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Stabilization of self-propelling particle clusters.
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Suspensions of self-driven organisms are related to a
large variety systems of relevant interest which are com-
posed by swimming organisms, such as fish shoals or bac-
teria colonies. All these systems, referred to generically
as active materials, are composed by constituents which
absorb energy from their surroundings or from their in-
ternal metabolism and dissipate it, usually carrying out
internal movements, leading to translational or rotation-
al motion1. These systems remain out of equilibrium,
a feature which leads to unique properties and enhance
the ability of these systems to self assemble and develop
patterns as a result of their intrinsic motion2.

We have studied the collective behavior of communities
of active particles using a simple model in which the ef-
fect of the internal metabolism of the microorganism can
be described through the effective fluid flow the particle
generates on its surface. This squirmer model, which con-
stitutes a model for ciliated microorganisms and certain
types of microrobots, accounts for the correct coupling
of the selfpropelling particle to the fluid surrounding it.
It is known that this hydrodynamic coupling promotes
self-assembly through cluster formation3, although their
stability has not been addressed systematically.

We address systematically the stability of clusters of
squirmers, paying special attention to size spanning clus-
ters, responsible for flocking transitions in ensembles of
selfpropelling particles in the absence of hydrodynam-

ics4. The theoretical prediction, based on linearized hy-
drodynamics, that squirmer bands are intrinsically unsta-
ble2 has not been analyzed. Previous numerical evidence
shows the development of dense squirmer bands coexist-
ing with a dilute fluid suspension. As a result, nonlinear
couplings appear as a natural mechanism for band stabi-
lization which we analyze using a lattice Boltzmann (LB)
model to describe the fluid and address the appropriate
time scales which determine the coupling of the active
particles and the fluid while the activity of the particles
is characterized using the model described in Ref. [5].
We also address the role of squirmer interactions and ge-
ometrical confinement to stabilize squirmer bands and
discuss a hydrodynamically-controlled route to flocking.
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