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Schedule overview

All talks and coffee breaks take place in and just outside lecture hall Weber (K1009V, House K).
The workshop is single-track. Plenary talks are 50 + 10min and contributed talks are 25 + 5min.
Lunch is served at Restaurang Rasken.

Mon 15 Jun Tue 16 Jun Wed 17 Jun Thu 18 Jun
9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

19:00

Reg. & coffee
09:00–09:45

Gerald Trutnau
09:45–10:45

Contributed × 2
10:45–11:45

Lunch at Rasken
12:00–13:30

Kohei Suzuki
13:30–14:30

Coffee

Contributed × 2
15:00–16:00

Greg Pavliotis
09:00–10:00

Coffee

Contributed × 3
10:30–12:00

Lunch at Rasken
12:00–13:30

David Cohen
13:30–14:30

Coffee

Contributed × 2
15:00–16:00

Mihály Kovács
09:00–10:00

Coffee

Contributed × 3
10:30–12:00

Lunch at Rasken
12:15–13:30

Contributed × 2
13:30–14:30

Coffee

Conference dinner
18:00, Teleborg’s Castle

Mireille Bossy
09:00–10:00

Coffee

Contributed × 3
10:30–12:00

Lunch at Rasken
& closing
from 12:00
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Programme: Monday, June 15

Morning

09:00 – 09:45 Registration & morning coffee
Outside lecture hall Weber (K1009V, House K)

09:45 – 10:45 Plenary talk
Trutnau, G. (Seoul National University)
Weighted Helmholtz–Hodge decompositions, Lyapunov functions, and invari-
ant measures

10:45 – 11:15 Lee, H. (Kumoh National Institute of Technology)
Pointwise well-posedness results for degenerate Itô-SDEs with locally bounded
drifts

11:15 – 11:45 Löbus, J.-U. (Linköpings universitet)
Quasi-Invariance under Flows Generated by Non-Linear PDEs

12:00 – 13:30 Lunch at Restaurang Rasken

Afternoon

13:30 – 14:30 Plenary talk
Suzuki, K. (Durham University)
The soft-edge Dyson Brownian Motion and the Wasserstein Gradient Flow

14:30 – 15:00 Coffee break

15:00 – 15:30 Bock, W. (Linnaeus University)
Characterization of the (fractional) Malliavin–Watanabe–Sobolev spaces Dα,2

via the Bargmann–Segal norm

15:30 – 16:00 El Fatini, M. (Ibn Tofail University)
A stochastic partial differential equation of KPP type on a Riemannian man-
ifold
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Programme: Tuesday, June 16

Morning

09:00 – 10:00 Plenary talk
Pavliotis, G. A. (Imperial College London)
Statistical inverse problems for interacting particle systems and their mean
field limit

10:00 – 10:30 Coffee break

10:30 – 11:00 Odeh, Y. (Université Côte d’Azur, CNRS–LJAD)
Nonparametric drift estimation of interacting particle systems driven by frac-
tional Brownian motion

11:00 – 11:30 Al-Hussein, A. (Qassim University)
McKean–Vlasov stochastic systems and applications to stochastic control

11:30 – 12:00 Gupta, A. (Universität Freiburg)
Pathwise Description of Bifurcations in McKean-Vlasov Systems

12:00 – 13:30 Lunch at Restaurang Rasken

Afternoon

13:30 – 14:30 Plenary talk
Cohen, D. (Chalmers University of Technology and University of Gothenburg)
Explicit domain preserving integrators for SDEs

14:30 – 15:00 Coffee break

15:00 – 15:30 Custers, G. (Chalmers University of Technology and University of Gothen-
burg)
Domain-Preserving Splitting Schemes for SPDEs driven by a Time-Dependent
Brownian Motion

15:30 – 16:00 Knutsen Furset, S. (NTNU)
Statistical inference using a rational approximation of a space-time fractional
SPDE
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Programme: Wednesday, June 17

