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Metallic states generated by introducing carriers into Mott insulator show various anoma-
lous properties such as psedugap, nematic state, and high-temperature superconductivity as
realized in hole-doped high-temperature cuprate superconductors. Magnetic properties also
exhibit unusual behaviors. One of the most prominent behaviors in hole-doped cuprates is
an hourglass-type spin excitation centered at the magnetic zone center in the Brillouin zone
observed by inelastic neutron scattering [1]. One of possible origins of the hourglass-type exci-
tation is the formation of charge stripes in hole-doped cuprates. This indicates strong coupling
between spin and charge degrees of freedom in doped Mott insulators.

In order to understand such a coupling of spin and charge in doped Mott insulator, we
theoretically investigate dynamical spin and charge structure factors, S(q, ω) and N(q, ω), in
the t-t′-J model that is a canonical model for doped Mott insulator in two dimsnsions. Using
dynamical density-matrix renormalization group (DDMRG), we first examine the geometry
dependence of S(q, ω) in the t-t′-J model. With increasing the number of leg in ladder systems
from four with 24 × 4 sites [2] to eight with 12 × 8 sites, we find the decrease of excitation
energy at q = (π, π) [3] approaching to the observed value in inelastic neutron scattering in
various cuprates. At the same time, N(q, ω) changes with changing the number of leg due to
strong coupling between spin and charge. This provides important clue to the mechanism of
incommensurate spin excitations in cuprates. We also find that doping dependence of S(q, ω)
is qualitatively consistent with Cu L-edge resonant inelastic x-ray scattering (RIXS) data in
hole-doped cuprate [4].
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