The Netherlands) Multi-dimensional versions of a theorem of Fine and Wilf and a

formula of Sylvester

G. W Äustholz (ETH, ZÄurich) Diophan tine approximations in pro jectiv e spaces

Algorithms and Asymptotics. The research conferenceon Algorithms and Asymptotics
was held in Graz. Topics from number theory, asymptotic combinatorics, and ergodic theory
were the theme of this conference.
J.-P. Allouc he (CNRS, France) Ab out a sequenceof Kim berling
A. Baker (Cambridge)
F. Bassino (Univ. Marne la Vall¶ee) Ab out simple beta-numbers
C. Baxa (Univ. Wien, Austria) Extremal values of contin uants and transcendence of certain contin ued fractions
V. Berth ¶e (CNRS, France) Substitutions and arithmetical prop erties of Kronecker sequences
H. Diamond (Univ. of Illinois, USA) An example of Beurling Primes with large Oscillation
E. Fouvry (Univ. Paris, France) Some questions about Klo osterman sums
H. Furstenberg (Hebrew Univ., Israel) Transversalit y of fractals, integral equations and a problem of D. Gale
B. Hasselblatt (T ufts Univ ersity, USA) Fractal dimension computed from stable and unstable slices
H.-K. Hwang (Academia Sinica, Taiwan) A re¯ned metho d of moments and its applications
M. Levin (Bar-Ilan Univ ersity, Israel) On completely uniformly distributed double sequencesand pseudorandom

double sequences
P. Liardet (Univ. Marseille, France) Asymptotics of automatic random walks in random scenery
C. Mauduit (CNRS, France) On the arithmetic structure of integers with a ¯xed sum of digits
W. Philipp (Univ. of Illinois, USA) Pair correlations and U-statistics for sequencesf n k ! g and sequencesof

independent random variables
H. Pro dinger (Univ. Wit watersrand, South Africa) Exact and asymptotic enumeration problems arising from

analysing algorithms
J. Rivat (Univ. Nancy, France) Computational aspects of pseudorandom binary sequences
A. Sark}ozy (Univ. Budap est, Hungary) Constructions of ¯nite pseudorandom binary sequences
J. Schmeling (Univ. Lund, Sweden) Zero entrop y systems and Diophan tine approximation
N. Sidorov (UMIST, UK) Beta-expansions: uniqueness, complexit y, dynamics
B. Solomyak (Univ. Washington, USA) Fractals related to digit expansions in the complex plane

M. Waldschmidt (Univ. P.et M. Curie, France) Syntaxic identities among harmonic series and automata

Seminar days. Three seminar days on topics in number theory, ergodic theory, and uniform
distribution were held at the Erwin SchrÄodinger Institute in Vienna.
Marc h 22
D. Masser (Univ. Basel) Some counting problems for algebraic points
A. van der Poorten (Macquarie Univ., Australia) Regulators of quadratic number ¯elds, contin ued fractions,

and torsion on hyperelliptic curves
H.P. Schlickewei (Univ. Marburg) Gap principles in diophan tine approximations
April 19,
Y. Bilu (Univ. Bordeaux, France) Sprindzh uk's theorem is easy
K. Gy}ory (Univ. Debrecen, Hungary) Almost perfect powers in products of consecutive terms of arithmetic

progressions
A. Schinzel (Polish Academy of Sciences) A theorem on polynomials with an application to Siegel's Lemma
W. Schmidt (Univ. of Colorado) Some exponential diophan tine equations
June 21
W. Chen (Macquarie Univ., Australia) Upp er bounds in discrepancy theory
W. Philipp (Univ. of Illinois, USA) Metric theorems for discrepancies and distribution measures of sequences

f nk ! g
N. Sidorov (UMIST, UK) The realm of beta-expansions
W.D. Brownawell (Pennsylvania State Univ., USA) A sharp Liouville-Lo jasiewicz inequalit y
M. Smorodinsky (T el Aviv Univ ersity, Israel) Asymptotic independence prop erties. Tw o ways of coding a

stationary processfrom an i.i.d. process

Conclusion. The special semesteron Arithmetic, Automata, and Asymptotics was a very
successfulscienti¯c program that o®eredthe opportunit y of interaction between researchers
from di®erent areasof mathematics. Several cooperations were initiated during this program
and are still ongoing.

In vited Scien tists: Jean-Paul Allouc he, Alan Baker , Christoph Baxa, Valerie Berthe, Yuri Bilu, W. Dale

Brownawell, Alexander Bufeto v, William Chen, Jean-Marc Deshouillers, Harold G. Diamond, Etienne Fouvry ,

Christiane Frougny, K¶alm¶an GÄory, Guillaume Hanrot, Boris Hasselblatt, Jonas Kubilius, Mordechai Levin, Pierre

Liardet, Eugenijus Mansta vicius, Christian Mauduit, Matthew Papanikolas, Helmut Pro dinger, Joel Rivat,

Andr¶as Sa'rkÄozy, Andrzej Schinzel, JÄorg Schmeling, Hans Peter Schlickewei, Nikita Sidorov, Boris Solomyak,

Alfred van der Poorten, Mic hel Waldschmidt, Gisbert W Äustholz.
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Quan tum ¯eld theory on curv ed space time

K. Fredenhagen,R. Wald and J. Yngvason,July-August, 18.4 man/months allocated.
ESI contributed E 44.625,-,foreign support was E 4.124.-.
20 ESI-preprints: [1121], [1149], [1156], [1157], [1163], [1164], [1183], [1185], [1186], [1196],

[1198], [1199], [1202], [1204], [1205], [1208], [1215], [1233], [1246], [1248].
Initials: FWY
The main goal of this program was to bring together researchers with expertise in general

relativit y and researchers with expertise in mathematical aspects of quantum ¯eld theory, in
order to addresssomeproblemsof mutual interest in quantum ¯eld theory in curved spacetime.
Approximately 25 researchers in quantum ¯eld theory in curved spacetimeand related areas
participated in this two-month program. The program was extremely successfulin promoting
considerableproductive interaction betweengroups of researchers who generally have had only
limited interaction with each other. The \cross-fertilization" and new collaborations initiated
by theseinteractions are likely to bear fruit for many years to come.

The program covered many topics in quantum ¯eld theory and related areas. The most
signi¯cant focus was on the following 5 topics:

1. Perturbativ e renormalization of quan tum ¯elds in curv ed spacetime. A great
deal of progresshas been made in recent years in characterizing the \ultra violet divergences"
of quantum ¯elds in curved spacetimeand developing renormalization theory for interacting
quantum ¯elds. Seminarsby S. Hollands, K. Fredenhagen,R. Verch, and R. Wald reported
on this recent progress. The di±culties resulting from the lack of a preferred vacuum state
and a preferred Hilb ert spacerepresentation of the canonical commutation relations for the
free ¯eld have been overcomeby formulating the theory within the algebraic approach. The
di±culties associated with the lack of a global notion of a Fourier transform (so that the usual
momentum spacemethods for renormalization cannot be used) have beenovercomeby the use
of the methods of \microlo cal analysis". Finally, the di±culties associated with the absenceof a
notion of \P oincareinvariance" (or any other symmetries) in generalcurvedspacetimehavebeen
overcomeby imposing the condition that the quantum ¯elds of interest be constructed locally
and covariantly out of the spacetimemetric. The upshot is that perturbativ e renormalization
theory for quantum ¯elds in curved spacetimeis now on as sound a footing as in Minkowski
spacetime. Furthermore, theories that are renormalizable in Minkowski spacetime will also
be renormalizable in curved spacetime, although additional \counterterms" corresponding to
couplings of the quantum ¯eld to curvature will arise.

2.The role of \ultra violet behavior" (ab ove the Planc k scale) in the Ha wking ef-
fect. Although the Hawking e®ectwas derived more than 25 yearsago, there remains a di±-
culty with the derivation in that it relies on the properties of quantum ¯elds in a regime where
one has no right to expect quantum ¯eld theory in curved spacetimeto be a good approxima-
tion. Speci¯cally, consider the modesof the quantum ¯eld that correspond to \particles" that
are seenby observers near in¯nit y to emergefrom the black hole at late times. When traced
backward in time, thesemodesbecomehighly blueshifted and correspond to \transplanckian"
frequenciesand wavelengths at early times. Thus, the Hawking e®ectappears to rely on as-
sumptions concerningthe initial state and behavior of degreesof freedomin the transplanckian
regime. Similar issuesalso arise in cosmologywhen considering the \quantum °uctuations"
responsible for the formation of large scalestructure at late times. Seminarsby Jacobsonand
Unruh explained the nature of the transplanckian issuesand described some simple models
where the e®ectsof modifying dynamical laws in the transplanckian regime can be analyzed.
These models support the view that the Hawking e®ectis robust wiht respect to changesin
physical laws in the transplanckian regime.

3.P ositiv e energy prop erties of quan tum ¯elds in curv ed spacetime. It is well known
that in quantum ¯eld theory in °at or curved spacetime,the expectedenergydensity at a point
can be made arbitrarily negative. However, during the past ten years,someglobal restrictions
on negative energyhave beenderived. In particular, \quantum inequalities" have beenderived,
which put a lower bound on the energydensity measuredalong the worldline of an observer with
a (smooth, compactsupport) \sampling function" f (¿). Originally , such boundswerederivedby
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non-rigorous methods in certain special cases,but recently a rigorous and completely general
derivation of quantum inequalities has been given using the methods of microlocal analysis.
Many issuesremain open, however, such as the derivation of optimal bounds and the precise
status of the averagenull energycondition (which assertsthe non-negativity of the integral over
a complete null geodesic of the stressenergy tensor contracted twice with the tangent to the
null geodesic). Theseissueswereexplored in seminarsby Ford, Fewster,Roman, Flanagan, and
Pfenning. In research arising directly from discussionsoccurring during the program, progress
alsowasmadetoward deriving quantum inequalities for quantities other than the stress-energy
tensor.

