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Small-scale chaos and the Vlasov limit of N-body dynamics

Context
Gravity is a long-range interaction. As a result, each star in a stellar system interacts with all the others. 
In the limit of a large number, N, of particles, the exact (Klimontovich) dynamics of the N particles is 
expected to converge to the smooth (Vlasov) dynamics of a continuous distribution function [1]. Yet, 
because gravity diverges on small scales, the available rigorous proofs of this convergence are typically 
limited to interactions smooth below some softening scale [2-4]. Indeed, in an N-body system, close 
encounters drive an exponential divergence of nearby trajectories. Such a small-scale chaos can be 
tracked via a Lyapunov time characterising the exponential separation of nearby realisations. Strikingly, 
in the absence of softening, for 3D self-gravitating systems, the Lyapunov time decreases with N [5-7]. 
Conversely, for a fixed softening, for N large enough, the Lyapunov time grows with N [8-10]. 

Upshot
This internship focuses on the role of small-scale chaos in the convergence of the Klimontovich 
equation towards the Vlasov one. For that purpose, we will investigate homogeneous multi-periodic 
systems of N particles in dimension D [11,12]. Particles will interact through a pairwise potential given 
in Fourier space by -G/|k|^a, with "a" setting the strength of the small-scale divergence (a=-2 is gravity). 
Softening will be mimicked by setting the interaction to zero for |k| > kmax. Using non-uniform fast 
Fourier transforms [13] to integrate the equations of motion and their variational extensions [14,15], 
as well developing analytical predictions, we will measure and predict Lyapunov times as a function 
of (N, D, a, kmax). We will identify the mechanism that controls the transition between the different 
regimes of chaos. Ultimately, this internship should offer new clues on the microscopic foundations of 
collisionless dynamics, as well as on the impact of softening on N-body simulations.
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Requirement
Strong interest in theoretical astronomy, dynamics, analytical and numerical work. For full 
consideration, prospective students should send their CV, transcripts, and a (short) cover letter to 
fouvry@iap.fr, before Nov. 15, 2026.

Framework
The internship will be supervised by Jean-Baptiste Fouvry (IAP, Paris) within the ANR BEYOND-BL.


