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Reaction front propagation in dense, con�ned media
with applications to

animal ecology, epidemic propagation and criminal activity

Travelling population fronts and patterns are observed in many bio-ecological, physical and chemical
systems: �ame-front propagation and phase transition waves in �uids; active transport in porous or
con�ned media; biochemical waves during morphogenesis; wavelike spread of genetic mutations, cancer
tumors, virus infections, criminal activities, growing cities.

The propagating pro�le for the agent number density can be described either by a �top-down� approach
through a system of non-linear reaction-di�usion equations, or by a �bottom-up� approach based on reactive
random walks of individuals. While the continuum mean-�eld approach can generally account for most
of the emergent behaviors and patterns of the bottom-up approach, it may become invalid in strongly
inhomogeneous or con�ned environments, in low dimensions (1D or 2D), or for very high or very low
concentrations of reactants. One of the most promising alternative approaches that accounts directly
for the discrete nature of the reacting agents and their interactions with the medium where they live is
molecular dynamics simulation.

The e�ect of boundaries and obstacles, the density e�ects like molecular crowding and layering near
con�ning walls, and, more generally, all the various couplings of the reaction-di�usion fronts with their
environment, have been attracting considerable attention for the last ten years in the study of animal
home range structure, epidemic propagation, crime hot spots spreading and cities development.
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The current project focuses on the con�nement and density e�ects on the simple bimolecular reaction
A + B → 2A. The reacting mixture is contained either in a disk or a cylinder of radius R. Both A
and B components are modeled as hard spheres that move with constant velocities between collisions.
A "reaction", for example a mutation, selection, contamination, occurs either whenever an A and a B
agent collide or after a speci�c delay. A third type of particle, C, may also be introduced to account for
external crowding e�ects. Molecular dynamics simulations will be performed to investigate the e�ect of
con�nement, as quanti�ed by R/s where s is the molecular diameter, and the density (of A, B and C
particles) on the speed, position and shape of the reaction front. Particular attention will be devoted to
the importance of the �nature� of the con�ning walls be they �xed, de�ned by the convex hull, �uctuating,
fading out after some time, or reacting.
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