4. The in terpla y between global aspects of spacetime and the prop erties of quan tum
¯elds. In the algebraic formulation of quantum ¯eld theory, global aspects of spacetimeare
re°ected by certain properties of the state space.On Minkowski spacethis leadsto the theory of
superselectionsectors(structure at spacelike in¯nit y) and to scattering theory (timelik e in¯nit y)
with a special role played by null in¯nit y (infrared problem).

Especially interesting are the so called wedge regions, which are subregionsof Minkowski
spacewhich are bounded by two null planes,one in the future, the other in the past. It was a
basicdiscovery of Bisognanoand Wichmann that the vacuumstate on the algebraof observables
associated to a wedge region is a KMS state with respect to a 1-parameter subgroup of the
Poincare group. The orbits of this group stay within the wedgeand are the orbits of uniformly
acceleratedobservers. One thus obtains an operator algebraic explanation of the Unruh e®ect.
The underlying mathematical theory is the modular theory of Tomita and Takesaki.

Concerningquantum ¯eld theory on curved spacetimes,a major problem is to determine the
analogsof wedgeregionsand to exhibit stateswherethe corresponding modular transformations
have a geometrical meaning. This program was successfulin de Sitter space as discussed
by Guido, as well as, to a certain extent in Robertson-Walker spacetimes. In Anti-de Sitter
spacetimethe wedgesare in oneto onecorrespondenceto doubleconesin the Minkowski spaceat
spacelike in¯nit y. One thus obtains an algebraicversionof AdS-CFT correspondencewhich was
discoveredby Rehren. To understand this correspondencein more detail an interesting relation
betweenlimits of ¯elds at the boundary and the partition function for speci¯ed boundary values
was described in the talk by Rehren.

Another major problem is the actual computation of the modular transfomations. In the
talk by Yngvason it was described how the modular transformations for generalizedfree ¯elds
can be determined, and it was discussed,whether the principle of modular geometric action as
formulated by Buchholz and Summersmay be valid in more generalspacetimes.

One di±cult problem in quantum ¯eld theory on curved spacetimesis the choiceof reference
states, comparable to the vacuum or to one-particle states in Minkowski states. In the talk of
Buchholz, a concept of local equilibrium states was presented. Theseare states which coincide
at each single point on a ¯nite number of ¯elds with a homogenousKMS states on Minkowski
space.Applied to stateson Minkowski spaceit turned out, that a local equilibrium state always
satis¯es the kinetic equations,moreover, if the state is not in global equilibrium, the condition
of local equlibrium can at most hold within a future lightcone, so that every maximal local
equilibrium state stems from a singularity at the vertex of the light cone (\hot bang"). The
analogy of this result with standard cosmologyand an interpretation of the future lightcone
as an expanding Robertson-Walker spacetimewere intensively discussedas well as the possible
applications of this concept to the interpretaion of states on curved spacetimes.

5. Lo op variables/quan tum geometry approac h to quan tum gravit y. In the loop vari-
ables/quantum geometryapproach to quantum gravit y takenby Ashtekar and collaborators, one
¯rst de¯nes a \kinematical Hilb ert space"and then tries to de¯ne the action of the Hamiltonian
constraint operator on these\kinematical states". In this approach, the Hamiltonian constraint
operator is not intrinsically well de¯ned (i.e., \regularization" is needed),but the nature of this
regularization appears to be very di®erent from the usual regularization of \ultra violet diver-
gences"occurring in quantum ¯eld theory. One of the goals of our program was to explore
the nature of renormalization in the loop variables/quantum geometry approach to quantum
gravit y and to understand its relationship to renormalization in ordinary quantum ¯eld theory.
Seminars by Lewandowski, Perez, Ashtekar, Thiemann, Bojowald, Fairhurst, and Sahlmann
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described in detail various aspects of the loop variables/quantum geometry approach. The ex-
tended interactions betweenthe researchers in the loop variables/quantum geometry approach
and researchers in quantum ¯eld theory resulting from theseseminarsaswell as from numerous
private discussionswere very fruitful. In particular, considerableprogresswas made in ¯nding
simple quantum ¯eld theory analogsof the constructions used in the loop variables/quantum
geometry approach.

In vited Scien tists: Abha y Ashtekar, Martin Bo jowald, Romeo Brunetti, Detlev Buchholz, Claudio D'An toni,

Stephen Fairhurst, Christopher Fewster, Eanna Flanagan, Larry Ford, Klaus Fredenhagen, Rodolfo Gambini,

Daniele Guido, Stefan Hollands, Theodore A. Jacobson, Wolfgang Junk er, Bernd Kuckert, Muharrem K ÄuskÄu,

Fernando Lled¶o, Jerzy Lewandowski, Alejandro Perez, Mic hael Pfenning, Jorge Pullin, Karl-Henning Rehren,

Thomas A. Roman, Hanno Sahlmann, Thomas Thiemann, William G. Unruh, Rainer Verch, Robert Wald.

Asp ects of foliation theory in geometry , top ology and physics

Franz W. Kamber (Principal Organizer), JamesF. Glazebrook, Kenneth Richardson, Peter
W. Michor (Local Coordinator). Mid-July { December, 35.1 man/months

ESI contributed E 76.875,-,foreign support was E 52.500,-
18 ESI preprints: [1188], [1189], [1207], [1211], [1212], [1219], [1222], [1223], [1225], [1244],

[1245], [1249], [1252], [1266], [1267], [1268], [1270], [1278].
Initials: RGK

1. Organization of the Program. A semester{long program on various aspects of Folia-
tion Theory was organizedat the Erwin Schroedinger International Institute for Mathematical
Physicsfrom July 15 to November 30, 2002(with a break in August due to the ICM in Beijing).
The program consistedof a seriesof activities listed with approximativ e dates. It should be
understood that there were correlations between the various topics and therefore there were
someoverlaps during the program.

1. Geometry and Topology of Foliations / Mid-July to mid-August

2. Noncommutativ e Geometry of Foliations / September{October

3. Index and spectral theory in Foliations / September{October

4. Riemannian Foliations / October

5. Joint ESI/EDGE workshop on `Geometry and Physics' / November 11{22

6. Foliations in low dimensions/ November

About 90 mathematicians visited the ESI during the program. The averageduration of the
visit was about 2 weeks, with a few key participants staying for four weeks. The majorit y
of participants came from the EU, Japan and the USA, with most EU countries as well as
Switzerland being represented. Other participants camefrom Hungary, Israel, Korea, Poland,
Romania, Russia,Serbia/Montenegro,Singapore, Slovenia and Tunesia. Within the constraints
of the budget, we invited young researchers, mainly on the suggestionof senior participants.

While most prinicipal members of the foliation communit y acceptedour invitation to visit
the ESI, we regretted that someprominent members, notably E. Ghys and S. Hurder, werenot
able to accept our invitation. Otherwise, the list of participants is fairly comprehensive.

2. Financial aspects of the Program. The ESI budget (after reduction) for the program
was EUR 79,000. We were fortunate to be able to augment the program budget from sev-
eral sources. Prof. Peter Michor, Scienti¯c Director of ESI, made a generouscontribution in
the form of visitor appointments from from his project with the `Fonds zur FÄorderung der
wissenschaftlichen Forschung'. Thanks to the initiativ e of Oscar Garc¶ia{Prada, the EU net-
works EDGE and EAGER supported a number of their members during the joint ESI{EDGE
workshop on `Geometry and Physics' in November and helped to make the workshop possible.
The Clay Mathematics Institute supported our activities under their Mathematical Emissary
Program and enabled us to cover travel expensesfor a few US participants. This additional
¯nancial support is hereby gratefully acknowledged.



ESI 23

While it is not possibleto put an exact value on this additional support, it is a fair estimate
that the total budget for our program activities, extending over ¯v e months and involving about
90 participants, was EUR 100,000.

According to the ¯nancial statement by the ESI Adminitration and our own records, the
residual balanceof ESI funds is EUR 4274. We would like to request that thesefunds be made
available for a small follow{up activit y in 2003. The idea is to invite a few workgroups in order
to continue, respectively complete projects started during the program.

3. Scienti¯c Activities. The scienti¯c aims of the program were to bring together an in-
ternational group of experts to establish the state of the art in the subject and to encourage
interaction and cooperation among the participants.

For this reason,we decidedfrom the beginning to create a relaxed working climate, thereby
encouragingdiscussionand collaboration among participants. This meant among other things
that asa rule we limited lectures to two weekdays (Tuesdays and Thursdays), with about three
lectures on those days. The participants seemedto appreciate this and we got many positive
comments about the positiveworking climate at the ESI. Many participants camewith a speci¯c
collaboration in mind and new projects were started as well.

Highlights of the program : In late July / early August (weeks3 and 4) the presenceof a
substantial number of `classical'topologistsand geometersspontaneouslyresulted in a workshop
on `Geometryand Topology of Foliations'. During September, the presenceR. Bott, A. Connes,
A. Hae°iger, N. Higson, H. Moscovici and others attracted substantial attention, with the
emphasisbeing on non{commutativ e Geometry and Index Theory for Foliations. Finally, the
ESI{EDGE workshop in November was given focus by the presenceof Ph. Candelasand N.
Hitchin.

