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Melting in 2D




Does an equilibrium ordered phase exist for 2d
systems with short-range interactions?

Phase Transition in Elastic Diskg*

. B.J. A

Universs . ,J+ ALDER AND

versity of California, Lawrence Rad;%tiﬁz' I‘,N 2 Fats T
aboratory,

(Received October 30, 1961) Livermore, California
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Crystalline Order in Two Dimensions®

N. D. MerminT
Lahoratory of Atomic and Solid State Physics, Cornell University, Ithaca, New Yovk
(Received 1 July 1968)

If N classical particles in two dimensions interacting through a pair potential <I>(;) are in
equilibrium in a parallelogram box, it is proved that every %k #0 Fourier component of the
density must vanish in the thermodynamic limit, provided that & (F) =22 V2@ (F)| is inte-
grable at = and positive and nonintegrable at =0, both for A=0 and for some positive A.
This result excludes conventional crystalline long-range order in two dimensions for power-
law potentials of the Lennard-Jones type, but is inconclusive for hard-core potentials. The
corresponding analysis for the quantum case is outlined. Similar results hold in one dimension.
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Melting scenario for hard disks. Recent results

Bernard P., Krauth W. F., Phys. Rev. Lett,, 107 155704, (2015)
Dullens P.A,, et al., Phys. Rev. Lett,, 118 158001 (2017)
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Melting scenario for hard disks. Recent results

e First order phase transition between liquid and hexatic
e KTHN transition between hexatic and solid

KT
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Bernard P., Krauth W. F., Phys. Rev. Lett,, 107 155704, (2015)
Dullens P.A,, et al., Phys. Rev. Lett,, 118 158001 (2017)




Self-propelled particles




Selt-propelled (active) brownian disks
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Selt-propelled (active) brownian disks

n; = (cos6;(t),sinb;(t))

Vi = Fyan; — V; Z U(rij) +/2vksT &, 0; = \/2Dy ;
J(F1)
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e Péclet number:
D kgl : ZS

e Surface fraction: gb = N
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f-propelled dumbbells

2N
. . OUFrENE. OUwca . .
mI; = =YL — — Tiit1 — Z 3 rij + Foety ++/2Dg 1;
Tii+1 oy Tij
2N
; . OUrENE . OUwca . .
mr;41 = —YCiy1 + Tiit1 — Z Tit1,5 + FoctDit1 + v/ 2Dg 1541
3’7’i,i+1 ot 37‘i+1,j




Persistent
random walk

V(1) = Factnn(t) + v/ 2vkpT &(1)
0(t) = /2Dy (1)

e Ballistic short-time

Fact
Vo —
~
e Diffusive long-time
2
v
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Bacteria

Fish schools
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Active systems




Motility-induced phase separation (MIPS)



Review of the results




Review of the results

e Phase diagram of active disks
e Dynamical scaling for MIPS

e Phase diagram of active
dumbbells

e Structural behavior and dynamics
of the clusters in MIPS

e Topological defects for active
disks
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DP, Levis D., Suma A,, Cugliandolo L.F., Gonnella
G., Pagonabarraga I., Phys. Rev. Lett, 121 098003
(2018)




Review of the results

e Phase diagram of active disks Pe<100 4
e Dynamical scaling for MIPS Pe=200 ——

e Phase diagram of active
dumbbells

e Structural behavior and dynamics
of the clusters in MIPS

e Topological defects for active
disks

Ongoing work




Review of the results
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e Dynamical scaling for MIPS

e Phase diagram of active
dumbbells

e Structural behavior and dynamics e
of the clusters in MIPS ok of dense phase T

50 100 150 200
e Topological defects for active Pe

disks

Cugliandolo L.F., DP, Gonnella G., Suma A., Phys.
Rev. Lett., 1119268002 (2017)




Review of the results

e Phase diagram of active disks
e Dynamical scaling for MIPS

e Phase diagram of active
dumbbells

e Structure and dynamics of the
clusters in MIPS

e Topological defects for active
disks

Petrelli I., DP, Cugliandolo L.F., Gonnella G.,
Suma A., Eur. Phys.J. E(2018) 41: 128




Review of the results

e Phase diagram of active disks
e Dynamical scaling for MIPS

e Phase diagram of active
dumbbells

e Structural behavior and dynamics
of the clusters in MIPS

e Topological defects for active
disks
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Topological defects

MD simulations: 5122 particles on a rectangular box with L /L =24/3
~103 runs lasting 96 hours on (parallel) 48ycpus
on Marconi-CINECA and Marenostrum-BSC (Barcelona)



Halperin-Nelson phase transition (passive)
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Halperin-Nelson phase transition (passive)

LIQUID HEXATIC SOLID
- ¢
Bond-orientational order short-ranged quasi-long-ranged long-ranged
Translational order short-ranged short-ranged quasi-long-ranged
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Equilibrium-like KTHN defects unbinding mechanism
for the active system?
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Equilibrium-like KTHN defects unbinding mechanism
for the active system?
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Clusters of defects
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Clusters of defects - PERCOLATION
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Phase diagram of active disks




Phase diagram for active disks
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Phase diagram for active disks

e |ocal density pdfs
e |ocal hexatic parameter

DP, Levis D., Suma A, Cugliandolo L.F., Gonnella G., Pagonabarraga I., Phys. Rev. Lett,, 121 098003 (2018)
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Phase diagram for active disks

e |ocal density pdfs
e |ocal hexatic parameter
e Equation of state
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e |ocal density pdfs
e |ocal hexatic parameter
e Equation of state

Nk‘BT 1 Fact
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e Ideal gas

DP, Levis D., Suma A, Cugliandolo L.F., Gonnella G., Pagonabarraga I., Phys. Rev. Lett,, 121 098003 (2018)
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e |ocal density pdfs
e |ocal hexatic parameter
e Equation of state
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Phase diagram for active disks

e |ocal density pdfs
e |ocal hexatic parameter
e Equation of state

Nk‘BT 1 Fact
P = % —|—4VZ Z <f¢j'(ri—rj—Ru)>+ oV Z<nzrz>

1,J Uz, Uy S/ 7

e |deal gas
e internal virial (interactions)
e active non-conservative virial (swim pressure)

DP, Levis D., Suma A, Cugliandolo L.F., Gonnella G., Pagonabarraga I., Phys. Rev. Lett,, 121 098003 (2018)




Phase diagram for active disks

Local density pdfs
Local hexatic parameter
Equation of state
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Phase diagram for active disks
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Phase diagram for active disks

e Spatial correlations of local hexatic

N;
Vei = 1 E 169
o N, _ 107
g=1 5
(@)

<w6i¢>6kj>rij=r 102
(l1b6i|?)

ge(r) =

DP, Levis D., Suma A., Cugliandolo L.F., Gonnella G., Pagonabarraga l., Phys. Rev. Lett,, 121 098003 (2018)
e



Phase diagram for active disks

e Liquid-hexatic
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e MIPS at high Pes
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Phase diagram for active disks

Spatial correlations of disks positions
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