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Curriculum Vitae
2018–. . . PhD student, Imperial College London, UK.

Under the supervision of Prof. Pierre Degond (Imperial College London), Dr.
Sara Merino-Aceituno (University of Vienna) and Dr. Amic Frouvelle (Université
Paris-Dauphine)

2017–2018 Master of Mathematics (2nd year), É.N.S Lyon, France.
First class honours

2016–2017 “Agrégation de mathématiques”, É.N.S. Rennes/Université de Rennes 1,
France.
The French “Agrégation” is a highly selective competitive examination to become
teacher in high school and at the university level.
(National) rank 10/305

2015–2016 Master of Mathematics (1st year), É.N.S. Rennes/Université de Rennes 1,
Francr.
{ First class honours (rank 3/56)
{ Two month internship at the University of Cambridge (UK) supervised by Prof.

Clément Mouhot.
Title : Around the Boltzmann-Grad limit

2014–2016 Licence of Physics (Bachelor’s degree), É.N.S. Rennes/Université de
Rennes 1.
First class honours

2014–2015 Licence of Mathematics (Bachelor’s degree), É.N.S. Rennes/Université
de Rennes 1, France.
{ First class honours (rank 2/108)
{ Internship at the University Paris-VI supervised by Dr. Corentin Audiard.

Title : Asymptotic Solutions of the Quadratic Nonlinear Schrödinger Equation

mailto:antoine.diez18@imperial.ac.uk
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2012–2014 French "classes préparatoires" (MPSI and MP*), Lycée Louis-le-Grand,
Paris, France.
Two years of intensive course in Mathematics and Physics leading to a competitive
examination to be allowed to enrol in one of the French “grandes écoles”.
Recruited (French "normalien", civil servant position) at the École Normale
Supérieure de Rennes

Invited Talks
Feb. 2021 PhD Seminar, Laboratoire Jacques-Louis Lions, UPMC, Paris.
Mar. 2020 Workshop of the Royal Society - CNRS international exchange grant

’Segregation models in social sciences’, INRIA Paris.
Dec. 2019 CAKE seminar, University of Cambridge.
Oct. 2019 Ki-Net Young Researchers Workshop, CSCAMM, University of Maryland.
Nov. 2018 Workshop of the Royal Society - CNRS international exchange grant

’Segregation models in social sciences’, Imperial College London.

Teaching and supervision
2018-. . . Supervision, Imperial College London, Co-supervision of 5 MSc projects (2

from outside Imperial), main supervisor: Pierre Degond.
2019-2020 Graduate Teaching Assistant, Imperial College London, Nonlinear Waves

(2nd year), Function spaces and applications (3rd and 4th years), Advanced
topics in Partial Differential Equations (3rd and 4th years).
Demonstration (exercice class), Coursework marking

2018-2019 Graduate Teaching Assistant, Imperial College London, Analysis I and II
(1st and 2nd years).
Demonstration (exercice class), Coursework marking

2017-2018 “Khôlleur”, Lycée du Parc, Lyon, Oral examination in French “classe pré-
paratoire” (MP, 2nd year).

2016-2017 “Khôlleur”, Lycée Chateaubriand, Rennes, Oral examination in French
“classe préparatoire” (MP, 2nd year).

Miscellanous
Programming skills: Python, MATLAB
Language: French, English



Research interests
During my PhD, I have worked on multi-scale models of collective dynamics and in particular
on the problem of emergence of self-organisation under various geometrical constraints. I
work on both PDE models (with a special focus on kinetic PDEs) and stochastic models
and, often, a combination of the two. I have a special interest for the study of systems of
interacting particles, their scaling limits and their applications from a biological perspective.
More generally, I am interested in mathematical models of self-organisation for life sciences,
their rigorous analysis and numerical simulation.

Keywords: mathematical biology, interacting particle systems, PDE, kinetic theory, geometri-
cally enriched models, active particles, stochastic models, mean-field limits, propagation of
chaos, phase transitions, individual based models, multiscale modelling, simulations, MCMC
methods

Past and current projects

1. The main topic of my PhD is the study of models of swarming. I have first started to work
on variants of the Vicsek model with the kinetic theory approach developed by [Degond
& Motsch, Math. Models Methods Appl. Sci. 18, 2008]. In particular, I have worked on
a model which aims to describe the flocking behaviour of agents which are described by
their positions and their “body-orientation”, given by a rotation matrix in SO3(R) (it
substitutes the velocity in classical kinetic theory). In collaboration with Pierre Degond,
Amic Frouvelle and Sara Merino-Aceituno we have studied this model at different scales:
Individual Based Model, kinetic and fluid models. It includes:
{ The derivation of a kinetic PDE model from an Individual Based Model based on a jump

mechanism (or Piecewise Deterministic Markov Process). In [1], I extended some classical
tools and proved a propagation of chaos property as well as a moderate interaction
result in the spirit of [Jourdain & Méléard, Ann. Inst. Henri Poincaré Probab. Stat. 34,
1998]. This work also applies to a large class of “geometrically enriched” models which
includes the classical Vicsek model.

