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Exploring the Complexity of Polaritonics: From Single-Molecule Strong Coupling to Twin Polaritons

ABSTRACT
Light-matter interactions are essential to fundamental biological processes and modern sustainable energy applications, making their control crucial. Polaritonics, a nascent light-matter field that exploits strong light-matter coupling in optical or plasmonic cavities, offers new ways to control and modify material properties and chemical reactions. However, a gap remains between large-scale experiments and theoretical models, leading to conflicting findings and highlighting the need for further experimental and theoretical understanding. In this talk, I will address two key challenges. First, I will discuss the gap between experiments, which require millions of molecules to achieve the strong coupling limit, and theoretical models, which struggle with such large-scale simulations. I will explore how we can bridge this gap by using Scanning Tunneling Microscope Break Junctions (STM-BJ) as plasmonic cavities. Here, I will highlight the potential of STM-BJs and demonstrate how electric field-induced long exciton lifetimes allows us to induce strong light-matter features in just a single molecule. Second, I will explore the quantum-classical divide in polaritonic phenomena. By analyzing classical and quantum treatments of light in rovibrational spectra, we identify the twin polariton, a secondary splitting beyond the primary resonance due to light-matter entanglement. I will show that the twin polariton persists in many-molecule cases and follows the same linear dependence on coupling strength, offering a novel way to tune quantum features via classical control.
BRIEF BIO

[image: image1.jpg]


Norah Hoffmann joined the NYU Department of Chemistry and Department of Physics as an Assistant Professor and Simons Faculty Fellow in 2024. Prior to joining NYU, she was a Leopoldina Postdoctoral Fellow in the Chemistry Department at Columbia University, working in the Berkebach group. Norah earned her Doctorate in Physics at the Max Planck Institute in Hamburg, where she conducted research in the Rubio group in collaboration with 
Hunter College New York and Rutgers Newark, where she was a long term visiting scholar in the Maitra group. Her research was funded by a full doctoral scholarship from the International Max Planck Research School for Ultrafast Imaging and Structural Dynamics. She holds a Master’s degree in Physics from the Technical University of Berlin, completed in collaboration with the Fritz-Haber Institute in Berlin, and a Bachelor’s degree in Physics from the Technical University of Berlin. Norah's research interests include all things theory and simulation of light-matter interactions, from classical to quantum and her work was recently recognized by the DOE Early Career Award. Norah is a co-founder of She Computes at NYU, a theoretical chemistry women's collective dedicated to mentorship, community building, and networking, working toward gender equity in theoretical physical sciences.
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