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Introduction

The time scale problem

* Molecular Dynamics (MD) simulations are a powerful
tool to study static/dynamics properties at the atomistic
level

* But many processes take place beyond the MD time
scale (ns-ps range)

* Accelerated MD methods exist, but not generally
applicable

Monte Carlo methods
* Stochastic, not deterministic displacements
* Average atomic displacement per step larger than in MD

* MC methods can take into account long time scale
relaxation

Can we quantify this acceleration?

Simple ID system
One particle, one dimension:

U(x) = % _1 — COS (MTX)_

* We find that
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Results

Methodology

Force-bias Monte Carlo (fbMC)/
Displacements are chosen according to

LASMANT
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* Probability to displace along force > against force
* Maximal step size A

* Uniform acceptance: no acceptance/rejection criterion
* Implemented in LAMMPS?

Time scale quantification?®

* Study various processes using both MD and fbMC
* Compare dynamic properties

* Effective MC “time scale”

Realistic system: Point defects in Si

* Interactions described using a Stillinger-VWeber potential
* Two mechanisms considered: vacancy and interstitial diffusion
* Calculate effective MC time step by comparing to MD
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Conclusion

fbMC simulations can accelerate atomistic simulations by

orders of magnitude, at the cost of losing detailed correct
relative dynamics.
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