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Motivation

The interaction of active self-propelled particles with rigid boundaries
under confinement plays a central role in many biological processes.

Examples include:

! Spermatozoa transport in the female tract

! Aggregation of bacteria near surfaces, biofilm formation.

! Control of bacteria in microfluidic devices.

! Lane formation in pedestrians and social insects.

In common across very different applications is the tendency to
accumulate near boundaries.
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Biflagellate green alga Chlamydomonas reinhardtii

Contino et al., Phys. Rev. Lett. (2015)
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Synthetic micro-rods

Takagi et al., Soft matter (2014)
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Bull Spermatozoa

Rothschild, Nature (1963)
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Ant colonies

Poissonnier et al., eLife (2019)
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Brownian particle

Consider a Brownian particle in R2 at position (X (t),Y (t)), with
evolution

dX (t) =
√
2DdW1 + U1dt,

dY (t) =
√
2DdW2 + U2dt,

where D is the diffusion coefficient, (U1,U2) the drift vector and Wi

independent standard Brownian motions.

Alternatively, we may consider the probability density p(x , y , t) for the
particle to be at position (x , y) at time t. By the Itô formula:

∂tp = ∂x(D∂xp − U1p) + ∂y (D∂yp − U2p).
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Active Brownian particle (ABP)

A simple model for self-propelled particles is to introduce an orientation
Θ(t) and make the drift Θ-dependent:

dX (t) =
√
2DdW1 + U cosΘdt,

dY (t) =
√
2DdW2 + U sinΘdt,

dΘ(t) =
√

2DθdW3

where DΘ is the rotational diffusion coefficient and U is the (constant)
self-propulsion speed.

Similarly, now we have p(x , y , θ, t) with:

∂tp = ∂x(D∂xp − U1p) + ∂y (D∂yp − U2p) + Dθ∂
2
θp,

where (U1,U2) = U(cos θ, sin θ).
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Boundary interactions

Suppose the particle is constrained to y ≥ 0. There are multiple ways to
model the particle-wall interaction:

! attractive/repulsive forces.

! hydrodynamic interactions (fluid mediated).

! steric interactions.

Large experimental evidence shows that the shape and size of
self-propelled particles can change the interaction. How do we model
this?
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