
Programme

Monday

9:30 Registration
9:55 Opening
10:00 - 11:00 Steven Evans (University of California, Berkeley)
11:00 - 12:00 Jason Schweinsberg (University of Calfornia at San Diego)
12:00 - 14:00 Lunch
14:00 - 15:00 Amandine Véber (Université Paris Cité)
15:00 - 16:00 Viet Chi Tran (Université Gustave Eiffel)
16:00 - 16:30 Coffee
16:30 - 17:30 Peter Pfaffelhuber (Albert-Ludwigs-Universität Freiburg)
19:00 Dinner at Restaurant Goetheruh (at the foot of Goetheturm), www.goetheruh.de

Tuesday

9:30 - 10:30 Adrián González Casanova (National University of Mexico)
10:30 - 11:00 Coffee
11:00 - 12:00 Charline Smadi (Institut Fourier, Gernoble)
12:00 - 13:30 Lunch
13:30 - 14:30 Ellen Baake (Universität Bielefeld)

Titles and Abstracts

Ellen Baake (Universität Bielefeld)

Connecting sampling recursions with Fearnhead’s recursions

In the context of the Moran model of population genetics with two types, mutation, and
selection, two probabilistic tools have proved useful in recent studies: the killed ancestral se-
lection graph (kASG), which allows to understand the type of an individual at present based
on its potential ancestry, and the pruned lookdown ancestral selection graph (pLD-ASG),
which gives access to the ancestral types. These processes provide graphical interpretations
for two well-known recursions: the sampling recursion, which describes the moments of the
proportion of the unfit individuals at stationarity, and the Fearnhead recursion, which des-
cribes the stationary distribution of the line-counting process of the pLD-ASG. While these
two recursions have appeared unrelated so far, we now express the solution of Fearnhead’s
recursion in terms of the solution of the sampling recursions and vice versa. The crucial idea is
the decomposition of both the kASG and the pLD-ASG into a family of elementary processes.
This decomposition also leads to a graphical interpretation of the connections between the
recursions.

This is joint work with Enrico Di Gaspero and Fernando Cordero.

www.goetheruh.de


Steven Evans (University of California, Berkeley)

Iterated shuffles and ballot sequences

A ballot sequence is a word consisting of n letters a and n letters b such that for 1 ≤ k ≤ 2n the
number of letters a in the first k positions is at least the number of letters b in those positions.
There is a natural Markov chain which builds ballot sequences of successively larger lengths:
At each stage one shuffles a new a and new b uniformly at random into the existing word in
such a way that the a precedes the b. In joint work with Hye Soo Choi, Daniel Raban, and
Anton Wakolbinger we investigate the infinite bridges for this process; that is, the Markov
chains which have the same backward transition dynamics.

Adrián González Casanova (National University of Mexico)

Some mathematical questions inspired in the Lenski experiment

The Long Term Experiment with E. Coli, known as the Lenski experiment in honor of its
creator, is a cornerstone in experimental evolution. In the experiment, every day bacteria
sampled from the previous day is propagated in a fresh minimal glucose medium where it
reproduces. By the time that the bacteria depletes the glucose it has increased its population
size one hundred times. When there are no resources available, the bacteria stops reproducing
and waits until the next day’s cycle starts. Samples of the bacteria are periodically stored
in fridges where they persist latent and can be brought back to active state at any time
later. This allows comparison between new and old strains, which is the key to measure the
adaptation of the bacteria.

Its simple design and tractability makes the Lenski experiment a source of mathematical in-
spiration. In this talk, I will review several mathematical questions inspired by the experiment
and some biological questions that were addressed using probabilistic arguments.

