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Program 
Monday, September 29th  

12:00 Registration 
14.30 Mitia Duerinckx 
15:15 Borjan Geshkovski 
16:00 Co2ee break 
17.00 Marta Menci 
18.00 Aperitivo 

Tuesday, September 30th 
9:00 Benoît Bonnet-Weill 
9:45 Abderrahmane Habbal 
10:30 Co2ee Break 
11:00 Adriano Festa 
11:45 Annalisa Cesaroni 
 
14:30 Stefano Rossi 
15:15 Diane Peurichard 
16:00 Co2ee break 
17:00 Michael Herty 
17:45 Mattia Zanella 

Wednesday, October 1st 
9:00 Pierre Le Bris 
9:45 Sophie Hecht 
10:30 Co2ee break 
11:00 Dante Kalise-Balza 
11:45 Lucia Russo 
 
14.30 Giacomo Albi 
15:15 Benedetto Piccoli 
17:15 Visit to the Exhibit “Diagrams” – Fondazione Prada  

Rigorous derivation of Lenard-Balescu theory 
from a toy model 

Mitia  Duerinckx (Université Libre de Brussels) 
The (linearized) Lenard-Balescu equation predicts the slow 
thermalization of a tagged particle in systems with mean-field 
long-range interactions at thermal equilibrium. A central 
challenge is to rigorously capture such irreversible eaects as 
fluctuations around the mean-field limit. In joint work with C. Le 
Bihan, we provide a rigorous derivation starting from a truncated 
toy model, exploiting a suitable renormalization of the Dyson 
expansion of the BBGKY hierarchy. The truncation guarantees 
uniform control of diagrammatic complexity, and our analysis 
requires the space dimension to be suaiciently large relative to 
the truncation. 
In a complementary work with P-E Jabin, we also identify 
situations in which Lenard-Balescu thermalization breaks down. 
In certain degenerate - but physically relevant - settings, the 
eaective dynamics of the tagged particle remains conservative. 
Instead of thermalization, it yields some "resonant" relaxation, 
unfolding on a shorter timescale than Lenard-Balescu would 
predict. We characterize this anomalous regime through an 
unexpected second-quantization framework. 

Transformers are an interacting particle system 
Borjan Geshkovski, Laboratoire Jacques-Louis Lions Paris 

Transformers are the neural networks behind large language 
models such as ChatGPT. I will show you that they are an 
interacting particle system on the unit sphere, and discuss its long 
time behavior.  



Round model based and data driven approaches 
for multiscale agent-based systems 

Marta Menci, Campus Bio-Medico di Roma 

In this talk I will present recent advances on multiscale agent-
based systems, where individual agent behaviors give rise to 
collective macroscopic patterns. In particular I will focus on a 
class of models conceived for biological applications, linking 
microscopic and macroscopic scales, presenting numerical 
challenges and open research directions. 
 

Structured Continuity Equations in Fibred 
Probability Spaces 

Benoît Bonnet-Weill, Laboratoire des Signaux et Systèmes Paris 

In this talk, I will present some ongoing work in collaboration with 
Nastassia Pouradier Duteil (INRIA, LJLL). Our object of interest is 
a class of heterogeneous continuity equations arising in the study 
of non-exchangeable multiagent systems, which we investigate in 
an OT fashion very much inspired by that of the Green Book. 
 

A game theoretic viewpoint on boundary data 
recovery coupled to shape identification 

problems 
Abderrahmane Habbal, Université Côte d'Azur Nice 

Not very far from the well-trodden paths of regularisation and 
decomposition, we investigate the capabilities of game theory in 
addressing coupled inverse problems such as data recovery, 
obstacle detection, or the identification of coeaicients in 
distributed systems. The talk is aimed at illustrating how the Nash 
strategies formalism is capable of eaectively tackle these 
problems. 