A documentation of the program, including a list of participants, datesof attendance,lectures
and abstracts is appendedto this report and we refer to it for details of the scienti¯c activities.
The completedocumentation, including in addition links to participants homepagesaswell asa
photogallery, can be accessedvia the ESI website http://www.esi.ac.at under `Past Activities'.
Ken Richardson served as webmaster for our program.

4. Co ordination with other scienti¯c programs. During Fall 2002(September-November)
the ESI also hosted a concurrent program on 'Noncommutativ e Geometry, Feynman Diagrams
and Quantum Field Theory', organized by H. Grosse,D. Kreimer, J. Madore, J. Mickelsson
and I. Todorov. The organizersof both programscoordinated someof their activities. This was
especially the caseduring September when A. Conneswasvisiting the ESI, and during the ESI{
EDGE workshop in November with the participation of Ph. Candelasand N. Hitchin. The idea
was to foster and encourageexchangeand interfacesbetweenMathematics and Mathematical
Physics.

5. Cultural and social activities. On the premise that mathematics and music have a
great a±nit y, we decidedto organizesocial activities around a number of musical events. Good
relations were establishedwith the Wiener Priesterseminar (WPS), whoseAdministration (es-
pecially Frau Penkler) graciously made it possiblefor us to usesomeof their facilities. In early
August, and then again in November, Izumi Mitsumatsu gave a Piano Recital in the Music
Room (Kulturraum) of the WPS. In early September, the young Bulgarian violinist Bojidara
Kouzmanova gave a wonderful Violin Recital in the Seminary Church with works of J. S. Bach
and S. Proko¯ev. In late October we organized a Jazz Party in the Common Room of the
ESI with the Paul Fields Quartet (Violin, 2 Guitars and Bass) and Ken Richardson on the
Alto Saxophone.All theseconcertswerewell attended and wereenthusiasically received by the
audienceconsisting mainly of ESI visitors and their families and friends.

In September, we began to serve co®ee,tea and cookies in the afternoon between lectures
and eventually every afternoon during the week. This was much appreciated by the partici-
pants. In all this the cooperation and assistanceof the ESI sta®was essential and is gratefully
acknowledged.

We requestedand were granted an increasein the entertainment fund to 3 percent of our
ESI budget. The above activities amounted to a total expense of EUR 3250. Participant
contributions were about EUR 1000for a net expenditure of EUR 2250from ESI funds, which
was within budget.
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JamesF. Glazebrook and Franz W. Kamber: Department of Mathematics, University of Illinois
Urbana{Champaign, 1409West Green Street, Urbana, IL 61801,USA,
Phone+1-217-333-2699/ FAX +1-217-333-9576, glazebro@math.uiuc.edu, kamber@math.uiuc.edu

Ken Richardson: Department of Mathematics, Texas Christian University, Box 298900,Fort
Worth, TX 76129,USA.
Phone +1-817-257-6128, k.richardson@tcu.edu

In vited Scien tists: Luis Alv arez-Consul, Marek Badura, Moula y-T ahar Benamour, Dorota Blachowska, Em-

manuel Blanc, Mic hel Boileau, Raoul Bott, Steven Bradlo w, Mark Brittenham, Ronald Brown, Jochen Br ¶uning,

Alb erto Candel, Philip Candelas, Mohamed Ali Chouch, Lawrence Conlon, Marius Crainic, Joachim Cuntz,

Maciej Czarnecki, Johan L. Dup ont, Alaohi El Kacimi, Sergio Fenley, Oscar Garcia-Prada, Victor Ginzburg,

James F. Glazebrook, Sebastian Goette, Andre Hae°iger, Gilb ert Hector, James Heitsch, Nigel Higson, Nigel

Hitc hin, Ko Honda, Johannes Huebschmann, Adrian M. Ionescu, Alessandra Iozzi, Seoung Dal Jung, Franz W.

Kam ber, Jerry Kamink er, William H. Kazez, Jerzy Konderak, Iouri Kordiouk ov, Dieter Kotschick, Je®rey Lee,

Daniel Lehmann, Alv arez JesusAn tonio L¶opez, Gordana Matic, Habib Marzougui, Shigenori Matsumoto, Yoshi-

hiko Mitsumatsu, Shigeaki Miy oshi, Izak Mo erdijk, Hitoshi Moriy oshi, Henri Moscovici, Janez Mrcun, Ignasi

Mundet, Vicente Munoz, Ryszard Nest, Peter Newstead, Victor Nistor, Peter Pang, Tony Pantev, Efton Park,

Paolo Piazza, Raphael Ponge, Ken Richardson, Paul A. Schweitzer, Sorin Dragomir, Andras Szenes,Svjetlana

Terzic', Takashi Tsub oi, Izu Vaisman, Thomas Vogel, Elmar Vogt, Pawel Walczak, Daniel Waldram, Robert

Wolak.

Noncomm utativ e geometry and quan tum ¯eld theory
Feynman diagrams in mathematics and physics

H. Grosse,J. Madore and J. Mickelsson;D. Kreimer and I. Todorov; fall, 35.1 man/months
ESI contributed E 63.450,-,foreign support was E 5.625,-.
17 ESI preprints: [1138], [1193], [1201], [1217], [1220], [1221], [1227], [1228], [1229], [1231],

[1232], [1236], [1237], [1239], [1251], [1258], [1271].
Initials: MTK

Feynman diagrams provide a universal means to organize the perturbativ e expansion of a
quantum ¯eld theory. While in somelucky caseswe are able to progressbeyond the pertur-
bative approach, it turns out that Feynman diagrams themselves are a source of fascinating
mathematical problems. They are naturally connectedto con¯guration spaces,with their sin-
gularities located along diagonalsof coinciding vertices. The strati¯cation of thesesingularities
by rooted trees, emphasizedfor example by Fulton and MacPherson, makes it rather natural
that the processof renormalization is combinatorially basedon a Hopf algebra of rooted trees
that is a universal object which contains the Hopf algebra of iterated integrals as well as the
Connes-Moscovici Hopf algebra of di®eomorphismsas sub-algebras.

The above was the scienti¯c motivation for a workshop which brought together practitioners
of quantum ¯eld theory and mathematicians working on number theory and operads. The three
weeksof overlap led to lively exchangebene¯cial to both sides.

For example, Goncharovs algebraic approach to generalizedpolylogarithms resonatedwith
the computational experiemceof a QCD practitioner like Stefan Weinzierl and A. Isaev, while
Kreimer usedthe opportunit y to explore the Hopf algebra of graphs in detail with him, as well
as with Stashe®,Markl and Shnider (the operadchiks).

While the ¯rst three weekswere dedicated to the Connes-Kreimer Hopf-algebras and the
applications to quantum ¯eld theory and number theory, we concentrated within the next 10
weeksmainly on subjects like quantum groupsand generaldeformations, deformation quantiza-
tion and gerbes,noncommutativ e quantum ¯eld theory, noncommutativ e geometryand classical
¯eld theory and the connection to string theory.

The quantum group part was governed by lectures of Dubrovin, SchmÄudgen, Zhang, Arai,
Dobrev, Fiore and Schlichenmaier. Representation theory of quantum groups, the deformed
Riemann-Hilbert problem, cohomology theory, invariant equations, invariant models, braided
tensor product structures and the general deformation methods were reviewed. Steinacker,
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Aschieri and Bonetti applied the quantum group symmetry to gaugemodelson deformedspaces,
especially spheres.

Connes' lecture concernedthe spectral triple for the q-deformed SUq(2) algebra. Within a
special basea Dirac operator is de¯ned, a trace on the algebra of pseudodi®erential operators
exists, the analogof Poincareclassesand cyclic cocycleshave beende¯ned, in short, a quantum
group covariant calculuswas presented and the ¯rst exampleof a spectral triple on q-deformed
algebrasis found.

Gerbeswere mentioned in a number of contributions: motivated by the intro duction of the
B-¯eld in string theory they occur also in ¯eld theries with Wess-Zuminoterms, they allow to
formulate anomalieson odd dimensions,are the framework for the monopole equationsand are
connectedto a nontrivial Dixmier-Douady classand twisted K-theory. Someof these aspects
entered the talks of Jurco, Felder, Severa, Urib e, Lupercio, Carey and Mickelsson.

The next big subject conceredquantum ¯eld theory on deformed spaces: Formulation of
models over Minkowski or Euclidean spacesis easy, to establish renormalization questionsand
to establish a sensiblecalculus is still obscureand unsolved: Wulkenhaar reviewed the subject
especially emphasizing the IR/UV mixing. Bahns presented the Yang-Feldman formulation
and Liao presented the common work with Sibold on the time ordered formulation of models
de¯ned on deformed Minkowski space-time. Langmann presented special three dimensional
models with magnetic ¯elds and Rajeev showed the connection to matrix models and entropy
problems.

Many aspects of classical ¯eld theory are described by spectral triples. The gereral review
concerningthe uni¯cation of gravit y and the standard model wasgiven by SchÄucker and treated
by Presnajder. Madore showed that noncommutativit y allows to smoothen the big bang singu-
larit y, spectral triples over pseudo-Riemannianspaceswere formulated by Strohmaier.

In a number of contributions the connectionto strings wasmentioned. A nicereview of Mirror
symmetry was given by Klemm. The connection of strings, matrix models, gaugethories and
the Dijkgraf-V afa conjecture was given by Theisen.

There was a lively interaction not only among the visitors of our project but also with the
visitors of the mathematical project on foliations organizedby Kamber and Richardson. There
werenot only commonconcertsand cookies,but the discussionson subjects of commoninterest
made it a very lively event.

