
Plasmons and bond-charge excitations in layered t-J model

 

1National Institute for Materials Science (NIMS), Tsukuba, Japan
Hiroyuki Yamase, Andres Greco, and Matias Bejas

1, 2 3 3

3 Instituto de Fisuca Rosario (UNR-CONICET), Rosario, Argentina
2 Graduate School of Science, Hokkaido University, Sapporo, Japan

We employ the layered t-J model with the long-range Coulomb interaction and study the charge excitation spectrum at leading order in a large-N formalism. We find that the spectrum is characterized by a dual structure in energy space [1]. In the low-energy 
region typically less than the superexchange coupling J, various kinds of bond-charge excitations are dominant [1]. In particular, d-wave bond-charge excitations exhibit softening along the direction (0,0)-(π,0) [2], which explains the charge ordering tendency 
observed in Nd2-xCexCuO4 [3]. The doping dependence of the d-wave bond-charge excitations [4] can also capture the experimental observations [5,6].  In the high-energy region typically larger than J, on the other hand, the usual on-site charge excitations 
become dominant and yield plasmons [1]. The plasmons exhibit a strong dependence on out-of-plane momentum qz as is well known in a layered system [7,8,9]. In particular, acoustic-like plasmons are realized for finite qz and show a V-shaped dispersion 
around in-plane momentum (0,0) with a gap proportional to interlayer hopping tz [9]. The acoustic-like plasmons well explain [10,11,12] the charge excitation spectra observed around (0,0) in various electron-doped systems Nd2-xCexCuO4 [13,14,15,16], 
La2-xCexCuO4 [16,17], Sr1-xLaxCuO2 [18], and hole-doped systems La2-x(Sr,Ba)xCuO4 [12,19] and Bi2Sr2-xLaxCuO6+δ [12]. Furthermore, plasmons have a big impact on the electron self-energy and reduce the quasiparticle residue substantially [20].  
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Dual structure of charge dynamics in energy space 
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Big self-energy corrections from plasmons 
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Charge-order tendency in electron-doped cuprates
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 Characteristic qz dependence
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