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Molecular Dynamics

* Molecular Dynamics (MD) provides a detailed probe of
thermodynamics and microstructural evolution

v'Given an accurate inter-atomic potential, MD is extremely predictive
X MD is computationally intensive
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Accelerated Molecular Dynamics (AMD)

* In many problems of interest, long-time evolution consists of infrequent transitions

« Given a state, we ask two questions:
1. When will be the next transition?
2. What will be the new state?

If we can answer these, we can accurately
coarse-grain state-to-state dynamics

Parallel Replica Dynamics (ParRep)’
Preserves state-to-state dynamics

Run many statistically-independent replicas
to sample state-to-state transitions
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Parallel Replica Dynamics (ParRep)
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« ParRep is statistically exact for Markovian dynamics’
» ParRep errors o exp(— (4, — A1) T.0rr) fOr actual dynamics?
« —/,; are sorted eigenvalues that define the time-scales of the state
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Koopman-ParRep

» To use ParRep, we need:
* Definition of a state
« Detect transitions out of a state
« Estimate 1., > 1/(4; — A;) for the state
* Do all this on-the-fly

« Conventional strategy:
« Guess the states and use analytical approximations?2
« Works well on a smooth potential energy surface

* New strategy: Koopman-ParRep
« States are defined as a function of 7,
- Estimate 7., using the diffusion distance3 between two points in the trajectory

(¢j(X) ) )2
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« All points in the state should be diffusionally close to each other for 7.,

DF(x,y) = )_exp[-2(A;~ 1)1
j=2
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Koopman-ParRep

« {1, y,} are determined using the eigen-decomposition of the Koopman operator
K f(X) = E[f(Xt1c )X = X]

« We estimate K, using Extended Dynamic Mode Decomposition (EDMD)’
« EDMD is performed on a set of physically-motivated descriptors y(x)

* Defining a state:
 Run MD block
« For each t, in candidate 7., :
 Estimate K; from {x;_¢_, ..., X¢}
« Compute D, _from K;
« Ifmax D < e, define state with x,..r = x¢, Teor= &

« Detecting transitions:
* Run MD block
« Update K;
* IfD; (X, xe) > € :flag transition

v' On-the-fly definition of states/transitions while ensuring accurate dynamics
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Application: Dislocation-obstacle interactions in W

Initial focus on He,V,, clusters interacting with an edge dislocation
* He,V,, clusters (bubbles) in W are formed under irradiation
Influence fuzz formation, retention of Tritium, and results in hardening

(2)
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Fuzz formation?

He bubbles in bulk/grain boundary’

5 MPa

time= 399 ps

o ’

* 0K, increasing stress

* 1000 K, 450 MPa
* Jog formation

* No clear jog formation
Temperature/stress dependence of mechanisms/ activation energy
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Dislocation-obstacle interactions in W

» User-defined descriptors: x (x) = {x1, X2, X3, -+ - , X22}
» Up to 3@ moments of dislocation/cluster coordinates, cluster R,

 All computations integrated with LAMMPS using Python bindings
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Speed-up obtained over direct MD
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* Speed-up = Parallel efficiency X Niepjicas
v" Good parallel efficiency in these
simulations (=113,000 atoms, 1 fs timestep)

Nreplicas =300

v" Enable us simulations

Parallel efficiency




Bridging to meso-scale models
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Thank you
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