Properties of confined carriers and excitons in quantum wires and quantum dots
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For a few years now we have developed the theory of excitons in Cs quantum wires [1], including valence-band mixing, and systematically compared the predicted properties with a large number experimental PLE excitonic spectra in V-shaped quantum wires. The comparison, carried out without any free parameter except the line broadening, has led to an excellent agreement over a large range of parameters, thus establishing on a firm basis the predictive power of state-of-the-art computations [2]. Among the many types of high-quality heterostructures available, a few of them display higher symmetry. For example "Triangular" C3v vertical QWRs are self-formed at the center of AlGaAs pyramidal quantum dot (QD) heterostructures grown on (111)B GaAs substrates [3], and GaN quantum dots can display high C3v or even C6v symmetry [4]. 

Recently we realized that such higher symmetry led to more complex envelope function behaviour, and that two novel ingredients were needed in the theory:

1. spatial domain reduction, it consist in dividing the spatial domain into subdomains and reducing the functional operators according to symmetry, for example in the case of conduction electrons in C3v  geometry it allows to solve separately for each irreducible representation, A1, A2 and E, on a sixth of the domain!

2. a heterostructure-symmetrized Bloch basis (HSBB), in general such a basis cannot be obtained via a simple rotation of the quantization axis to an arbitrary crystallographic direction like it has been done before!

For the more complicated case of the 4D spinorial k.p valence band problem in C3v geometry, the new HSBB reduces in different blocks 1E3/2 + E1/2 + 2E3/2 the matrix representation of symmetry operators in spin space. Therefore the technique minimizes the mixing of different spinorial envelope function components. Furthermore it enables a maximum exploitation of their transformation properties, which become specific, as well as the derivation of their non-trivial boundary conditions on the reduced domain. 

The advantages of this fully general approach can be exploited both at the analytical and the computational level, also for problems involving the Coulomb or phonon interaction, like the formation of exciton and charged exciton complexes. 
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