Morning

09:00 – 10:00 Plenary talk
Kovács, M. (Pázmány Péter Catholic University, BME, and Chalmers Uni-
versity of Technology)
A regularized truncated finite element method for a degenerate parabolic
stochastic PDE on non-compact graphs

10:00 – 10:30 Coffee break

10:30 – 11:00 Heieck, J. (Universität Mannheim)
A Quasi-Monte Carlo Approach to Consensus-Based Optimization

11:00 – 11:30 Mikić, M. (J. J. Strossmayer University of Osijek)
Definition and properties of supCARMA processes

11:30 – 12:00 Moldavskaya, E. (Technion) (remote)
Iterated Logarithm Phenomena for Weighted Long-Memory Gaussian Se-
quences

12:15 – 13:30 Lunch at Restaurang Rasken

Afternoon

13:30 – 14:00 Abidi, H. (Esprit School of Business)
Labor Market Dynamics: Optimal Control and Machine Learning Approaches

14:00 – 14:30 Golomoziy, V. (Taras Shevchenko National University of Kyiv)
Complexity-Constrained Schrödinger Bridges for Controllable Image Genera-
tion

14:30 – 15:00 Coffee break

Evening

18:00 onwards Conference dinner at Teleborg’s Castle
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Programme: Thursday, June 18

Morning

09:00 – 10:00 Plenary talk
Bossy, M. (Inria, Université Côte d’Azur)
Integrated Stochastic Volterra Equations and Quantitative Approximations

10:00 – 10:30 Coffee break

10:30 – 11:00 Mayerhofer, E. (University of Limerick)
Shape Optimisation for Portfolio Selection

11:00 – 11:30 Pettersson, R. (Linnaeus University)
LLN & CLT for a Poissonian generational Construction of the McKendrick–
von Foerster Population Model

11:30 – 12:00 Ferrari, M. (University of Amsterdam)
Measuring Financial Resilience Using Backward Stochastic Differential Equa-
tions

12:00 onwards Lunch at Restaurang Rasken
Closing remarks and farewell; end of the workshop
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Book of Abstracts

Abstracts are listed in alphabetical order by the speaker’s surname. Titles and abstracts that
have not yet been submitted are marked as such; they will be added to the version of this
document distributed at the workshop.

Labor Market Dynamics: Optimal Control and Machine Learning Approaches

Heni Abidi
Esprit School of Business, Tunisia

We propose a nonlinear dynamical model for labor market interactions, extending the SIR
model to a four-compartment economic system coupled via a Cobb–Douglas matching function.
The model is formulated as a nonlinear system of coupled stochastic differential equations, with
intrinsic stochasticity introduced via diffusion terms capturing economic uncertainty, shocks, and
variability in matching processes. We establish well-posedness, including existence, uniqueness,
positivity, and boundedness of solutions.

The model is formulated within a stochastic optimal control framework, with policies charac-
terized through the (stochastic) Pontryagin Maximum Principle and related to the Hamilton–
Jacobi–Bellman equation.

A data-driven approximation of the optimal feedback control is developed via Random Forests,
yielding an efficient hybrid analytical–computational framework for adaptive labor market policy
design.

McKean–Vlasov stochastic systems and applications to stochastic control

AbdulRahman Al-Hussein
Department of Mathematics, College of Science, Qassim University, Saudi Arabia

We investigate the existence and uniqueness of solutions for McKean–Vlasov forward–backward
doubly stochastic differential equations (MV-FBDSDEs) in infinite-dimensional real separable
Hilbert spaces. These equations combine the features of forward–backward doubly stochastic
differential equations with the mean-field framework, allowing the coefficients to depend on the
distribution of the solution. Using the method of continuation, we establish existence and unique-
ness results for MV-FBDSDEs and provide both an example and a counterexample illustrating
our findings. Moreover, we demonstrate the applicability of these results within the framework
of the stochastic maximum principle for a control problem governed by MV-FBDSDEs. This
study contributes to the theory of stochastic control and provides, to the best of our knowledge,
the first analysis of MV-FBDSDEs in infinite-dimensional spaces.

