FINAL REPORT ON THE CONFERENCE
"BRANCHING DIFFUSIONS AND GAUSSIAN FREE FIELDS,
IN PHYSICS, PROBABILITY, AND NUMBER THEORY”
JUNE 10TH-14TH 2013, MARSEILLE (FRANCE)

1. SUMMARY

The conference was organized by Yan Fyodorov (Queen Mary and Westfield College,
London), Véronique Gayrard (Aix-Marseille University and CNRS), and Nicola Kistler
(Jean Morlet Chair 2013 / CIRM Luminy and Aix-Marseille University). It took place
on the Campus Saint-Charles in Marseille and brought together about 50 participants
working in a number of disparate fields. The scientific aspects of the conference, as
well as the assessment, are provided below. Additional information is available on the
conference website:

http://www.jean-morlet-2013.org /conference—general-informations.html

The meeting would have never taken place without the financial support of the Euro-
pean Science Foundation through the RGLIS-research network. We would thus like to
take this opportunity to express our sincere gratitude to ESF and the steering committee
of RGLIS. Many thanks also to the ESF staff for the smooth collaboration, and in par-
ticular to Mme Durant for her much appreciated flexibility when dealing with our requests.

London/Marseille, June 2013

Y. Fyodorov, V. Gayrard, and N. Kistler

2. DESCRIPTION OF THE SCIENTIFIC MEETING

The meeting brought together scholars working on fields as disparate as physics, prob-
ability and number theory, all sharing logarithmically correlated random variables as
common thread. It is in fact an exciting time for researchers working on these fields, as
new connections and important breakthroughs are appearing on a ”weekly basis”.

In particular we had contributions on the extremes of branching Brownian motions
(Arguin), 2-dim Gaussian free fields (Bramson, Ding, Louidor, Zeitouni), and more gen-
erally log-correlated random variables (Zindy). Maillard addressed in his talk the issue
of the convergence of the derivative martingale in the case of branching diffusions (with
or without selection), an object which plays a fundamental role in the analysis of (ap-
proximate) hierarchal models. Structures similar to those arising in the extremal process
of branching Brownian motion are believed to be universal: beside the case of the 2-dim
Gaussian free field, one further evidence supporting this claim comes from the topic of
nested conformal loops, a subject discussed by Aidékon; his talk suggested yet another

link, namely with Schramm-Loewner Equations and conformal field theory. Another field
1


http://www.jean-morlet-2013.org/conference---general-informations.html/

FINAL REPORT 2

where similar structures play an important role is that of Mandelbrot cascades, out of
which one can construct multi-fractal random measures which are supposed to play a
crucial role in the theory of 2-dim quantum gravity: a number of participants (Barral,
Kupiainen, Nikula, Webb) presented beautiful contributions on these subjects. The role
of the 2-dim Gaussian free field in the Liouville quantum gravity has been also addressed
(Duplantier), and results establishing the validity of the celebrated KPZ formula have
been presented. The KPZ formula was also the subject of Vargas’ talk, whereas Rhodes
explained the construction of Liouville Brownian motion.

Another topic addressed during the conference was that of Dynkin isomorphisms (Eisen-
baum, Rosen) and the issue of cover times of random walks on large graphs (Belius,
Comets, Lee): somewhat surprisingly, these fields are intimately related to the topic of
the conference through an important recent work showing deep connections with the be-
havior of the extremes of Gaussian free fields. One ingredient of the Dynkin isomorphisms
are the local times of random walks, which are of fundamental importance in the study
of self avoiding random walks: pertaining to this subject, Bolthausen presented recent
results leading to an invariance principle in large enough dimensions.

A comprehensive overview of the broad field of random matrices and directed polymers
was presented by Bouchaud.

Other participants showed most interesting applications of log-correlated random fields
in physics and mathematical finance (Muzy). Gaussian free fields also show up in the
study of the XOR-Ising model (de Tiliere). Very much in the spirit of disordered systems,
one may as well study the Gaussian free field pinned in a random media: this topic was
the subject of a talk by Coquille.

On the physics side, Derrida explained the role of hierarchal structures, and the emer-
gence of the Bolthausen-Sznitman coalescent in simple models of evolutions. Le Doussal
presented some general methods to address the question of the behavior of the extremes
of log-correlated random fields, and the role played by the so-called freezing transition, a
fundamental aspect of certain models in the 1-RSB class; a similarly intriguing behavior
was discussed by Rosso for the case of the Burgers equation. Ostrovsky highlighted some
steps towards the derivation of the limit lognormal law. Simm presented studies on frac-
tional Brownian motion with Hurst index H = 0, whereas Gruzberg explained the role of
multi-fractal measures in the problem of Anderson localization.

Finally, mesmerizing links between branching diffusions/log-correlated fields and num-
ber theory were presented by Bourgade and Keating.

3. ASSESSMENT

We believe the timing of the meeting could not have been any better. In particular,
the conference brought together scholars working in disparate fields which - thanks to the
spectacular ongoing research activity - are getting ”closer and closer”: the realization of
this fact was extremely appreciated by the participants, among the foremost researchers in
their own fields, who emphasized how much they enjoyed to see how (and to which extent)
certain mathematical structures encountered in their research show up in domains which
might look at first sight quite far apart. The beautiful talks provided by the lecturers
exposed the audience to a common background which is crystallizing at steady pace, and
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there are good reasons to believe that the ensuing insights will lead to fruitful interactions

in the years to come.

