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Theorg of new developments in cuprate high-temperature superconductors induced
by orbital degrees of freedom
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Superconductivity, where electrical resistance vanishes below a certain
temperature, is a widely studied central theme in condensed matter physics. Especially, the
discovery of cuprate high-temperature superconductors in 1986, which possess significantly higher
transition temperatures than conventional superconductors, has brought about revolutionary
advancements in both fundamental and applied research. This study analyzes a theoretical model
incorporating the often-overlooked orbital degrees of freedom of electrons in the mechanism of
cuprate high-temperature superconductors through large-scale numerical calculations. Our findings
successfully explain multiple unexplained phenomena. This achievement is expected to lead to new
developments in cuprate high-temperature superconductors, as well as to further understanding of
strongly correlated electron systems and to the creation of new superconducting materials.
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