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Physics-guided Al for complex materials

Traditional methods such as density functional theory, molecular dynamics have long
been foundational in exploring electronic, thermodynamic, and transport properties in
functional and quantum materials. The integration of Al/machine learning/deep learning
(ML/DL) has transformed this process, enabling faster, broader exploration of materials
space, moving us closer to autonomous labs where the domain of theory interacts with
experiments in real time. However, to truly advance our scientific understanding, it is
crucial to embed reasoning into these approaches. This will allow us to move beyond
MSEG surface-level correlations while learning about the underlying interactions, governing

physical principles that together determine complex materials behavior. This presentation
SEMINAR will focus on our recent efforts to derive comprehensive understanding on an array of
1 0 /29 /2025 physical phenomeqa such as .cation ordering, polari;ation switchipg, modg coupling,

energy landscape in perovskites, emergent electronic behaviors in two-dimensional
heterostructures driven by interlayer coupling, lattice construction, and twist angle-
dependent periodicity. Our multifaceted theoretical approach integrates first-principles
10:30 a.m. computations, theoretical proxy design, scientific hypotheses formulation/testing, ML,
causal reasoning. These efforts advance a novel paradigm of integrated, self-learning Al
models designed to unravel complex phenomena through real-time theory-experiment
ISE322 feedback, driving materials innovation.
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