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A. Solon, H. Chaté, J. Tailleur

Laboratoire MSC i

CNRS - Université Paris Diderot

OnZ

rsité

PARIS
‘DIDEROT

Advances in Nonequilibrium Statistical Mechanics

J. Tailleur (CNRS-Univ Paris Diderot) GGl-28/05/2014 1/16



@ Energy consumption at the microscopic scale — Self-propulsion

@ Aligning interactions

— Collective motion (with long range-order?)
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The Vicsek model [vicsek et al. PRL 75, 1226 (1995)]
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Flocking transition [aregoire, chaté, PRL (2004)]

[ M L
b3 Sgd 5,
AN ,,,,z“;w:\ﬁmf w%f -
L TR T S
AR e TRy

P
b i

Fluctuating
flocking state

Inhomogeneous

Disordered

noise N\, or density

@ Non-equilibrium transition to long-range order in d = 2
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A long-standing debate

@ Simulations are simple but strong finite size effects

@ 2"-order (1995) vs 15t-order (2004) [Gregoire and Chate, PRL 2004]
— hard to study numerically
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A long-standing debate

@ Simulations are simple but strong finite size effects

@ 2"-order (1995) vs 15t-order (2004) [Gregoire and Chate, PRL 2004]
—> hard to study numerically

@ Analytical descriptions: Boltzmann (Bertin et al.),
phenomenological equations (Toner&Tu, Marchetti et al.)
— hard to solve analytically

@ Use a much simpler model: active Ising spins
— on lattice
— discrete symmetry
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Active Ising model
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Active Ising model

Spin-flip
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@ Density p; =n] +n;  Magnetisation m; = n;” —n;

@ Local alignment ¢ W= = exp(&42)
> Fully connected Ising models on each site
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Active Ising model

Spin-flip Biased diffusion
e
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@ Density p; =n] +n;  Magnetisation m; = n;” —n;

: N .
® Local alignment <= W= = Cxp(:t‘d%)

<> Fully connected Ising models on each site

@ Self-propulsion <= Diffusion biased by the spins for ¢ # 0
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Phase diagram in 2d
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Movies/coarsening_1000x1000_CIord.avi
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Mean-field and beyond

@ Mean-field equations (f(n)) ~ f((n))

7
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Mean-field and beyond

@ Mean-field equations (f(n)) =~ f((nf))
p = DAp—vdym VX E

~ m3
m = DAm—vd,p+2m(5 — 1) — a?
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Mean-field and beyond

@ Mean-field equations (f(n)) ~ f((n))

7

p= bAP—Ua:cm VX €
- S
= DAmM—v,p+2m(B—1— =) — a%
p

@ Finite density: fluctuations — 5. =1+ 1r/p

@ MF only valid at p = co — Refined-Mean-Field-Model (RMFM)
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Simulations of the RMFM
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@ Same phenomenology as microscopic model
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Hysteresis loops
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Active spins — summary

@ New flocking model with discrete symmetry using active spins
@ Flocking trans. — Liquid-gas transition in canonical ensemble

@ Symmetry of the liquid phase — p. =

T T, p _
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Back to the Vicsek model (with H. Chaté)

@ Phase diagram: liquid-gas picture seems ok
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@ Spinodals — Quenches shows different regimes e
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@ Spinodals — Quenches shows different regimes e
@ Finite-size scaling of order parameter
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@ Spinodals — Quenches shows different regimes e

@ Finite-size scaling of order parameter

@ Hysteresis:
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Hydrodynamics: phase vs micro-phase separation

@ Both type of propagative solutions exist for generic
hydrodynamic descriptions [Caussin et al., PRL 2014]
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@ Both type of propagative solutions exist for generic
hydrodynamic descriptions [Caussin et al., PRL 2014]
@ Scalar order parameter (lsing)
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dym + Emdym = DV?m — Ndyp + [(p — pe) — —} m

@ Vectorial order parameter (Vicsek)
8tp = —V??L

By + E(MV) a7 = DV — AVp + [(,0 — pe) —



Hydrodynamics: phase vs micro-phase separation

@ Both type of propagative solutions exist for generic
hydrodynamic descriptions [Caussin et al., PRL 2014]
@ Scalar order parameter (lsing)

Orp = —vdym
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@ Vectorial order parameter (Vicsek)
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Fluctuations play a crucial role

@ PDEs + noises do a good job: e e

dem =[] +7 Oy = [..] +7
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Fluctuations play a crucial role

@ PDEs + noises do a good job: e e
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@ The nature of the phase-separated states stems from the
interplay between fluctuations and symmetry of the order
parameter
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Conclusion

@ Flocking trans. — Liquid-gas transition in canonical ensemble
@ Symmetry of the liquid phase — p. = ©

@ Different universality classes:

@ Ising — phase separation
e Vicsek — micro-phase separation

@ Active Ising Model [A. Solon, J.T,, PRL 111 078101, (2013)]

@ Study of Hydrodynamic equations [JB. Caussin, A. Solon, A. Peshkov, H.
Chaté , T. Dauxois, J.T., V. Vitelli, D. Bartolo et al., PRL 112 148102, (2014)]

@ AIM (follow-up) and Vicsek: hopefully next week on the arxiv !
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Phase-separated profiles

@ Propagating shocks between p;, m, = 0 and pp, my # 0
@ Stationary solutions in comoving frame of velocity ¢

Dp" +cp —vm' =0 (1)

Dm" +cem! —vp' +2 1-5- m_3_0 2
m—vf +omB-1-D)—aZi 0 @
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@ Stationary solutions in comoving frame of velocity ¢

Dp" +cp —vm' =0 (1)
" / / r m3
Dm —I—cm—vp—l—Qm(ﬂ—l—;)—a?:O (2)
@ Solvable at large densities p; = ﬁ >r
1: Solve (1) toget p=pe + 2> 5y (— %V)km

2: Expand (2) around p1, inject p(m) and truncate
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Symmetric front solutions 5 ~ 1

mE(z) = n;h (tanh(q™ (z — ct)) + 1)
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Asymmetric front solutions g > 1

mp
m*(x) = T(tanh(qi(fc —ct))+1)
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The flock fly faster than the birds
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The flock fly faster than the birds
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