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Abstract:

Cuprate superconductors are typical strongly correlated systems, and the physical
properties of these materials are mainly determined by the strong electron correlation
in copper oxide planes. The strong electron correlation restricts the systems in the no
doubly occupied Hilbert subspace, i.e., where there is the single occupancy local
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constraintZC - C.. <1, which lead to that cuprate superconducting materials are one
a

of the most complicated systems in condensed matter physics so far. The physical
properties of cuprate materials depend on the extent of dopings, and show very rich
anomalous properties in both normal- and superconducting-states, such as the
charge-spin separation, vanishing of the quasiparticle residue, and d-wave symmetry
in the superconducting-state.

It is believed that the physics of cuprate superconducting materials may be
effective described by the t-J model or the similar t-t’-J model acting on the space
with no doubly occupied sites. Based on the t-J model and t-t’-J] model, we have
discussed some unusual normal-state properties and collaborated with Professor
Shiping Feng in Beijing Normal University. In this research project, we have studied
the charge transport in underdoped bilayer cuprates and other abnormal phenomena,



we found that besides the bilayer interaction leads to the band splitting in the
electronic structure, the qualitative behavior of the charge transport is the same as in
the case of single-layer cuprates. The conductivity spectrum shows a low-energy peak
and the unusual midinfrared band. This midinfrared band is supp‘ressed severely with
increasing temperature, while the resistivity in the heavily underdoped regime is
characterized by a crossover from the high-temperature metalliclike to the
low-temperature insulatinglike behaviors.
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