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Amorphous structures, which are neither completely ordered nor entirely random, exhibit physical 

properties significantly different from those of crystals. Understanding the correlation between structure and 

physical properties is crucial for their application. However, due to the complexity of amorphous structures, 

theoretical analysis has been extremely challenging. A typical example is thermal conductivity. 

In crystals, thermal conduction is described by the relaxation of phonons through anharmonic effects. In 

contrast, in amorphous structures, heat is believed to be transferred through interactions between vibrational 

modes called diffusons, which are spatially extended and somewhat collective but lack periodicity. 

Considering the delocalized nature of diffusons, it is expected that the medium-range order in amorphous 

structures would affect thermal conduction by diffusons. However, there has been no theoretical method to 

quantitatively discuss which atomic connections give rise to medium-range order and how this structure 

determines the thermal conductivity. 

Recently, we have attempted to apply persistent homology, a representative technique of topological data 

analysis, to this problem. We have shown that the thermal conductivity can be predicted by quantifying the 

atomic connections, ring structures, and voids in amorphous Si using persistent homology. Furthermore, 

inverse analysis allows discussion of the 

relationship between local structures, medium-

range order, and thermal conductivity. In this 

presentation, we will introduce this research and 

discuss the potential for elucidating the 

correlation between nanoscale structures and 

thermal conductivity by combining topological 

data analysis with physical property simulations. 
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Fig１ Prediction and inverse analysis results of thermal 

conductivity based on persistent homology. 
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