Based on: A. Al-Hussein, B. Gherbal, and A. Ninouh, McKean–Vlasov forward–backward doubly stochastic dif-
ferential equations and applications to stochastic control, Filomat 39 (2025), no. 28, 10005–10026.
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Characterization of the (fractional) Malliavin–Watanabe–Sobolev spaces Dα,2

via the Bargmann–Segal norm

Wolfgang Bock
Department of Mathematics, Linnaeus University, Sweden

Motivated by an open question going back to P. Malliavin and P.-A. Meyer (and closely related
to the foundational work of S. Watanabe) on whether Malliavin–Watanabe–Sobolev regularity
admits a characterization in terms of a holomorphic Laplace image similar as for Hida distribu-
tions, we establish a characterization of the spaces Dα,2 for all α ∈ R via the Bargmann–Segal
norm of the S-transform. More precisely, we express Dα,2-regularity, α > 0, of F ∈ L2(µ),
as well as dual regularity of distributions, in terms of integrability, differentiability and growth
properties of the function

(0, 1) ∋ λ 7−→
∫
S′
C

|SF (λu)|2 dν(u)

involving integer-order derivatives in λ for α ∈ N and Riemann-Liouville fractional deriva-
tives/integrals for non-integer α. Here ν is the Gaussian Bargmann–Segal measure. This yields
practical criteria for both positive and negative (including fractional) orders of Malliavin regu-
larity and thereby bridges Malliavin calculus and Bargmann–Segal techniques from white noise
analysis.

Integrated Stochastic Volterra Equations and Quantitative Approximations

Mireille Bossy
Inria, Université Côte d’Azur, France

Motivated by applications in physics (e.g., turbulence intermittency) and mathematical finance
(e.g., rough volatility), this talk investigates a family of integrated stochastic Volterra processes
characterized by a small Hurst parameter (H < 1

2).

We quantify the impact of kernel approximations on the integrated process by studying the
resulting weak error. Our results provide explicit error estimates in terms of the L1-norm of
the difference between the kernels (exact and approximated) and the L1-norm of the difference
between their squared values. The analysis relies on a path-dependent SDE representation (in-
troduced by Viens and Zhang, 2019), together with a dedicated path-dependent Itô formula and
the associated path-dependent Feynman–Kac PDE, providing a robust and extensible framework
for weak error analysis.

As an application, we use these estimates to further investigate causal process approximations
arising in models of intermittent turbulent transport. These approximations correspond to the
Gaussian multiplicative chaos regime in the limit H going to 0.

(joint work with Kerlyns Martínez, Paul Maurer and Bernhard Eisvogel)

Explicit domain preserving integrators for SDEs

David Cohen
Chalmers University of Technology and University of Gothenburg, Sweden
Joint work with Charles-Edouard Bréhier (Université de Pau et des Pays de l’Adour)

7



We propose and study explicit time integrators for SDEs having solutions in a hypercube. We
provide strong and weak rates of convergence for these domain preserving integrators. We
illustrate these results numerically.

The talk is based on an ongoing joint work with Charles-Edouard Bréhier (Université de Pau et
des Pays de l’Adour).

Domain-Preserving Splitting Schemes for SPDEs driven by a Time-Dependent
Brownian Motion

Gijs Custers
Chalmers University of Technology & University of Gothenburg, Sweden

We introduce a domain-preserving Lie–Trotter splitting scheme for approximating the solutions
of some nonlinear SPDEs driven by a purely time-dependent Brownian motion. We prove
strong convergence in time of this scheme with rate 1/2. Both the domain-preserving property
and convergence of the proposed scheme are confirmed numerically and compared to standard
numerical methods that do not preserve the domain.

