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Monday

Jean Bertoin - A Feynman-Kac approach to growth-fragmentation equations. This
talk is partly based on a joint work with Alex Watson, Manchester University.
The growth-fragmentation equation describes a system of growing and dividing particles which
arises notably in models of cell division. Important questions about the asymptotic behaviour of
its solutions at large times have traditionally been studied via spectral analysis of operators. In
this talk, we present a probabilistic approach based on a Feynman-Kac formula, which relates
the solution of the growth-fragmentation equation to the semigroup of a Markov process. We
identify the Malthus exponent and the asymptotic profile in terms of a related Markov process,
and further provide a simple criterion to ensure exponential speed of convergence.

Vladimir Vatutin - Coexistence of types in decomposable processes. A decomposable
critical Galton-Watson branching process with N types of particles labelled 1, 2, ..., N is consid-
ered in which a type i parent may produce individuals of types j ≥ i only. This model may be
viewed as a stochastic model for the sizes of a geographically structured population occupying
N islands, the location of a particle being considered as its type. The newborn particles of
island i ≤ N − 1 either stay at the same island or migrate, just after their birth to the islands
i+1, i+2, ..., N . Particles of island N do not migrate. We investigate the problem of coexistence
of types in such processes when the variances of the offspring number of particles of different
types may be infinite.

Anton Wakolbinger - Competition, fecundity, and evolving genealogies. The look-
down approach allows for a pathwise construction of the evolving genealogy for a large class
of neutral reproduction mechanisms. In this talk we focus on a two-type continuous branching
mechanism with competition and fecundity selection and explain how an evolving genealogy for
a population with fluctuation size can be constructed on top of the (neutral) lookdown space,
rendering a pathwise construction of the corresponding process of marked distance matrix dis-
tributions. This is joint work (in progress) with Airam Blancas, Stephan Gufler, Sandra Kliem
and Viet Chi Tran.

Alice Guionnet - Large deviations for the operator norm of random matrices

Nicole El Karoui-The inextricable multidisciplinary complexity in modeling hu-
man population dynamics. The world is experiencing unprecedentedly expansion of human
numbers (four billions since 1950 (2.5 billions)) expected to continue for several decades. Other
demographic quantities have significantly variations, as decline in birth rates, the increase of life
expectation.. The ”demographic transition” accompanies the economic development process,
but despite the countless number of reports, studies, ... future evolution and projections are

1



marked by a great uncertainty. In absence of robust explanation (models), empirical data, often
biased by political or economic views, are not enough to capture the effects of heterogeneity of
individuals in the strongly non linear aggregated dynamics point of view.
Many contradictory situations appear, leading to an interest in more advanced dynamics mod-
els, for instance closed to those proposed by Méléard and Tran (2010). Human populations are
strongly path dependent, and simultaneously constantly experiment completely new situations.
the first expected results of the simulation are to show that the influence heterogeneity in the
temporal evolution (the cohort effect) for example, or in the economic level of individuals and
maybe to contribute to define new and more relevant indicators, in place of the life expectancy
for instance.

Pierre-Louis Lions -TBA

TUESDAY

Hélène Guérin - Long time behavior of the Zig-Zag process and applications. Dur-
ing the last two decades, the study of Piecewise Deterministic Markov Processes (PDMP) have
been extensively studied and have recently received renewed attention, motivated by their nat-
ural application in areas such as biology, toxicology, communication networks, to name a few.
Furthermore, such processes are really easy to simulate and under some good assumptions for
some particular PDMPs we are able to compute the associated invariant measure. New MCMC
algorithms have been recently introduced, based on the use of PDMP. The question of the long
time behavior and the speed of convergence to equilibrium of PMDPs is then of great interest.
We will focus for this presentation on the Zig-Zag process.

Thierry Bodineau - Propagation of chaos and Boltzmann equation. We are going to
discuss the key role played by propagation of chaos in the derivation of Boltzmann equation
from particle systems. In the case of deterministic (reversible) hard-sphere dynamics, we will
see that the emergence of the irreversibility in the kinetic limit is related to singular correlations
created by the Hamiltonian dynamics.

