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Intro duction: Glass

Glass:

— system falls
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Intro duction: Glass

Glass:
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Intro duction: Dynamics

12 12.[ 3% inmmen SiOp g7 — slowing down
Q' ol ol strong o of many decades
D Lo o —» strong and fragile
— glass formers
c
o ‘ — SIQ, strong glass form
0T 0§
o /(g///ﬁg@ ragile (end of talk)
2. T 4Ca(NO)BKNO,
2 b4 7 1.0 — LJ fragile glass
0.4 Tg/T 1.0

[C.A. Angell and W. Sichina, Ann. NY Acad.Sci. 279, 53 (1976) (here)



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
V/

Molecula DynamicsSimulations

Velocity Verlet

belowv glasstransition:

T=015 043

(instaneous quench)

MCT: T, = 0:435 [w.Kob et al., PRL 73 (1994)]
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De nition:[ Jump Occurrence
| SingleParticle Trajectay
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De nition:

IrreversibleJump
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Jump Statistics

Carelated SingleParticle Jumps
History Dependence

Summay & Outlook



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

=) Irrev. & reversible
jumpsat all
temperaturesT



Fraction of Irreversibly Jumping Particles

fraction of Irrev. jumpers=

IrreversibleJump
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fraction of irrev. jumpers

Fraction of Irreversibly Jumping Particles

number of irrev. jump. part.

fraction ot Irrev. Jumpers= —_ = op ¢ jump. part.

=) fraction of

: Irrev. jJumpers
= Increaseswith
IncreasingT




fraction of irrev. jumpers

Fraction of Irreversibly Jumping Particles

number of irrev. jump. part.
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Jump Size




Jump Size

1.4 1 1 I

1 |@@irrev. A
10— |@@irrev. B
- G Orev. A
41 [&-©rev. B

=) Increasingwith

_ IncreasingT

- =) (smaller) B-particles
' jump farther

=) Irreversiblgumps

i farther




Time Scale

Atb



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

History Dependence

Summay & Outlook



Simultaneously Jumping Particles

De nition: Correlated In Time & Space

“A




Simultaneously Jumping Particles

De nition: Correlated iIn Time & Space

X
* Cluster:
§ 4I[H|IC neaest neighlor
® o connections
- (via g(r))
B ~




Simultaneously Jumping Particles

Cluster Size = number of particlesin cluster

- olllellle Cluster:
® o Py :
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- connections
E |§| ®
® o
— - @-’

s=3 1231 12 U

2 4 2 1



Cluster Size Distribution
of Simultaneously Jumping Particles

simultaneously jump.part.
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=) InP = a Ins
=) P(s) s
= 1:89 0:03

=) critical behavia



Cluster Size Distribution
of Simultaneously Jumping Particles

=) InP=a Ins
=) P(s) s
= 1:89 0:.03

=) critical behavia
=) Percolation?
MF — 2:5 3d — 2:2

| simultaneously jump.part.
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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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. |simultaneously jump.part.
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Self-Organized Criticalit y:
Similarities
power law (critical behavi)
notonlyat T, but for all T < T,
out of equililrium

wide rangeof time scales

avalanches



Jump Statistics

Carelated SingleParticle Jumps
SimultaneouslyJumping Particles
Temporally ExtendedCluster

History Dependence

Summay & Outlook



Temporally Extended Cluster

A De nition:
s - clusterof events(r;; t;)
° . connectedif:
e . I < reyto and
o
- . R U < teuto
2 » uanti es avalanche
S= 3 6 12 U
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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]

Tc T
L : !
0 \_/_YWYV
@-@® simultaneous | L
€@ extended cluster | power law no power law
critical behavior
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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

S = number of particles (cluster size)

lzi = averageof z overpaticlesl;:::s

=) string-like
clusters

10—
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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

=) string-like
clusters

10—

(-6 simultaneous
A extended clusterf

sphere
— string

samecola = sametime
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History Dependence

simulation run

S A
1
| tyin = 1 2 3 4 5
| L 1L Liill | llllllll |
Power Law

(Simultan. Jump. Part.)

