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Josephson junctions based on oxide nanochannels provide a versatile platform in which 
spin-orbit coupling, geometric confinement, and external fields can combine to generate 
unconventional superconducting transport phenomena. In this talk, I will discuss a line of 
research devoted to understanding how these ingredients can be exploited to engineer 
and probe anomalous Josephson effects in oxide nanojunctions [1–3].

I will first present signatures of unconventional superconducting transport linked to the 
interplay of Rashba spin-orbit coupling and device geometry, including anomalous 
critical-current behavior and the emergence of orbital-flavored Majorana states [1]. I will 
then discuss how fractional Shapiro steps under AC driving can be used as a dynamical 
probe of topological superconductivity in these systems [2]. Finally, I will show how 
suitably engineered kinked Rashba nanochannels can exhibit both anomalous Josephson 
effects and a controllable Josephson diode effect [3].

Altogether, these results highlight the richness of oxide-based Josephson nanostructures 
as a platform where topology, non-equilibrium dynamics, and device design can be 
combined to realize and control novel superconducting functionalities.
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Figure 1: (a) Cartoon of the system. (b) Kwant [53] discretization (x , y) = (ai, a j)
with a = 1 for a set of representative parameters. The junction is subject to an out-
of-plane magnetic field with Zeeman energy Mz , to the geometrical offset angle ω
and to the superconducting phase difference ϵ. The red and blue colours refer to
the superconducting and normal regions, respectively.

To this aim, we analyze the diode effect in a short superconductor-normal-superconductor
(SNS) junction with a kinked nanostrip geometry in the presence of strong Rashba spin-orbit
coupling (RSOC). The kink angle of the Josephson junction affects transport properties by
modifying the energy profile and altering the conductance. It influences the critical current
and introduces local variations in hopping connectivity. We show a geometrically controlled
SDE by changing the kink angle ω and map the diode efficiency by scanning the angle and the
external magnetic field perpendicular to the RSOC plane. We demonstarte that the breaking
of time-reversal and inversion symmetry are crucial ingredients for the manifestation of the
SDE. Interestingly the maximal efficiency is obtained on the verge of the topological phase
where non-trivial zero-energy bound states emerge. Beyond the non-reciprocal behavior of
the supercurrent, we demonstrate the evolution of Andreev bound states at the Fermi level
from trivial to non-trivial Majorana bound states (MBSs) with unique spectral characteristics.
The organization of the paper is as follows: In Sec.2, we introduce the model and formalism.
In Sec. 3, we discuss the rich behavior of the supercurrent as a function of the kink angle and
applied magnetic field, focusing on the supercurrent diode effect (SDE). Finally, in Sec. 4, we
present our conclusions and provide an outlook.

2 Model and formalism

We consider a kinked nanostrip superconducting junction on a two-dimensional gas with
Rashba interaction and variable kink angle. The superconducting leads are considered at a
relative angle ω with respect to the positive orientation of the x-axis of the square lattice (see
Fig. 1). The region defined by the junction determines the system domain D, with its area
given by A= LW (2LS+ LN ). The lengths of the superconducting and normal regions projected
along the x-axis are denoted by LS and LN respectively, while LW represents the width of the
junction (see supplemental materials at A). For every kinked realization ω the system expe-
riences random surface roughness where some neighboring sites are connected by hopping
and others are not (see Fig. 1(b)). The latter effects simulate the detrimental impact of lattice
disorder, which is extremely relevant in experiments.
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