Evolution of low-energy quasiparticle excitation spectra with doping, temperature and magnetic field in cuprate superconductors
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Low-energy quasiparticle excitations in cuprate superconductors are studied by means of spatially resolved quasiparticle tunneling spectroscopy as functions of magnetic field (H) and temperature (T) with a cryogenic scanning tunneling microscope.[1,2] In contrast to the quasiparticle spectra of conventional type-II superconductors that exhibit enhanced local density of states (LDOS) peaking at zero bias inside the periodic vortex cores, the vortex-state LDOS of optimally doped cuprate superconductors YBa2Cu3O7- (hole-type, Tc = 93 K) and Sr0.9La0.1CuO2 (electron-type, Tc = 43 K) remains suppressed inside vortices, with pseudogap-like features appearing at an energy larger (smaller) than that of the zero-field superconducting gap in YBa2Cu3O7- (Sr0.9La0.1CuO2).[1,2] Histograms of the superconducting (SC) and pseudogap (PG) features reveal steady spectral shifts from SC to PG with increasing H.[1,2] Fourier transformation of the vortex-state quasiparticle spectra of YBa2Cu3O7 reveals two sets of distinct non-dispersive diffraction spots that cannot be explained by quasiparticle scattering interferences in a pure d-wave superconductor: One set of the non-dispersive diffraction spots corresponds to wave-vectors of magnitude 2/[(3.5(0.5)a1,2] along the Cu-O bonding direction, and the other set is associated with wave-vectors of magnitude 27.4(0.5)a1,2] along the ( direction.[1] (Here a1,2 represents the in-plane orthorhombic lattice constants of YBa2Cu3O7-.) These findings in both hole- and electron-type cuprates may be explained by a scenario of coexisting competing orders (CO’s) and superconductivity in the ground state: For hole-type cuprates we find that the CO energy gap (VCO) is larger than the SC gap (SC) and the relevant CO wave-vector is parallel to . In contrast, VCO is always smaller than SC in electron-type cuprates and the corresponding CO wave-vector is along . Quantitative application of the CO scenario to the T- and doping () dependences of quasiparticle tunneling spectra[1,3] and ARPES[4] also leads to consistent accounts for the presence (absence) of the PG and Fermi arc phenomena in hole (electron)-type cuprates superconductors. Moreover, VCO thus derived is found to increase with decreasing  in hole-type cuprates while SC follows the non-monotonic doping dependence of Tc.[1,4] The physical implications of these findings will be discussed. 
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