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First-principles calculations combined with multicanonical ensemble method 
 

The multicanonical ensemble [1,2] is a generalized ensemble whose statistical weight 
is not canonical one but (estimated) inverse of the density of states. Because of this 
property, the simulated system fluctuate widely from low energy states to high energy 
states. This enhanced fluctuation enables the system to overcome free energy barriers 
among low energy states quickly. The histories of the simulations are virtual, namely, not 
physical ones. Nevertheless, we can obtain thermodynamic quantity of any temperature 
from them by a method called reweighting. In this sense, these histories represent the 
whole thermodynamics of the systems as sets of thermodynamically relevant states. 

Yoshimoto has focused on melting properties because it is a basic procedure for 
material synthesis and formation of objects (e.g. casting). For melting, multicanonical 
ensemble method has several merit compared to existing two-phase method (necessary 
system size is smaller) and thermodynamic integration method (no good reference 
system is required). 

The paper will present his recent effort to apply multicanonical ensemble in first-
principles calculations. This effort includes the thermodynamic downfolding of 
interatomic potentials that is a generation method of a model interatomic potential 
conserving the thermodynamics of the system simulated by a first-principles calculation 
to a maximum extent. In this method, the history of the multicanonical simulation is used 
as a measure for interatomic potentials. The presentation will pick up the melting of Si as 
a typical covalent crystal and MgO as a typical ionic crystal. 
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