{ The study of phase transition phenomena at the kinetic PDE level for a spatially
homogeneous model, in the spirit of [Degond, Frouvelle, Liu, Arch. Rational Mech.
Anal. 216, 2015]. In [2] we have shown that due to the geometrical constraints in this
model, nontrivial equilibria can appear in some range of the parameters (in particular
the density of agents). We investigated the stability of these equilibria and detailed the
conditions under which equilibria which correspond to a flocking behaviour appear and
are stable.

{ In [5] we carried out a numerical study of some special solutions of the hydrodynamic
model derived from the kinetic model in [Degond, Frouvelle, Merino-Aceituno, Math.
Models Methods Appl. Sci. 27, 2017] and in [2]. Using a direct simulation of the
Individual Based Model, we have quantitatively analysed the convergence towards
the hydrodynamic model as the number of particles tends to infinity (thus validating



both the kinetic and hydrodynamic models). Then, we have studied the topological
structure of a new class of “bulk solutions” of the hydrodynamic model.

2. I am involved in a project in collaboration with Grégoire Clarté (Université Paris-Dauphine)
and Jean Feydy (Imperial College London) about particle methods in a MCMC context.
Our aim is to use the tools developed for the study of nonlinear swarming models to design
new algorithms and rigorously justify their behaviour (in the spirit of Particle Swarm
Optimisation algorithms). In [3] we have studied a new sampling algorithm based on a
Metropolis-Hastings acceptance/rejection method for a population of interacting particles.
The interaction is designed to speed up the convergence towards the target distribution,
which is rigorously proved for the limit PDE model derived when the number of particles
grows to infinity (with a mean-field scaling).

Ongoing and future projects

1. Motivated by the growing number of particle models in the literature, together with Louis-
Pierre Chaintron (ENS Paris), we have started to write an extensive review of old and
recent results on propagation of chaos. The aim is to review, unify, and sometimes
extend, both the probabilistic and analytical tools dispersed in the literature of the last 70
years. We hope that it will be a helpful ressource to rigorously build new models in applied
mathematics. A first preprint version of this work is available at [6].

2. An important part of the study of collective dynamics model relies on the numerical
simulation of particle models (for instance in [5]). For mean-field models, such simulations
are often computationally demanding with a quadratic complexity in the number of particles.
In order to leverage modern hardware, I am working on a versatile and efficient GPU
implementation which encompasses several popular models in collective dynamics. This
dramatically reduces the computation time and allows more ambitious numerical experiments.
Based on [Charlier et al., The KeOps library, J. Mach. Learn. Res. 22, 2021], I implemented
a Python library for the simulation of systems of interacting mean-field particles [4]. The
documentation is available online at https://sisyphe.readthedocs.io. The library
already includes many popular models in collective dynamics but more models will be added
in the future and various enhancements (visualization etc) are currently under development.

3. Numerical simulations suggest that the dynamics of the Vicsek model (and other collective
dynamics models) strongly depends on the combination of the spatial structure (relative
size of the domain, boundary conditions, vision parameters of the agents etc) and geo-
metrical constraints (shape of the agents, manifold structure etc). Depending on the
range of the various parameters, complex structures such as high-density clusters, bands
or mills may emerge. The emergence of such structures is not completely explained by
the theory yet. Overcoming this challenging problem requires both a careful derivation
and analytical study of PDE model as well as large-scale numerical experiments on the
individual based model in a suitable regime. In some cases such as the ant trail formation

https://sisyphe.readthedocs.io


model introduced by [Boissard, Degond, Motsch, J. Math. Biol. 66, 2013], it may be
necessary to go beyond the classical mean-field theory and to introduce new tools, for
instance borrowed from stochastic population models. On the PDE side, the study of
non-spatially homogeneous kinetic models contains many open questions, in particular
regarding the long-time behaviour of the solutions (a key notion is hypocoercivity).
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