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abstract: In the iron-based superconductors, strong orbital
fluctuations are expected to be realized by experimental re-
sults such as structure transition, softening of elastic modulus
and nematic order. These phenomena in the normal state,
which cannot be described in the framework of the mean-field
approximation, are important in understanding the mechanism
of superconductivity. Recently, we have found that strong or-
bital fluctuations are caused by vertex corrections, which are
many-body effects beyond the mean-field approximation. By
the present theory, a comprehensive understanding of the the
electron state and the phase diagram has been achieved. The
orbital fluctuations favor the S -wave superconducting state,
and a variety of gap function can be reproduced by the com-
petition between orbital and spin fluctuations.
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