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Irradiation of materials in nuclear test reactors and power plants is known to alter
their physical properties. Although the irradiation events occur on pico- to nanosecond
timescales, they lead to defect evolution that affects macroscopic material behavior over
much longer periods. Classical Molecular Dynamics (MD) simulations can resolve these fast
events with atomistic resolution, but they are restricted to nanosecond durations, which
implies unrealistically high dose rates. On the other hand, Object Kinetic Monte Carlo
(OKMC) models can access experimental dose rates but lack detailed atomic-scale
information.

To address this gap, we introduce a new approach that embeds full MD-based
cascades into OKMC simulations. This method enables simulations at realistic dose rates
while preserving the accuracy of atomistic cascade evolution, including the effects of cascade
overlap in materials such as tungsten and iron. Our results show that including full cascades
significantly modifies not only the total defect concentrations but also the distribution and
morphology of defect clusters.

In tungsten, we find that full cascades promote vacancy clustering at low
temperatures, while at elevated temperatures they contribute to the splitting of pre-existing
voids. In iron, the presence of full cascades introduces a notable reduction in the size of C15
Laves phase clusters and alters their clustering behavior, even at room temperature. These
findings suggest that several key mechanisms typically neglected in traditional OKMC
frameworks play an important role when cascade overlap becomes significant, and neglecting
them can lead to inaccurate predictions of long-term defect evolution.
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