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The last note left by Richard Feynman stated “What I cannot create, I do not
understand.” Building solid state quantum computers, creating nanorobots, precision
medicine based on protein sequencing, and designing new classes of biological
molecules and catalysts alike requires the capability to manipulate and assemble matter
atom by atom, probe the resulting structures, and connecting them to macroscopic
world. In this presentation, [ will discuss recent progress in automated experiment in
electron microscopy, ranging from feature and physics discovery via active learning to
direct atomic fabrication. As a motivation for the development of ML-enabled electron
microscopy, [ will illustrate several examples of electron beam atomic fabrication that
my colleagues and I have explored over the last decade. These include directed atomic
motion and artificial molecule assembly in graphene, non-twisting Moire
reconstructions in phosphosulfides, 3D nanofabrication and atomic motion in Sj,
plasmonic patterning in nanoparticles, and defect line and pore patterning in MXenes
and dichalcogenides. However, harnessing the power of electron beam for direct control
of matter on the intrinsic timescales of microscope operation that are well below human
reaction times requires seamless ML control of the instrument. [ introduce the concept
of the policy- and reward-driven experimental workflow planning and discuss how
these workflows can be implemented via domain-specific hyper languages. The
applications of classical deep learning methods in streaming image analysis are strongly
affected by the out of distribution drift effects, and the approaches to minimize though
are discussed. The real-time image analysis allows spectroscopic experiments at the
predefined features of interest and atomic manipulation and modification with preset
policies. I will further illustrate ML methods for autonomous discovery, where the
microstructural elements maximizing physical response of interest are discovered.
Jointly, the ML-based optimization and control allows transforming electron microscopy
to a powerful physics discovery and atomic fabrication tool, building the window for ML
agents to act on the atomic scale and bringing Feynman vision closer to reality.
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