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any of the properties of matter can be explained by 
the behavior of electrons in matter. Electrons sometimes 
exhibit strange behaviors. or example, superconductivity, 
in which electrical resistance suddenly drops to ero, is one 
such example. By calculating the motion of electrons using 

uantum mechanics, it is possible to theoretically predict 
such phenomena. By ta ing advantage of these properties, 
various innovative technologies have been developed, such 
as maglev and I technology. he electrons in the copper 
oxide high-temperature superconductor interact strongly 
with each other. owever, due to these strongly correlated 
electrons, the phenomenon cannot be reproduced by the 
conventional calculation method ( ig. (a)). Such materials 
with strongly correlated electrons are not only high-temperature 
superconductors but also heavy-element compounds. 

Good theoretical ways to analyze strongly correlated 
electrons might discover unknown materials that exhibit 
superior properties such as high-temperature superconductivity. 
Researchers around the world have been developing new 
computational methods.

In this study, we studied the behavior of strongly correlated 
electrons in heavy element compounds. e focused on the 

fact that there are two kinds of electrons in heavy-element 
compounds, wea ly and strongly correlated electrons. e 
succeeded in capturing the motion of electrons by using 
a different uantum mechanical method. s a result, we 
can theoretically predict a unique phenomenon (a quantum 
phenomenon called “ ermi arc”) that has not been found in 
heavy element compounds. ( ig. (b)).

The Fermi arc is a region where the contour line representing 
the electron energy level appears to be broken. Fermi arcs have 
been observed in copper oxide high-temperature superconductors 
by angle resolved photoemission spectroscopy, but have not 
been found in heavy-element compounds. Contour lines are 
represented as continuous lines, but by extending e uations of 
quantum mechanics and allowing imaginary numbers to appear 
in the coe cients of the e uations, such shredded regions 
appear.

e might discover novel innovative materials with the use of 
the developed theory in the future.
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Fig.9-6  Simple descriptions of strongly correlated electrons
Methods for analyzing weakly correlated electrons were well established in the 20th century (Fig.9-6(a), left: blue circles 
are electrons) semiconductors, etc. It is hard to analyze strongly correlated electrons in heavy-element compounds 
(Fig.9-6(a), right: light blue circles indicate electrons, red indicates interactions). By extending the equations of quantum 
mechanics and allowing imaginary numbers to appear in the coefficients of the equations, the complex motion can be 
accurately captured. As a result, we can theoretically predict the appearance of a “Fermi arc” in the energy behavior 
of electrons (Fig.9-6(b)).
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