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ABSTRACT
Recent experiments suggest that coupling excitons with quantized radiation enables coherent ballistic transport at room temperature inside optical cavities. In this talk, I will present a unified theoretical framework to understand the microscopic origins of long-lived coherent dynamics in exciton-polariton systems, with particular emphasis on the role of phonon-induced dynamic disorder and decoherence. First, I will present an analytical theory of polaron-polaritons, quasiparticles formed by the hybridization of excitons, photons, and phonons, derived via a non-perturbative treatment of light-matter and vibronic couplings. We show that despite phonon-induced breaking of translational symmetry, the system retains a well-defined band structure (to a good approximation), exhibiting suppressed Frolich scattering  and extended coherence lifetime.  In the second part, I will present our work, which reveals that multilayered structures—not accounted for in traditional single-layer models—enhance quantum coherence and exciton-polariton transport by synchronizing phonon fluctuations across layers. This collective suppression of phonon-induced disorder offers a new microscopic mechanism for the extended coherence lifetimes and transport efficiencies seen in organic microcavities. Together, these results offer a comprehensive understanding of polaron-polariton dynamics in structured optical environments. Our theory sheds light on the long-lived coherent ballistic motion of exciton-polaritons with high excitonic character, offering a microscopic explanation for these puzzling experimental observations.  
BIO
Arkajit is an Assistant Professor of Chemistry at Texas A&M University. His research group focuses on understanding how quantum light-matter interactions alter the physical and chemical properties of materials and molecules—particularly at macroscopic scales—and how these effects can be harnessed for quantum information science and optical computing. Arkajit earned his Ph.D. in Chemistry from the University of Rochester, where he worked with Prof. Pengfei Huo, and later did postdoctoral research at Columbia University with Prof. David R. Reichman. He joined Texas A&M in the fall of 2024.
Seminar Coordinator:

Dr. Trevor Del Castillo, Assistant Professor

trevor.delcastillo@njit.edu