Harald Grosse,John Madore, Jouko Mickelsson,Dirk Kreimer, Ivan Todorov

In vited Scien tists: Asao Arai, Paolo Aschieri, Dorothea Bahns, FrancescoBonechi, Bernhelm Booss-Bavnbek,

Martin Bordemann, David Broadh urst, Alan L. Carey, Pierre Cartier, Alain Connes, Ludwik Dabrowski, Goran

Djordjevi ¶c, Vladimir Dobrev, Mic hel Dub ois-Violette, Boris Dubro vin, Askar Dzhumadil'daev, Giovanni Felder,

Gaetano Fiore, R. Flume, Herbert Gangl, Alexander Goncharov, Ralf Holtk amp, Alexei Isaev, Branisla v Jur ·co,

Takashi Kim ura, Ivo Klemes, Albrec ht Klemm, Ivan Kostov, Dirk Kreimer, Giovanni Landi, Edwin Langmann,

Eric Leichtnam, Matthias Lesch, Yi Liao, Jean-Louis Loday, Juha Loikk anen, Ernesto Lup ercio, Marco Maceda,

John Madore, Martin Markl, Jouko Mic kelsson,Anna Maria Paoluccia, Sylvie Paycha, Ludwig Pittner, Slobodan

Prvanovi¶c, Peter Pre·snajder, Sarada G. Rajeev, Andreas Recknagel, Christian Rupp, Samuel Rydh, Karl-

Georg Schlesinger, Martin Schlichenmaier, Konrad SchmÄudgen, Thomas SchÄucker, Alb ert Schwarz, Pavol ·Severa,

Steven Shnider, Petr Somberg, James Stashe®,Harold Steinacker, Thomas Strohmaier, Stefan Theisen, Bernardo

Urib e, Stefan Weinzierl, Paul B. Wiegmann, Mic hael Wohlgenannt, Raimar Wulkenhaar, Konstan tin Zarembo,

Ruibin Zhang.

Mathematical population genetics and statistical physics

E. Baake, M. Baake and R. BÄurger, late fall, 13.3 person-months in 2002,(14 in 2003).
ESI contributed E 26.775,-,foreign support was E 9,075,-.
11 ESI preprints: [1247], [1250], [1255], [1257], [1260], [1261], [1265], [1274], [1275], [1277],

[1279].
Initials: BBB
This program is still going on, so the report will done next year.
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In vited Scien tists in 2002: Ellen Baake, Nicholas Barton, Matthias Birkner, An ton Bovier, Reinhard BÄurger,

Donald Dawson, Kevin J. Dawson, J¶ozsef Garay, Tini Garske, Sergey Gavrilets, Alexander Gimelfarb, Andreas

Greven, Uwe Grimm, Ralph Haygood, Joachim Hermisson, Toby Johnson, Valery Kirzhner, Markus Klein,

Achim Klenk e, Sabin Lessard, Yuri Lyubic h, Carlo Matessi, Vladimir Passekov, Luca Peliti, Oliv er Redner,

Christoph Richard, Francesca Tria, Mic hael Turelli, GÄunter Wagner, An ton Wakolbinger, Benjamin Yakir,

Iljana ZÄahle.

CONTINUA TION OF PR OGRAMS FR OM 2001 and earlier

Nonequilibrium Statistical Mec hanics. Continuation of a program from 1999. Organized
by G. Gallavotti (Rome), H. Spohn (M Äunchen), and H. A. Posch (Vienna).

In 1999: ESI contributed 509,000.{, foreign support was AS 21,000.{.
In 2000: ESI AS 6,000.{.
In 2001: ESI contributed AS 194,122.{, foreign support AS 5.000.{.
Altogether: ESI contributed AS 709,000.{, foreign support was AS 21,000.{.
15 ESI-preprints: 1999: [659], [675], [684], 2000: [843], [844], 2001: [1113] 2002: [1143],

[1144], [1145], [1146], [1147], [1148], [1151], [1152], [1153], [1269].

Quan tum Measuremen t and Information. Continuation of a program organizedby Anton
Zeilinger (Wien), Arth ur Eckert (Oxford), Peter Zoller (Innsbruck), Sept. - Dec. 2000. No
ESI contribuation. 8 ESI-preprints: [981], [988], [1006], [1019], [1035], [1036], [1041], [1080],
Altogether: ESI contributed AS 990,000.{, foreign support wasAS 200,000.{. 16 ESI-preprints.

Functional Analysis. Continuation of a program from 1999. Organizedby JamesB. Cooper,
Paul F.X. MÄuller, Michael SchmuckenschlÄager, and Charles Stegall. ESI contributed 16,154.{.
9 ESI-preprints: [1005], [1007], [1008], [1012], [1013], [1014], [1020], [1031], [1060]. Alltogether,
in 3 years: AS 1,017,154.{ from ESI, foreign support AS 770,500.{, 52 ESI preprints.

Scattering Theory . Continuation of a program from 2001. Organized by VesselinPetkov,
Andr¶asVasy, and Maciej Zworski. ESI contributed AS 980,000.{,foreignsupport wasAS 208.000.{
8 ESI-preprints: [1040], [1044], [1048], [1052], [1067], [1068], [1073], [1091].

Random W alks. Continuation of a program from 2001. Organized Vadim Kaimanovich,
Klaus Schmidt and Wolfgang Woess ESI contributed AS 1,091,155.{, foreign support was
647,750.{. 37 ESI-preprints: [1002], [1003], [1004], [1009], [1010], [1016], [1021], [1022], [1034],
[1043], [1070], [1071], [1127], [1128], [1134] [1026], [1051], [1053], [1054], [1058], [1074], [1075],
[1077], [1083], [1085], [1093], [1098], [1101], [1125] [1167], [1168], [1169], [1170], [1171], [1172],
[1173], [1174].

Mathematical Cosmology . Continuation of a program from 2001. Organizers: P.C. Aichel-
burg, G.F.R. Ellis, V. Moncrief, J. Wainwright. ESI contributed AS 468.853{, foreign support
was AS 9,000.{. 11 ESI-preprints: [1057], [1117], [1119], [1120], [1122], [1123], [1136], [1137],
[1140], [1141], [1156].

Mathematical Asp ects of String Theory . Continuation of a program from 2001. Orga-
nized by Matthias Blau, Figuera O'Farril, Greens, Alb ert Schwarz, Helmuth Urbantke. No
visitors in 2001. ESI contributed AS 821,000.{, no foreign support. 18 ESI-preprints: [1087],
[1090], [1096], [1099], [1100], [1102], [1103], [1104], [1106], [1116], [1118], [1126], [1129], [1162],
[1193], [1194], [1195], [1220].

SENIOR FELLO WS and GUESTS via Director's shares

Yurii A. Neretin. January 1 { February 28, 2002. ESI contribution E 9.574,-. ESI preprints
[1124], [1130], [1165], [1262].

Iv an Todoro v. ESI contribution E 10.000,-. ESI preprints: [1131], [1132], [1155], [1242],
[1243].

In vited Scien tists: Bo jko Bakalov, Ludmil Hadjiiv anov, Nik olay Mito v Nik olov.
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Shrikrishna G. Dani. ESI contribution E 10.000,-. ESI-preprints: [1050], [1182], [1191].
In vited Scien tists: Yv es Guiv arch, Mic hael McCrudden.

Anatoli Vershik. ESI contribution E 6.000,-. [1234], [1254].
In vited Scien tists: Anna Erschler, Alexandre Gorb oulski.

He also gave one of the ESI Senior Researc h Fello ws Adv anced Graduate Lectures
Series which were supported by the University of Vienna, on Measure theoretic construc-
tions and their applications in ergo dic theory , asymptotics, combinatorics, and
geometry , on Mondays, 15.30-17.30ESI lecture hall October 28, 2002- November 2002.

Ark adi Onishc hik. ESI contribution E 7.500,-. ESI preprint: [1253].
In vited Scien tists: Mikhail Bashkin, Vladimir Gorbatsevic h.

He also gave one of the ESI Senior Researc h Fello ws Adv anced Graduate Lectures
Series which were supported by the University of Vienna, on Real Forms and Represen-
tations , on Tuesdays, 15.30-17.00,ESI lecture hall October 8, 2002 - December 20, 2002. 12
students and faculty were present during the lecture. The lecture will be published as ESI
Lecture Notes.

Con ten t:
1. Complexi¯cation and real forms of Lie algebras. Real structures (antiin volutions). Conjugate complex

Lie algebras. The casesof semisimple and simple Lie algebras. (Short review)
2. Complex semisimple Lie algebras. Root space decomposition, simple roots, the Weyl group, Weyl cham-

bers. The normal and the compact real forms. The Weyl involution. (Short review)
3. Hermitian geometry in a complex semisimple Lie algebra. Correspondence between real structures and

involutiv e automorphisms.
4. Automorphisms of complex semisimple Lie algebras. The semidirect decomposition of the automorphism

group. The canonical presentation of an involutiv e automorphism. The principal 3-dimensional subalgebra and
the Weyl involution.

5. The Cartan decomposition. Maximal compact subgroups of real semisimple Lie groups, the conjugacy
theorem.

6. The correspondence of real forms under a homomorphism of complex semisimple Lie algebras. A theorem
of Karp elevich.

7. Representations of complex semisimple Lie algebras (short review). Inclusion between real forms, the
index. Bilinear invariants of complex representations.

8. Representations of real semisimple Lie algebras. Conjugate representations. Classi¯cation of real and
quaternionic representations.

