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Erosion of nodal Fermi spheres in nonequilibrium d-wave superconductors, tunneling
spectroscopy and spin transport of metal-Rashba system and superconductor-Rashba system, and
Josephson tunneling between two YBCO grains were studied in this research project. It was found that
when a d-wave superconductor that has been driven out of equilibrium by an optical pulse, in the high
density limit for the photoinjected quasiparticles, the decay rate dn/ dt is found to vary as n5/2, which
differs from the n’ form commonly adopted in phenomenological models of the relaxation dynamics. In
the low density limit, the decay is exponential. '

For the junction of metal-Rashba system, the energy spacing between two distinct features in
the conductance spectrum can be used to directly measure the Rashba energy. Also, the interfacial
scattering greatly affects the spin polarization of the conductance in metal, but hardly affects that in the
Rashba system.

The tunneling conductance spectrum of superconductor-Rashba system depends strongly on 1)
the strength of Rashba spin-orbit coupling (RSOC), 2) the potential barrier and 3) the mismatch of
electron effective masses. The influence of the RSOC, potential barrier and mismatch of electron
effective mass are associated and also depends on the Fermi levels of the Rashba system. Andreev
reflection amplitude at the superconducting gap energy is always increased with the RSOC strength, but
is unaffected by the change in the potential barrier. The effect of the mismatch effective mass and the
potential barrier are not always equivalent as it was believed.

Lastly, the free energies of both untwinned and twinned systems of orthorhombic symmetry are
studied in order to derive the Josephson tunneling between two YBCO grains. A model based on the
Ginzburg-Landau theory and the idea of twinning is introduced to describe the anomalous dependence

of the critical current on an external magnetic field in a YBCO asymmetric grain boundary.





