D UNIVERSITE MXO
S DEMONTPELLIER  CHARLES/CouLoMB

EEEEEEE

Can Monte Carlo methods be used
to simulate active-matter systems?

Juliane U. Klamser'?, Olivier Dauchot®, Julien Tailleur®

(1) Laboratoire Charles Coulomb, UMR 5221 CNRS and Université Montpellier 2, Montpellier, France.
(2) Gulliver UMR CNRS 7083, ESPCI Paris, Universite PSL, 75005 Paris, France.
(3) Department of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA.



>

What is Active Matter?

20 -

—20 -

_40 =

—060 1

—80 -

—100 ~

—100

—380

—60

—40
X

—20

20

Brownian motion

(n(Ony(1)) = 6, ,6(t — 1)

Detailed Balance

Active Brownian particle

NO Detailed Balance



What is Active Matter?

Brownian motion Active Brownian particle

20 -

(n(Ony(1)) = 6, ,6(t — 1)

—20 -

(v(0) - v()) x o(t — 1)

> —40 S -
Detailed Balance NO Detailed Balance
_60 -

—80 -

—100 ~




>

What is Active Matter?

20 -

—20 -

_40 -

—060 1

—80 -

—100 ~

—380

—60

—40

—20

20

Brownian motion

(n(Ony(1)) = 6, ,6(t — 1)

(v(0) - v()) x o(t — 1)

Detailed Balance

log <AAr(t)2> fos 1

log?

Active Brownian particle

NO Detailed Balance



What is Active Matter?

Brownian motion Active Brownian particle

20 -
. (nx(t)r]y(t’)) = 0, ,0(f — 1)
“20- (v(0) - v(1)) x 6(t — 1)
—~40 ~ Detailed Balance NO Detailed Balance
60 - ’
log <Ar(t)2> . Lx 1
—80 - ! E
10g22°““°“°“°3"“°
—100 -

—100 —380 —-60 —-40 —20 0 20




What is Active Matter?

Brownian motion

Active Brownian particle

. dr(t) — v n(0)
- (n(On,(1)) = 6,,6(t =1
~20 - (v(0) - v(?)) x o(t — 1)
> —40- Detailed Balance NO Detailed Balance

—060 1

—80 -

—100 ~




What is Active Matter?

Brownian motion

Active Brownian particle

. dr (1) — v n(0)
. (n(On,(t)) = 8,8t — 1 0 Ve

(V(0) - ¥(1)) ox 8t — 1)

~40- Detailed Balance NO Detailed Balance

log <Ar(t)2>

log 4

—100




20

—20

~40

—60

—80

—100

What is Active Matter?

log <Ar(t)2>

Brownian motion

(n(Ony (1)) = 6, ,0(t — 1

(v(0) - v()) x o(t — 1)

Detailed Balance

log/12““°°““'“

Active Brownian particle

dr(t
0 l;l(t) = von(b,
de(tt) = V2071

v(0) - v(7)) x exp(—t/t

NO Detailed Balance



20

—20

—40

—60

—80

—100

What is Active Matter?

v(?) := —

log <Ar(t)2>

—380

—60

20

Brownian motion

dr(t)

2D n(t
~ (1)

(n(Ony(1)) = 6, ,6(t — 1)

(v(0) - v()) x o(t — 1)

Detailed Balance

log/lz“'“““'“

Active Brownian particle

dr(t
0 lc;’(t) = vy (0,
D0 Vagw
dt

(v(0) - v(1)) x exp(—t/t

NO Detailed Balance

J. Deseigne, O. Dauchot, H. Chaté
PRL 105, 098001 (2010).



Collective phenomena in active matter

Complex chaotic flows
in monolayers of cells
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SZ Lin et al. Communications Physics (2021).



Collective phenomena in active matter

Active Brownian particle

dr (t)
Complex chaotic flows =V n(6’i[z‘]) -+ Z Fl.j
in monolayers of cells dt
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SZ Lin et al. Communications Physics (2021).
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M(C',C) = min {1, e PIEC)-EOIL
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Equilibrium Monte Carlo: G(€; ) = flat measure

Active kinetic MC: g(e; — € ), time correlated such that €; ~ €;

A - persistence length



Monte Carlo for persistently moving particles - version 1.0

M(C',C) = min {1, e PIEC)-EOIL

E(C) = Z Z U(r ij) E(C) Collective behaviour comparable with

L <t conventional active matter models ?

* D. Levis, L. Berthier, Phys. Rev. E (2014).

Equilibrium Monte Carlo: G(€; ) = flat measure _
' L. Berthier, Phys Rev Lett (2014).
. . . , . , * J. Klamser, S. Kapfer, W. Krauth,
Active kinetic MC: g(ei — €; ), time correlated such that €: > €; Nat Commun (2018).

1 - persistence lenath * J. Klamser, S. Kapfer, W. Krauth,
P J J Chem Phys (2019).
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Active Brownian Particles

P. Digregorio, D. Levis, A. Suma, L. F. Cugliandolo, G.
Gonnella, |. Pagonabarraga, Phys Rev Lett (2018).
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Correct active dynamics, but NO interactions.
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Conclusion

Collective behaviour of persistent particles Connection to standard models

with active Monte Carlo via continuous-time limit

* D. Levis, L. Berthier, Phys. Rev. E (2014). Kinetic Monte Carlo Algorithms for Active Matter Systems
* L. Berthier, Phys Rev Lett (2014). Juliane U. Klamser, Olivier Dauchot, Julien Tailleur
* J. Klamser, S. Kapfer, W. Krauth, Phys. Rev. Lett. 127 (2021), 150602

Nat Commun (2018).
* J. Klamser, S. Kapfer, W. Krauth,
J Chem Phys (2019).
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