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Abstract

* To investigate hydrogen-vacancy (H-V) interactions in tungsten (W), we constructed W-H-V Machine Learning Force Fields (MLFF) based on SOAP
descriptors and Bayesian linear regression (on-the-fly ML method).

* The present MLFF can predict formation energies and hydrogen binding energies calculated by DFT with fair accuracy.

* The present studies showed that hydrogen trapping stabilizes vacancy clustering.

| —— non-irradiated
| —e— 0.025 dpa

Inner and Outer Vertical | —m— 0.3 dpa

Target (IVT and OVT)

B ackground T. Hirai +, NME, 9 (2016)

* Tungsten is a primary candidate as a plasma-facing material in the divertor (Fig. 1).

 However, the neutron irradiation experiment showed that the formation of defect
structures in tungsten increased deuterium (D) retention (Fig. 2).
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 H-V Iinteractions in tungsten have been investigated through molecular simulations,
including density functional theory (DFT) and molecular dynamics (MD).
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* MLFF, a non-parametric approach, has recently emerged as a promising alternative to empirical potentials.

* On-the-fly machine learning™ efficiently samples DFT data of various atomic configurations and modifies MLFFs sequentially using Bayesian linear
regression with kernel functions represented by SOAP descriptors. The DFT calculation is performed only for atomic configurations with large
uncertainty in the Bayesian inference.

* The on-the-fly MLFF is implemented in the first-principles code VASP. We have constructed an MLFF from 1291 W-H-V structures. <>-VASP
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* The present DFT-PBE calculations are consistent
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 DFT calculations revealed that the trapping of a single hydrogen atom altered the most
stable configuration of vacancy clusters. This has an important implication in modeling
vacancy agglomeration interacting with ambient hydrogen atoms.

* The present MLFF provides more accurate predictions for the binding energies of multiple
hydrogen atoms at mono-vacancies than available empirical potentials (Fig. 4 (a)). —@—Pot Wang
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Conclusion & Future work

* For tungsten containing atomic vacancies and hydrogen atoms, we constructed the MLFF
that can reproduce DFT results fairly accurately.
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* The present studies showed that hydrogen trapping stabilizes vacancies. Further insights
into the effects of hydrogen in vacancies can be gained through density of states (DOS)
analysis.

 The MLFF will be further optimized to search for stable structures of larger clusters and to | ' ' ' : 6 7 5
perform molecular dynamics simulations at finite temperatures. Number of H atoms
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