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Abstract

In recent years, data-driven approaches have been widely applied to complex materials development, such as high

degrees of freedom in structure and materials. In this study, we developed a new optimization algorithm for optical

properties of core-shell nanoparticles (CSNPs), which is combined with machine learning and Ising machine. In the

proposed algorithm, the structural configuration of the CSNPs is optimized using an Ising machine, whereas the

constituent materials are selected through Bayesian optimization, with their optical properties serving as descriptors.

The target optical properties of the CSNPs are transparency in the ultraviolet range (355—375 nm) and opacity in the

visible range (400—830 nm). The CSNPs obtained by the proposed algorithm is a diameter of approximately 40 nm

and outer shells composed of Mg or Pb. In addition, it is shown that CSNPs with double metal shell could potentially

achieve the target optical properties. Furthermore, it is confirmed that the use of the GPU-based Ising machine for

combinatorial optimization reduces computation time for optimization work. These results suggest that an appropriate

combination of optimization techniques can allow more efficient design of more complex materials from an

increasingly vast design space.
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Process flow of the proposed optimization method obtained by combining

factorization machine with quantum annealing (FMQA) and Bayesian opti-

mization. In the inner loop, procedure from (i-1) to (i-4) is repeated, and

FMQA was used to optimize the structure of the core—shell nanoparticles

(CSNPs) using Ising machines. In the outer loop, procedure from (o-1) to

(0-4) is repeated, and Bayesian optimization was used to select the constituent

materials of the CSNPs with the corresponding optical properties as the

descriptors. (Reprinted from Ref. 5)
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(a) Best FOM values obtained using the FMQA method for structural optimization. The dotted line

indicates the switching point from random optimization to FMQA. Note that, in some cases, the num-

ber of selected materials is three because overlap limitation is not imposed in the selection of the four

materials. (b) Comparison of the best FOM values yielded by FMQA and random optimization for

each case. (Reprinted from Ref. 5)
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(a) Best FOM values obtained using the combined FMQA and Bayesian optimization method for three

independent trials. The dotted line indicates the switching point from random optimization to FMQA. (b)

Transmittance spectrum of the best core shell nano particle. The dotted line indicates the target wave-

length. (c) Extinction, scattering, and absorption efficiencies of the best core shell nano particle as func-

tions of wavelength. (Reprinted from Ref. 5)
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Top 10 core shell nano particles yielded by the proposed optimization technique
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2 -0.598 40 20 4 6 8 2 BaF, KCI KCI KClI  Pb
3 -0.595 40 20 8 8 2 2 BaF, SiO, BaF, SiO, Pb
4 -0.595 40 20 8 4 6 2 BaF, SiO, SiO, BaF, Pb
5 —0.594 36 20 8 2 4 2 MgH,  BaF, CsBr  BaF, Mg
6 -0.593 40 20 8 4 6 2 Si0O,  Si0O, BaF, SiO, Pb
7 -0.593 40 20 8 2 8 2 Si0O,  Si0, NaCl SiO, Pb
8 -0.593 40 20 2 8 8 2 NaCl  SiO, SiO, SiO,  Pb
9 -0.593 38 20 6 8 2 2 KCl  SiO, NaCl KCl  Pb
10 -0.593 40 20 8 4 6 2 Si0O,  Si0, Si0, NaCl  Pb
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Core shell nano particles with a double-shell structure yielded by the proposed optimization technique
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Optical properties of double-shell core shell nano particles composed of Mg ranked

40th: (a) transmittance spectrum and (b) extinction, scattering, and absorption effi-

ciencies as functions of wavelength. The dotted line in (a) indicates the target wave-

length. (c) Schematic of the double-shell structure focused only Mg. The optical

constants of vacuum were used for the core and the second shell. (d) Extinction

efficiency as a function of wavelength for different inner Mg shell radius R, for the

structure illustrated in (c). (Reprinted from Ref. 5)
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