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Coherent directed motion

Sardines: 7km-long school
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Coherent directed motion

Locusts: 14km-long swarm
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Similar large-scale benavior
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Dficrent interactions at the indvdual level
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Coherent directed motion

Physicists’ comfort zone
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Vicsek model(s)

self-propelled Polar/Allignment interaction

V; = UVoP; Hz(t —+ 1) = <92(t)>R —+ &,(t)
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Polar active matter



Hallmarks of polar active matter

Disordered aas

Vv Polar liouid
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Toner, Tu and Ramaswamy 2005



Hallmarks of polar active matter

Disordered cas v Swarms v Polar liouio
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see e.g. Vicsek and Zafeirs Physics 2012
Toner, Tu and Ramaswamy 2005



Hallmarks of polar active matter

Disordered cas v Swarms v Polar liouio
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The halmarks of active matter
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The halmarks of active matter

NTheories > NExperiments
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The halmarks of active matter

3

NTheories > NExperiments

~0 model system until 2010

density waves |

supplement to Fig, 2C

40 x

filament density: p =25 pm”*
labeling ratio: £ = 1:320
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Baush's group Nature 2010

Polar-liquid phase?

Dauchot's group PRL 2010



Large-scale population dynamics

Requirements

o N>>>1 Small Paris: 12 000 €/m?)
® (Quanttatve measurements (tracking)

® KNnown polar Interactions



Salf-propelled particles: 1st trick

Qumcke Rotatlon

e, Ann. Phys. Chem. 59, 417 (1896).
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e, Ann. Phys. Chem. 59, 417 (1896).
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Self-propelled particles: 2nd trick




Self-propelled particles: 2nd trick




Salf-propelled colloids

PMMA colloids Microfluidic channel:
Hexadecane oil+AOT salt 1O coated dlass
A A




Colloidal roling robots




Colloidal roling robots




Colloidal roling robots

UVoy — 1.5 mm/s



Salf-propulsion: Isotropic and tunable




Collective motion”

~erodic boundary conditions
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Collective motion”

~erodic boundary conditions
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Flocking

¢~ 1072

Bricard, Caussin, Desreumaux, Dauchot, and Bartolo, Nature (2013)
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Polar-llquid phase
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Phase benavior
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Does NOT depend on the field amplitude



Colloidal swarms: Polar bands
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Colloidal swarms: Polar bands
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No intrinsic length scale
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Polar liguio

Spontaneously lowing liquid



Polar liguio

Spontaneously lowing liquid



Polar liguid:

Structure
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VWeakly correlated “liquid’



Polar lquid: Density fluctuations

No Giant-Number Huctuations |



Equations of motion

Stokes equation
+ Maxwell equation
+ outstanding student




Equations of motion

r; = voP; constant speed

: O o | o |

0; = ~3a E Her (r; — 14, Di, ;) +&;(t) effective potential interaction
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Hydrodynamics does matter
f‘j = U()f)j

. 0 A
Hj - 90 ZHeH(I‘j — I‘i,Pi,Pj) +§j(t)

ity

Alignement interactions

A A

Heff(ra f)ia l/jj) — _A(T) | S p]



Hydrodynamics does matter

Suppression of the giant number fluctuations

Heff(ra f)iv f)j) —

Damping of the splay moades

Brotto, Caussin, Lauga, and Bartolo, Phys Rev Lett (2013)
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Decstroying the polar llouid phase




Decstroying the polar llouid phase
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