Joaquin Fontbona - Synchronization of stochastic mean-field networks of Hodgkin-
Huxley neurons with noisy channels. We are interested in the collective behavior of a
fully connected network of finitely many neurons when their number and when time go to
infinity. We assume that every neuron follows a stochastic version of the Hodgkin-Huxley model,
and that pairs of neurons interact through both electrical and chemical synapses, the global
connectivity being of mean-field type. When the leak conductance is strictly positive, we prove
that if the electrical interaction between neurons is strong enough and if the initial voltages are
uniformly bounded, then the whole system synchronizes as time goes to infinity, exponentially
fast and uniformly in the number of neurons, up to some error controlled by (and vanishing
with) the channels noise level. Moreover, we prove that if the random initial condition is
exchangeable, on every bounded time interval the propagation of chaos property for this system
holds (regardless to any parameters values). Combining these results we deduce in the previous
setting that the limiting nonlinear McKean-Vlasov PDE describing an infinite network of such
neurons concentrates, as times goes to infinity, around the dynamics of a single deterministic
Hodgkin-Huxley neuron (possibly with a chemical neurotransmitter channel). Our results are
illustrated and complemented with numerical simulations.Ê
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Patrick Cattiaux - Modelling collective motion. We will introduce some models trying
to describe collective motion/displacement. For these models we shall explain what are the
usual main goals: a) understanding alignment or flocking at the microscopic level, b) study the
meso/macro-scopic limits for large population.

Anton Bovier - Adaptive dynamics, diploid models, and the escape from selection.
We consider an stochastic individual based model for adaptive dynamics with diploid Mendelian
reproduction, originally introduced by Collet, Méléard, and Metz. We show that under suitable
assumptions on dominance of an advantageous mutant allele, one can observe long-term survival
and eventual recovery of the resident allele after multiple mutations. This is based on joint work
with Rebecca Neukirch and Loren Coquille.

Nicolas Fournier - Anomalous diffusion for some kinetic Fokker-Planck equations.
We consider a particle moving in one dimension, its velocity being a reversible diffusion process
with constant diffusion coefficient and fat-tail invariant measure. We show that for large times,
after rescaling, the position process may look like a Brownian motion, a stable process, or an
integrated Bessel process. This is a work with Camille Tardif.

Carl Graham - Limit theorems for Hawkes processes with finite-range self-excitation
and self-inhibition. Hawkes processes with reproduction functions taking both positive and
negative values allow to model both self-excitation and self-inhibition of their points. The case
of nonnegative reproduction functions (pure self-excitation) is well understood, and yields no-
tably a cluster representation which allows to apply results for Galton-Watson trees. Here, we
use renewal techniques to establish limit theorems in the case of boundedly supported repro-
duction functions which may take negative values. A main result are exponential concentration
inequalities, for which an important step is to establish the existence of exponential moments
for renewal times of M/G/1 queues which appear naturally in our context.Ê

Eva Löcherbach - Mean Field Limits for Nonlinear Spatially Extended Hawkes
Processes. We consider spatially extended systems of interacting nonlinear Hawkes processes
modeling large systems of neurons placed in Rd and study the associated mean field limits. As
the total number of neurons tends to infinity, we prove that the evolution of a typical neuron,
attached to a given spatial position, can be described by a nonlinear limit differential equation
driven by a Poisson random measure. The limit process is described by a neural field equation.
As a consequence, we provide a rigorous derivation of the neural field equation based on a
thorough mean field analysis.

