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Near-mean-field
interpretation of glass
transition

Glass transition in Lennard-Jones type
glasses corresponds to a liquid-solid
pseudospinodal.

1. In the mean-field limit, the liquid-
solid instability is well defined and is
a critical point. For near-mean-field
systems, the instability is broadened
and divergences are replaced by ap-
parent divergences.

2. Apparent divergence of static struc-
ture function, S(kg # 0).

e In mean-field limit S(kg) ~ €7



e In near-mean-field systems, the
divergence Is suppressed:

~

S(kg) ~e 7
y=1lind=1,7y=1/2ind= 2,
and ¥y =20 in d—3
3. Growing length scale.

4. Scaling of cluster size distribution,
Ngs.

e ns ~ s-3/2 mean-field critical
fluctuations near the pseudospin-
odal.

ens ~ s 2, frustrated spinodal

nucleation closer to pseudospin-
odal.



Molecular dynamics
simulations of 3D,
two-component
Lennard-Jones system

Kob-Andersen potential, model glass

former
p = 1.2
N = 8000
At = 0.005
equilibration time = 50000t
length of runs = 50000T

Results for D same as Kob-Andersen.

Tmc = 0.435, mode coupling temperature
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Consistent with predictions of near-mean-field
theory.



Clusters

T heory predicts correlated clusters near
liguid-solid pseudospinodal in analogy
to their existence near Ising critical
point and spinodal.

1. Look for groups of four particles
that form regular tetrahedra.

2. Particles that are members of a
minimum number of regular tetra-
hedra are ‘“solid-like."”

3. Solid-like particles that are nearest
neighbors are part of the same clus-
ter.



Cluster Size Distribution

T'= 0.60
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Cluster Size Distribution

T = 0.458
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ns = 0.017s~191=5/960

A simple power law ns = As~ % fits well over
the range 20 < s < 300 with A = 0.019 and
r = 1.96.
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The connectedness length ¢ is plotted so that
§ = A(T —Ty)~ 7+ C appears as a straight line.
A=0.54, Tp =034, v = 1.2, and C = 0.53.
The horizontal lines are at half the system size
L/2 for N = 2000 and 8000. For N = 2000
finite-size effects appear at T' = 0.60. For N =
8000, finite-size effects appear at T' = 0.458.
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Summary

e GGlass transition associated with a

liquid-solid pseudospinodal.

e Growing length associated with clus-

ters.

e Why is the effective interaction in

dense liquids effectively long-range?

e Other evidence for influence of
pseudospinodal in Lennard-Jones sys-
tems: nucleation for deep quenchs

and in spinodal decomposition.

e [ hereis probably no universal mech-

anism for the glass transition.
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