Spin-Orbit coupling in Rashba nanowires:
LA modelling and behaviour iy
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ABSTRACT: Semiconductor Rashba nanowires have attracted a great deal of attention due to the large Spin-Orbit (SO) coupling

present In their conduction bands. One source of SO Interaction can arise Iin these nanowires when the crystal potential symmetry Iis
broken due to a tunable external and/or internal electric field. Here we look for a phenomenological equation which could be used in a
tight-binding (TB) model and which correctly captures this kind of SO interaction for complex crystallographic structures, specifically for
type IlI-V semiconductor compounds. To this end, and following the ideas of Refs. [1,2], we depart from an 8-band k-p model from which
the effective Rashba coupling can be adequately extracted. Then, we fit the results to a phenomenological equation that can be used in a
TB model regardless of the geometry of the environment. We apply this theoretical description to a Majorana nanowire device (including its
electrostatic environment), where the SO coupling is known to play a major role for the formation of topological edge states.

2. 8-band model
Using Kk.p theory, the bands of any
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4. Rashba extraction from k-p theory

The TB model has been proved to be more versatile and We fit the energy bands of the TB model to the ones of k-p theory in order to
less computationally expensive, adjust the phenomenological parameters P, and P__for each crystallographic
h2 L2 N structure (although that equation is only valid for a simplified model):
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5. Results
Using the TB model we can obtain the Rashba coupling for any V . (and for We can include in the TB model the metallic region
any subband). We do so by solving self-consistently the Schrédinger-Poisson corresponding to the SC, where we assume that there
equation (SP), and in the Thomas-Fermi approximation (TF). Is a negligible Rashba coupling.
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Parameters.- WW:SOnm,
WA|:8nm, WHfO:ZOnm, VA|:O.2eV,
=10mK, p_ =2-10"*e-nm=.

6. Conclusions

It IS possible to find a phenomenological
equation in a TB model which properly
describes the SO coupling N
semiconductor (compounds) nanowires,

7. Work in progress

We can apply this approach to other geometries:
Multi-gated nanowires Full-shell nanowires
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the fitting to the 8 band theory.

and J. Fabian, Phys. Rev. B 94,
165202 (2016).

[2] P. WOjcik, A. Bertoni and G.
Goldoni, Phys. Rev. B 97,
165401 (2018).




	Diapositiva 1

