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Abstract
Using first-principles calculations, this study systematically elucidates the microscopic physical mechanisms of Gilbert damping
in bulk transition metals at low temperatures. The results show that quenching of orbital angular momentum leads to the
complete disappearance of the Gilbert damping effect; whereas spin-orbit coupling in degenerate energy bands can partially
restore orbital angular momentum, and the degree of restoration at the Fermi surface directly determines the magnitude of the
damping coefficient. Furthermore, the degree of orbital angular momentum restoration depends on the orbital components in the
wavefunction and the phase differences between orbitals.
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Key Findings: Quenching of orbital angular momentum
leads to the disappearance of damping; orbital angular mo-
mentum can only be restored in degenerate bands.

Probability Flow & OAM
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(a) and (b) are the matrix representations of lx and ly in the real spherical harmonic

basis, while (c) and (d) show the probability current distributions of the dyz + idz2

and dxy + idxz wave functions on the unit sphere, respectively.


