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Phase structures of superconducting gaps in iron-based superconductors
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We have used spectroscopic imaging scanning tunneling microscopy to investigate
the superconducting gaps and the electronic states of the iron-based superconductors LiFeAs and FeSe. We
found that some defects in LiFeAs generate in-gap bound state. We also examined the effects of twin
boundaries on the superconducting gap of FeSe and found that the twin boundary induces a novel
superconducting state that breaks the time-reversal symmetry. The band dispersions of FeSe were
determined by the quasi-particle interference effect. The estimated Fermi energy is smaller than 10 meV,
being of the same order as the superconducting gap. This means that FeSe is in the BCS-BEC crossover
regime. The observed quasi-particle interference patterns possess strong in-plane anisotropy which may
reflect the orbital ordering in this material.
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