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High resolution molecular spectroscopy in micrometric thin cells

Shrinking the size of atomic and molecular cells is a fascinating prospect with applications in quantum sensing and fundamental physics. Miniature atomic cells were proposed for example as portable atomic clocks 1 and hollow core fibers were filled with molecular gases for applications in frequency referencing 2 . Although compact, the above devices remain mesoscopic (confinement larger than the excitation wavelength). Atomic thin cells have been used to probe atoms under sub-wavelength confinement conditions allowing fundamental studies of the Dicke effect 3 and applications in quantum technologies 4 . High resolution probing of sub-wavelength confined molecules is more challenging, due to the small probabilities of molecular transitions, and was so far demonstrated only on a macroscopic cell via selective reflection spectroscopy 5 . Here we extend thin cell platforms to high-resolution molecular spectroscopy. We probe the ν1+ν3 line of acetylene at telecommunication wavelengths (1.53µm) and SF6 as well as NH3 rovibrations at mid-infrared wavelengths (10.6µm). The thin cell was fabricated in our laboratory using ZnSe windows that are transparent through the near and mid infrared spectrum (Fig. 1a). The thin cell thickness, measured by Fabry-Perot interferometry, is 5.35µm with small variations of about 0.1µm. This cell thickness corresponds to λ/2 for the SF6 et NH3 rovibrations and to 7λ/2 for the combination line of acetylene, conditions for which a Dicke-type narrowing is expected 3 . In our experiments we detect the low power thin-cell optical transmission using a frequency modulation. A number of techniques were developed to increase the signal to noise ratio and remove the parasitic background from our signals 5 .

Fig1.b shows our experimental thin-cell transmission spectra for different cell thicknesses (the acetylene pressure is 2 Torr in all cases). Solid lines represent the theoretical prediction of a model that includes the transient effects of the interaction of molecules with the laser light as they travel between the cell walls, the Fabry-Perot cavity effects as well as frequency modulation and laser linewidth effects 6 . The model considers a Maxwell-Boltzmann distribution of molecular velocities and assumes that the collisions with the hard cell walls completely interrupt the interaction with the laser field. The theoretical curves were fit to the experiment to extract the collisional linewidth (16MHz). The excellent agreement between theory and experiments suggests that thin cell platforms are very well adapted for compact frequency referencing at telecommunication wavelengths and fundamental physics measurements.

Our experiments are a first important step towards the fabrication of compact and simple frequency references at telecommunication wavelengths without resorting to nonlinear spectroscopic techniques like saturated absorption. We are currently working towards fabricating a new generation of thin cells of nanometric thickness suited for studies of the fundamental molecule-surface Casimir-Polder interaction.
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 1 Figure 1: (a) thin cell photograph (b) transmission of an acetylene filled thin cell (2 Torr) at different thicknesses. Theoretical predictions are shown as solid lines. The pressure broadening is 16MHz.