Spin-charge competition in a model cuprate
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The fascinating issue of an intertwining effect between bulk superconductivity and static magnetic order in cuprate superconductors has attracted a lot of attention for many years [1]. However, the mechanism for such a competition is still unclear at present. Here we present a simple model that catches main features of the spin-charge competition in cuprates. We start with a minimal model with the on-site Hilbert space reduced to only three effective valence centers [CuO4]7-,6-,5-, nominally Cu1+;2+;3+, that we related with the three components of the S = 1 pseudo-spin triplet with MS = -1; 0; +1, respectively [2]. Central point of the model implies the occurrence of unconventional on-site quantum superpositions of the three valence states characterized by different hole occupation: nh=0,1,2 for Cu1+;2+;3+ centers, respectively, and different conventional spin: s=1/2 for Cu2+ center and s=0 for Cu1+;3+ centers. Conventional spin density 
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  for mixed valence superpositions can vary inbetween 0 and 1 in accordance with the weight of the Cu2+ center in the superposition. We start with a simplified model Hamiltonian
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that includes the on-site (Δ) and inter-site (V) charge density-density coupling and conventional Heisenberg spin exchange interaction with effective exchange integral 
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,  where   is the conventional one. Depending on the parameters we arrive at charge order (CO), anti-, ferri- or ferro-magnetic (AFM, FIM, FM) phases. Making use of a generalized mean-field approximation (MFA) and classical Monte-Carlo technique we have calculated different phase diagrams and the temperature dependence of the charge and spin order parameters for CuO2 plane in a model cuprate under deviation from half-filling due to hole or electron doping. An example of our MFA analytical and numerical calculations is shown in Fig.1. Here we observe effect of a dramatic change of magnetic properties under relatively minor change of the charge density, the situation that recalls a well known suppression of the antiferromagnetic order with doping in cuprates.
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Figure 1. T-n phase diagram and the temperature behavior of the order parameters at n = 0.1 and n = 0.2. The dashed lines correspond to first order transition, the solid ones correspond to second order transition. All the parameters in units of I. 
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