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Mystery `Glassy’ Dynamics 

Subdiffusive behavior Non-Gaussian parameter ≈3.5

What types of models capture subdiffusive motion and large α2 ≈3.5?
How do we discriminate among models? 

B. R. Parry, I. V. Surovtsev, M. T. Cabeen, CSO, E. R. Dufresne, C. Jacobs-Wagner, Cell 156 (2014) 1.



Confocal imaging of colloidal hard spheres

E. R. Weeks, J. C. Crocker, A. C. Levitt, A. Schofield, and D. A. Weitz, 
Science 287 (2000) 628. 

Δt (s)

Plateau in MSD; Cage size ≈ <Δx2>1/2; diffusive at long lag times, Δt > τr



Cages and Jumps
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Displacement Probability Distribution 
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Non-Gaussian Parameter
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α2 < 2.5

φ=0.46, 0.52, 0.53, 0.56, 0.60, 0.61
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What is the best glass-forming bidisperse
hard sphere system?

σL
σS

xS=NL/NS
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fJ -f t( ) = fJ -f0( )e-kRt







R>Rc

Critical Compression Rate Rc

R<Rc

K. Wang, W. W. Smith, M. Wang, Y. Liu, J. Schroers, MDS, CSO, Phys. Rev. E 90 (2014) 032311



R=10≈Rc

Bond orientational order parameter 

ordered
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Critical Compression Rate

σS/σL

Equi-volume 
Ns/N

Increasing 
glass-forming 
ability

Does Rc continue to decrease with decreasing σS/σL?



σS/σL

GFA for binary hard spheres





Brownian dynamics of binary hard spheres at fixed packing 
fraction φ



xS=0.5; σS/σL=0.71

Slope=1

τr



φJ≈0.646

Structural relaxation time



Non-Gaussian Parameter 
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Displacement Distribution at φ=0.58

One strong peak representing cage motion
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Displacement Probability Distribution 
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R = r1,r2,… ,rN( )
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G.-J. Gao, J. Blawzdziewicz, CSO, MDS, PRE 80 (2009) 061304. 

If one particle jumps, jump size λ=<ΔR>

If N particles jump, jump size λ=<ΔR>/N

Jumps in Configuration Space

Jammed
Packing #2



Distribution of separations in configuration space
between jammed states



Conclusions and Open Questions

• Binary glass-forming metal-metal alloys occur in the best GFA region 
for binary hard spheres 

• Can we create `classes’ of glassy materials based on                 ?

• Do hard sphere systems have different displacement distributions than 
Lennard-Jones systems?

• Does jump size approach cage size as                      ?

• How do avalanches differ for hard spheres vs. Lennard-Jones systems?
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