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Dislocation Dynamics across Scales

Abstract: 
[bookmark: _GoBack]Understanding plasticity and strength of crystalline materials in terms of the physics of microscopic defects has been a long-standing goal of materials research.  In this talk, I will use three examples to illustrate dislocation processes at different length and time scales in a crystal.  The bulk of the talk will be devoted to dislocation dynamics at the mesoscale and how it gives rise to the stress-strain response of the crystal. Over the last two decades, much effort has been placed on the prediction of stress-strain curve of single crystals through large-scale dislocation dynamics (DD) simulations.  If successful, DD can thus provide a quantitative link, which has been lacking to date, between dislocation physics at the atomistic scale and crystal plasticity at the continuum scale.  Unfortunately, the progress in this direction has been limited by the very small strain that can be routinely reached (<1%) by existing DD simulations compared with the typical strain (up to 30%) in experiments. A series of advanced time integration algorithms have been developed to expand the strain range of DD simulations. The resulting (force-based subcycling) algorithm leads to an increase of computational efficiency by more than 100 times. As a result, a systematic investigation on the relation between the unit mechanisms and work hardening rate is now possible.  By changing rules on unit mechanisms in DD simulations, we determine the relative importance of different dislocation reactions on the hardening rate. We find that glissile junctions are the most important junction type for hardening, with collinear and Lomer junctions second most important. A Boltzmann-type theory based on dislocation line length distributions is constructed to explain the role of different junctions on the hardening rate revealed by DD simulations. The other two examples that I will briefly mention are: dislocation nucleation in a microfluidic crystal and dislocation mobility in a 4He quantum crystal.  They illustrate how dislocation core structures and processes at the atomic scale influence the collective dislocation dynamics at the mesoscale.
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