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A phase field model for the motion of the prismatic dislocation loops

by both climb and self-climb
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In this talk, we present a phase field model for the dislocation climb motion of
prismatic dislocation loops coupling with the dislocation self-climb via vacancy pipe
diffusion driven by elastic interactions. The model is set up in a Cahn-
Hilliard/Allen-Cahn framework with incorporation of the climb force on dislocations,
and is based on the dislocation self-climb velocity formulation established in Ref.
(Niu et al, J. Mech. Phys. Solids 2017). Asymptotic analysis shows that the proposed
phase field model gives the dislocation climb and self-climb velocity accurately in the
sharp interface limit. Numerical simulations of evolution, translation, coalescence
and repelling of prismatic loops by self-climb show excellent agreement with discrete
dislocation dynamics simulation results and the experimental observation. The
simulation results with and without self-climb contribution show the big difference
for the prismatic dislocation loops in the evolution time and the pattern.
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Modeling Randomness Effects in High-Entropy Alloys
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High-entropy alloys (HEAs), i.e., single-phase, (nearly) equiatomic multicomponent,
metallic materials, have novel mechanical properties (high strength etc). We propose
a stochastic Peierls-Nabarro model to understand how random site occupancy affects
intrinsic strength. The stochastic Peierls-Nabarro model accounts for the randomness
in the composition, characterized by both the standard deviation of the perturbation in
the interplanar potential and the correlation length within the spatial compositional
distribution. The model predicts the intrinsic strength of HEAs as a function of
standard deviation and correlation length of the randomness. We find that
compositional randomness induces an intrinsic strength. This approach provides a
fundamental explanation to the origin of high strength of HEAs. We also derive
stochastic continuum models for HEAs from atomistic models that incorporate the
atomic level randomness and the short-range order. These stochastic continuum
models theoretically validate the randomness incorporation in our stochastic
Peierls-Nabarro model.

Geometry and Local Recovery of Global Minima of Two-layer

Neural Networks at Overparameterization
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In this talk, we investigate the geometry of the loss landscape for two-layer neural
networks in the vicinity of global minima. Utilizing novel techniques, we demonstrate:
(1) how global minima with zero generalization error become geometrically separated
from other global minima as the sample size grows; and (ii) the local convergence
properties and rate of gradient flow dynamics. Our results indicate that two-layer
neural networks can be locally recovered in the regime of overparameterization.
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Structure preserving primal dual methods for Wasserstein gradient

flows
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In this talk, I will present a novel numerical method for a class of continuity equations
with concentration-dependent mobilities, which arises widely in applications in
biology and material sciences such as tumor growth, swarming dynamics, solid-state
wetting/dewetting and thin film surfactant dynamics. This kind of phase field models
can be regarded as the gradient flows with respect to some Wasserstein-like transport
distances. By leveraging the variational structure, along with the dynamical
characterization of the Wasserstein-like transport distance, we construct a fully
discrete scheme than ends up with a minimization problem with strictly convex
objective function and linear constraint, which can be solved by a primal dual three
operator splitting scheme and its accelerated version. Our method has built-in
positivity or bounds preserving, mass conservation, and entropy decreasing properties,
and overcomes stability issue due to the strong nonlinearity and degeneracy. I will
show a suite of simulation examples to demonstrate the effectiveness of our
algorithm.



