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Active matter of switching particles interacting
through an equilibrium statistical field

We study active matter in the form of switching particles that undergo inter-
actions mediated by an otherwise fluctuating equilibrium field. This system is a
paradigm for various biological and soft-matter out-of-equilibrium systems, e.g., ac-
tive membrane proteins with ATP-dependent states, or switchable colloids.

We use both analytical tools (dynamical field theory, Dean-Kawasaki equations,
nonlinear amplitude equations, etc.) and numerical simulations (Monte Carlo) to
study these system, which develop various types of nonequilibrium patterns and
bursts. In the miminal model, where the particles are described as active spins and
the field is simply Gaussian, many open fundamental questions remain on the role
of multibody interactions, that of the Casimir effect, or regarding the localization of
dissipation (which we quantify by means of entropy production). There are also more
practical questions that address the influence of the ratio of active to passive flips,
the nature of the transition to the nonequilibrium state, the existence of universality
classes, etc.

A definite step forward for this model system would be to bring it closer to re-
alistic systems of experimental relevance, e.g., active membrane proteins. There,
though the backbone of the model remains, the interactions between the Gaussian
field and the embedded proteins involve higher-order derivatives. And the dynam-
ics involves hydrodynamic couplings between the proteins, the field and their fluid
environment. How these complications affect our early findings is unknown.