Peter Pfaffelhuber (Albert-Ludwigs-Universität Freiburg)

Some limit results for multiscale chemical reaction networks

Stochastic formulations of the dynamics of Chemical Reaction Networks are generic examples
of Markov jump processes. In such networks, some chemical species may be present in high
and others in low copy numbers. In addition, reaction rates determine the dynamics, and
some reactions may be much faster than others. In such multiscale systems, we aim at an
approximate description, if a scaling parameter diverges. Recent work on such systems by
Kurtz, Popovic and others use techniques of stochastic averaging and the martingale central
limit theorem in order to obtain such results. Here, I present new results with Timo Enger
(Freiburg), where we compensate generator terms which would lead to divergence. Using this
technique, we are able to obtain a general result on two-scale Chemical Reaction Networks,
where the fast sub-network is first order.



Jason Schweinsberg (University of Calfornia at San Diego)

Internal and external branch lengths for the genealogical tree associated with a
sample of size n from a birth and death process

Consider a branching process started with one individual at time zero in which each individual
gives birth at rate a and dies at rate b. Harris, Johnston, and Roberts (2020) and Lambert
(2018) showed how to describe exactly the genealogy of a sample of size n from the population
at time T , conditional on the event that there are at least n individuals alive at time T . We
use the construction of Lambert, which is based on the coalescent point process, to obtain
second-order asymptotics for the internal and external branch lengths of the genealogical tree.

Charline Smadi (Institut Fourier, Gernoble)

Parasite infection in a cell population with deaths

We introduce a general class of branching Markov processes for the modelling of a parasite
infection in a cell population. Each cell contains a quantity of parasites which evolves as
a diffusion with positive jumps. The growth rate, diffusive function and positive jump rate
of this quantity of parasites depend on its current value. The division rate of the cells also
depends on the quantity of parasites they contain. At division, a cell gives birth to two
daughter cells and shares its parasites between them. Cells may also die, at a rate which may
depend on the quantity of parasites they contain. We study the long time behaviour of the
parasite infection. In particular, we are interested in the quantity of parasites in a ‘typical’
cell and on the survival of the cell population. We specifically focus on the influence of two
parameters on the probability for the cell population to survive and/or contain the parasite
infection: the law of the sharing of the parasites between the daughter cells at division and
the form of the division and death rates of the cells as functions of the quantity of parasites
they contain.

This is joint work with Aline Marguet.

Viet Chi Tran (Université Gustave Eiffel)

Time-reversal of spines in models of population dynamics with gradual environ-
mental changes

We consider a stochastic individual-based population model with competition, trait-structure
affecting reproduction and survival, and changing environment. The changes of traits are
described either by a Brownian motion or by a jump process, and the dynamics can be
approximated in large population by a non-linear PDE with a non-local mutation operator.
Using the fact that this PDE admits a non-trivial stationary solution, we can approximate the
non-linear stochastic population process by a linear birth-death process where the interactions
are frozen, as long as the population remains close to this equilibrium. This allows us to derive,
when the population is large, the equation satisfied by the ancestral lineage of an individual
uniformly sampled at a fixed time T , which is the path constituted of the traits of the ancestors
of this individual in past times t < T . This process is a time inhomogeneous Markov process,
but we show that the time reversal of this process possesses a very simple structure (e.g.



time-homogeneous and independent of T ).

This is a joint work with Benôıt Henry and Sylvie Méléard.

Amandine Véber (Université Paris Cité)

Growth properties of the infinite-parent spatial Lambda-Fleming-Viot process

The � infinite-parent � spatial Lambda-Fleming-Viot process is a model for spatially ex-
panding populations in a two dimensional continuum, in which empty areas are filled with
ghost individuals. This model can be seen as a continuous-space version of the Eden growth
model, and it comes with a dual process that allows us to trace back the origins of a sample
of individuals taken from the current population. In this talk, we shall focus on the growth
properties of the area covered by real individuals. With the help of a simple toy model, we
shall also investigate how the fluctuations at the front edge lead to a much larger speed of
growth of the occupied region than that predicted by simple first-moment estimates.

Joint work with Apolline Louvet (Ecole Polytechnique and University Paris Cité)


