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Magnetocrystalline anisotropy (MCA) is one of the relativistic effects on electronic structures. 
Specifically, the spin-orbit interactions (SOIs) lead to the appearance of a magnetization easy 
axis in a ferromagnet. It is widely believed that the anisotropy of the orbital moments (OMs) 
induced by the SOI around each atom are the physical origin of the MCA. Bruno[1] derived 
an approximation formula that relates the MCA energy and the OMs, by assuming the large 
exchange splitting. Theoretical predictions of MCA energies and OMs[2], however, often 
provide values inconsistent with the Bruno’s formula. In the present study[3], we derive a 
second-order perturbation formula for an electronic system subject to SOI. The energy 
correction originates in the spin-conserving and the spin-flip transitions. By using our formula 
for self-consistent fully relativistic (FR) first-principles calculations based on the density 
functional theory (DFT) with using QMAS[4], we examine the MCA of L10 alloys such as 
FePt, CoPt, FePd, MnAl, and MnGa. It is found that the formula reproduces qualitatively the 
behavior of their exact MCA energies as functions of the lattice constants. While the MCA of 
FePt, CoPt, and FePd originates in the spin-conserving transitions, that in MnAl and MnGa 
originates in the spin-flip contributions. For FePt, CoPt, and FePd, the tendency of the MCA 
energy with the variation in the lattice constant obeys basically that of the spin-flip 
contributions. These results indicate that not only the anisotropy of OM, but also that of 
spin-flip contributions must be taken into account for the understanding of the MCA of the 
L10 alloys.  
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Fig. 1  MCA energies of FePt and MnAl as functions of the ratio of the lattice constants 
with a’s fixed at the experimental values. The exact values are from the DFT total-energy 

calculations. The other values are from our new formula based on the DFT results. 
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