A stochastic partial differential equation of KPP type on a Riemannian man-
ifold

Mohamed El Fatini
Laboratory of Analysis and Geometry, Ibn Tofail University, Faculty of Sciences, Kénitra, Mo-
rocco

We study a stochastic version of the Kolmogorov–Petrovsky–Piskunov (KPP) reaction–diffusion
equation posed on a Riemannian manifold. The model is formulated as a stochastic partial
differential equation driven by multiplicative noise. Our study extends classical theory for KPP
equations in Euclidean spaces to a geometric framework, providing another insight into the
interplay between stochastic dynamics, nonlinear reaction mechanisms, and global geometric
properties.

Measuring Financial Resilience Using Backward Stochastic Differential Equa-
tions

Matteo Ferrari
Department of Quantitative Economics, University of Amsterdam, The Netherlands
Joint work with Roger J. A. Laeven (Amsterdam), Emanuela Rosazza Gianin (Milano-Bicocca),
and Marco Zullino (Milano-Bicocca)

We introduce the resilience rate as a measure of financial resilience. It captures the expected
rate at which a dynamic risk measure recovers, i.e., bounces back, when the risk-acceptance set
is breached. We develop the corresponding stochastic calculus by establishing representation
theorems for expected time-derivatives of solutions to backward stochastic differential equations
(BSDEs) with jumps, evaluated at stopping times. These results reveal that the resilience
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rate can be represented as a suitable expectation of the generator of a BSDE. We analyze
the main properties of the resilience rate and the formal connection of these properties to the
BSDE generator. We also introduce resilience-acceptance sets and study their properties in
relation to both the resilience rate and the dynamic risk measure. We illustrate our results in
several canonical financial examples and highlight their implications via the notion of resilience
neutrality.

Statistical inference using a rational approximation of a space-time fractional
SPDE

Simen Knutsen Furset
Norwegian University of Science and Technology (NTNU), Norway

We consider a discretisation scheme for a space-time fractional stochastic partial differential
equation with applications in spatio-temporal statistics. We propose a discretization method
based on a spectral approximation in space, and a rational approximation in time to handle ar-
bitrary smoothnesses. This leads to a vector autoregressive moving average process (VARMA),
making statistical inference and prediction tractable using the sequential Kalman filter. We
prove that the covariance function of the approximation converges pointwise, determine explicit
convergence rates as a function of spatial and temporal resolutions and the accuracy of the ra-
tional approximation, and conduct numerical verification to demonstrate small pointwise error
for low orders of the VARMA process. Through a simulation study, we demonstrate that the
parameters can be estimated back and that correctly specifying the temporal smoothness is es-
pecially important for forecasting. Applicability to real data analysis is illustrated on a dataset
of daily mean temperatures in mainland France. Finally, we outline ongoing work towards a gen-
eralisation of the analysis to an abstract Hilbert space setting with semigroup-based dynamics.
This ongoing work aims to achieve strong and weak error bounds for the rational approximations
that allow for more general spatial operators, and permit different spatial schemes, for example
finite elements.

Complexity-Constrained Schrödinger Bridges for Controllable Image Gener-
ation

Vitaliy Golomoziy
Taras Shevchenko National University of Kyiv, Ukraine
Joint work with Yevhenii Azarov (Taras Shevchenko National University of Kyiv)

Our goal is to develop image generation methods whose intermediate states are interpretable
and controllable. To this end, we introduce an entropic complexity functional defined on dis-
crete visual tokens obtained from a MaskGIT-style tokenizer. The functional is based on con-
ditional entropies / mutual-information-type quantities and is designed to distinguish simple,
low-complexity images from more structured ones. We provide empirical evidence that this
functional tracks perceptual image complexity on tokenized image datasets.

