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In normal region of Josephson junction, electron and hole are coherently coupled to each other by the
Andreev reflection, forming the Andreev bound states. The supercurrent is carried through the Andreev
bound states in the presence of phase differenceφ between two superconductors. In this study, we in-
vestigate a supercurrent in Josephson junction using semiconductor nanowire with strong spin-orbit (SO)
interaction, e.g., InSb nanowire [1]. We show that the SO interaction induces an anomalous supercurrent,
I (φ) , −I (φ), when the magnetic field is applied to the nanowire. In consequence, the critical current is
different in the positive and negative direction, which qualitatively agrees with experimental results [2].
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Figure 1: Calculated results for a
single scatterer model. Panels (a)
and (b) show the Andreev levels as a
function ofφ whenθB = 0 and 0.8π,
respectively. Panel (c) indicates the
Josephson current whenθB = 0.8π.

First, we consider a simple model to describe the effect of SO in-
teraction and elastic scattering by single scatterer in a nanowire,
in terms of scattering matrix̂S [3]. Ŝ is independent of energy
E when the size of nanowire is much shorter than the coherent
length. In the presence of magnetic field, the Zeeman effect is con-
sidered as a spin-dependent phase shift±θB = ±|g|µBBL/(2~vF)
accompanied by the transport through the nanowire of lengthL.
The energy levels of Andreev bound states are obtained by solving
the Bogoliubov-de Gennes equation. Figures (a) and (b) show the
Andreev level as a function ofφ whenθB = 0 and 0.8π, respec-
tively. ∆0 is the magnitude of pair potential in superconductors.
In the absence of magnetic field, the levels are two-hold degener-
ate and satisfyE(φ) = E(φ). WhenθB , 0, on the other hand,
E(φ) , E(φ), which results in the supercurrentI (φ) , −I (φ) as
shown in Fig. (c). Then the finite supercurrent is found even when
φ = 0. The critical current depends on the current direction.

Next, we perform a numerical simulation to confirm the anoma-
lous supercurrent obtained in single-scatterer model. We dis-
cretize a nanowire and make a tight-binding model, considering
several impurites and Rashba-type SO interaction in the nanowire.
We find that theφ dependence of Andreev levels and supercurrent
is qualitatively the same as in Figs. (a)–(c).
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