=) agingindependent

simultaneously jump. part.
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Exponent
P (s)
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(T)

=) aginginde

rendent




Jump Statistics

Carelated SingleParticle Jumps
SimultaneouslyJumping Particles
Temporally ExtendedCluster

History Dependence

Summay & Outlook



Summary: Jump Statistics
reversible and irreversible jumps:
O O

825 B

reversible jump  irreversible jumg

At larger temp erature relaxation:
via more jJumping particles
via larger jumpsizes

notvia t, (indep.of T)



History of Production Runs

T, well equilibrated

05 1© : :
0.446:® : : 10 initial configurations for each T
etc.
L : v A
o _
020_ E E A-> I ;---------_-_>
0.15- VY__> "NVT NVE S e _
NVT -
Tinit = 0:446 not agec Tinit = 0:446 agec
Tinit = 0:5 not agec




Summary: Jump Statistics

reversible and irreversible jumps:

reversible jump  irreversible jumg

At larger temp erature relaxation:

via more jumping paticles

via larger jumpsizes nistary inc
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Summary:. Correlated Single Particle Jumps
simultaneouslyjump. pat. & extendedclusters
jumps are carrelated spatially and temporally

string-like clusters

Distribution of ClusterSize:P(s) s

aginginde
for all tem

rndent

0. | self-organized criticalit y

(critical behavia getsfrozenin)

power law no power law

critical behavior

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



Future/Present
SIO,:
agingto equilirium [to be submittedto PRE]

(J. A. Roman& J. Horbach)
local incoherentintermediatescatteringfunction
(A. Parsaeian& H. E. Castillo)
jumps
(R. A. Bjorkquist, L. M. Chamkers)
granula media:  (T. Aspelmeier& A. Zippelius)
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SIO,: Aging to Equililrium
Cyltw;tw+ t) and  r2(ty;ty + t):

1l Tt

Threet,, Ranges: o] \fw qm

tw small: ?0_6_5 \\ |

tw= 0 andt small: T; good approx. ;EOA_: .

dependenton ty, T;, T T |

t,, intermediate: B A _
plateauindep. of t,, and T PO T

t [ns]

C, time superposition (not  r?)
C4® = C(g z(tw; 1))
tw large:
Indep. of t, andT; ! equilirium
for Cq equilitrium includedin superposition




Time Scales

one MD step: 0.02 time units, Ar: 3 10 ¥s0:02= 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 Depenaence
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irreversible & reversible
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History Dependence
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reversible jumps
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History Dependence

20000
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Most Cooperative Processes

“A
5 EEE | L |
| o E Spel = largest clustersize
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2004 |@-@ simultaneous . : :
] extended clustér i smgle patlde
150- - jJumps
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Most Cooperative Processes

A
g | =13 | s
[
s . N:pc = NO. of time bins of largest cluster
o
JHE o)
-
I\lt,bcl - 3 t
o =) highly carelated
1 | irreversible I i i
g |A—Areversible i singleparticle
*®irrev. &rev.
e jumps
= many particles

many time bins

(maximum= 125)




History Dependence

simulation run

1

Spel = largestclustersize

125

] | =L : =) agingdependent
100—: AAL =2 _ ) gingaepe

] |0©twin=3 i 1st t-window:

5—_ 1:Win:4 L . .

: V.Vtzwin:5 : highly cooperative
0 o - 2nd - 5th t-window:

1 simultaneously jumping particles i
25_: :_ Same,cooperatlve
0 |




History Dependence

simulation run
/\/\_/\

1

tin=1 2 3 4 5

Ntpc = NO. of t-bins of largest cluster

:_ =) lessagingdependent

_ =) highly cooperative




History Dependence

simulation run

T A
"t
tyn=1 2 3 4 5
|
E C -1 i |

200~ Z'At“”'”zz - =) agingdependent

twin B
150 (O™ 2 1st t-window:
o : vuvttw::=5 highly cooperative
100— —

2nd - 5th t-window:

4 extended cluster

50— 4= same,cooperative




Molecular Dynamics Simulation

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

X)) vg)aq ) three dimensions

‘

XD, yg Ot a@g Do

!

X (f+2D 1), Vgt +D 1) a (g +2D 1)

ete

l = Iteration Step: (Velocity Verlet)

X (t+D1)=X ()+V (YD t+& () (D tY /2
Vi (t+D1)=V, (1) +(a; (t)+&;(t+ Dt)) Dt/2
F()=F ®/m = GU(t)/m,




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)]



