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Strongly correlated electron systems host various exotic quantum phase
transition phenomena. Recently, "quantum liquid crystals™ with nano to mesoscale self-organization
have been discovered in both metallic and localized spin systems. In this research project, we
conducted a comprehensive theoretical study to understand the fundamental nature of quantum liquid
crystals. Several important and universal principles behind various quantum liquid crystals have
been discovered in this project. The members performed fruitful collaboration and discovered many
new types of quantum liquid crystals that were unknown at the time of the start of the research.
Furthermore, we have verified and predicted quantum liquid crystals through collaboration with
experimentalists from other ?roups. We have contributed to developing the science of quantum liquid
crystals from the theoretical side.
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(7) (a) The development of a new method for numerical simulation of spin-1 magnets, with application to
both QL C and conventional magnetism. (b) The application of this method to spin-1 Kitaev systems. (c) A
proposal for realizing an analog of gravitational wavesin quantum liquid crystals. Magnets based on spin-
1 momentsare currently avery activefield of research, and the resultsdescribed in (a) have already attracted
attention. For the same reason, we believe that the simulation method introduced in (b) will have alasting
impact. Our results for analogue gravitational wavesin (c) have astrongly interdisciplinary aspect, linking
guestions studied in gravitational wave astronomy with unconventional magnets, and table-top experiments
on cold atoms. We are excited to see where this leads. We have also enjoyed discussions with colleagues

working on unconventional superconductivity, which we hope will inspire future research.
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