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Theoretical study on interplays of quantum interference and inter-electron
interaction in nanoscale and mesoscale systems
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We have microscopically extended the Fermi-liquid theory for quantum dots
and magnetic impurities in metals to explore low-energy non-equilibrium transport away from the
particle-hole symmetric point. It reveals that the leading finite-temperature and
finite-bias-voltage corrections to the transport coefficients are determined by the linear and
non-linear-three-body susceptibilities of impurity electrons. Our field-theoretical description
gives a clear answer to the long-standing problem, and can be applied to a wide class of Kondo
systems and other strongly correlated electron systems.

We have also studied a magnetic-field induced crossover from the SU(4) to SU(2) Kondo state observed
in carbon nanotube quantum dots. Our results for the conductance and excitation spectrum, obtained

by using the numerical renormalization group approach, agree reasonably with the experiments, which

suggests the crossover is caused by a cancellation of the spin and orbital Zeeman splittings.
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