Summer school: PDE and
probability

Report of Contributions

https://indico.math.cnrs.fr/e/13554



Summer school:... /Report of Contributions TBA

Contribution ID: 1 Type: not specified

TBA

Presenter: Prof. HAIRER, Martin (EPFL)

December 14, 2025 Page 1



Summer school:... /Report of Contributions Rigorous results for timelike Liouv ...

Contribution ID: 2 Type: not specified

Rigorous results for timelike Liouville field theory

Liouville field theory has long been a cornerstone of two-dimensional quantum field theory and
quantum gravity, which has attracted much recent attention in the mathematics literature. Time-
like (or imaginary) Liouville field theory is a version of Liouville field theory where the coupling
constant is made imaginary. I will talk about recent work that gives a rigorous construction of
timelike Liouville theory in a restricted regime of parameters. The path integral for timelike Liou-
ville field theory has a negative sign in front of the kinetic term, which makes it closer to a theory
of quantum gravity than the usual (spacelike) Liouville field theory. Making sense of this “wrong
sign” requires a theory of Gaussian random variables with negative variance. I will present such
a theory, which will then be used to prove the timelike DOZZ formula for the 3-point correla-
tion function in the restricted region. Expressions for the k-point correlation functions will also
be presented, and I will show how these functions approach the correct semiclassical limits after
insertion of heavy vertex operators.

Presenter: Prof. CHATTERJEE, Sourav (Stanford University)
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Quantum diffusion and random matrix theory

The random Schrodinger equation and its discrete analogue, the tight-binding model, have been
studied as models of electron transport in disordered systems. It is conjectured that the long-time
behavior is either localized or diffusive. In the localized regime, solutions remain trapped near
their initial position. This phase has been established rigorously near the spectral edges, and is
known as Anderson localization. The other possibility is that solutions transport diffusively for all
time, and this is related to delocalization of eigenfunctions. In these lectures I will present a simple
proof of diffusive transport up to a nontrivial timescale, though far from resolving the question
of delocalization. The proof involves random matrix theory arguments combined with estimates
from dispersive PDE. Based on joint work with Adam Black and Reuben Drogin.

Presenter: HERNANDEZ, Felipe (Penn State University)
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Rigorous justification of wave kinetic theory

Wave kinetic theory, also known as wave turbulence theory, is the kinetic description of sys-
tems with an asymptotically large number of weakly interacting waves. It is the wave analog of
Boltzmann’s kinetic theory for particle systems, and plays a fundamental role in various fields of
science. Over the last five years, in collaboration with Yu Deng (Chicago), we have developed a
robust paradigm that put this theory on solid mathematical foundations, including the rigorous
derivation of the corresponding kinetic equation, known as the “wave kinetic equation” (WKE).
This culminated with providing a long time derivation of that equation, covering the full life span
of its solutions. The latter result was the first of its kind, be it for particle or wave systems, and
it provided the strategy to resolve the classical problem of deriving Boltzmann’s equation on long
time intervals (done recently with Yu Deng and Xiao Ma). The aim of this minicourse is to give an

overview of this progress.

Presenter: HANI, Zaher (University of Michigan)
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Large-scale behaviour of random motions with long
memory

The course will discuss at least two of the following three topics.

1.

Random walks and diffusions in divergence-free random drift fields.

Motivation, examples, main questions.

Diffusive limit (CLT) and homogenisation under H_{-1} and ellipticity. (In probability and quenched,
w.r.t. the environment)

Relaxing the ellipticity condition. Motivation (why care?). Diffusive limit and homogenisation
(CLT) (in probability w.r.t. the environment).

Anomalous super-diffusion when H_{-1} fails - examples.

Open problems and questions.

2.

Random walks and diffusions with path-wise self-repellence.
Motivation, examples, main questions.

Super-diffusion in 1 and 2 dimensions.

Diffusive limits (CLT) in 3 dimensions.

Open problems and questions.

3.

Diffusive limit (invariance principle) for the random Lorentz gas beyond the kinetic time scales.
Boltzmann-Grad (low density) approximation on longer-than-kinetic time scales.

Weak coupling approximation on longer-than-kinetic time scales.

Open problems and questions.

Presenter: TOTH, Balint (Bristol & Budapest)
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Anomalous diffusion and Euler flows

Scalar anomalous dissipation is a phenomenon in fluid dynamics in which a quantity advected by
a fluid (e.g. the density of pollutant particles advected by a water current) is dissipated even ‘with-
out the final assistance of viscosity’. This behaviour has strong links to turbulence: in particular
to Kolmogorov’s ‘zeroth law’, to Onsager’s theory, and to Richardson’s hypothesis of turbulent
trajectories.

In this series of talks I will present the recent result, obtained jointly with L. Székelyhidi and B.
Wu, which shows that any scalar advected by a typical weak solution of the deterministic, incom-
pressible 3D Euler equation exhibits anomalous dissipation.

The result combines two important developments in mathematical fluid mechanics: the application
of convex integration methods, spearheaded by results of DeLellis and Székelyhidi, and the iter-
ative quantitative homogenisation framework proposed recently by Armstrong and Vicol. I will
provide some details on these two cornerstones, explain the necessary extensions that allowed us
to combine them successfully, as well as the hydrodynamic context of our result.

Presenter: Prof. BURCZAK, Jan (Universitit Leipzig)
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