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A new type of soft condensed matter, called 'active matter', arises in biological systems which continuously convert one form of energy into another. Examples include sub-cellular networks of filaments and motors (the 'cytoskeleton') and suspensions of swimming bacteria. Each contains active particles that tend to form ordered phases (the analogues of liquid crystals in conventional, passive materials).
[image: ]The goal of this PhD project is to develop novel numerical tools to address these fascinating soft materials, and to exploit these to advance our mechanistic understanding of active matter in a transformative way. The three main approaches include:
1) an agent-based algorithm combining discrete self-propelled particles and a spectral solver for the fluid velocity field;
2) a large-scale spectral technique to simulate stochastic evolution of the probability distribution function (PDF) describing simultaneously a large collection of micro-swimmers; see Fig.1, for example.
3) a stochastic Partial Differential Equation algorithm describing the time-evolution of the moments of the PDF from 2).
Scientifically, one of our key goals is to uncover the fundamental mechanism underlying the transition to active turbulence, which is found experimentally in a variety of systems (encompassing microtubule-motor mixtures, cell monolayers and swarming bacteria) but whose fundamental physics remains elusive. Previous work in our group has shown that fluctuations play a pivotal role in the transition [1-3], and using the techniques detailed above we will have a unique chance to understand the physical mechanism responsible for this finding.Fig. 1. An example of a large-scale simulation of active turbulence. The colour shows the local orientation of microswimmers.

This PhD project offers exciting opportunities for a student interested simultaneously in developing new computational methods and performing large scale computer simulations relevant for modern non-equilibrium statistical physics, and in understanding the physics of soft active matter, which is a hot topic gathering the attention of an ever-growing scientific community.
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Figure 10: Snapshots from the pseudo-spectral simulations of the full Kinetic theory; From
the left: i) Stationary state, ii) Periodic orbit iii) Chaos. The color map represents the
microswimmer concentration, while the arrows denote the fluid flow. All simulations are
done in the periodic box with the size H/(vs/�) = 50.



2.4 Minimal model of microswimmer suspensions



The naive scaling relation (2.3) imply that the dominant fields are the velocity field and the
nematic thensor. As the interaction is purely nematic, we may assume that the nematic
tensor is the only slow mode of the moment expansion, and enslave both polar order field as
well as density fluctuations. Enslaving polar order can be done by solving (1.21) for @tm = 0,
which gives



m ⇡ �
vs
� r.Q � U .rm, (2.4)



⇡ �
vs
� [1 � U .r + (U .r)2 + . . . ]r.Q. (2.5)



Taking into account the constant swimmer density assumption c ⇡ c0 gives the minimal
mean-field model of microswimmers
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