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Background

Large language models (LLMs) demonstrate Al's ability to understand human language, but scientific
phenomena communicate in raw, uncompressed data: satellite imagery, sensor readings, molecular
trajectories and turbulent flow fields. Decoding this “language of nature” requires Al to learn patterns
directly from physical reality while respecting governing mathematical laws. Existing Al paradigms,
focused on scaling with data, cannot capture the multi-scale, physics-constrained dynamics essential for
reliable predictions in high-consequence scientific applications. Physics-aware Al offers a new paradigm
to extend humans’ ability to understand, predict and control the physical world.

The Big Idea
Develop physics-aware Al systems that integrate data-driven learning with fundamental physical
principles to enable predictive, interpretable and trustworthy models for complex scientific systems.

Why does this matter? Scientific discovery is limited by the difficulty of interpreting massive and complex
data sets, particularly in high-stakes domains like climate modeling, fusion energy and materials science.
Physics-aware Al can accelerate discovery, reduce experimental costs and provide reliable predictions
where data are sparse or unavailable.

What will you do? We aim to create Al that learns directly from raw physical data rather than relying only
on human-encoded symbolic representations. By combining physical laws, uncertainty quantification and
scalable neural architectures, these systems will generalize across scales, fields and environments.
Applications include atmospheric modeling, turbulence simulation, fusion research and autonomous
experimentation.

How will you do it? Our approach integrates multi-scale neural architectures, physics-constrained
optimization, and interdisciplinary methods spanning Al, applied mathematics and scientific computing.
We will leverage Penn’s ecosystem across Penn Engineering, Penn Arts & Sciences and Penn Medicine
to develop unified representations, incorporate physical symmetries into transformer architectures, embed
conservation laws and capture causal structures. The resulting Al systems will learn from both data-rich
and data-scarce environments, providing interpretable and uncertainty-aware predictions.

Impact

Physics-aware Al establishes a new paradigm for scientific discovery, enabling interpretable and reliable
models of complex phenomena. Applications span climate prediction, materials design, energy systems
and autonomous experimentation. Penn’s collaborations with national laboratories, industry and health
care systems allow rapid translation of these models into real-world impact. Success will amplify human
understanding, accelerate scientific discovery and guide technology development for global challenges.
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