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 Materials with high superconducting transition temperatures can have many 
applications.  Knowledge of electronic structures of existing superconductors can help 
a search for new ones with higher transition temperatures.

 By using high magnetic fields up to 20 T and low temperatures down to 0.03 K, we 
perform quantum oscillation measurements on superconductors such as iron-based 
ones and determine their Fermi surfaces.

 T. Terashima et al., Phys. Rev. X 8, 011014 (2018).
 T. Terashima et al., Phys. Rev. B 93, 180503(R) (2016).
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 Quantum oscillation measurements in high 
magnetic fields at low temperatures

 Fermi surface
 Electronic structure of iron-based 

superconductors

 Elucidation of the superconducting mechanism of 
the iron-based superconductors

 Guide to a search for new superconductors with 
higher transition temperatures

Electronic structures, superconducting mechanisms

Quantum oscillation measurements on 
Iron-based superconductors

Iron-based superconductors
Various types such as 
11, 122, 1111, 112, etc.

Fermi surfaceQuantum oscillations in FeSe Although electrons in a metal behave as free electrons carrying charge and spin, the charge and spin
degrees of freedom are separated in a Mott insulator. The issue on the Mott transition is how these two
pictures are reconciled at the Mott transition. In particular, high-temperature superconductivity in
cuprates occurs in such an intermediate regime. Regarding this issue, we extracted a clear picture of
the Mott transition by using exact solutions for a one-dimensional system and numerical simulations for
a two-dimensional system [1—3].
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 The band picture breaks down at the Mott transition.
 High-temperature superconductivity in cuprates occurs near the Mott transition.
 Accurate understanding of electronic states near the Mott transition is desired.

 To construct a new concept of the Mott transition
 To solve the mechanism of high-temperature superconductivity in cuprates
 To clarify the mechanism of emergence and disappearance of electronic states 

characteristic to strongly correlated electron systems
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 The nature of the Mott transition was revealed.
 Various anomalous features observed in high-

temperature superconductors were explained 
in a unified manner as properties of a two-
dimensional system near the Mott transition.

 Based on the new understanding of 
electronic states near the Mott transition, 
we aim at solving the mechanism of  
high-temperature superconductivity.

The theoretical results for electronic states near the Mott transition [1,2]
showed that, although the dispersion relation (relation between energy
and wave vector), which characterizes the motion of electrons,
continuously leads to that of the spin excitation of the Mott insulator,
the spectral weight, which characterizes how electrons behave like free
electrons, gradually disappears toward the Mott transition. This means
that the charge degrees of freedom freeze toward the Mott transition
with the electron-motion preserved in the spin degrees of freedom. This
is the most significant characteristic of
the Mott transition [1—3].
Based on this picture of the Mott
transition, various anomalous features
observed in high-temperature cuprate
superconductors were explained in a
unified manner as properties of a two-
dimensional system near the Mott
transition (Figure on the right) [1—3]. Numerical simulation results for a two-dimensional system [1]
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