
SYMPOSIUM “PREHARMONIC FUNCTIONS AND BOUNDARIES”

— Useful informations —

The workshop will take place at the Institute Denis Poisson of the university of Tours
(campus de Grandmont, room E1-1100), 14 & 15 March 2019. It is funded by the ERC via
the starting grant COMBINEPIC.

The workshop is organized by Marc Peigné (Univ. Tours), Kilian Raschel (CNRS & Univ.
Tours) and Wolfgang Woess (Graz Univ. of Technology).

— Objectives —

The aim of the workshop is to bring together researchers from several fields using discrete
harmonic functions in probability theory, in particular to determine Martin boundary and to
study the Ising model. A wide range of methods and techniques will be presented.

— Schedule —

Thursday
9:30/10:10 welcome and coffee
10:10/10:50 Sara Brofferio
10:55/11:35 Matthieu Dussaule
11:40/12:20 Elisabetta Candellero
12:30/14 lunch (restaurant universitaire)
14/14:40 Dmitry Chelkak
14:45/15:25 Sébastien Gouëzel
15:25/15:50 coffee
15:50/16:30 Wolfgang Woess
19:30/. . . conference dinner

Friday
9/9:40 Pierre Tarrago
9:45/10:25 Vitali Wachtel
10:25/10:55 coffee
10:55/11:35 Bruno Schapira
11:40/12:20 Irina Ignatiouk-Robert
12:30/14 lunch (restaurant universitaire)

— Participants (update: March 12, 2019) —

• Gerold Alsmeyer (Münster)
• Athanasios Batakis (Orléans)
• Adrien Boulanger (Marseille)
• Sara Brofferio (Paris)
• Elisabetta Candellero (Rome)
• Dmitry Chelkak (Paris)
• Manon Defosseux (Paris)
• Matthieu Dussaule (Nantes)
• Sandro Franceschi (Paris)
• Rodolphe Garbit (Angers)
• Jean-Baptiste Gouéré (Tours)
• Sébastien Gouëzel (Nantes)
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• Irina Ignatiouk-Robert (Cergy-Pontoise)
• Irina Kourkova (Paris)
• Cédric Lecouvey (Tours)
• Noema Nicolussi (Wien)
• Marc Peigné (Tours)
• Thi Dacam Pham (Tours)
• Kilian Raschel (Tours)
• Bruno Schapira (Marseille)
• Pierre Tarrago (Paris)
• Vitali Wachtel (Augsburg)
• Wolfgang Woess (Graz)

— Abstracts—

Sara Brofferio (Univ. Paris-Sud). Recurrence of critical multi-dimensional affine processes

Consider the Markov chain on Rd defined by the recursion

Xn = AnXn−1 + Bn

where the (An, Bn) ∈M(d)×Rd is an i.i.d. sequence. We are particularly interested in the
critical case when the matrices An neither contract nor dilate, that is the Lyapunov exponent
is zero

lim
n→∞

log |An · · ·A1|
n

= 0.

We will investigate condition for the existence and uniqueness of an invariant Radon measure.

Elisabetta Candellero (Univ. Roma Tre). Oil and Water model on vertex transitive graphs

The oil and water model is an interacting particle system with two types of particles and
a dynamics that conserves the number of particles, which belongs to the so-called class of
Abelian networks. Widely studied processes in this class are sandpiles models and activated
random walks, which are known (at least for some choice of the underlying graph) to undergo
an absorbing-state phase transition. In this work we show that the oil and water model is
substantially different from sandpiles models and activated random walks, in the sense that
it does not undergo an absorbing-state phase transition and is in the regime of fixation at all
densities. (Joint work with A. Stauffer and L. Taggi)

Dmitry Chelkak (ENS Paris). Discrete holomorphic functions on s-embeddings of weighted
planar graphs

We discuss the notion of discrete holomorphic functions on s-embeddings of weighted planar
graphs. These embeddings were recently introduced in the context of the critical planar Ising
model and should be viewed as analogues of Tutte’s barycentric ones for electrical networks.
In particular, they allow to prove the conformal invariance of the critical model (namely,
convergence of interfaces to SLE curves) on arbitrary periodic graphs, the question that
remained open until recently despite the remarkable progress achieved in the understanding
of the Z-invariant model on isoradial graphs. The construction also poses important questions
in the random maps context, the first of which may be viewed as an Ising-model counterpart
of the Liouville property for discrete harmonic functions.
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Matthieu Dussaule (Univ. Nantes). The Martin boundary of geometrically finite Kleinian
groups

It is known from the work of Ancona that the Martin boundary of a finitely supported
admissible random walk on a hyperbolic group coincides with the Gromov boundary of the
group. After explaining briefly Ancona’s proof, we will give a description of the Martin
boundary of a finitely supported admissible random walk on a geometrically finite Kleinian
group. We will prove in particular that it coincides with the CAT(0) boundary of the group.

