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Over the last decades, many inter-atomic potentials
have been developed for iron. EAM potentials [1–4] are
typically low in accuracy, compared to DFT calculations,
which in turn are too prohibitively expensive for larger
systems (perhaps including dislocations or grain boundaries). While these EAM potentials only apply to bcc
Fe, ABOP potentials can reproduce the bcc-fcc transitions found experimentally [5]. Some potentials even included magnetic interactions [6, 7], but again only for αFe. More recently, different machine-learning based types
of potentials have increased the accuracy of available for
MD simulations of iron [8, 9], but they again focus only
on the bcc phase. In summary, to date no Fe potential
combines a general applicability to all phases of Fe and
types of systems with a high accuracy and reasonable
performance.
In this work, we present a GAP potential for Fe that
rivals the existing state of the art GAP by Dragoni et
al. [8] in accuracy, while being applicable to the bcc and
fcc α, γ and δ phases as well as the high-pressure hcp
phase, surfaces and nano particles. We show that our potential offers good transferability to problems not specifically addressed in the training data, in contrast to earlier
potentials.
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FIG. 1: Energies and forces of (a) the GAP potential
developed in this work and (b) the GAP potential by
Dragoni et al. [8] compared to DFT. The energy values
have been normalized with the bulk energy of bcc iron
for each potential.

To demonstrate the overall performance of the potential, figure 1 shows the energies and forces predicted by
our GAP compared the the one by Dragoni et al. [8] for
a diverse selection of structures, including equilibrium,
strained and defective crystals of all crystal structures,
surfaces, nano particles and melt. The relative stability of the different phases is shown in figure 2 (only this
work).
To prove the transferability of our potential, we computed the melting temperature and thermal expansion
curves, which are in good agreement with previous simulations and experiments [8].
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FIG. 2: Energy of different crystal Fe phases over a wide
range of atomic volumes. Vertical black lines mark the
equilibrium atomic volumes of the bcc and fcc phases.
Thick dashed lines: DFT data for each crystal phase.
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