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3. ランダム一次転移理論（RFOT)：
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4. ガラス理論の検証



ガラス理論の検証

 MCT is encoded in Landscape (RFOT)? 

Adam-Gibbs theory works?

 Vogel-Fulcher works?

Dyanamic Heterogeneities and 

Correlation Length can be explained?



ガラス理論の検証

 MCT is encoded in Landscape (RFOT)? 
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Mathematical structure is exactly the same as the liquid!
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Nonergodic transition point matches with Threshold 

Temperature of the free energy!

thmct TT 



ガラス理論の検証

 MCT is encoded in Landscape (RFOT)? 
Distribution of Hessians of Energy
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ガラス理論の検証

 MCT is encoded in Landscape (RFOT)? 
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 Kob-Anderson LJ, MD (1995)

 Kob-Anderson LJ, BD (Szamel, 2005) 

 Power law fit with T
c
=0.43 and =2.31

 Power law fit with T
c
=0.435 and =2.45
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ガラス理論の検証

 MCT is encoded in Landscape (RFOT)? 
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Number of suddles realy vanishes

at  TMCT!

(Angelini et al. ’00)



ガラス理論の検証

 Adam-Gibbs theory works?
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RFOT predicts



ガラス理論の検証

 Adam-Gibbs theory works?
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exp The Adam-Gibbs equation

RFOT predicts

(Starr et al. 2013)



ガラス理論の検証

 Vogel-Fulcher works?

RFOT predicts

(Richert et al. 1998)
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ガラス理論の検証

Dyanamic Heterogeneities and 

Correlation Length can be explained?
(Week et al. ’00)

(Yamamoto et al. ’98)








ガラス理論の検証
Quantify the dynamic heterogeneity and correlation 

length?

Nonlinear susceptibility

or

4 point correlation function

4-point density correlation function
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ガラス理論の検証

Integral of G4(r, t) over space

Its amplitude grows as T lowered,

reflecting a growing length scales.

),0()( 44 tqt  

:  Fourier transform  of G4(r,t)       

Orstein-Zernike like behavior 

with ξ increasing as T loweredχ
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(Yamamoto et al. ’98)

The 4 point correlation function
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ガラス理論の検証

Dyanamic Heterogeneities and 

Correlation Length can be explained?
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ガラス理論の検証

Dyanamic Heterogeneities and 

Correlation Length can be explained?

Should we expect something like…
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ガラス理論の検証

(Karmakar et al.2015)

(Flenner et al.2013)

Typical ovservation of the correlation lenghts



Calculate Nonlinear Susceptibility using MCT

qtot HH Hamiltonian
Pinning field
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Instead of calculating the 4 point correlation function (it is too complicated), 

we shall calculate the 3 point correlation function

Linear response theory says 

 Inhomogeneous MCT and dynamic correlation length  

ガラス理論の検証



Basic Idea
Linear Response Theory says

xFHHtot 
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Change of x due to  F can be described by correlation function at equilibrium 

The 1st moment of   x in the presence of F can be written by the 2nd moment of 

x in the absence of F.

or

or
The 2nd moment of   x in the absence of F can be written by the 1st moment of x 

in the presence of F.

with

or
The 3rd moment of   x in the absence of F can be written by the 2nd moment of x 

in the presence of F.

 Inhomogeneous MCT and dynamic correlation length  

ガラス理論の検証



with

MCT in the presence of the pinning field (thus w/o translational invariance)
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 Inhomogeneous MCT and dynamic correlation length  

ガラス理論の検証



with

 Inhomogeneous MCT and dynamic correlation length  

ガラス理論の検証



For q=0:  Integral over space: 

Simulation 

for a colloid, (Szamel et al.2006)
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A number of particles in a “cluster”
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IMCT

(A simplified model calculation)
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Cluster size / length scale grow as T lowered. 

High T Low T

High T Low T

 Inhomogeneous MCT and dynamic correlation length  

ガラス理論の検証
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 Inhomogeneous MCT and dynamic correlation length  

ガラス理論の検証
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For q≠0:  Length scale dependence: 
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 Inhomogeneous MCT and dynamic correlation length  

ガラス理論の検証



ガラス理論の検証
(Kob et al.2012)

(Flenner et al.2010)

Comparison is hardly satisfactory