Guests of Jak ob Yngv ason. ESI shareE 27.747,85,foreign support E 1.125,-. Seethe report
on the program `Quantum ¯eld theory on curved spacetime' above.

In vited Scien tists: Dmitri Vasilevich, Hans-JÄurgen Borchers, Elliott Lieb, Luiz Alb erto Manzoni, Bert

Schroer.

Guests of Klaus Schmidt. ESI shareE 18.665,59,foreign support E 139.550,-.ESI-preprints:
[1125], [1127], [1128], [1134], [1203], [1216], [1256], [1259], [1263], [1264], [1272].

In vited Scien tists: Siddhartha Bhattac harya, Geon Ho Choe, Moshe, Eli Glasner, Vadim Kaimano vich,

Robert Langlands, David Masser, Byoung Ki Seo.

Guests of Peter Mic hor. ESI share E 3.650,-, foreign support E 33.750,-. ESI-preprints:
[1138], [1139], [1154], [1166], [1200], [1214], [1225], [1235].

In vited Scien tists: Dmitri Alekseevsky, Marc Burger, Krzysztof Galicki, Boris Khesin, Jacques Laskar,

Mark V. Losik, D¶enesPetz, Markus P°aum, Andrei Prasolov, Armin Rainer, Shoji Yokura.

Guests of F. Haslinger. ESI-preprints: [1175], [1206], [1210], [1273].

Guests of A. Cap. ESI shareE 1.725,-,foreign support E 150,-. ESI-preprints: [1177],[1178].
In vited Scien tists: Rod A. Gover, Jan Slov¶ak, Vladimir Sou·cek.

Guests of Th. Hofmann-Ostenhof. ESI-preprints: [1142], [1238], [1240], [1241]

Guests of W. Kummer. ESI-preprints: [1159].
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List of Preprin ts in 2002

We try to keeptrack of the bibliographical data of the published versionsof the preprints {
this is very incomplete and we are trying to update it. The most complete list can always be
found on the ESI server http://www.esi.ac.at/ESI-Preprints.html .

1116. Alb ert Schwarz, Gauge Theories on Noncommutative Euclidean Spaces (2002), 9 pp..
1117. Piotr Bizo¶n, Arth ur Wasserman, On the Existence of Self{Similar Spherical ly Symmetric Wave Maps

Coupled to Gravity (2002), 15 pp..
1118. Matthias Blau, Jos¶e Figueroa-O'F arrill, Christopher Hull, George Papadopoulos, Penrose Limits and

Maximal Supersymmetry (2002), 12 pp..
1119. Marco Bruni, Cristiano Germani, Roy Maartens, Gravitational Col lapse on the Br ane (2002), 5 pp..
1120. Marco Bruni, Filip e C. Mena, Reza Tavakol, Cosmic No{Hair: Non{Line ar Asymptotic Stability of de

Sitter Universe , Classical Quantum Gravit y, 5 pp. (to appear).
1121. Volker Bach, Fr¶ed¶eric Klopp, Herib ert Zenk, Mathematic al Analysis of the Photoelectric E®ect (2002), 39

pp..
1122. Christiane Lechner, Jonathan Thorn burg, Sascha Husa, Peter C. Aic helburg, A New Transition between

Discr ete and Continuous Self{Similarity in Critic al Gravitational Col lapse (2002), 4 pp..
1123. Greg Huey, Reza Tavakol, Robustness of the Quintessence Scenario in Particle Cosmologies, Phys. Rev.

D, 28 pp. (to appear).
1124. Yu.A. Neretin, Action of Overalgebra in Plancherel Decomposition and Shift Operators in Imaginary

Dir ection (2002), 11 pp..
1125. B. KrÄon, Growth of Self{Similar Graphs (2002), 14 pp..
1126. Yoshihisa Kitaza wa, Vertex Operators in IIB Matrix Model (2002), 21 pp..
1127. Siddhartha Bhattac harya, Klaus Schmidt, Homoclinic Points and Isomorphism Rigidity of Algebraic

Zd {A ctions on Zero{Dimensional Compact Abelian Groups (2002), 16 pp..
1128. Siddhartha Bhattac harya, Higher Order Mixing and Rigidity of Algebraic Actions on Compact Abelian

Groups (2002), 12 pp..
1129. Ilk a Agricola, Connections on Natur al ly Reductive Spaces, their Dir ac Operator and Homogeneous Models

in String Theory (2002), 25 pp..
1130. Yurii A. Neretin, A Construction of Finite{Dimensional Faithful Representation of Lie Algebra (2002),

2 pp..
1131. Dimitry Leites, On Unconventional Inte grations and Cross Ratio on Supermanifolds (2002), 9 pp..
1132. Dimitry Leites, The Riemann Tensor for Nonholonomic Manifolds (2002), 8 pp..
1133. Nik olai L. Gordeev, Vladimir L. Popov, Automorphism Groups of Finite Dimensional Simple Algebras,

Ann. of Math., 22 pp. (to appear).
1134. Klaus Schmidt, Dispersing Cocycles and Mixing Flows Under Functions , Fund. Math. 173 (2002), 191{

199.
1135. Martin Bo jowald, Thomas Strobl, Poisson Geometry in Constr ained Systems (2002), 41 pp..
1136. Lars Andersson, Vincen t Moncrief, El liptic{hyp erbolic systems and the Einstein equations (2002), 30 pp..
1137. G.F.R. Ellis, P. McEw an, W. Stoeger, P. Dunsby, Causality in In°ationary Universes with Positive

Spatial Curvatur e (2002), 14 pp..
1138. Roland Berger, Mic hel Dub ois-Violette, Marc Wambst, Homogeneous Algebras (2002), 24 pp..
1139. Andreas Kriegl, Mark Losik, Peter W. Mic hor, Tensor Fields and Connections on Holomorphic Orbit

Spaces of Finite Groups (2002), 15 pp..
1140. G. Ellis, Dynamic al Properties of Space of Space{Times (2002), 11 pp..
1141. G.F.R. Ellis, W. Stoeger, P. McEw an, P. Dunsby, Dynamics of In°ationary Universes with Positive

Spatial Curvatur e (2002), 9 pp..
1142. S. Fournais, M. Ho®mann-Ostenhof, T. Ho®mann-Ostenhof, T. Âstergaard S¿rensen, On the Regularity

of the Density of Electronic Wavefunctions , Contemp. Math., 7 pp. (to appear).
1143. Giovanni Gallavotti, Fabio Perroni, An Experimental Test of the Local Fluctuation Theorem in Chains

of Weakly Inter acting Anosov Systems (2002), 15 pp..
1144. Giovanni Gallavotti, Large Deviations, Fluctuation Theorem and Onsager{Machlup Theory in Nonequi-

librium Statistic al Mechanics, withdra wn by the author, Not available via anonymous FTP.
1145. Christian Maes, Evgeny Verbitskiy , Large Deviations and a Fluctuation Symmetry for Chaotic Homeo-

morphisms (2002), 14 pp..
1146. Christian Maes, Karel Neto·cn¶y, Time{R eversal and Entr opy (2002), 38 pp..
1147. E.G.D. Cohen, L. Rondoni, Particles, Maps and Irr eversible Thermo dynamics , Phys. A, 20 pp. (to ap-

pear).
1148. L. Rondoni, G.P. Morriss, On the Observability of Large Fluctuations (2002), 22 pp..
1149. Elliott H. Lieb, Jakob Yngv ason, The Mathematic al Structur e of the Second Law of Thermo dynamics

(2002), 35 pp..
1150. S.G. Dani, Some Two{Step and Thr ee{Step Nilp otent Lie Groups with Small Automorphism Groups

(2002), 14 pp..
1151. L. Rondoni, E.G.D. Cohen, On some Derivations of Irr eversible Thermo dynamics from Dynamic al Sys-

tems Theory (2002), 24 pp..
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1152. Mic hael PrÄahofer, Herbert Spohn, Scale Invarianc e of the PNG Dr oplet and the Airy Process (2002), 29
pp..

1153. Mic hael PrÄahofer, Herbert Spohn, Curr ent Fluctuations for the Total ly Asymmetric Simple Exclusion
Process (2002), 19 pp..

