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Abstract:

Laser cooling of molecules has drawn significant interest due to its broad applications in
cold chemistry, fundamental physics, quantum information science (QIS), and other
related fields.}? High-resolution laser-spectroscopic studies using techniques like laser-
induced fluorescence (LIF), dispersed fluorescence (DF), and cavity ring-down (CRD)
supported by quantum chemistry calculations play a crucial role in identifying and
selecting suitable candidate molecules and energy levels for laser cooling.! In particular,
accurate measurement and prediction of vibrational and rotational branching ratios
(VBRs and RBRs) are necessary to achieve optical cycling closure, a prerequisite for
laser cooling.® In my Literature Seminar, | will review three papers that report
spectroscopic studies of nonlinear candidate molecules for laser cooling, focusing on
how to utilize highly diagonal Franck-Condon (FC) matrices and favorable Honl-London
factors, two molecular parameters that govern the VBRs and RBRs, respectively.
Despite the complex structure of nonlinear molecules, basic physical chemistry
principles, including the perturbation theory, the ligand field theory, and the theory of
electron transfer, can be used to guide the design and synthesis of candidate molecules
for laser cooling.* Finally, | will provide a comparison and critique of these three papers
and discuss the direction of spectroscopic and dynamics studies in this burgeoning new
research field of laser-cooling molecules.
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