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Newton’s equations—interacting particle systems

F=ma

Mean-field limit



• Course by P. Degond







The Random Batch Method (J-L. Li-J.-G. Liu, JCP ‘20)



Algorithm-I (RBM-1)





Algorithm II: RBM-r







A strong convergence analysis for RBM-1

Notations

Analysis solution:

RBM solution: 

synchronization condition: 

Norm of error: 

Mean-field scaling:      



A long-time result (J-L. Li-Y. Sun ‘20) 

Theorem



A key lemma (consistency)



stability



Mean-field limit  and AP diagram
(for first order systems)



Example 1: The Dyson Brownian motion





Example 2: charged particles on sphere







Singular potential K

If K has singularity (for example Lenard-Jones potential at r=0)

decompose K into a short range, singular part (with cut-off) and

long-range smooth part, and use RBM on the long-range part



Random Batch Ewald for Molecular Dynamics Simulation
(with L. Li, Z. Xu and Y. Zhao)



Consider a periodic lattice

Change to Fourier space

Force: 



Random Batch Ewald

PME (particle mesh Ewald)  or PPPM (Particle-Particle-Particle Mesh): Cut off in 
Fourier space for high wave number

Random-batch Ewald: does’t cut off high k, but uses random mini-natch
sampled k from Gaussian distribution (importance sampling which reduces the 
variance)

(sampling can be done offline and then randomly drawn  p samples for each 
iteration)



Charge inversion in a salty environment
(All-atom simulation for 17736 water molecules) 



With L. Hong’s group





Kinetic and potential energy fluctuations



Other applications and extensions

➢ Sampling:

Stein variational gradient descent

L. Li, Y. Li, J.-G. Liu, J.F. Lu

Sampling of Gibbs measure that corresponds to particle    systems with Lenard- Jones potential 

L. Li, Z. Xu and X. Zhao

➢ Control of synchronalization in particle system

E. Zuazua, etc.

➢ agent-based models for collective behavior (flocking, swarming, synchronization)

S.Y. Ha, S Jin, D. Kim, D. Ko

➢ Quantum Monte-Carlo: 

Jin-X. Li

➢ Quantum N-body Schrodinger:  uniform in                   for reduced (1-body) density operator

Golse-J-Paul 