A network model for urban planning 
Adriano Festa, Politecnico di Torino 

We study a mathematical model to describe the evolution of a 
city, which is determined by the interaction of two large 
populations of agents, workers and firms. The map of the city is 
described by a network with the edges representing at the same 
time residential areas and communication routes. The two 
populations compete for space while interacting through the 
labour market. The resulting model is described by a two 
population Mean-Field Game system coupled with an Optimal 
Transport problem. We prove existence and uniqueness of the 
solution and we provide several numerical simulations. This is a 
joint work with F. Camilli (Pescara and Chieti Uni), and L. 
Marzufero (Bolzen Uni). 



Analysis of commuting times in a linear city 
Annalisa Cesaroni, Università di Padova 

In this talk, I will provide a mathematical model (in a simplified 
framework) that describes the daily phenomenon in which each 
of thousand of citizens chooses to commute from a given location 
to another one, starting at a given time and somehow guessing the 
arrival time. In the discrete setting, I will use the celebrated 
Follow-the-Leader model, with the original feature of cars 
entering and exiting at diaerent times, and I will provide the 
convergence as the number of players increase to infinity to a 
balance law in the continuous setting.  
Based on joint works (in progress) with F. Ancona, L. Caravenna, 
E. Marconi, A. Marson from University of Padova and with F. Rossi 
from IUAV Venice. 

Mean-Field Multi-Agent Systems Beyond 
Pairwise Interactions: A Description Across 

Scales  
Stefano Rossi, ETH Zurich 

In this talk, I will consider multi-agent systems in the mean-field 
scaling with interactions that are not necessarily pairwise. In this 
setting, more than two agents can interact simultaneously. Such 
higher-order interactions naturally arise in models of social 
dynamics, biological systems, and synchronization of oscillators. 
I will introduce a general framework in which agents are not 
necessarily indistinguishable and rigorously derive eaective 
equations in the mesoscopic and macroscopic limits. In addition, 
I will consider the regime where the order of the multiple 
interaction tends to infinity, leading to the derivation of new mean-
field equations. This is a joint work with T. Paul and E. Trélat. 

Kinetic theory of particles interacting through a 
dynamical network 

Diane Peurichard, Inria Paris 

In this talk we study the derivation of kinetic and macroscopic 
models (PDE) from agent-based models for complex dynamical 
networks of interconnected particles. The agent-based model 
features particles (2D spheres) having the ability to link/unlink 
with its close neighbors by creating springs of given equilibrium 
length. In the limit of large number of particles, we formally obtain 
a kinetic system of two equations: one for the distribution function 
of individual particles and one describing the pairs of linked 
particles. In the large scale limit and under scaling assumptions, 
we obtain an aggregation diausion equation which numerically 
match the limiting behavior of the particle model.  The linear and 
non-linear stability analysis of the homogeneous states of the 
macroscopic model enable to identify precise criteria linking the 
aggregation capacity of the model to few key model parameters. 
This model is then extended to the two-species case and enable 
the study of cell segregation and border sharpening in biological 
systems. 

Recent Advances in Consensus-Based 
Optimization 

Michael Herty, Institut für Geometrie und Praktische Mathematik 
Aachen 

We focus on multi-level and stochastic optimization problems 
that will be analyzed using a particle method and its 
corresponding mean field limits. 



Particle Dynamics for Accelerated Consensus in 
Global Optimization 

Mattia Zanella, Università di Pavia 

We present a kinetic-theory perspective to accelerate consensus 
toward the global minimizer. We explore two possible scenarios: 
building entropy-controlled annealing mechanisms or modifying 
consensus dynamics through superlinear drifts. Both adaptive 
strategies enhance the natural tendency of consensus processes 
to concentrate mass, amplifying drift in a controlled way and 
avoiding premature collapse. The resulting strategies based on 
nonlinear dynamics oaer a principled route to faster convergence 
in high-dimensional optimization landscapes. 

