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Collective motion and external control in active droplets
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Abstract

The collective motions of self-propelled particles, such as flocks of birds or schools of fish, are studied in
physics within the domain of active matter. Using microfluidics, living and synthetic microparticles have
become an ideal playground to study these systems.

In this talk, we present two experiments using bacterial suspensions to produce active droplets, with the
objective of understanding how microscale bacterial activity can drive macroscopic droplet motion. In other
words, how useful work can be extracted from confined suspensions. First, we show that confining E. coli
in a water-in-oil emulsion produces bacterially propelled droplets performing a persistent random walk.
Second, we show that magnetotactic bacteria confined in a similar emulsion self-assemble, under a constant
magnetic field, into a rotary motor that generates a vortex motion reversible upon field inversion. Finally,
we introduce a synthetic active droplet system based on liquid crystals capable of reproducing living
features such as chemotaxis and light sensing. By incorporating photosensitive chiral dopants, we
demonstrate that UV and visible light trigger dopant isomerization, altering the cholesteric droplet pattern
and switching the swimming regime, opening new avenues for precise active matter manipulation.
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