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Neural Network Potentials for Atomistic Simulations

The reliability of the results obtained in theoretical simulations strongly depends
on the quality of the employed interatomic potentials. While electronic structure
methods like density-functional theory (DFT) provide an accurate description of
many materials, the high computational costs severely limit the system size that
can be studied. In the past decade artificial Neural Networks (NN) have become a
promising new tool for the construction of accurate potential-energy surfaces (PES)
[1,2]. NN potentials are based on electronic structure calculations, but once they
have been constructed, they are several orders of magnitude faster to evaluate than
the underlying electronic structure methods, while the accuracy is essentially main-
tained. Thus they are ideally suited for large-scale molecular dynamics simulations,
but so far NN potentials have been applicable only to rather low dimensional PESs.
In this talk an extension of the NN methodology to high-dimensional PESs of con-
densed systems is presented [3], now enabling applications in the field of materials
science. The capabilities of the method are demonstrated for silicon as a benchmark
system. We show that by a series of NN-based metadynamics simulations the full se-
quence of pressure-induced phase transitions can be obtained in excellent agreement
with experiment [4]. Further, the prospects for an extension of the methodology to
more complex systems are discussed.
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