1154. A. Kriegl, P.W. Mic hor, Di®erentiable Perturb ation of Unbounded Operators (2002), 6 pp..
1155. N.M Nik olov, I.T. Todorov, Conformal Quantum Field Theory in Two and Four Dimensions (2002), 30

pp..
1156. Hans RingstrÄom, On Gowdy vacuum spacetimes (2002), 27 pp..
1157. E.H. Lieb, R. Seiringer, J.P. Solovej, J. Yngv ason, The Ground State of the Bose Gas (2002), 54 pp..
1158. V. Hutson, K. Mischaikow, P. Pol¶a·cik, The Evolution of Dispersal Rates in a Heterogeneous Time-Perio dic

Envir onment (2002), 45 pp..
1159. Mic hael Bordag, Alfred Schar® Goldhab er, Peter van Nieuwenhuizen, Dmitri Vassilevich, Heat Kernels

and Zeta-Function Regularization for the Mass of the Susy Kink (2002), 20 pp..
1160. A. Schinzel, A Property of Polynomials with an Applic ation to Siegel's Lemma, Monatsh. Math. 137

(2002), 239{251.
1161. E. Mansta vi ·cius, Models of Stochastic Processesvia Random Permutations (2002), 14 pp..
1162. Florin Belgun, Andrei Moroian u, Uwe Semmelmann, Symmetries of Contact Metric Manifolds (2002), 14

pp..
1163. Elliott H. Lieb, Robert Seiringer, Jakob Yngv ason, Poinc ar¶e Inequalities in Punctur ed Domains (2002),

11 pp..
1164. Elliott H. Lieb, Robert Seiringer, Jakob Yngv ason, Super°uidity in Dilute Trapped Bose Gases (2002), 6

pp..
1165. Yu.A. Neretin, Beta{Inte grals and Finite Ortho gonal Systems of Wilson Polynomials (2002), 18 pp..
1166. Mark Losik, Peter W. Mic hor, Vladimir L. Popov, Invariant Tensor Fields and Orbit Varieties for Finite

Algebraic Transformation Groups (2002), 27 pp..
1167. Laurent Bartholdi, Rostislav Grigorc huk, Volodymyr Nekrashevych, From Fractal Groups to Fractal Sets

(2002), 94 pp..
1168. Thierry Coulhon, Alexander Grigor'y an, Pointwise Estimates for Transition Probabilities of Random

Walks on In¯nite Graphs (2002), 16 pp..
1169. Vadim A. Kaimano vich, Random Walks on Sierpi ¶nski Graphs: Hyperbolicity and Stochastic Homogeniza-

tion (2002), 39 pp..
1170. Andrzej Lasota, J¶ozef Myjak, Fractals, Multifunctions and Markov Operators (2002), 14 pp..
1171. Mic hel Mendµes France, Ahmed Sebbar, In¯nite Chains of Springs and Masses (2002), 13 pp..
1172. Volker Metz, Self{Similar Fractals and Self{Similar Energies (2002), 16 pp..
1173. Klaus Scheicher, JÄorg M. Th uswaldner, Neighbours of Self{A±ne Tiles in Lattic e Tilings (2002), 22 pp..
1174. Elmar Teu°, On the Hausdor® Dimension of the Sierpi ¶nski Gasket with respect to the Harmonic Metric

(2002), 7 pp..
1175. Friedric h Haslinger, SchrÄodinger Operators with Magnetic Fields and the Canonic al Solution Operator to

@. (2002), 5 pp..
1176. Mic hael Blank, Ergodic Properties of a Simple Deterministic Tra±c Flow Model Re(al)visite d (2002), 20

pp..
1177. Andreas ·Cap, A. Rod Gover, Standard Tractors and the Conformal Ambient Metric Construction (2002),

26 pp..
1178. A. Rod Gover, Lawrence J. Peterson, Conformal ly Invariant Powers of the Laplacian, Q{Curvatur e, and

Tractor Calculus, Comm. Math. Phys., 42 pp. (to appear).
1179. Mic hel Bauer, Denis Bernard, SLE · Growth Processesand Conformal Field Theories (2002), 6 pp..
1180. Mic hel Bauer, Denis Bernard, Maximal Entr opy Random Networks with Given Degree Distribution (2002),

22 pp..
1181. An tonio Celani, Massimo Cencini, Andrea Mazzino, Massimo Vergassola, Active vs Passive Scalar Tur-

bulence (2002), 5 pp..
1182. S.G. Dani, Klaus Schmidt, A±nely In¯nitely Divisible Distributions and the Embedding Problem (2002),

14 pp..
1183. Romeo Brunetti, Klaus Fredenhagen, Remarks on Time{Ener gy Uncertainty Relations (2002), 9 pp..
1184. Christian Mauduit, JoÄel Rivat, Andr¶as S¶arkÄozy, Construction of Pseudorandom Binary Sequences using

Additive Characters (2002), 12 pp..
1185. Bert Schroer, Lightfr ont Holography and Area Density of Entr opy Associated with Quantum Localization

on a Wedge{Horizon (2002), 25 pp..
1186. Lucio Fassarella, Bert Schroer, Wigner Particle Theory and Local Quantum Physics (2002), 54 pp..
1187. Fr¶ed¶erique Bassino, Helmut Pro dinger, (q,±){Numer ation Systems with Missing Digits (2002), 11 pp..
1188. Ko Honda, William H. Kazez, Gordana Mati ¶c, On the Gabai{Eliashb erg{Thurston Theorem (2002), 10
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- 22.11.2002, MTK;
Rydh Samuel, KTH, Royal Institute of Technology; 01.10.2002 - 31.10.2002, MTK;
Sahlmann Hanno, Max Plnack Institut f¶ur Gravitationsph ysik; 29.07.2002 - 19.08.2002, FWY;
Sa'rkÄozy Andr¶as, EÄotrÄs Lor¶and Univ ersity, Departmen t of Algebra and Number Theory; 06.07.2002- 18.07.2002,

TIG;
Schlesinger Karl-Georg, Univ ersitÄat Wuppertal, FB Mathematik; 20.09.2002 - 04.10.2002, MTK; 10.11.2002 -

23.10.2002, MTK;
Schlichenmaier Martin, Univ ersitÄat Mannheim, Mathematik; 24.09.2002 - 06.10.2002, MTK;
Schmeling JÄorg, Lunds Univ ersitÄat, LTH; 06.07.2002 - 19.07.2002, TIG;
Schlickewei Hans Peter, Philipps-Univ ersitÄat, Fachbereich Mathematik und Informatik ; 26.02.2002- 24.03.2002,

TIG; 19.04.2002 - 22.04.2002, TIG;
SchmÄudgen Konrad, Univ ersitÄat Leipzig, Mathematisc hes Institut; 17.09.2002 - 30.09.2002, MTK;
Schrader Robert, Freie Univ ersitÄat Berlin, Institut fÄur Theoretisc he Physik; 29.07.2002 - 02.08.2002, LIEB;
Schroer Bert, CBPF Rio de Janeiro; 28.06.2002 - 12.07.2002, YNG;
SchÄucker Thomas, Centre de Physique Theorique ; 11.11.2002 - 23.11.2002, MTK;
Schwarz Alb ert, Univ ersity of California at Davis; 07.09.2002 - 25.09.2002, MTK;
Schweitzer Paul A., Ponti¯cia Univ ersidade Catolica do Rio de Janeiro, Depto. de Matematica; 29.07.2002 -

10.08.2002, RGK;
Seiler Erhard, Max-Planc k-Institut fÄur Physik; 28.07.2002 - 31.07.2002, LIEB;
Seiler Ruedi, Technische Univ ersitÄat Berlin; 29.07.2002 - 03.08.2002, LIEB;
Seo Byoung Ki, Korea Adv anced Institute of Science and Technology, Departmen t of Mathematics; 12.07.2002

- 31.07.2002, SCH;
·Severa Pavol, Comenius Univ ersity, Facult y of Mathematics and Physics, Departmen t of Theoretical Physics;
22.10.2002 - 31.10.2002, MTK;
Shnider Steven, Bar Ilan Univ ersity; 27.08.2002 - 13.09.2002, MTK;
Shnirelman Alexander, Tel Aviv Univ ersity, School of Mathematics; 22.06.2002 - 30.06.2002, KGV;
Sidorov Nikita, Univ ersity of Manchester , UMIST, Institute of Scienceand Technology; 16.06.2002- 06.07.2002,

TIG;
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Sigal Israel Mic hael, Univ ersity of Toronto, Dept. of Mathematics; 29.07.2002 - 31.07.2002, LIEB;
Sinai Yakov, Laudon Institute, of Theoretical Physics; 26.05.2002 - 03.06.2002, KGV; 30.07.2002 - 05.08.2002,

LIEB;
Slov¶ak Jan, Masaryk Univ ersity, Departmen t of Algebra and Geometry; 01.03.2002- 01.03.2002,CAP; 02.08.2002

- 02.06.2002, CAP;
Smorodinsky Meir, Tel Aviv Univ ersity; 19.06.2002 - 01.07.2002, KGV;
Sobolevskiy Andrey , Moscow State Univ ersity, Physics Departmen t, Quantum Statsitics and Field Theory Di-

vision; 24.05.2002 - 07.06.2002, KGV;
Solomyak Boris, Univ ersity of Washington, Departmen t of Mathematics; 26.06.2002- 30.06.2002,TIG; 01.07.2002

- 08.07.2002, TIG;
Somberg Petr, Charles Univ ersity, Institute of Mathematic, ; 27.08.2002 - 13.09.2002, MTK;
Dragomir Sorin, Univ ersita della Basilicata, Dipartimen to di Matematica; 03.11.2002 - 10.11.2002, RGK;
Sou·cek Vladimir, Charles Univ ersity, Facult y of Mathematics and Physics, Mathematical Institute; 25.02.2002

- 26.02.2002, CAP; 11.03.2002 - 12.03.2002, CAP; 26.03.2002 - 27.03.2002, CAP;
Spitzer Wolfgang, UC Davis ; 30.07.2002 - 02.08.2002, LIEB;
Spohn Herbert, TU M Äunchen; 27.07.2002 - 02.08.2002, LIEB;
Stashe®James, Univ ersity of North Carolina; 28.08.2002 - 13.09.2002, MTK;
Steinacker Harold, Ludwig-Maximiliansuniv ersitÄat M Äunchen, Institut f. Theoretisc he Physik; 24.09.2002 -

04.10.2002, MTK;
Steinberg Victor, Weizmann Institute of Science, Departmen t of Physics of Complex Systems; 10.06.2002 -

