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INTRODUCTION
What is the Glass Transition?

Macroscopic dynamics Microscopic dynamics
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INTRODUCTION
 A Mean Field Scenario of the Glass Transition

 Mode-Coupling Theory and Replica Theory (Mezard and Parisi, 1996)
A possible scenario inspired by a spin-glasses

Lots of metastable
minimum of FEL
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GRADING MCT

If this mean field scenario is correct,

 MCT should work better in Higher Dimensions MCT should work better in Higher Dimensions

 MCT should work better for Long-Ranged Systems 

 Dynamic(MCT) transition point should mark the y ( ) p
crossover of the inherent structure (Jamming transition
point!)p )

 MCT and Replica theory should be consistent MCT and Replica theory should be consistent 



Numerical Test of Mean Field Scenario 
 MCT should work better in Higher Dimensions

d=3
MD for a Hard Sphere Fluid

d=4
MCT

Flenner et al. PRE 72 031508 (2005)

Density correlation MCT fit

P. Charbonneau, A. Ikeda, J. A. van Meel, and KM, PRE (2010)

simulation
simulation

Kumar et al. JCP 124, 214501 (2006)
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GRADING MCT

If this mean field scenario is correct,

 MCT should work better in Higher Dimensions

 MCT should work better for Long-Ranged Systems  MCT should work better for Long-Ranged Systems 

 Dynamic(MCT) transition point should mark the y ( ) p
crossover of the inherent structure (Jamming transition
point!)p )

 MCT and Replica theory should be consistent MCT and Replica theory should be consistent 



Numerical Test of Mean Field Scenario 
 MCT should work better for Long-Ranged Systems 

Long-ranged Potential = Dense Ultra-Soft Potential 

)(rU Gaussian Core Model (GCM))(rU Gaussian Core Model (GCM)
Stillinger et al. (1977)
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Numerical Test of Mean Field Scenario 
 MCT should work better for Long-Ranged Systems 

MCT works unprecedentedly well !MCT works unprecedentedly well !

A. Ikeda and KM, PRL (2011)

KA LJ GCM (ρ = 1.5) GCM (ρ = 2.0)

Tmct (simulation+fitting) 0.435 0.202 ×10‐5 0.266 ×10‐6

Tmct (theory) 0.922 0.266 ×10‐5 0.340 ×10‐6

Deviations 112 % 33 % 28 %



Numerical Test of Mean Field Scenario 
 MCT should work better for Long-Ranged Systems 

MCT works unprecedentedly well !MCT works unprecedentedly well !
And dynamic heterogeneities are weak !!

Weaker violation of Stokes-Einstein relation
A. Ikeda and KM, PRL (2011)
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GRADING MCT

If this mean field scenario is correct,

 MCT should work better in Higher Dimensions

 MCT should work better for Long-Ranged Systems 

 Dynamic(MCT) transition point should mark the  Dynamic(MCT) transition point should mark the y ( ) p
crossover of the inherent structure (Jamming transition
point!)

y ( ) p
crossover of the inherent structure (Jamming transition
point!)p )p )

 MCT and Replica theory should be consistent MCT and Replica theory should be consistent 



Numerical Test of Mean Field Scenario 
 Dynamic(MCT) transition point should mark the 

crossover of the inherent structure (Jamming transitioncrossover of the inherent structure (Jamming transition
point!)
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Numerical Test of Mean Field Scenario 
 Dynamic(MCT) transition point should mark the 

crossover of the inherent structure (Jamming transitioncrossover of the inherent structure (Jamming transition
point!)
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GRADING MCT

If this mean field scenario is correct,

 MCT should work better in Higher Dimensions

 MCT should work better for Long-Ranged Systems 

 Dynamic(MCT) transition point should mark the y ( ) p
crossover of the inherent structure (Jamming transition
point!)p )
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Numerical Test of Mean Field Scenario 

 MCT and Replica theory should be consistent 

2 MCT, d

d  theory,Replica
Schmid and Schillling PRE 81 041502 (2010)
Ikeda and KM , PRL 104 255704 (2010)



CONCLUSIONS

GRADE of MCT
 MCT should work better in Higher Dimensions???
 MCT should work better for Long-Ranged Systems 

 Dynamic(MCT) transition point should mark the y ( ) p
crossover of the inherent structure (Jamming transition
point!)

 MCT and Replica theory should be consistent

p )

 MCT and Replica theory should be consistent 


