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Microscopic Origin of Orbital Hall Effect
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The electron wave function carries an orbital degree of freedom in addition to charge and spin, although orbital angular momentum
has long been regarded as largely quenched in solids by crystal fields. This review discusses the microscopic mechanism of the orbital
Hall effect as a nonequilibrium dynamical unquenching of orbital angular momentum. Focusing on orbital texture—the momentum-
space variation of orbital character in Bloch wave functions—we show how an electric field mixes radial and tangential orbital bands
and generates orbital angular momentum absent in equilibrium. Combined with the electron group velocity, this produces a transverse
orbital current independently of spin-orbit coupling. We then explain how spin-orbit coupling converts the generated orbital angular
momentum into spin angular momentum, connecting the orbital and spin Hall effects. Finally, we review experimental probes,
including orbital torque, orbital accumulation, and the inverse orbital Hall effect, and discuss challenges involving the definition of
orbital current, interface engineering, and orbital relaxation.
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Fig. 1. (Color online) Radial orbital texture (left) and tangential orbital texture (right) in a two-dimensional orbital model.
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Fig. 2. (Color online) Electric-field-induced orbital angular momentum (left) and the resulting orbital Hall effect (right). Adapted from Refs. [5,11].
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