24.06.2002, KGV;
Sternheimer Daniel, Univ ersit¶e de Bourgogne, CNRS at Physique Math ¶ematique; 27.07.2002- 02.08.2002, LIEB;
Strohmaier Thomas, Univ ersitÄat Bonn, Mathematisc hes Institut; 05.11.2002 - 11.11.2002, MTK;
Stuhler Ulric h, Univ ersitÄat GÄottingen, Mathematisc hes Institut; 28.01.2002 - 02.02.2002, JS;
Sz¶asz Domokos, Hungarian Academy of Sciences,Institute of Mathematics; 28.07.2002 - 01.08.2002, LIEB;
SzenesAndras, BME Institute of Mathematics, Departmen t of Geometry; 18.11.2002 - 23.11.2002, RGK;
Terzic' Svjetlana, Univ ersity of Montenegro, Facult y for Science; 21.09.2002 - 27.09.2002, RGK;
Theisen Stefan, Alb ert-Einstein-Institut; 10.11.2002 - 16.11.2002, MTK;
Thiemann Thomas, Alb ert-Einstein-Institut; 29.07.2002 - 17.08.2002, FWY;
Tilouine Jacques, Unviersit ¶e Paris 13, Institut Galil ¶ee; 28.01.2002 - 02.02.2002, JS;
Todorov Ivan, Bulgarian Academy of Sciences, Institute for Nuclear Research and Nuclear Energy; 01.03.2002

- 16.04.2002, SF; 26.08.2002 - 15.09.2002, MTK; 04.11.2002 - 31.12.2002, SF;
Tria Francesca, Univ ersita "F ederico I I", Dipartimen to di Scienze Fisiche; 16.12.2002 - 22.12.2002, BBB;
Tsub oi Takashi, Univ ersity of Tokyo; 31.07.2002 - 10.08.2002, RGK;
Turelli Mic hael, Univ ersity of California, Section of Evolution and Ecology; 11.12.2002 - 25.12.2002, BBB;
Ueltschi Daniel, UC Davis; 27.07.2002 - 2.08.2002, LIEB;
Unruh William G., Univ ersity of British Colum bia, Departmen t of Physics; 16.07.2002 - 15.08.2002, FWY;
Urib e Bernardo, Max Planck Institut; 24.10.2002 - 31.10.2002, MTK;
Urban Eric, LA GA, Univ erist¶e Paris-Nord; 28.01.2002 - 03.02.2002, JS;
Vaisman Izu, Univ ersity of Haifa, Departmen t of Mathematics; 01.10.2002 - 10.10.2002, RGK;
van der Poorten Alfred, Macquarie Univ ersity, Center for Number Theory Research; 17.03.2002 - 24.03.2002,

TIG; 09.04.2002 - 12.04.2002, TIG;
Vanden Eijnden Eric, Courant Institute , of Mathematical Sciences;26.05.2002 - 31.05.2002, KGV;
Vassilicos John Christos, Imp erial College; 26.05.2002 - 02.06.2002, KGV;
Verch Rainer, Univ ersitÄat GÄottingen, Institut fÄur Theoretisc he Physik; 09.07.2002 - 27.07.2002, FWY;
Vergassola Massimo, CNRS; 09.06.2002 - 14.07.2002, KGV;
Vershik Anatoly , Mathematical Institute of Russian Academy of Sciences;15.10.2002 - 25.12.2002, SF;
Villermaux Emmanuel, IRPHE, Univ ersite de Provence; 05.07.2002 - 14.07.2002, KGV;
Vincenzi Dario, Observatoire de la Cote d'Azur ; 01.07.2002 - 10.07.2002, KGV;
Vogel Thomas, Univ ersitÄat M Äunchen, Mathematisc hes Institut; 21.10.2002 - 26.10.2002, RGK;
Vogt Elmar, Freie Univ ersitÄat Berlin, 2. Math. Institut; 31.07.2002 - 10.08.2002, RGK;
Vulpiani Angelo, Univ ersity of Rome, Departmen t of Physics; 01.07.2002 - 13.07.2002, KGV;
Wagner GÄunter, Yale Univ ersity, Departmen t of Ecology and Evolutionary Biology ; 10.12.2002 - 18.12.2002,

BBB;
Wakolbinger An ton, Univ ersitÄat Frankfurt, FB Mathematik; 16.12.2002 - 24.12.2002, BBB;
Walczak Pawel, Univ ersity of Lodz, Facult y of Mathematics ; 22.07.2002 - 17.08.2002, RGK;
Wald Robert, Univ ersity of Chicago, Enrico Fermi Insitute; 04.07.2002 - 23.08.2002, FWY;
Waldram Daniel, Queen Mary Univ ersity of London; 18.11.2002 - 22.11.2002, RGK;
Waldschmidt Mic hel, Univ ersit¶e M. Curie, Institut de Math ¶ematiques; 07.07.2002 - 20.07.2002, TIG;
Warzel Simone, Univ ersitÄat Erlangen, Institut fÄur Theoretisc he Physik; 28.07.2002 - 02.08.2002, LIEB;
Wehr Jan, Univ ersity of Arizona; 27.05.2002 - 20.06.2002, KGV;
Weinan E, Princeton Univ ersity; 29.05.2002 - 04.06.2002, KGV;
Weinzierl Stefan, Dipartimen to di ¯sica; 26.08.2002 - 05.09.2002, MTK;
Weselmann Uwe, Univ ersitÄat Heidelb erg, Mathematisc hes Institut; 28.01.2002 - 03.02.2002, JS;
Wiegmann Paul B., Univ ersity of Chicago, Dept. of Physics; 28.10.2002 - 07.11.2002, MTK;
Wohlgenannt Mic hael, Univ ersiÄat M Äunchen, Institut fÄur Theoretisc he Physik; 03.11.2002 - 07.11.2002, MTK;
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Wolak Robert, Uniw ersytet Yagiellonski, Inst ytut Matemat yka; 04.08.2002 - 18.08.2002, RGK; 08.10.2002 -
23.10.2002, RGK;

Wulkenhaar Raimar, Max-Planc k-Institute for Mathematics in the, Sciences;16.09.2002 - 27.09.2002, MTK;
W Äustholz Gisbert, ETH ZÄurich; 25.02.2002 - 05.05.2002, TIG; 26.08.2002 - 15.09.2002, SCH;
Yajima Kenji, Univ ersity of Tokyo, Departmen t of Mathematical Sciences;27.07.2002 - 03.08.2002, LIEB;
Yakir Benjamin, The Hebrew Univ ersity at Jerusalem, Departmen t of Statistics ; 29.01.2002 - 06.02.2002, BBB;
Yau Horng-Tzer, New York Univ ersity, Courant Institute; 28.07.2002 - 01.08.2002, LIEB;
Yokura Shoji, Univ ersity of Kagoshima, Facult y of Science, Dept. of Mathematics and Computer Science;

24.07.2002 - 27.08.2002, MI;
Yoshida Minoru W., The Univ ersity of Electro.-Comm un. Systems Engineering; 29.07.2002 - 01.08.2002, LIEB;
Zambrini Jean-Claude, GFM (Group of Math. Physics); 28.07.2002 - 01.08.2002, LIEB;
Zakharov Vladimir, Univ ersity of Arizona , Landau Institute for Theoretical Physics; 01.07.2002 - 16.07.2002,

KGV;
Zarembo Konstan tin, Departmen t of Theor. Physics, Uppsala Univ ersity; 31.10.2002 - 08.11.2002, MTK;
ZaÄhle Iljana, Univ ersitÄat Erlangen; 16.12.2002 - 20.12.2002, BBB;
Zeidler Eberhard, Max-Planc k-Institut for Mathematics, in the Sciences;28.07.2002 - 02.08.2002, LIEB;
Zenk Herib ert, Univ ersitÄat Wien, Institut fÄur Theoretisc he Physik; 28.07.2002 - 02.08.2002, LIEB;
Zhang Ruibin, Univ ersity of Sydney, School of Mathematics and Statistics; 28.10.2002 - 03.11.2002, MTK;

Activities in electronic information and comm unication

by Peter W. Michor
Report on the Activities of the Committee on Electronic Information and Communication

(CEIC) of the International Mathematical Union in the year 2002.

Fifth Meeting of the CEIC.. The Fifth Meeting of the CEIC washeld at the Morris J. Wosk
Centre for Dialogue, Simon Fraser University, Vancouver, February 15{17, 2002. A report on
the meeting is included in the report on the 4 year term of the CEIC in the IMU-Bulletin 48
(June 2002), pages70{80.

Membership and Participation Peter Michor (Austria), Jonathan Borwein (Canada), John
Ewing (USA), Martin GrÄotschel (Germany), Wilfrid Hodges (UK), David Morrison (USA),
Kapil Paranjape (India), Alf van der Poorten (Australia), Alexei Zhizhchenko (Russia). By
invitation: Laurent Guillop e (France), Patrick Ion (USA), Alejandro Jo®re(Chile), Greg Ku-
perberg (USA). Did not attend: Jonas Gomes (Brazil), Qing Zhou (China). A number of
Canadian visitors attended all but the last sessionof the meeting.

The CEIC met on Friday, February 15 (commencingat 10:00)and through Sunday, February
17. Saturday, February 16, consistedof a CEIC Workshop \Managing digital information in
mathematics: From journals to the grey literature".

The meeting concluded with a frighteningly expensive dinner, on the evening of February
17, at which members ate heartily and plotted the future of the Committee.

General discussionof the future of CEIC. One of the main aims of the next CEIC should be
foster further international cooperation between the main international players: arXiv, Math-
Net, MPRESS, EMIS, Mathematical Societies active in publishing. In particular CEIC should
be a meeting ground for the most active personsin non-commercial(and commercial) electronic
publishing, including and concentrating on preprint servers.

