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Spin-dependent transport offers a powerful tool for probing topological phases in
hybrid semiconductor-superconductor structures. In this presentation, we theoreti-
cally explore the spin and quantum transport signatures of both 1D first-order and 2D
second-order topological superconductors using spin-polarized probes.

In the 1D regime, we focus on proximitized Rashba nanowires [1]. We establish
an exact correspondence between the sign of nonlocal conductance and the sign of the
quasiparticle spin density. We demonstrate that this effect can be used to effectively
detect the spin inversion associated with the topological phase transition [2] and al-
lows for controlled switching between cross Andreev reflection (CAR) and elastic
cotunneling (ECT) processes.

Considering 2D second-order topological superconductors, we show numerically
that in certain systems Majorana corner states (MCS) exhibit characteristic electronic
spin textures that enable an unambiguous labeling of individual MCS within each
pair [3]. We introduce a detection scheme in which local and nonlocal conductance
features are directly tied to the electronic spin density of the zero-energy MCS and of
higher-energy spin-polarized edge modes. Moreover, we show that these characteris-
tics can be exploited to confirm the spatial exchange of MCS, an essential operation
for topological quantum computation.

Finally, we show that in both systems these transport signatures remain stable
under moderate static disorder, thereby providing a clear pathway for experimental
verification.
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