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The competition of different phases is a phenomenon encountered in many physical systems and it has often
interesting implications. As solid 4He may acquire superfluid characteristics due to the frustration of the solid
phase at grain boundaries [1] or the coexistence of FM and AF clusters in manganites may have “pseudo-gap”
characteristics [2], the competition between charge ordering and superconductivity (CO-SC) can generate
filamentary superconductivity [3]. This is supported by recent magnetoresistance experiments on La 2−xSrxCuO4
thin films [4], where it was also pointed out the importance of disorder in the formation of the filamentary
superconducting phase.
In this work, we studied the CO-SC competition by means of Monte Carlo numerical simulations, observing how
it is reflected in many physical quantities as a function of temperature. We use an anisotropic Heisenberg model
on a two-dimensional square lattice that captures the basic symmetries of the problem: the out-of-plane
component of the pseudospin 𝑠 𝑧 encodes two possible CDW variants (up/down) and the in-plane component
stands for the superconducting order parameter. We construct a phase diagram where the anisotropy term
introduced plays the same role as the magnetic field in real experiments and it can tune continuously the transition
from the topological BKT to the CDW state (see Figure 1). Importantly, we find the presence of impurities is
necessary in order to stabilize the clustering of polycrystalline charge ordered domains and the appearance of
filamentary superconductivity.

Figure 1: Snapshots of the final configurations of spin at T=0.001 for L=128. The color maps the out-ofplane component from up ( 𝑠 𝑧 =+ 1 in green), to in-plane ( 𝑠 𝑧 =0 in red), to down ( 𝑠 𝑧 =−1 in blue).
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