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Controlling phase separation in active systems

Examples of active systems, formed of units that are able to extract energy from the environment and dissipate
it to self-propel, are found everywhere in nature: flocks of birds, animal swarms, suspensions of bacteria or
tissues are all biological active systems. Recently, scientists have built synthetic active systems using catalytic
colloidal particles or micro-robots; active matter is a class of soft materials capable of new forms of self-
organization. Furthermore, active systems have theoretically fascinating properties, a fact that drove a very
intense research activity lately. Future applications may encompass the engineering self-assembling materials
using active units, considered as a defining agenda in the community.

Large assemblies of active units display collective phenomena that are absent in equilibrium. One of the most
ubiquitous is phase separation: unlike in equilibrium systems, even repulsive but active particles phase separate
into dense and dilute phases. In some cases, this resemble to liquid-vapor phase separation of standard fluids.
Due to broken time-reversibility, however, phase separation in active systems often shows very different
features from a liquid-vapor phase separation, and currents in the steady state. For example, the dense regions
can support a population of mesoscopic vapor bubbles (bubbly phase separation, qualitatively resembling to a
boiling liquid), or the vapor-liquid interface is unstable, giving rise to active foam states.

Non-equilibrium types of phase
separation arising in active systems.
Shown is the density field (bright
colors denote dense regions). Bubbly
phase separation (Left) and an active
foam state (Right). One of the main
goals of this project is to control such
phases in particle-based models.

The main open theoretical question is how to control these novel states of matter in terms of microscopically
tunable parameters. The main goal of this internship, with possible extension to a PhD (subjected on funding),
is to fill this gap. We will employ both analytical and numerical techniques, such as direct numerical simulations
of particle systems and of continuum descriptions of the system (field theories). If successful, this work will
provide a guide for experimentalists to design novel self-assembling materials using active units. Given the
ubiquity of phase separation in non-equilibrium contexts, we will further explore the relevance of these results
to other out-of-equilibrium systems, such as biological tissues and granular materials.
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