
Analytical study of the Berry curvature and the band orbital
angular momentum for tight binding models

Vittorio Basso,1 Adriano Di Pietro,1 and Alessandro Sola1

1Istituto Nazionale di Ricerca Metrologica,
Strada delle Cacce 91, 10135, Torino, Italy

The Berry curvature of Bloch bands is an intrinsic property of metallic and insulat-
ing systems that has recently emerged as the key factor determining several physical
effects of ferromagnets such as: the spontaneous (also called anomalous) Hall and
Nernst effects [1,2], the quantum spontaneous Hall effect [3] and the orbital contri-
bution to the magnetization [4]. The results obtained by computing the anomalous
Hall and Nernst conductivity by DFT are in good agreement with expriments [1,2],
however the general trends of the behavior and the possible directions for the opti-
miziation of the effects by electronic band structure tailoring are still missing [5]. The
open point is the lack of the comprehension of the delicate interplay between spin
orbit interaction and bonding geometry that give rise to a non zero Berry curvature
and possibly to a topological band structure. To get some insights into this interplay
we present a tight binding model using two d orbitals both with ms = −1/2 (majority
electrons dzx and dyz) giving rise to an unquenched atomic orbital angular momen-
tum along z. By computing bcc, fcc and hcp structures we are able to derive analytic
expressions for the Berry curvature and to the orbital angular momentum [5,6,7]. We
evidence the presence of the band orbital angular momentum in the same regions of
the Brilloion zone in which the atomic (unquehnced) contribition is found. This fact
can be the basis of recipes for the possible maximization of the transverse transport
effects by electronic band structure tailoring.
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