Benjamin Jourdain - Existence of a calibrated regime-switching local volatility
model. By Gyongy’s theorem, a local and stochastic volatility (LSV) model is calibrated
to the market prices of all European call options with positive maturities and strikes if its lo-
cal volatility function is equal to the ratio of the Dupire local volatility function over the root
conditional mean square of the stochastic volatility factor given the spot value. This leads to
a SDE nonlinear in the sense of McKean. Particle methods based on a kernel approximation
of the conditional expectation, as presented by Guyon and Henry-Labordère (2011), provide an
efficient calibration procedure. But so far, no global existence result is available for the limiting
SDE. With Alexandre Zhou, we obtain existence in the special case of the LSV model called
regime switching local volatility, where the stochastic volatility factor is a jump process taking
finitely many values and with jump intensities depending on the spot level.
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WEDNESDAY

Amaury Lambert - Nested coalescents and coagulation-transport equations. A
nested coalescent describes the dynamics of particles embedded in larger components where in
a Markovian way, components may coalesce together as well as particles embedded in the same
component. Such a process generates a tree within a tree, modeling for example the genealogy of
individuals inside the phylogeny of species. As a first step, we characterize the nested coalescents
viewed as processes with values in the partitions of N, nested and exchangeable. Then we study
the small-time behavior of the nested Kingman coalescent, which involves a Smoluchowski-type
PDE with transport, whose initial condition is a ’Dirac mass in infinity’. Joint work with
Emmanuel Schertzer.

Nicolas Champagnat - Lyapunov criteria for uniform convergence to quasi-stationarity
in multi-dimensional Lotka-Volterra diffusions. We consider multi-dimensional stochas-
tic birth-death and diffusion models of competing species, with Lotka-Volterra interaction and
possible extinction of each coordinate. These models were studied in [Cattiaux, Collet, Lambert,
Martinez, Méléard, San Martin, 2009] and [Cattiaux, Méléard, 2010], where the authors give
criteria for the convergence of conditional distributions given non-extinction of all the coordi-
nates of the process, to a unique quasi-stationary distribution (QSD). Our goal is to improve
these results and criteria. For this, we use general criteria of [Champagnat, Villemonais, 2016]
ensuring the uniform, exponential convergence in total variation of conditional distributions to
a unique QSD. These criteria are hard to check for diffusion processes, so we develop a general
method based on ideas from Foster-Lyapunov criteria. More precisely, we provide a condition
on the infinitesimal generator of the process, non-linear with respect to the action of the gen-
erator on measures, and which involves two Lyapunov functions. We check that this condition
is satisfied for extensions of the Lotka-Volterra models of [Cattiaux, Méléard, 2010] under mild
conditions.

Hans Metz - Finite dimensional state representations of physiologically structured
populations. In a physiologically structured population model, individuals are characterised
by certain variables, collectively called their i-state. The world in which these individuals live is
characterised by another set of variables, collectively called the environmental condition. The
population model consists of submodels for (i) the dynamics of the i-state, e.g. growth and
maturation, (ii) survival and (iii) reproduction, with the relevant rates described as a function
of (i-state, environmental condition), (iv) population outputs, i.e., observables and variables that
may act as input for a model for the dynamics of the environment (generating the environmental
condition). When the environmental condition is a given function of time, the population model
is linear. Density dependence and interaction with other populations is captured by feedback
via the environment. This yields a systematic methodology for formulating a community model
by combining building blocks that use a state-linear population models to define a nonlinear
input-output maps. For some combinations of submodels a (infinite dimensional) physiologically
structured population model may be replaced by a finite dimensional ODE without loss of
relevant information. We then call that model ODE-reducible.The talk discusses a generally
applicable constructive test for ODE-reducibility, and a complete catalogue of ODE-reducible
models for the case of one-dimensional i-state,deterministic i-state dynamics and birth rates that
are generated by a finite number of functionals that are subsumed under the population output.

Hélène Leman - Mating preferences: Stochastic models for reproductive isolation.
More and more evidence shows that mating preference is a mechanism that may lead to a
speciation event. In this talk, I will be interested in defining haploid population models taking
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into account mating preferences and migration between patches. Two types of individuals will
be considered such that two individuals of the same type will have higher probability to give
viable offspring. The strengths of mating preference and migration may depend on the type
carried. The aim is to highlight that a mechanism of sexual preference can lead to reproductive
isolation, which is the first step for speciation, and estimate the time before this isolation occurs.
If time allows, I will discuss extensions of the models considering diploid population.

