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Mo del
Binary Lennad-JonesSystem

V (r)=4 — —

AA — 1.0 AB — 0:8 BB — 0:88
AA — 1.0 AB — 1.5 BB — 0:5

[W. Kob and H.C. Andersen,PRL 73, 1376 (1994)]
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Simulations

Molecula DynamicsSimulations

Velocity Verlet
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De nition:[ Jump Occurrence
| SingleParticle Trajectay
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Jump Statistics

Carelated SingleParticle Jumps

History Dependence
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Numb er of Jumping

number of jumping particles

“ irrev. A

AAirev. B
2 rev. A
rev. B

Particles

=) Increasingwith
IncreasingTl

=) both A & B
paticles jump

=) lIrrev. & reversible
jumpsat all
temperaturesT



Fraction of Irreversibly Jumping Particles

fraction of irrev. jumpers= NUMPErof irrev. jump. part

number of jJump. part.
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Jump Size




Jump Size
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Time Scale
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Time Scale

=) Ly Ly

=) t, Independent
of temperature

] A&B I (whole simulation 10°)




Summary:. Jump Statistics
At larger temperaturerelaxation:
not via t, (indep. of T)
via larger jJumpsizes

via more jumping paticles

[J. Chem.Phys. 121, 4781(2004)]



Jump Statistics

Carelated SingleParticle Jumps
SimultaneouslyJumping Particles
Temporally ExtendedCluster
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Simultaneously Jumping Particles

De nition: Correlated In Time & Space
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Simultaneously Jumping Particles

De nition: Correlated iIn Time & Space
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Simultaneously Jumping Particles

Cluster Size = number of particlesin cluster
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Cluster Size Distribution
of Simultaneously Jumping Particles

simultaneously jump.part.
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Cluster Size Distribution
of Simultaneously Jumping Particles

=) InP=a Ins
=) P(s) s
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Cluster Size Distribution
of Simultaneously Jumping Particles

=) P(s) s
percolation?
NO because

=) power law for

all temperatures
- =) self-organized
) criticalit y
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Critical Behavior: power law <—> scale invariance

Critical Point at Phase Transition:
power law at specific fine tuned external parameter
e.g. percolation: P(s)Zs at p=pat all other p no power lav
e.g. jumping particle clusters: P(s}=s (would be) atT=T

Self-Organized Criticality:

power law for whole range of external parameter
here jumping particle clusters: P(s)=s for all T=0.15-0.4-

Other Examples:
e sandpile avalanches
® forest fire
® financial market
® carth quakes
[P. Bak, C. Tang, and K. Wiesenfeld, PRL 59, 381 (1987)]



Cluster Size Distribution
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Temporally Extended Cluster
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Cluster Size Distribution
of Temporally Extended Clusters
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Exponent (T)
P(s) s

5| _ slightly above T, 1:86
[Donati et al. 1999]
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Shape of Clusters

Z = number of neaest neighlors within cluster
S = number of particles (cluster size)
lzi = averageof z overpaticlesl;:::s

S=/
@ =1.7




Shape of Clusters

Z = number of neaest neighlors within cluster
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lzi = averageof z overpaticlesl;:::s
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Shape of Clusters

Z = number of neaest neighlors within cluster

S = number of particles (cluster size)
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Jump Statistics

Carelated SingleParticle Jumps
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History Dependence

Summay



History Dependence

simulation run

1

tin=1 2 3 4 5



History Dependence

simulation run
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Summary:. Jump Statistics

reversible and irreversible jumps:

reversible jump  irreversible jumg

At larger temp erature relaxation:

via more jumping paticles
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notvia t, (indep.of T)



Summary:. Jump Statistics

reversible and irreversible jumps:

reversible jump  irreversible jumg

At larger temp erature relaxation:
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Summary:. Correlated Single Particle Jumps

simultaneouslhyjump. pat. & extendedclusters

jumps are carelated spatially and temporally

Distribution of ClusterSize:P(s) s

aginginde

for all tem

rndent

0. | self-organized criticalit y

(critical behavia getsfrozenin)

string-like clusters

[Europhys.Lett. 76, 1130(2006)]
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Time Scales

one MD step: 0.02 time units, Ar: 3 10 3s0:02= 6fs
one oscillation: 100 MD steps,0:6 ps

time a jJump takes: 200 MD steps,1:2 ps

time resolution(time bin): 40000MD steps,240 ps

time betw. successiveumps t,: 1.5 10° MD steps,9 ns

whole simulationrun: 5 10° MD steps,30 ns



History of Production Runs
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History Dependence
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History Dependence
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History Dependence
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Most Cooperative Processes
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Most Cooperative Processes
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History Dependence

simulation run
/\/\_/_\
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History Dependence

simulation run
/\/\_/\

1

tin=1 2 3 4 5

N:pe = NO. of t-bins of largest cluster
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History Dependence

simulation run
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Molecular Dynamics Simulation

Initialize: particles i=1,...,N

X(B ),7 g )ﬁ ((5 ) three dimensions
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