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Fig. 1. Schematic phase diagram of the one-dimensional

extended quantum compass model.
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Fig. 2. Ground-state fidelity per lattice site d(J1, J7)
as a function of control parameters J; and Jj:
(a) discontinuous phase transition at (J1, J{) = (0,0);
(b) continuous phase transition at (J1, J{) = (0.5,0.5).
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as a function of the distance of the lattice sites |i — j|.
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Abstract

By using the infinite time evolving block decimation in the presentation of infinite matrix product states, we study
an extended quantum compass model (EQCM). This model does not only include extremely rich phase diagrams due
to competitions of orbital degrees of freedom and anisotropic couplings between pseudospin-1/2 operators but also have
the capacity to describe property of protected qubits for quantum computation which leads to lots of attentions paid to
the phase boundaries of the EQCM. However, few attentions are paid to long-range topological string correlation order
parameters of the EQCM. To study order parameters, one should understand spontaneous symmetry breaking which
relates to Landau quantum phase transitions theory. Once spontaneous symmetry breaking happens, there should exist
some local order which can be described by a local order parameter. This order parameter can be used to distinguish the
phase from others. For continuous quantum phase transitions, in the critical regime, critical exponents can be extracted.
Unfortunately, the long-range topological string correlation orders are beyond Landau quantum phase transitions theory,
one can not directly use two paradigms of Landau-Ginzburg-Wilson. Usually, one can define a local order parameter
by local magnetization. Naturally, one can also refer to this way to define the long-range topological string correlation
order parameters by long-range topological string correlations on the following conditions, i.e. the quantum system
undergoes a hidden spontaneous symmetry breaking; the long-range topological string correlation order parameter can
be used to distinguish the phase from others; for continuous quantum phase transitions, the long-range topological string
correlation order parameter satisfies scaling law when control parameter getting close to critical point. Based on above
idea, in order to characterize the topological ordered phases and quantum phase transitions in the EQCM, even/odd
long-range topological string correlations are introduced based on even/odd bonds. Hereafter, fidelity per lattice site,
even/odd long-range topological string correlations, the saturation behavior of odd long-range topological string cor-
relations and order parameters are calculated. The long-range topological string correlations show three distinguished
behaviors which include decaying to zero, monotonic saturation and oscillatory saturation. By the above characteriza-
tions, oscillatory /monotonic odd long-range topological string correlation order parameter is derived. Then ground-state
phase diagram of order parameters is computed which includes oscillatory /monotonic odd long-range topological string
correlation order phase and antiferromagnetic phase. In the critical regime, critical exponent 5 = 1/8 extracted from
monotonic odd long-range topological string correlation order parameter and local magnetization shows the phase tran-
sition belongs to Ising universality. In addition, the phase transition points, the order of the phase transitions of fidelity

show consistent with the results of order parameters.
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