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In the conventional superconductors whose mechanism can be explained by Bardeen-Schrieffer-Cooper (BCS) theory, two electrons form a Cooper pair which has zero center-of-mass momentum. Shortly after the BCS theory, Fulde and Ferrell and independently Larkin and Ovchinikov showed that it is possible to have a superconducting phase where the Cooper pairs have nonzero center-of-mass momentum in the presence of a uniform magnetic field. Since then, an enormous amount of effort has been directed in finding those states experimentally and a generalization of those in different systems. Such a state, namely a pair-density-wave state, has been also studied in a relation with high-temperature superconductor such as LBCO and LSCO under magnetic fields and can explain some puzzling experimental signatures of the high-Tc superconductors.

 

On the other hand, there has been a great interest in searching for Majorana zero modes in topological superconductors, ranging from one-dimensional wires to the surface of topological insulators. The Majorana zero modes obey non-abelian statistics and are useful for topological (decoherence-free) quantum computation.      

 

In this talk, we will demonstrate that the pair-density-wave superconducting state emergent in extended Heisenberg-Hubbard models, which is a physically relevant model for the study of high-Tc cuprate superconductors, is topological in the presence of an Ising spin symmetry and supports a Majorana zero mode at an open boundary and at a junction with a uniform d-wave one-dimensional superconductor. This superconducting state is an exotic topological phase supporting Majorana fermions with finite-momentum pairing fields and charge-4e superconductivity, which is a pair of the Cooper pairs. 