Recommendations. In accordancewith its remit, CEIC spent a substantial part of the meet-
ing discussinga list of recommendationson best practice in the ¯eld of electronic information
and communications and immediately related issues.Recommendationswill have reached ¯nal
draft form for the next meeting of the EC, for its eventual endorsement.
- The issueof versioning of archived articles.
- Archiving articles and on otherwise making them available on the web.
- Bundling and related behavior of journal publishers.
- Recommendationsspeci¯c to developing countries

The World Digital Mathematical Library. Somehalf dozencentres in various countries now
have projects to scan the existing mathematical literature thus making it available in digital
form (retro digitisation). This current development is of great importance for mathematics
and warrants the attention of the IMU. The value of these e®orts will be much enhancedif
they are truly international and if there is someoverall co-ordination (inter alia to minimise
duplication and to identify best practice) and facilitation. CEIC urges the IMU to accept a
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central role in the co-ordination and facilitation of the World Digital Mathematical Library
project. Presuming that the issueis deemedwithin the terms of its mandate, CEIC o®ersthe
expertise and experienceof its members to act on behalf of the IMU.

Mathematical Copyright
The Committee noted that the IMU/CEIC statement preparedby Wilfrid Hodges,and links

pointing to it, is almost the only web item on mathematical copyright and general copyright
guidelines. Nonetheless,there are related matters of interest to mathematicians on the web.
It was therefore agreed that the CEIC website be enhancedand updated by preparing brief
summariesof and links to such items. AlfvdP agreedto take eventual responsibilit y for these
matters.

Accessfor third world countries Principal centres have problemssimilar to thoseexperienced
in the west. More generally, however, infrastructural de¯ciencies are commonplace. These
may include basicconnectivity problemsbecauseof an unreliable telephonesystem, inadequate
capacity servers, low local bandwidth (so that North American and European sites may be
more readily available than are local mirrors); thus archival accessis problematic. It is typical
for many scientists to have accessonly to the one machine for their common use. Certainly,
anecdotal remarks tell of of scientists obtaining more convenient accessfrom internet cafesthan
from departmental machines. Naturally , there is real con°ict between the desire and need to
usecommoncomputers for apparently `non-mathematical' activit y (e-mail and web access)and
their useas a research technical tool.

Math-Net Martin GrÄotschel reported on recent developments which are to culminate with
a press releaseto be issuedafter the EC meeting of April 12 announcing that the Math-Net
pagemaker for homepagesof Institutes, Departments, and Centres is now available.

The CEIC agreedthat it is now appropriate to proceedwith work on a similar Math-Net
personal homepageand asked each committee member to overseethe making of several insti-
tutional homepagesbefore the announcement in April.

Final CEIC closed working session
Acting on an e-mailed requestof David Mumford, the CEIC rediscussedthe Budapest Open

AccessInitiativ e (BOAI) (http://www.soros.org/openaccess ) noting that parts of the BOAI
of course coincide with advice and recommendationsof the CEIC, but more particularly re-
marking that its more impassioneddemandsare less than totally realistic. Jon Borwein was
deputed by the Committee brie°y to detail these issuesto David Mumford.

In reconsidering its recommendation that mathematicians be encouragedto scan their old
(pre-TEX) papers, and to place them on the web, the CEIC agreed to collect a variety of
personal descriptions and discussionsof how such a project had been completed and to make
stories available on the CEIC pages.

It was reported that agreements had been made to have the ICM proceedingsavailable as
arXiv overlay.

Presen tation to the General Assem bly. The general assembly of the IMU (Shanghai,
August 17 and 18, 2002) received a report by Martin GrÄotschel, IMU EC representativ e, Peter
Michor, Chair of the CEIC, and Alf van der Poorten, on the activities of the CEIC during the
past four years.

The presentation included a brief review of mathematics on the Web, an intro duction to
Math-Net and the importance of Math-Net Pagesfor mathematical institutes and departments,
a preview of standardized personalpagesfor mathematical researchers, an outline of the "Best
Current Practices Recommendations" on electronic publishing including a review of mathe-
matical preprint servers, a call to all mathematicians to make their publications electronically
available, an explanation of CEIC's copyright recommendations,and an outline of plans for a
Digital Mathematics Library .

CEIC Recommendations.The Committee prepareda booklet collecting CEIC's current rec-
ommendationson various aspects of electronic information and communication. Those recom-
mendations had beendrafted by CEIC members and were ¯nalized in open discussionsduring
CEIC's 1998{2002term. They were variously endorsedby the IMU Executive Committee and
by the ShanghaiGeneral Assembly.

The booklet was distributed at the GA in printed form. It is electronically available at
CEIC's web site http://www.ceic.math.ca/filemgmt data/files/recommendations.pdf



ESI 47

Future of the CEIC. The CEIC was reviewed by the IMU EC at its meeting precedingthe
GA. The EC determined to re-establish the CEIC for a secondterm with revised terms of
reference(included below).

The following resolution (Resolution 6) summarizing the work of CEIC was adopted by the
General Assembly:

The GeneralAssembly of the IMU endorsesthe "Best Practices" document of its Committee
on Electronic Information and Communication (CEIC), also endorsedby the IMU Executive
Committee at its April 13, 2002,meeting. In particular the Assembly endorsesthe provisions
designedto ensureaccessby mathematicians of the developing world to current mathematical
literature: the posting of the articles on personalhomepagesand servers and the practice now
beginning with several publishers of making journal articles in electronic form freely accessible
¯v e yearsafter they have beenpublished, or even sooner. An important part of making mathe-
matical literature available is coming to agreement on common standards for digitization. The
Assembly commendsthe CEIC for its work on this matter and urges further e®orts in this
direction.

CEIC Activit y at the ICM, Beijing. Members of the CEIC held an informal lunch time
meeting to discussfurther plans of the Committee.

On Monday, August 26, CEIC organizedan afternoon specia session:New Aspects of Elec-
tronic Publishing.

The following talks were given: Jonathan Borwein: What is the CEIC? Roland Schwaenzl:
Where should you put your papers? Wilfrid Hodges:Should we give away our research? Martin
GrÄotschel: Can we make information more accessible?John Ewing: How long should publishers
own scholarship? Alf van der Poorten: Is refereeingnecessary?Panel discussion: What are
best practices and why should you care?

Satellite Meeting. Members of the CEIC participated in the satellite conference"Electronic
Information and Communication in Mathematics" at Tsinghua University in Beijing (August
29{31, 2002), and gave the following talks:

Peter Michor (keynote): Doing Mathematics in the years1949,1973,2003,2039. Jonathan
Borwein: The next four years. Wilfrid Hodges: Copyright in mathematical work. Alf van der
Poorten: The costs and bene¯ts of refereeing. Alexei B. Zhizhchenko: Electronic information
system in mathematics in Russia and participation of Russia in the Mathnet project. John
Ewing: Predicting the future.

The next meeting of CEIC is scheduled to be held in Berlin, May 24-25,2003.

New terms of reference. At its 70th sesion on August 16, 2002, in Shanghai the IMU
Executive Committe has reviewed the activities of its "Committee on Electronic Information
and Communication" (CEIC) and decided to re-establish CEIC for a secondterm with the
following revised terms of reference:

a) The CEIC is a standing committee of the Executive Committee (EC) of the IMU, reviewed
every four years by the EC at its meeting preceding that of the GA. Members are appointed
for four year terms by proceduressimilar to those for IMU Commissions.The EC appoints one
of its members to serve on the CEIC.

b) The CEIC may meet as necessaryin each four year period to review the development
of Electronic Information and Communication as it impacts the international mathematical
communit y, and is asked to submit an annual report to the EC.

c) The CEIC may organizeor sponsorinternational meetingsor forums to bring together rep-
resentativ es of all interested parties, including societies, publishers, libraries, researchers, and
sister disciplines. It may publish, electronically or on paper, and otherwise disseminatepro-
ceedings,reviewsof recent developments, and technical surveysfor the useof the mathematical
communit y.

d) The CEIC may suggest international standards (`best practice recommendations`) on
issuesrelated to electronic communication. Such recommendationsshould be reviewed by the
EC and, if approved, may be published and promoted in the name of the IMU.

e) The CEIC is expectedto continue its previous e®ortssuch asthe promotion and organiza-
tion of Math-Net and related activities that make mathematics related material electronically
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available. In carrying out its activities, CEIC is aked to continue soliciting the views of the
mathematical communit y through the CEIC and the Math-Net homepages.

The CEIC is asked to address,in its second4-year term, the following issueswith special
emphasis.

f ) The CEIC is requestedto enhanceits advisory role with the aim
- to make the issuesinvolved generally understood,
- to de¯ne the relevant needsof our discipline clearly,
- to shape the role the mathematical communit y needsto play, and
- to guide the practice of scholarly communication and publication.
g) The CEIC is asked to take an active part in any development of a Digital Mathematics

Library , to further addresscopyright and archiving issues,journal licensing models, and cost
models for journal production and acquisition.

h) The CEIC is requestedto draft a proposal, to be decidedupon by the EC in 2006,concern-
ing its future status. The proposal should include issuessuch as CEIC's institutionalization,
membership, long term ¯nancing, and sustainability of the various current CEIC e®orts and
activities.

The composition of CEIC for the next period is as follows:
Pierre Berard,
Jonathan Borwein, chair,
John Ewing,
Martin GrÄotschel, IMU-EC representativ e,
Alejandro Jo®re,
Peter Michor,
David Morrison,
Alf van der Poorten.
The following two personsare attached to CEIC with special emphasison the further devel-

opment of the World Digital Mathematical Library:
Rolf Jeltsch,
David Mumford.


