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At the core of some of the most important problems in plasma physics - from controlled
nuclear fusion to the acceleration of the most energetic particles in the Universe - is the
challenge of capturing the intricate interplay between microscopic plasma processes and
global plasma dynamics, which are separated by many orders of magnitude in spatial
and temporal scales. State-of-the-art first-principles simulations are beginning to
capture a sufficiently large dynamical range to probe fundamental aspects of this
interplay. Advances in experimental capabilities are further allowing us to closely
validate theoretical/computational models, and even probe beyond the range of scales
accessible to our largest simulations. Moreover, the increasing quantity and quality of
plasma data being produced is creating new opportunities for innovation in the way we
tackle these long-standing challenges.

In this talk, I will discuss how state-of-the-art kinetic simulations are beginning to
unveil the physics interplay between small-scale kinetic plasma processes and global
plasma dynamics in the context of magnetic field generation and particle acceleration in
relativistic astrophysical outflows. I will also discuss how techniques from the fields of
Artificial Intelligence and Machine Learning can help us take full advantage of the data
from high-fidelity numerical simulations and experiments to accelerate the
development of computationally efficient descriptions of microscopic plasma processes,
and improve the accuracy of multi-scale plasma models for a broad range of
applications.
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