Linearized Landau equation from a mean field 
particle system 

Pierre Le Bris, Institut des Hautes  Études Scientifiques Paris 

We consider a tagged particle in mean field interaction with a 
Rayleigh gas of density N, and prove the convergence of its 
trajectory, as N goes to infinity, to the one of a diausion process 
associated to the linearized Landau equation. This is joint work 
with T. Bodineau. 

From nonlocal mean-field to porous medium 
models for heterogeneous in size multi-species 

systems 
Sophie Hecht, Laboratoire Jacques-Louis Lions Paris 

We consider a system of PDE describing the long-range 
interaction between individuals of diaerent species with 
heterogeneity in size. The system is quadratic, written under the 
form of transport equations with a nonlocal self-generated drift. 
We establish the localisation limit, that is the convergence of 
nonlocal to local systems, when the range of interaction tends to 
$0$. The major new feature in our analysis is that we do not need 
diausion to gain compactness, but rely on a full rank assumption 
on the interaction kernels. These theoretical results are sustained 
by numerical simulations. Additionally, we consider an extension 
of the previous system by considering the size of the individual as 
a continuous variable of the system. We discuss the diaerent 
diaiculties inherent to this modification in the rigorous derivation 
of the localisation limit. 

Deflation and stabilization in the McKean-Vlasov 
PDE 

Dante Kalise-Balza, Imperial College London 

We study the computation and control of (possibly multiple) 
steady states in the McKean-Vlasov PDE. Given confinement and 
interaction potentials, we propose a deflation technique to 
compute all possible stable and unstable steady states. We then 
address their asymptotic stabilization in the framework of model 
predictive control and linearisation techniques. Based on joint 
works with Sara Bicego, Greg Pavliotis, and Lucas Moschen 
(Imperial). 



Bridging Scales in Complex Dynamical Systems 
with Data-Driven Methods 

Lucia Russo, Istituto di Scienze e Tecnologie per l'Energia e la 
Mobilità sostenibile 

Modeling and analyzing complex systems, such as the brain, the 
climate, or epidemic outbreaks, remains a major challenge due to 
the coexistence of multiple spatial and temporal scales. 
Constructing accurate, computationally eaicient, and 
interpretable models for such systems is particularly diaicult 
because of their inherent multiscale nature. 
In this talk, I will explore how the combination of numerical 
analysis, machine learning, and manifold learning techniques can 
facilitate the bifurcation analysis and control of high-dimensional 
and multiscale dynamical systems. The key idea is to extract 
relevant variables in a data-driven way, using manifold learning 
methods such as Diausion Maps, to uncover low-dimensional 
representations of the system’s dynamics. 
I will focus on two complementary strategies for addressing 
multiscale complexity: 
1)The Equation-Free approach, which enables macroscopic 
analysis without explicitly deriving macroscopic equations, by 
exploiting short bursts of microscopic simulations;  
and 
2) A Physics-Informed Machine Learning (PIML) approach, which 
combines physical knowledge with data-driven models to bridge 
scales in space or time. 
Both approaches rely on the assumption that the system’s 
eaective dynamics evolve on a low-dimensional, slow manifold. 
This allows for eaicient and interpretable modeling, even in the 
presence of complex multiscale interactions. 

Control of high-dimensional collective 
dynamics via deep neural feedback laws 

Giacomo Albi, Università di Verona 

Agent-based control suaers from a double curse of 
dimensionality due to large populations and high-dimensional 
state spaces. To tackle such complexity, we adopt a kinetic 
approach based on Boltzmann-type equations, where a deep 
neural network is employed to approximate controlled two-agent 
interactions and enable fast, scalable simulations. We explore 
connections to mean-field control, and demonstrate the 
method’s eaectiveness on consensus and attraction-repulsion 
problems through numerical experiments 

Measure control for feedback stabilization and 
other control problems 

Benedetto Piccoli, Rutgers University 

Random controls were proposed in the 70s then mostly 
abandoned in favor of geometric approach. We propose a 
generalization called measure controls and linked to evolution 
equations for measures defined by the control system. 


