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Recent work which studies a condensed matter realization of a particular verison of EPR using  Andreev states in a p-wave superconductor is reviewed [1].  It is shown that the Andreev bound states which live at the two edges of a quantum wire which is embedded in a p-wave superconductor have wave-functions with two isolated peaks.  The implications for quantum locality and the realization of fundamental symmetries, such as fermion parity are discussed.

The fermion parity super-selection rule, that all physical quantum mechanical states must be of either even or odd fermion parity, and that no physical quantum state can be a superposition of these is one of the cornerstones of three dimensional quantum mechanics.  It arises from the fact that a fermion is a spin- reperesentation of the rotation group and therefore has a wave-function which changes sign under rotation by 360 degrees.  If a quantum state has an odd number of fermions, it changes sign under such a rotation, whereas when it has an odd number of fermions it does not change sign.  This means that, if a quantum state were a superposition of fermion number even and odd states, the relative sign can be flipped by a trivial 360 degree rotation, and should therefore not be of physical relevance.  If one could design an, even in principle, measurement of the relative sign of fermion number even and odd parts,  then the superposition is forbidden.

Fermion parity will be discussed in the context of single isolated Majorana bound states in a quantum wire-p-wave superconductor system where, either fermion parity must be violated, or nonlocal phenomena mediating apparently instantaneous communication between two separated locations can occur.
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