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“Gauge Invariant Quantum Kinetic Theory of Multiband Electron Systems
Applications to Spintronics and Orbitronics”

In recent works [1, 2], we extended gauge invariant quantum kinetic theory [3] to fully capture quantum-geometric effects in N-
band electron systems. After a concise overview of our formalism, | will demonstrate its practical power through selected
applications in spintronics and orbitronics. First, | will present calculations showing how quantum geometry and disorder jointly
determine spin—orbit torques in two dimensional systems, exposing the limitation of commonly used approaches [4]. | will then
turn to orbitronics [5], offering a new perspective on the orbital Hall effect and uncovering a new gradient effect which induces
out of equilibrium spin and orbital coherences [6]. The latter points to a common, possibly dominant, contributing origin for
recent observations of orbital edge accumulation [7] and current induced torques in multilayers with light metals [8]. | will conclude
by outlining how our approach provides the theoretical foundation for next generation numerical simulation tools that can bridge
microscopic material modeling and mesoscopic device modeling.
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