Nested sampling: what can we learn about an interatomic potential?
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In recent years we have been working on adapting the Bayesian statistical approach,
nested sampling, for studying atomistic systems.[1,2] Nested sampling automatically
generates all the relevant atomic configurations, unhindered by high barriers, and one of its
most appealing advantages is that the global partition function can be calculated very easily,
thus thermodynamic properties, such as the heat capacity or compressibility becomes
accessible. Nested sampling is a top-down sampling technique, in the materials application
this means starting from the high energy region of the potential energy landscape (gas phase
configurations) and progressing towards the ground state structure (crystalline solid) through
a series of nested energy levels, estimating the corresponding phase space volume of each.
This way the method samples the different basins proportional to their volume, and instead of
providing an exhaustive list of the local minima, it identifies the thermodynamically
most relevant states without any prior knowledge of the structures or phase transitions.
The use and advantages of the nested sampling method has been demonstrated in
sampling the potential energy landscape of several model systems, allowing us to calculate
the complete pressure-temperature phase diagram of the system. These often result in
the discovery of previously unknown thermodynamically stable solid phases,[3,4] highlighting
that the macroscopic properties of interatomic potential models can be very different than
expected or intended.
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