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Abstract

In the project, the ground state properties of the t-J type models for High-T. superconductivity
will be studied by numerical methods in a systematical way. For optimal doped and overdoped
cases, the theories can explain the experimental observations well. But for uderdoped High-T,
superconductors, several properties are still in puzzle. For example, it is still controversial for
the mechanism of the transition from Mott insulator to superconductor as the doped hole density
is increased. Other questions like the shape of the Fermi surface, the relation between pseudogap
and superconducting long-range order, and stripe phase are still not fully resolved. The t-J type
models are “strongly-correlated electron systems” and cannot be solved by the traditional
perturbation method. Thus accurate numerical methods are necessary to resolve this kind of
questions. In this project, the quantum Monte Carlo method will be used to calculate the energy,
spin and charge correlation functions, pair-pair correlation function, current-current correlation
function, and momentum distribution function of the ground state of the models. The phases of
different parameter spaces will be determined by these measured properties. In the mean time,
we will develop more powerful numerical methods in order to yield more accurate results. And
the new methods will be tried to apply on other condensed-matter models.

Keywords: high temperature superconductivity, strongly-correlated electron system, Monte
Carlo simulation
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