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Active colloidal liquids as topological insulators

L’objectif de ce stage et de cette thèse consistera à comprendre la dynamique de liquides collöıdaux
dotés de propriétés topologiques similaires à celles des fluides quantiques de Hall. Cette thèse combinera
expériences et théorie, et se situera à l’interface entre physique de la matière molle, physique de la
matière condensée et physique statistique.

Contexte : Ces dix dernières années, deux branches déconnectées de la physique sont entrées en efferves-
cence. La physique de la matière active a été dynamisée par la réalisation de particules synthétiques au-
topropulsées dont les interactions forment des liquides capables, par exemple, de s’écouler spontanément
sans forçage [1], ou encore d’être turbulent à nombre de Reynolds nul. Parallèlement, le concept de phase
dite topologique est sorti du cadre de la matière condensée pour envahir presque tous les domaines de
la physique : de la photonique, à la mécanique en passant par l’acoustique et la physique des atomes
froids. Une seule classe de système était protégée de cette physique topologique : les fluides. Nous avons
levé cette protection cette année en montrant théoriquement que les fluctuations qui se propagent dans
les liquides actifs peuvent présenter des propriétés topologiques exactement analogues à celles des ondes
électroniques dans les fluides de Hall [2].

Objectif : En s’appuyant sur notre expertise expérimentale [1], nous proposons de réaliser des liquides
actifs qui partagent deux propriétés non triviales des fluides de Hall : des modes de bords protégés topolo-
giquement, illustrés dans la Figure 1, et une viscosité inhabituelle qui ne dissipe aucune énergie, prédite
théoriquement mais jamais mise en évidence (Hall viscosity). Idéalement nous irons au delà de cette
analogie en explorant la propagation des excitations non linéaires dans ces liquides actifs topologiques.
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of the local particle current, does the population self-organize to follow sparse routes as would inter-
acting passive particles driven through a strong disorder [34–36]? Then, considering compact flocks
stabilized by attractive interactions, we will investigate how disorder alter their shape and dynamics.
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Fig. 3: a– Trajectories of two 5µm
rollers scattered by a 20 micron post. b–
Sketch of the experimental setup though
to investigate the penetration of a com-
pact flock through a microfludic forest.

The propagation of a compact cohesive flock through a dis-
ordered ensemble of obstacles can be thought as a novel
class of depinning problem. However unlike the standard
elastic depinning situations (e.g. driven contact lines [37],
cracks [38] and magnetic domain walls [39]), the driving is
not externally imposed. Conversely it is intimately related
to the structure of the active ”elastic” medium. What is the
maximal disorder strength which allows coherent directed
motion? When the disorder strength is increased, does the
compact flock localize its motion? does is fragment? does
it melt? We will answer these fundamental questions using
the geometry sketched in Fig. 3b.

A.1.3 Collective motion in random networks

Fig. 4: Gedanken tra�cking experi-
ment. Micro-channel network having
the geometry of the Paris-street map
filled by a colored liquid. Scale: a one-
euro coin. D. Bartolo 2012. Inset: polar
liquid formed of colloidal rollers, chan-
nel width 1 mm. From [14].

Within a coarse grained hydrodynamic picture, deep in the
ordered phase a population of rollers behave as a sponta-
neously flowing fluid. How does this active fluid flows in a
channel networks? The flow of a viscous newtonian fluid in
a pipe network is conceptually trivial when one is interested
in the current distribution coarse grained at the scale of the
channel width. Regardless of the network complexity the
flow is the solution of a set of linear equations akin to the
Kirchho↵ laws of electricity. What are the flow rules obeyed
by an active fluid? Whereas mass conservation at the nodes
holds, the so-called Darcy law relating the pressure drop to
the local current does not apply anymore. Even when no
pressure gradient is applied flows occur spontaneously. In
order to gain a quantitative insight into the hydrodynamic
description of active-flows, we will first establish their traf-
ficking rules at simple junctions. We will then move to the
tra�c statistics in extended micro-patterned random net-
works. The central question will be to understand how the
geometry of the network sets the spatial distribution of the
active-fluid current.
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Figure 1 – a. Liquide actif collöıdal en écoulement dans un réseaux de canaux annulaires. Echelle :
1mm. Image : D. Bartolo et A. Morin b. Champ de concentration simulé pour un liquide actif en
écoulement dans la même géométrie que dans a. Une onde de concentration protégée topologiquement
et imunisée contre la diffusion se localise au bord de l’échantillon [2]
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