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Vacuum-facing metal surfaces are exposed to strong electric fields in many devices, such as particle acceler-
ators, free-electron lasers and fusion reactors. Under sufficiently strong fields, current can arc through the
vacuum, disrupting and damaging these devices. Despite decades of research, the precise mechanisms of the
vacuum arc breakdowns are still unknown. The interplay of different physical phenomena, as well as their
associated length and time scales, pose numerous challenges in experiments and simulations.

In our earlier study [1], we showed in simulation that a runaway process of Cu nanotip melting and evapo-
ration can produce the necessary material for the formation of plasma that will conduct the electric current
through vacuum. An open question remains of the growth of these nanotips, as well as their sharpening for
enhanced field emission and heating.

A proposed mechanism of biased diffusion under electric field gradient could contribute to mass transfer to-
ward the extremities of any initial protrusions or roughness on the surface [2]. In the study at hand [3], we
simulated Cu surface diffusion directly in these conditions using molecular dynamics (MD). The implementa-
tion of the electric field involves concurrently solving the Laplace equation of macroscopic electric field on a
finite elements method (FEM) mesh that follows the discrete atomic system and extends beyond it. Further-
more, we extended the time scale of our simulations by the collective variable -driven hyperdynamics (CVHD)
method for better collection of diffusion statistics. Finally, we estimated the surface polarization characteris-
tics from our MD simulations, and compared them directly to density functional theory (DFT) calculations,
finding good agreement.

In this talk, wewill discuss the evidencewe found for biased diffusion onCu surface, aswell as the practicalities
of coupling CVHD-accelerated MD with FEM.
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