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    Sm-Co and Nd-Fe-B intermetallic compounds are known for high-performance rare-earth 
permanent magnets which are one of the key materials in magnetic and energy conversion devices. 
For material search of permanent magnets, developments of basic methods with data-driven 
approaches have been highly desired because of the rapid growth of supercomputer performances. 
One of the difficulties in finding new permanent magnet materials is how to predict the complex 
crystal structures. For example, the best magnet, Nd2Fe14B, contains 68 atoms in the unit cell. 
This system is quite difficult to predict the crystal structure because number of configuration 
explosively increases as atoms increase. In this study, we have developed and investigated 
methods of crystal structure predictions to overcome those difficulties. First, random search 
algorithm in combination with structure optimization technique using first-principles calculations 
was employed. Furthermore, Bayesian optimization method was added to accelerate crystal 
searches. The usability of crystal structure predictions for finding new rare-earth magnet materials 
is discussed. 
    We started with simple systems to test the random search algorithm. Crystal structure 
prediction simulations were carried out for RCo5 and R2Co17 (R means rare-earth element such as 
Y and Sm) which are important compositions of Sm-Co magnets. Our predicted structures were 
in complete agreement with structures in experiments. The most stable structures of YCo5 and 
Y2Co17 were obtained with probabilities of 8 and 3%, respectively. These results show that the 
random search algorithm is highly efficient for relatively small unit cell (less than 20 atoms). For 
a large unit cell including 4 Y and 34 Co atoms, however, we could not obtain stable structures 
within trials of 300 structures. We further try a Bayesian optimization method to search the vast 
space of Y4Co34 efficiently, and demonstrate the usability of Bayesian optimization for large 
systems. Several descriptors of crystal structures are discussed. 