We then formulate controllable generation as a constrained Schrödinger bridge problem, where
the intermediate marginal distributions are required to follow prescribed complexity constraints
or penalties. In the finite token setting, we show that the resulting constrained problem admits
a unique solution under natural feasibility and full-support assumptions, and we discuss stabil-
ity with respect to perturbations of the constraints and reference process. We also derive the
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optimality conditions, which reveal additional complexity-induced potentials in the Schrödinger
bridge representation. Finally, we propose a modified Sinkhorn / iterative proportional fitting
scheme for the exact finite problem and discuss how this motivates scalable neural approxima-
tions for image generation.

Pathwise Description of Bifurcations in McKean-Vlasov Systems

Ankita Gupta
Mathematical Physics and Stochastic Dynamics, Institute of Physics, University of Freiburg,
Germany
Joint work with Aljaž Godec

The Dawson model provides a paradigmatic example of an all-to-all interacting stochastic sys-
tem undergoing a mean-field pitchfork bifurcation. In this work, we study the structure of
stochastic trajectories near the bifurcation by combining the McKean–Vlasov description with
an Onsager–Machlup path functional approach. Our main goal is to characterize the tube in
which conditioned stochastic paths are concentrated when trajectories are selected according to
prescribed endpoint constraints.

In addition, we consider the Bonilla–Casado–Morillo model as a related mean-field interacting
system and study its bifurcation structure. This allows us to compare the pathwise description of
conditioned stochastic trajectories in the Dawson model with another classical model exhibiting
collective bifurcation behavior.

Starting from the mean-field dynamics, we analyze the deterministic most probable path and
the fluctuations around it. The leading Gaussian tube is obtained from the quadratic expansion
of the Onsager–Machlup action, while higher-order corrections capture the loss of symmetry
and the emergence of skewness near criticality. We compare these theoretical predictions with
numerical simulations of the stochastic dynamics and examine how the tube changes as the
system is driven across the bifurcation.

A Quasi-Monte Carlo Approach to Consensus-Based Optimization

Jacob Heieck
Universität Mannheim, Germany
Joint work with Simone Göttlich and Andreas Neuenkirch (Universität Mannheim)

Consensus-based optimization (CBO) is a gradient-free consensus dynamics for approximating
the global minimizer x⋆ of a possibly non-convex and non-smooth function f : RD → R. It
combines consensus dynamics with stochastic exploration, and its convergence properties have
been a very active field of research recently.

In this talk, we study a zero-noise variant of CBO, which corresponds to a fully deterministic
particle system xt =

(
x1t , . . . , x

N
t

)
∈ RD·N , t ≥ 0, with N particles, contraction rate λ > 0,

and concentration parameter α > 0. The initial particle configuration x0 is constructed using
low-discrepancy Quasi-Monte Carlo point sets, which provide a uniform coverage of the domain.

Under mild regularity assumptions on f , we show that the particle average xNt is close to the
global minimizer. More precisely, we derive explicit bounds for ∥xNt − x⋆∥ in terms of the
parameters of the system, using tools from Quasi-Monte Carlo as well as the Laplace principle.
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In particular, for a given target accuracy ε > 0, we quantify how to choose N , α, λ, and the
time T such that ∥xNT − x⋆∥ ≤ ε.

A regularized truncated finite element method for a degenerate parabolic
stochastic PDE on non-compact graphs

Mihály Kovács
Pázmány Péter Catholic University and Budapest University of Technology and Economics, Hun-
gary, and Chalmers University of Technology, Sweden

We study the numerical approximation of a class of degenerate parabolic stochastic partial
differential equations on non-compact metric graphs, which naturally arise in the asymptotic
analysis of Hamiltonian flows under small noise perturbations. The numerical discretization
of these equations faces several challenges, including the non-compactness of the graph, the
degeneracy of the differential operator near vertices, and the non-symmetry of the associated
bilinear form. To address these issues, we propose a multi-step numerical strategy combining
graph truncation, localized coefficient regularization, and finite element spatial discretization. By
incorporating localization techniques, tightness arguments and resolvent estimates, we establish
the strong convergence of the proposed scheme in a weighted L2-space. Our results provide a
systematic methodology that is potentially extensible to more general non-compact graphs and
degenerate operators.

