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Fig. 1 - 2T-physics in d + 2 descends to many |1 T-physics systems in (d — 1) + 1.
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< Article information

Abstract

The Dirac mass-vortex at the surface of a topological insulator or in graphene is considered. Within the linear
approximation for the vortex amplitude’s radial dependence, the spectrum is a series of degenerate bound states,
which can be classified by a set of accidental SU(2) and supersymmetry generators (Herbut and Lu 2011 Phys.
Rev. B 83 125412). Here we discuss further the properties and manifestations of the supersymmetry of the vortex
Hamiltonian, and point out some interesting analogies with the Runge-Lenz-Pauli vector in the non-relativistic
hydrogen atom. Symmetry-breaking effects due to a finite chemical potential and the Zeeman field are also
analyzed. We find that a residual accidental degeneracy remains only in the special case of equal magnitudes of

both terms; otherwise it is removed entirely.
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Vo
In addition to the well-known case of spherical coordinates, the Schrédinger equation of the hydrogen 20
atom separates in three further coordinate systems. Separating in a particular coordinate system

defines a system of three commuting operators. We show that the joint spectrum of the Hamilton

operator, the = component of the angular momentum. and an operator involving the z component of

the quantum Laplace-Runge-Lenz vectar obtained from separation in prolate spheroidal coordinates

has quantum monodromy for energies sufficiently close to the ionization threshold. The precise value

of the energy above which monodromy is observed depends on the distance of the focus points of the

spheroidal coordinates. The presence of monodromy means that one cannot globally assign quantum

numbers to the joint spectrum. Whereas the principal quantum number n and the magnetic quantum

number m correspond to the Bohr-Sommerfeld quantization of globally defined classical actions a

third quantum number cannot be globally defined because the third action is globally multivalued
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