Sébastien Gouëzel (CNRS & Univ. Nantes). Ancona inequalities for complex parameters

Given a random walk on a hyperbolic group, Ancona inequalities are a fundamental tool
to understand harmonic functions, or more generally r -harmonic functions for positive real
parameters r . In particular, they imply that the r -Martin boundary coincides with the Gromov
boundary. We will explain that it is possible to obtain such inequalities for complex parameters
r close enough to the real axis, and discuss applications to quantitative local limit theorems
thanks to complex tauberian theory.

Irina Ignatiouk-Robert (Univ. Cergy-Pontoise). Harmonic functions of random walks in a
semigroup via ladder heights

We investigate harmonic functions and the convergence of the sequence of ratios
Px(τθ>n)/Pe(τθ>n) for a random walk on a countable group killed up on the time τθ of the
first exit from some semi-group with an identity element e. Several results of classical renewal
theory for one dimensional random walk killed at the first exit from the positive half-line are
extended to a multidimensional setting. For this purpose, an analogue of the ladder-height
process and the corresponding renewal function V are introduced. The results are applied
to multidimensional random walks (X(t)) killed upon the times of first exit from a convex
cone. Our approach combines large deviation estimates and an extension of Choquet-Deny
theory.

Bruno Schapira (Univ. Aix Marseille). On the use of harmonic functions in a model of
non-Markovian random walk

We consider the model of once-reinforced random walk on a graph of the type Z×{1, . . . , L}.
We will see how the tools from the theory of electrical networks can help to solve some
(apparently) naive questions, such as the recurrence, for this process.

Pierre Tarrago (Sorbonne Univ.) Martin boundary for a random walk in a cone

We investigate the behavior of a random walk in a cone away from the origin, using the
coupling approach of Denisov and Wachtel. As a consequence of this study, we provide
(conjectural) optimal conditions under which the Martin boundary of the random walk killed
outside the cone is reduced to a singleton. This is a joint work with Jetlir Duraj, Kilian
Raschel and Vitali Wachtel.

Vitali Wachtel (Augsburg Univ.) Constructions of a harmonic function for a random walk
in a cone

I will present various constructions of a positive harmonic function for a multidimensional
driftless random walk killed at leaving a smooth cone.



4 SYMPOSIUM “PREHARMONIC FUNCTIONS AND BOUNDARIES”

Wolfgang Woess (Graz Univ. of Technology). Boundary representations of λ-harmonic and
polyharmonic functions on trees

On a countable tree T , allowing vertices with infinite degree, we consider an arbitrary
stochastic irreducible nearest neighbour transition operator P . We provide a boundary integral
representation for general eigenfunctions of P with eigenvalue λ ∈ C. This is possible
whenever λ is in the resolvent set of P as a self-adjoint operator on a suitable `2-space
and the on-diagonal elements of the resolvent (“Green function”) do not vanish at λ. We
show that when P is invariant under a transitive group action, the latter condition holds
for all λ 6= 0 in the resolvent set. These results extend and complete previous results by
Cartier, by Figà-Talamanca and Steger, and by Woess. Furthermore, for those eigenvalues,
we provide an integral representation of λ-polyharmonic functions of any order n, that is,
functions f : T → C for which (λ · I − P )nf = 0. This is a far-reaching extension of work of
Cohen et al.

We can also provide an analogous result for polyharmonic functions on the unit disk with
respect to the hyperbolic Laplacian, based on old results of Helgason.

This is joint work with Massimo Picardello (Rome).
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— Campus map —
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— Conference dinner —

Thursday 19:30, restaurant La Chope, 25 bis Avenue de Grammont, Tours

https://www.la-chope.fr/en/home/
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