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An analytical approach is developed blending the results of atom probe tomography with simulation to
create a complete and lattice-based atomistic image of the original system. Although in one sense the
information provided by APT is incomplete, in actuality the total amount of data generated by the
technique is its exceptional strength. Hence, an almost overwhelming amount of statistical information
is on offer for those prepared to delve, and it is this wealth of information upon which we build our
platform to estimate the identities and positions of the atoms that we are missing.

In our approach, a crystalline specimen is analysed and a 3D atomic reconstruction of the original
atomic configuration is generated. In the next step the average local chemical distribution within the
reconstruction is characterised by measuring a set of short-range order (SRO) parameters [1,2]. The
measured SRO provides a comprehensive description of the nanostructure present in the system. Next,
upon application of statistical analyses, in many cases it is often observed that significant
crystallographic information has been retained in the reconstruction. In turn, this information can be
used to restore the data, atom-by-atom, to the perfect lattice configuration of the original specimen -
lattice rectification [3,4]. In the rectified data it is apparent that there are a significant number of vacant
lattice sites. As a first approximation, it is assumed that this is due solely to limited detection efficiency.
Atoms are then replaced into the APT data to filling the vacant sites. A Monte Carlo algorithm is then be
utilised to swap atomic positions until the original SRO has been restored. The constraint is applied to
this simulation that the original atoms are not moved during the Monte Carlo, only the positions of the
restored atoms are swapped. Figure 1 highlights the main steps in this procedure as demonstrated for a
simulated system. The result is a completed 3D lattice-based atomistic reconstruction of the original
specimen.
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Figure 1. Predicting missing atoms in a simulated face-centred cubic lattice containing disc-shaped
solute precipitates. Only solute atoms are shown. (a) Solute atoms by green spheres. All solute atoms
are associated to single-layer disc shaped precipitates. (b) 43% of atoms have been removed to model
the effect of APT detector efficiency. (c) Blue spheres are solute atoms that have been replaced at
random into the vacant lattice sites. The overall composition of the system has been maintained. (d) The
final system after distribution of the restored atoms is rearranged via MC simulation to return the
original SRO.
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