Pointwise well-posedness results for degenerate Itô-SDEs with locally bounded
drifts

Haesung Lee
Department of Mathematics and Big Data Science, Kumoh National Institute of Technology,
Republic of Korea

We study weak well-posedness of degenerate Itô-SDEs in Euclidean space with possibly discon-
tinuous dispersion coefficient and locally bounded drift. We start from the partial differential
operator

Lf =
1

2ψ
∆f + ⟨G,∇f⟩, f ∈ C∞

0 (Rd),

where G ∈ L∞
loc(Rd,Rd), ψ ∈ Lploc(R

d) for some p ∈ (d,∞), ψ > 0 a.e., 1
ψ ∈ L∞

loc(Rd), and 1
ψ

is understood as a Borel version taking values in [0,∞). We first construct an infinitesimally
invariant measure µ̂ for (L,C∞

0 (Rd)), i.e.∫
Rd
Lf dµ̂ = 0 for all f ∈ C∞

0 (Rd).

We then obtain a closed extension of L which generates a sub-Markovian C0-semigroup of
contractions on L1(Rd, µ̂). Using generalized Dirichlet form theory together with elliptic and
parabolic regularity for the associated PDEs, we construct a Hunt process whose transition
function is associated with this semigroup. If the semigroup is conservative, then this Hunt
process can be identified, for every starting point x ∈ Rd, with a weak solution to

Xt = x+

∫ t

0

√
1
ψ (Xs) id dWs +

∫ t

0
G(Xs) ds, t ≥ 0, Px-a.s.
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For uniqueness in law, under the additional assumption ψ ∈ Lqloc(R
d) with q ∈ (d + 1,∞), we

solve the associated Kolmogorov backward problem via the constructed semigroup. By devel-
oping a generalized Itô formula based on Krylov-type estimates and using a Stroock–Varadhan
martingale problem argument, we prove uniqueness in law among all weak solutions that spend
zero time at the points of degeneracy of the dispersion coefficient, namely those satisfying∫ ∞

0
1{ 1

ψ
=0}(X̃s) ds = 0, P̃x-a.s.

Finally, since there exist weak solutions that spend a strictly positive amount of time at the
points of degeneracy of the dispersion coefficient, the condition of spending zero time at these
points appears to be necessary for uniqueness in law.

Quasi-Invariance under Flows Generated by Non-Linear PDEs

Jörg-Uwe Löbus
Matematiska institutionen, Linköpings universitet, Sweden

The talk is concerned with the change of probability measures µ along nonrandom probability
measure valued trajectories νt, t ∈ [−1, 1]. Typically solutions to nonlinear PDEs, modeling
spatial development as time progresses, generate such trajectories. Depending on in which di-
rection the map ν ≡ ν0 7→ νt does not exit the state space, for t ∈ [−1, 0] or for t ∈ [0, 1],
quasi-invariance of the measure µ under the map ν 7→ νt is established and the Radon–Nikodym
derivative of µ ◦ νt with respect to µ is determined. It is also investigated how Fréchet differen-
tiability of the solution map of the PDE can contribute to the existence of this Radon–Nikodym
derivative. The first application is a certain Boltzmann type equation. Here the Fréchet deriva-
tive of the solution map is calculated explicitly and quasi-invariance is established. The second
application is a PDE related to the asymptotic behavior of a Fleming–Viot type particle system.
Here quasi-invariance is obtained and it is demonstrated how this result can be used in order to
derive a corresponding integration by parts formula.

Reference: J.-U. Löbus, Quasi-Invariance under Flows Generated by Non-Linear PDEs, Analysis and Applica-
tions, Vol. 22, No. 01, 179–277 (2024), arXiv:1311.0200.

