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The extent to which the collective effects of defects can be manipulated and controlled
yields the combination of materials properties — strength, toughness, resistance to
degradation in extreme chemical and radiation environments — needed in advanced
structural materials for energy applications. In the fist part of this presentation, I shall
outline progress towards experimental characterization of dislocations and radiation
induced displacement cascades that are of sufficiently high spatial and temporal
resolution that we will be able to probe the structure and interactions of defects at the
level of unit events. In the second part, I will discuss recent advances in the theory and
modeling of magnetism that are allowing us to treat the evolution of the spin degrees of
freedom (spin dynamics) on the same ab initio footing as the ionic degrees of freedom
are dealt with in modern ab initio molecular dynamics studies. I will show results for the
finite temperature magnetic state of Fe as well as calculations that address the importance
of the disruption of the magnetic state of Fe caused by the introduction of defects such as
dislocations and displacement cascades that are based on large scale (~10,000 atom)
models and the use of order-N electronic structure methods that can take advantage of the
modern petaflop class computers.
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