Charline Smadi - Mating preferences: A stochastic model for the evolution of assor-
tative mating In the talk of Hélène Leman, we will see how assortative mating may influence
the evolutionary fate of a population, by provoking for instance the stopping of gene flow between
subpopulations. But which evolutionary forces lead to the appearance of mating preferences in
a population? In this talk, we will try to explain under which conditions a population of individ-
uals mating uniformly at random (without sexual preference) may acquire a sexual preference:
assortative mating.

Sylvain Billiard - How to turn an evolutionary biologist upside down. All biologists,
including me, have been taught that chance has an important role in evolution, because of
genetic drift. Important and violent controversies are still ongoing, since the seminal work by
Motoo Kimura, between defenders of chance vs. selection in the course of biological evolution.
Nowadays, genetic drift is considered as an evolutionary forces, together with natural selection,
migration and mutation. Yet, my interactions with probabilist mathematicians for a few years
turned me upside down, and casted doubts on what I have been taught. Is considering genetic
drift as an evolutionary force relevant? And if not, what consequences for evolutionary biology?
In this talk, I will present my own experience on how interacting with mathematicians can
dramatically change the way one biologist sees its scientific domain. ”

THURSDAY

Sylvie Roelly - Pensées amicales...

Régis Ferrière-Why ecologists should care about evolution, and how. Ecology is
the study of population dynamics, species interactions, community structure and diversity, and
ecosystem function. With the concept of environment feedback loop and models of adaptive
dynamics, ecological processes have been integrated in our understanding of evolution by natural
selection. But what about the integration of evolutionary processes into ecological theory? I
will review a few examples in which the question is acute, and discuss how mathematics can
help.

Sepideh Mirrahimi - Singular limits for models of selection and mutations with
heavy-tailed mutation distribution. In this work, we perform an asymptotic analysis of a
nonlocal reaction-diffusion equation, with a fractional laplacian as the diffusion term and with
a nonlocal reaction term. Such equation models the evolutionary dynamics of a phenotypically
structured population. We perform a rescaling considering large time and small effect of mu-
tations, but still with algebraic law. We prove that asymptotically the phenotypic distribution
density concentrates as a Dirac mass which evolves in time. This work extends an approach
based on Hamilton-Jacobi equations with constraint, that has been developed to study models
from evolutionary biology, to the case of fat-tailed mutation kernels. However, unlike previous
works within this approach, the WKB transformation of the solution does not converge to a vis-
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cosity solution of a Hamilton-Jacobi equation but to a viscosity supersolution of such equation
which is minimal in a certain class of supersolutions.

Viet Chi Tran - Dynamics of a population of interacting plant and pollinator species

Benôıt Perthame - Populational adaptive evolution: recent trends As it has been
proved by S. Méléard and collaborators, for large populations, the adaptive evolution is well
describe by some PDEs which solutions have specific properties as concentration effects.
The case of a non-proliferative advantage occurs when the dynamics is controled by a trait which
does not directly control death and birth. We will give several examples and show the difficulties
encountered in the mathematical analysis.

Denis Villemonais - General criteria for the study of quasi-stationarity. In this work
in collaboration with Nicolas Champagnat, we provide a new set of criteria for proving the
existence of quasi-stationary distributions for absorbed Markov processes typically evolving in
non-compact spaces

Laurent Desvillettes - Entropy structure of cross diffusion models: a microscopic
approach. We present microscopic models possessing an entropy structure, which converge in
some limit towards cross diffusion models appearing in population dynamics. We explain how
the entropy structure of the microscopic models is transfered to those cross diffusion models.
The research underlying this talk was performed in collaboration with Esther Daus and Helge
Dietert on one hand, and with Esther Daus and Ansgar Jüngel on the other hand.

