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Exploration of novel quantum phases in multi-component ultracold atomic gases
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We explore the novel quantum phases in ultracold atomic gases with the spin
degrees of freedom, forming the typical many-body multi-component systems in optical lattices. We have
theoretically clarified that Cooper-pairing symmetry of a fermionic superfluid and the dynamical
instability of a bosonic superfluid greatly change via the subtle balance in the interactions between the
atomic components. We consider such a role of interactions to be a possible origin of diverse quantum
phases found in these multi-component systems. On the other hand, we have experimentally created
quasi-one-dimensional Bose-Einstein condensates with high density on a persistent-supercurrent atom chip.
We observe that the momentum distribution of condensates becomes fragile owing to the quantum
fluctuations inherent in this low-dimensional system. We furthermore develop the experimental techniques
for controlling atomic spins on an atom chip and then realize the multi-component condensates.
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