Orbital Angular Momentum Transfer in Ro-Vibrational Spectroscopy of Molecules
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Optical vortex beams have intrigued researchers since Allen’s seminal 1992 paper [1]. Each photon in these beams
carries orbital angular momentum in addition to spin momentum. These beams have diverse applications, including
optical tweezers and quantum information processing. Recently, we have shown that the non-zero vorticity of such
helical beams can significantly enhance certain ro-vibrational transitions that are otherwise forbidden in non-helical
light spectroscopy [2]. In particular, we have found that electric field interacts with the multipole moments of a
molecule through its spherical gradients, thus enabling orbital momentum transfer via quadrupole or higher order
transitions.

Building on this concept, we aim to optimize the electric field distribution to maximize the interaction between
photons and molecules. By analyzing the incident and scattered light by quadrupolar diatomic molecular media, we
unveil the field configurations that increase the orbital angular momentum transfer among the light and molecule.
Optical vortex lattice configurations, either resulting from either multiple scalar beam interference or vortex beam
diffraction, are found to be an ideal platform to observe and control the orbital angular momentum transfer. This
method highlights the synergistic interplay between the number, size, and charge of vortex cores, leading to improved
interaction efficiency for spectroscopic applications. Harnessing the potential of such structured optical fields, paves
the way for significant advances in molecular spectroscopy, potentially providing the means for an extension to
mesoscopic objects such as biomolecules or nanoparticles.
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