Pierre-Henri Gouyon-TBA

FRIDAY

Etienne Pardoux - Large deviations for Poisson driven SDEs. We consider a system
of Poisson driven SDEs, motivated by models for epidemics. In the large population asymptotic,
the law of large numbers limit of such a system of SDEs is an system of ODEs, see Kurtz [3].
Assuming that the coefficients are locally Lipschitz, we study the large deviations from the law of
large numbers. We prove the lower bound, the upper bound for compact steps, and exponential
tightness, using different assumptions for each of those steps. For the lower bound, the difficulty

comes from the fact that the rates may vanish. Adapting a method of ”quasi-continuity’” of the
solution of the SDE as a function of the noise originally developed for Brownian driven SDEs by
Azencott [1], see also Priouret [5], we introduce a very weak assumption for the lower bound. The
upper bound for compact sets necessitates no additional assumption. The exponential tightness
necessitates a growth condition on the coefficients. We then adapt the Wentzell-Freidlin theory

to the evaluation of the extinction time of an endemic situation in a SIR model with demography.
This is joint work with my Phd student Boris Kouegou Kamen, which improves over the recent

works [2,4].
[1] R. Azencott. Grandes déviations et applications, Ecole d’été de Probabilités de St Flour VII,
1978, Lecture Notes in Math., Springer Verlag, 1980.
[2] P. Kratz and E. Pardoux Large deviations for infectious diseases, Chapter 7 of Séminaire de
Probabilités XLIX, Lecture Notes in Math. 2215, pp. 221–327, 2018.
[3] T.G. Kurtz Strong approximation theorems for density dependent Markov chains. Stochastic
Processes and their Applications, 6(3): 223–240, 1978.
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[4] E. Pardoux and B. Samegni, Large deviation principle for epidemic models, J. Applied
Probab. 54 905–920, 2017.
[5] P. Priouret Remarques sur les petites perturbations de systèmes dynamiques, Séminaire de
Probabilités XVI, pp. 184–200, Lecture Notes in Math., Springer Verlag, 1982.

Christian Léonard - Non-interacting particle systems, concentration of measure
and Wasserstein gradient flows. Large deviations of non-interacting (but evolving) particle
systems are a guideline to easy proofs of some standard functional and geometric inequalities.
We illustrate this principle with a simple proof of a concentration of measureÊ inequality. They
alsoÊ provide a natural explanation of Otto’s discovery that several dissipative PDEs can be seen
as gradient flows with respect to the Wasserstein metric on the space of probability measures.
For instance the heat equation is the Wasserstein gradient flow of the entropy.Ê This will be
explained.

Tom Kurtz - Population models as partial observations of genealogical models.
Classical models of biological populations, for example,ÊMarkov branching processes, typi-
cally model populationÊsize and possibly the distribution of types and/orÊlocations of indi-
viduals in the population. The intuitionÊbehind these models usually includes ideas about
theÊrelationships among the individuals in the population thatÊcannot be directly recovered
from the model. This lossÊof information is even greater if one employs largeÊpopulations
approximations such as the diffusionÊapproximations popular in population genetics.Ê ”Look-
down” constructions provide representations ofÊpopulation models in terms of countable systems
ofÊparticles in which each particle has a ”type” which mayÊrecord both spatial location and ge-
netic type and a ”level” which incorporates the lookdown structure thatÊcaptures the genealogy
of the population. TheÊoriginal population model can then be viewed as theÊresult of partial
observation of the more complex model.ÊWe will exploit ideas from filtering of Markov pro-
cessesÊto make the idea of partial observation clear and toÊjustify the lookdown construction.Ê
The talk involves joint work the Eliane Rodrigues and with Alison Ehteridge.

Pierre Collet - Time scales in some large population birth and death processes, quasi
stationary distribution and resilience. With S. Méléard and J.-R.Chazottes we consider
a birth and death process with one or several species depending on a (large) parameter giving
the scale of the populations sizes. Assuming there is a unique globally attracting nontrivial
fixed point for the rescaled infinite population dynamical system, we investigate (under some
hypothesis) the time scale of global extinction and the existence and time scale of convergence to
a quasi stationary distribution (q.s.d.). Together with S.Martinez we use micro-macro relations
to recover the engineering resilience from the fluctuations of a sample of the process.

Gérard Ben Arous - How many stable equilibria will a large complex system have?
Robert May, in his classical work on mathematical ecology in 1972 raised a simple question ”Will
a large complex system be stable?”. The debate since then has been rich and is not fully settled.
I will give it a new twist, following a recent joint work with Y. Fyodorov and B. Khorunzenko.
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