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Abstract

Recent advances in quantum and topological materials have opened new opportunities for unconven-
tional spin-charge interconversion beyond conventional spin Hall physics. In this work, we explore sev-
eral emergent spin-current phenomena, including efficient charge-to-spin conversion in the topological
superconductor 5-Bi,Pd [1], large heat-to-spin conversion via the spin Nernst effect in NiCu alloys [2],
anisotropic spin transport in RuO, [3], and long-range magnon-mediated spin transport in ferromag-
netic metals [4]. Our studies reveal that crystal symmetry, topology, spin-orbit coupling, and magnon
dynamics can strongly enhance spin-current generation and manipulation. In particular, epitaxial (-
Bi,Pd exhibits robust room-temperature spin-orbit torque switching, while Ni-,Cusy, shows an excep-
tionally large spin Nernst angle. Furthermore, our investigation of RuO, clarifies the dominant role
of the spin Hall effect over altermagnetic spin-splitting transport, and the observation of magnon Hall
magnetoresistance demonstrates unconventional magnon-mediated charge-spin conversion. These
results establish versatile pathways toward efficient and unconventional spintronic functionalities for
next-generation quantum and energy-efficient devices.
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