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Abstract

In the high-Tc cuprates, the nanoscale electronic state is important for understanding their com-
plex physical properties and unconventional superconducting mechanism. In this work, numerical
exact diagonalization method has been used to study the effect of diagonal hopping t' and near-
est-neighbor Coulomb interaction V on the electron pair binding energy, spin and charge gaps and
corresponding crossover temperatures in the square Hubbard clusters. The calculated results
show that t' extends the regime of U in which electron, spin and charge pairings are formed, and
corresponding crossover temperature increased. On the contrary, V exhibits opposite effects com-
pared to t. When V approaches to the energy scale of effective attraction induced by U, electron
pairing is completely destroyed. Our findings demonstrate that t’' can help the formation of super-
conducting state, while V will suppress the superconductivity.
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Figure 1. Square Hubbard clusters and
the connected CuO, plane
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Figure 2. Curve: The electron pair binding energy as a function of U. (a) and (b) corres-
pond to different t' or V at T = 0.001. (c) t' = 0.2, T = 0.001 and 0.05; (d) V=0.04, T =
0.001 and 0.05
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Figure 3. Curve: The charge gap A° and spin gap A° as a function of U. T = 0.001,
and t' increases from 0.0 to 0.2
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Figure 4. Curve: The charge gap A° and spin gap A° as a function of U. T = 0.001,
and V increases from 0.0 to 0.04. The inset figure shows the behavior for U <5
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Figure 5. Curve: T-U phase diagram at t' = 0.0, 0.1, 0.2. The curves with filled-symbols,
open-symbols, and without symbols represent the boundaries of charge pairing, spin pairing,
and metal-insulator transition, respectively. U, denotes the maximum U with spin pairing
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Figure 6. Curve: T-U phase diagram at V = 0.0, 0.02, 0.04. The curves with filled-symbols,
open-symbols, and without symbols represent the boundaries of charge pairing, spin pairing,
and metal-insulator transition, respectively. U, and U, denote the minimum and maximum U
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