Shape Optimisation for Portfolio Selection

Eberhard Mayerhofer
University of Limerick, Ireland

Portfolio selection in markets with proportional transaction costs poses significant challenges,
and rigorous progress has remained limited beyond the case of a single risky asset with a bid–ask
spread, or numerical results for more assets. For many investment objectives, key state variables
evolve as reflected diffusions in bounded domains. Unlike analogous physical systems, however,
the financially relevant reflection structure is highly anisotropic. Using ergodic methods, we
derive small-cost asymptotic insights into the relationship between the geometry of the no-trade
region and the correlation structure of the traded assets.
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Definition and properties of supCARMA processes

Magdalena Mikić
School of Applied Mathematics and Informatics, J. J. Strossmayer University of Osijek, Croatia
Joint work with Danijel Grahovac (J. J. Strossmayer University of Osijek)

SupCARMA processes belong to the class of continuous-time stochastic models with a flexible
dependence structure and a rich choice of marginal distributions. Defined as superpositions of
Lévy-driven CARMA processes with respect to a Lévy basis, they extend the well-known supOU
framework and provide greater flexibility in modeling temporal dependence.

In this talk, we focus on supCAR(2) processes. Depending on the eigenstructure of the underly-
ing CAR(2) matrix, these processes can be classified into three distinct types. For each type, we
derive sufficient conditions for existence and obtain explicit expressions for the autocovariance
and autocorrelation functions. Different parameter distributions can lead to different process
behavior and memory properties, including short-range and long-range dependence as well as
oscillatory correlations.

The results are illustrated through examples, correlation plots, and simulated sample paths.
The aim is to provide a theoretical foundation for supCAR(2) models, which may be useful in
applications requiring realistic modeling of temporal dependence.

Iterated Logarithm Phenomena for Weighted Long-Memory Gaussian Se-
quences

Elina Moldavskaya
Technion – Israel Institute of Technology, Israel

I will discuss almost-sure asymptotic behavior of weighted nonlinear functionals of long-memory
Gaussian sequences. The talk focuses on weighted partial sums with regularly varying deter-
ministic weights and on how the Hermite rank influences the natural iterated-logarithm scale.
Special attention will be given to the effect of the weights, which make the partial-sum process
nonstationary even when the underlying Gaussian sequence is stationary. The results illustrate
how long-range dependence, nonlinear transformations, and deterministic weights interact in
pathwise limit problems.

Nonparametric drift estimation of interacting particle systems driven by frac-
tional Brownian motion

Yasan Odeh
Université Côte d’Azur (CNRS – LJAD), France

We introduce a projection estimator for the nonparametric problem of estimating the drift
function b ∈ C1

b (R × P2(R)) of an interacting particle system driven by fractional Brownian
motion with Hurst parameter H > 1

2 .

More precisely, we observe N interacting particle trajectories on the time interval [0, T ] and
show that our estimator is asymptotically consistent for N → ∞.
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While projection estimators have previously been studied for fractional SDEs with i.i.d. trajec-
tory observations as well as for interacting particle systems (IPS) driven by standard Brownian
motion, to the best of our knowledge this specific setting has not been addressed yet and poses
new challenges.

To adapt existing techniques to this framework, we introduce a new matrix concentration in-
equality based on Malliavin calculus, which avoids previously used change of measure type
arguments.

Finally, we develop a novel fixed-point approach that relies on iteratively shrinking the time
horizon TD → 0 as the projection dimension D → ∞, to have a computable estimator which
does not rely on additional knowledge of Malliavin derivatives.

