Feature importance and relation to defect symmetry in MnAI-C
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In the rare-earth-free permanent magnet MnAlI-C, crystallographic defects, such as twins or
antiphase boundaries, have been shown to decrease coercivity [1].In previous work,
elemental segregation has been found at certain twin boundaries and we investigated the
different occurring twin types by micromagnetic simulations [2]. We computed
demagnetization curves for externally applied fields uniformly distributed to point from all
directions towards the center of the various twin representations. In this work, we use this
data to train a gradient boosting model to predict the local coercive field of a true twin by
providing the spherical coordinates 6 and ¢ of the direction of the applied field. We enhance
this feature set by using various trigonometric functions on 8 and ¢ and analyze their
importance for the predictions. We found out, that using the trigonometric functions, the
prediction accuracy could be improved compared to just using 8 and ¢. In Fig. 1 we compare
coherent and incoherent true twins and we show the most important features calculated with
the XGBoost Python module. We suggest that the computed feature importance is related to
the symmetry of the twins. For example, the 4-fold symmetry of the feature cos(4¢) aligns
with the coherent twin and easy-axis plane symmetry from left and right, and front and back
hemisphere, respectively. The feature cos(2¢) is less important, because it aligns only with
the easy-axis plane symmetry. The features sin(18) and cos(48) align with the equator
symmetry from upper and lower hemisphere of the model. In the incoherent model, the easy
axes are slightly rotated and not on the same plane, which makes the symmetry identification
more complex.
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Figure 1. True twin model on the left, without and with elemental segregation at the boundary for coherent and
incoherent type, respectively [2]. Each twin representation uses a separately trained model. In the center, the
most important features, originating from trigonometric functions of the spherical coordinates 6 and ¢ of the
applied field, are shown. Visualization of the tangent function is limited to +1. Ground truth and predicted
coercivity values for the different external field directions are shown on the right.
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