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Study of strongly correlated topological phases with quantum entanglement
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On the basis of complex approaches using matrix-product states, low-dimensional
guantum field theories, and numerical simulations, we studied the ground states of various strongly
correlated one-dimensional systems. In particular, we investigated and characterized the so-called
symmetry-protected topological (SPT) phases realized in a system of ultra-cold alkaline-earth fermions by
entanglement spectrum. We also demonstrated the use of non-local order parameters in these phases that
defy the characterization with the conventional order parameters. Moreover, we showed that these SPT
phases (SPT magnetization plateaus) exist in one-dimensional magnets under high magnetic fields.

In high magnetic fields, not only SPT phases but also genuine topological ones with fractionalized
excitations are allowed to exist. In order to present a microscopic example, we considered the three
magnetization plateaus in a two-dimensional magnet on the Kagome lattice using quantum Monte-Carlo
methods.
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