4. FINAL PROGRAM OF THE MEETING

4.1. Timetable.

Mon Tue Wed Thu Fri
0845 - 0930 | registration | breakfast breakfast breakfast breakfast
0930 - 1015 | Derrida Duplantier Lee Keating Maillard
1015 -1100 | Bramson Rhodes Belius Bourgade Coquille
1100 - 1130 | coffee break | coffee break | coffee break | coffee break | coffee break
1130 - 1215 Ding Vargas Rosen Rosso Zindy
1215 -1300 Zeitouni Kupiainen | Eisenbaum Simm Aidékon
1300 - 1430 lunch lunch lunch lunch closing
1430 - 1515 | Le Doussal Nikula Ostrovsky | Bolthausen
1515 - 1600 | Bouchaud Webb Muzy Comets
1600 -1630 | coffee break | coffee break | coffee break | coffee break
1630 -1715 Louidor Barral Gruzberg
1715 - 1800 Arguin de Tiliere

4.2. Talks. The abstracts could not be included in this dociment because of the limitation
on the total number of pages: they are available on the conference’s website.

Elie Aidékon, UPMC Paris: The extremal process in nested conformal loops.

Louis-Pierre Arguin, University of Montreal: Law and Ergodicity of the
Extremal Process of branching Brownian motion.

Julien Barral, Universite Paris 13: Multifractal analysis of Mandelbrot mea-
sures and related questions.

David Belius, ETH Zurich: Gumbel fluctuations for the cover time of the dis-
crete torus.

Erwin Bolthausen, University of Zurich: A new view on lace expansions and
self-avoiding random walks.

Jean Philippe Bouchaud, CFM Paris: Some thoughts about random matrix
theory and directed polymers.

Paul Bourgade, Harvard: Random Matrices, Strong Szegd’s theorem and L
functions.
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Maury Bramson, University of Minnesota: Convergence in Law of the Max-
imum of the Two-Dimensional Gaussian Free Field, Part 1: Motivation from
Branching Brownian Motion.

Francis Comets, Paris-Diderot: Large deviations for the cover time of two-
dimensional torus.

Loren Coquille, University of Geneva: Discrete GFF with disordered pinning
on Z%.

Jian Ding, University of Chicago: Convergence in Law of the Maximum of

the Two-Dimensional Gaussian Free Field, Part 2: Tail estimates via sparsification
and MBRW.

Bernard Derrida, ENS Paris: Simple models of evolution with selection and
genealogies.

Bertrand Duplantier, CEA Saclay: Schramm-Loewner Evolution and Liou-
ville Quantum Gravity.

Nathalie Eisenbaum, Paris 6: Inequalities for permanental processes.

Ilya Gruzberg, Univesity of Chicago: Critical wave functions and their mul-
tifractal spectra.

Jon P. Keating, Bristol: Freezing and extreme values: from RMT to number
theory.

Antti Kupiainen, Helsinki: Critical Mandelbrot Cascades.

Pierre Le Doussal, ENS Paris: Extrema of log-correlated fields, freezing tran-
sitions and multifractality.

James Lee, U Washington: Cover times, majorizing measures, and the Gauss-
ian free field.

Oren Louidor, UCLA: The thinned extremal process of the 2D discrete Gauss-
ian Free Field.

Pascal Maillard, Weizmann Institute: Branching Brownian motion martin-
gales and FKPP travelling waves.

Jean-Francois Muzy, Universite de Corse: Non-stationary 1/f noise as a
model for log-volatility of financial time series.
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Miika Nikula, Helsinki: On geometric properties of critical lognormal multi-
plicative chaos.

Dmitry Ostrovsky: Towards the Limit Lognormal Law.
Rémi Rhodes, Paris Dauphine: Liouville Brownian Motion.

Jay Rosen, City University of New York: Isomorphism theorems for inter-
section local times of random interlacements.

Alberto Rosso, Paris Sud - Orsay: Freezing transition in decaying Burgers
turbulence.

Nick Simm, Queen Mary and Westfield College: fBm with Hurst index
H = 0 and statistics of GUE characteristic polynomials.

Beatrice de Tiliere, UPMC Paris: Loops in the XOR-Ising model.

Vincent Vargas, Paris Dauphine: Atomic Gaussian multiplicative chaos and
KPZ duality.

Christian Webb, Helsinki: Some tools for proving convergence of multiplica-
tive cascade measures.

Ofer Zeitouni, U Minnesota and Weizmann Institute: Convergence in Law
of the Maximum of the Two-Dimensional Gaussian Free Field, Part 3: From tail
estimates to convergence of the maximum, and characterization of the limit.

Olivier Zindy, UPMC Paris: Poisson-Dirichlet statistics for the extremes of
log-correlated Gaussian fields.

5. LIST OF PARTICIPANTS
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75252 PARIS Cedex 05, France

. Louis-Pierre Arguin, (M)
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Professeur
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Post doctorant

Department of Mathematics
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Professeur

Institut fur Mathematik
Universitat Zurich
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Switzerland

. Jean Philippe Bouchaud, (M)
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Directeur de recherche

CFM S.A. 23/25, rue de I'Université 75007 Paris
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Professeur
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Doctorante
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Switzerland
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Professeur

University of Chicago Department of Statistics,

5734 S. University Avenue,
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Professeur
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