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Glassy system exhibit hierarchical and heterogeneous 
relaxa�ons when approaching glass transition[2]:
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Correlation matrix of displacement
high-dimension version of correla�on func�on:

Diagonalizing matrix D
eigenvalue  = amplitude of dynamic behaviors
eigenvector (eigenmodes) = correla�on form of mo�on

 = a2 / 

T-dependent spectrum

Reversibility of eigenmodes

Real-space visualiza�on of ER

Origin of ER connected to boson peak

Temperature-dependent dynamic features
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Type-I mode: reversible hopping motion
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Type-II mode: unidirectional flow
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1.  Convergence to vibra�onal spectrum at low T
2.  Two types of ER modes separated by t

100 101



irr
ev

er
sib

ili
ty

 R


0.0

1.0
0.0

1.0
0.0

1.0
0.0

1.0
 = 0.74

 = 0.77

 = 0.80

 = 0.83

*

*

*

*

t

t

t

t

Type-I mode Type-II mode

Type-I mode:  highly reversible - slow  relaxa�on
Type-II mode: irreversible - conven�onal flow
                  small-amplitude, reversible - fast  relaxa�on

1. ER in Type-I modes accumulate through DF to become  diffusion (hierarchy & heterogeneity)
2. ER in Type-II modes serve as conven�onal flow like liquid (no such contribu�on)

Dynamic facilitation: a single relaxa�on can trigger another excita�on in its vicinity  →

With lower temperature, Type-I modes dominate the relaxa�on dynamics → hierarchy and heterogeneity !

Diversity of ER originates from two types of dynamical 
‘defects’ in vibra�onal modes

T=0: quasi-localized
T>0: string-like
low frequency
low energy barrier

extended string-like
near boson peak
high energy barrier

boson peak: excess vibra�onal density of states over d-1

figures from ref[3]

We find two types of elementary relaxa�ons and their origin:
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