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Abstract: Al and its impact on society and the physical sciences is all around us. The promise of
Al technology is being pursued in fields ranging from archaeology to string theory, but its
applicability in materials science and condensed matter has not been fully clarified. In this talk, I
will trace out promising and intriguing new directions, showing specific applications of machine
learning to condensed matter. In the process, I will explain what are the remaining challenges of
this rapidly evolving field.

To begin, I will demonstrate how Transformers (in the context of GPTs and LLMs) are employed
in hypothesis-making in the context of materials science. I will introduce a promising direction
to significantly reduce the hallucination properties of some LLMs through Adversarial Peer
Review of Al output. As a specific application, I will demonstrate the use of this tool in the
development of CREST (Copilot for Real-world Experimental Scientists)—a new autonomous
platform for the synthesis of new materials.

Continuing to one of the most exciting areas of condensed matter physics, superconductivity, I
will show that neural networks can learn a representation of materials based on a very minimal
input: the chemical compositions of known superconductors. I will show that not only is the
neural network an efficient predictor of the critical temperature of superconductors, but that it
generates a learned, low-dimensional representation of materials. Using this representation, we
can define a notion of “space,” a “metric,” and therefore distances, from which we can predict de
novo superconductors and understand neighborhoods of stable materials. I will highlight such an
example in strongly correlated, uranium-based superconductors.

Looking ahead, I will demonstrate a new approach which combines the power of Graph Neural
Networks and traditional ab initio techniques to explore the vast space of two-dimensional moiré¢
materials. With additional experimental input, this gives a new, Al-aware pipeline for materials
science in the 21st century.



