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Theoretical study of quantum frustrated systems: Connecting solid-state
materials and optical lattice quantum simulators
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We conducted theoretical research bridging solid-state materials and optical

lattice quantum simulators, with a focus on triangular lattice antiferromagnetic spin systems. Our
study encompassed the control of quantum fluctuation effects in the quantum frustrated
antiferromagnet CsCuCl3 and proposing methods for realizing cold atom frustrated systems in optical

lattices. As a result, we achieved significant breakthroughs, including the control of magnetic
parameters in coupled spin chain materials through pressure and the proposal of experimental
protocols utilizing negative temperatures to implement frustration in optical lattice systems. In
particular, the introduction of geometric frustration using negative temperatures offers advantages
such as reduced heating compared to conventional Floguet-engineering-based methods, making it highly
promising for future research in quantum simulation.
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