Statistical inverse problems for interacting particle systems and their mean
field limit

Grigorios A. Pavliotis
Department of Mathematics, Imperial College London, United Kingdom

We consider the problem of learning interaction kernels from data for stochastic interacting
particle systems and their mean-field limit, described by the McKean–Vlasov PDE. We study
two measurement models: observation of a single particle trajectory, and access to discrete noisy
space-time measurements of the solution to the mean-field PDE. We treat both the parametric
and fully nonparametric settings. We construct estimators based on the spectral analysis of the
linearized McKean–Vlasov operator and present a fully Bayesian nonparametric analysis of the
problem. Finally, we consider a Bayesian inverse problem for a coupled drift-diffusion–Poisson
system, and show how both MCMC methods and the Ensemble Kalman filter can be used to
infer the permittivity from noisy measurements of the Fokker–Planck equation.

LLN & CLT for a Poissonian generational Construction of the McKendrick–
von Foerster Population Model

Roger Pettersson
Department of Mathematics, Linnaeus University, Sweden
Joint work with Ihsan Arharas, Omar Kebiri, and Nacira Agram

We revisit the classical McKendrick–von Foerster age structured population model from a prob-
abilistic perspective. Specifically, we construct a recursive generation by generation particle
system using Poisson processes with time dependent and age dependent intensity functions to
model births and deaths. This stochastic framework captures the dynamics of individuals across
generations and allows for natural interpretations of survival and reproduction. We rigorously
show that the deterministic McKendrick–von Foerster equation emerges as the expectation and
law of large numbers limit of the proposed Poissonian model. Furthermore, fluctuation results
via central limit theorems are derived, highlighting the variance structure induced by the un-
derlying branching process. The approach provides a flexible probabilistic interpretation and
simulation framework for age structured dynamics.
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The soft-edge Dyson Brownian Motion and the Wasserstein Gradient Flow

Kohei Suzuki
Department of Mathematical Sciences, Durham University, United Kingdom

In this talk, we focus on an infinite-dimensional model of repulsively interacting Brownian mo-
tions: Dyson Brownian motion (DBM) at soft-edge scaling. It is known that its stationary
process is the Airy line ensemble, a collection of non-intersecting random curves linked to the
KPZ universality class. We show that its time-marginal law is characterised as a Wasserstein
steepest gradient descent (EVI gradient flow) of the relative entropy in the space of probability
measures over the configuration space, an infinite-dimensional analogue of Jordan-Kinderlehrer-
Otto/Ambrosio-Gigli-Savaré theory. We will discuss several applications such as RCD property,
Varadhan short-time asymptotic and dynamical number-rigidity.

Weighted Helmholtz–Hodge decompositions, Lyapunov functions, and invari-
ant measures

Gerald Trutnau
Department of Mathematical Sciences and Research Institute of Mathematics, Seoul National
University, South Korea
Joint work with Haesung Lee (Kumoh National Institute of Technology, South Korea)

We study weighted Helmholtz–Hodge decompositions of drift vector fields associated with second-
order diffusion operators on Rd, d ≥ 2. Given a decomposition of the form

G = A∇Φ+B,

we relate the weighted divergence-free condition divµ(B) = 0, where µ = e2Φdx, to infinitesimal
invariance of µ for the operator

1
2trace(A∇

2) + ⟨G,∇·⟩.

We compare weighted, orthogonal, and strictly orthogonal Helmholtz–Hodge decompositions
and show that uniqueness of the infinitesimally invariant measure yields uniqueness of the cor-
responding weighted decomposition, and hence a canonical potential. For linear vector fields,
we characterize Gaussian infinitesimally invariant measures by an algebraic Riccati equation
together with a trace condition. In the Ornstein–Uhlenbeck case, this gives a structural proof
of the classical criterion that a finite invariant measure exists if and only if the drift matrix is
Hurwitz, and it identifies the associated strictly orthogonal decomposition. Finally, we treat
nonlinear polynomial perturbations that preserve a given potential and obtain explicit classes
of drifts for which the invariant measure and the weighted decomposition remain unique. The
results clarify the relation between Lyapunov-type potentials, non-reversible perturbations, and
invariant measures for diffusion semigroups.
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