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Outline

• Motivation & intro to off-lattice KMC (OLKMC)

• Accelerating OLKMC

– Local environments, tolerant classification.

– Self symmetries.

– An adaptive catalogue.

• Results

– Vacancy clusters, H-complexes and lifetimes
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(Kinetic) Monte Carlo

• Markov chain through state-space

• Compete set of mechanisms

• Harmonic approximation to TST:
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Locality 
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Local environments
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Equivalence?
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Invariant and tolerant equivalence
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Invariant and tolerant equivalence
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Invariant and tolerant equivalence
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Efficiency
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Internal symmetries

• equiv ∶ 𝑷,𝑸, 𝜹 → bool 𝑶 𝒏 *

• Let 𝐐 ← 𝑷
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Adaptive 𝜹
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Adaptive 𝜹

𝝅𝒊, 𝑹𝒊 , …
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Adaptive 𝜹

𝝅𝒊, 𝑹𝒊 , …

Find:

Generate:
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Adaptive 𝜹
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*preliminary

Complex Τ∆𝐸dis eV Τ∆𝐸dis eV with H Τ𝜏 s Τ𝜏 s with H

𝑉2𝐻 0.82(3) 0.87(0) 4 × 10−2 7 × 10−1

𝑉3𝐻 0.68(5) 0.74(8) 9 × 10−4 9 × 10−3
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Summary

• Tolerant, invariant and continuous equivalence

• Adaptive catalogue

• Classified complexes’ diffusion pathways

• Hydrogen can lower diffusion barrier

• H de-trapping barrier(s) from clusters 

• H effective diffusivity 

• Quantified the trapping atmospheres surrounding vacancy clusters

• Cluster lifetimes
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Try openFLY - github.com/ConorWilliams/openFLY

• Fully documented

• Parallelised

• Open source

• Implements all discussed and more (graph based methods, etc)

• Supports the GSD format

• Supports openKIM (EAM, DUNN, EMT, EDIP, MEAM, hNN, LJ_*, Tersoff, …)
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Complex diffusion
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H parameters
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Symmetries and local environments
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Topological representation

< 𝒓𝒄

Adjacency

> 𝒓𝒄



46

Topological representation - problems

𝒓𝒄
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Topological representation - problems
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Topological representation - problems
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Topological representation - problems
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Hierarchical catalogue

+ 𝜹max +
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Hierarchical catalogue
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Hierarchical catalogue
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Hierarchical catalogue
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Invariant and tolerant equivalence
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Greedy algorithm
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Greedy algorithm
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Greedy algorithm
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Greedy algorithm
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Exponential?
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Exponential?

𝟐𝜹 < 𝒓𝒎𝒊𝒏
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Rotation

• Given permutation that satisfies equivalence

• Orthogonal Procrustes problem:

• Solution via SVD

𝑹 = min
𝑶

𝑶𝑨 − 𝑩 𝑭 s.t. 𝑶𝑶𝑇 = 𝐼
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Adaptive catalogue
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Adaptive catalogue
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Adaptive catalogue
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Adaptive catalogue

Test



68

The flickering problem
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• Partition mechanisms into transient and absorbing:

Superbasins
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