High-resolution Rovibrational and Rovibronic Spectra, of 12C0
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Carbon monoxide (CO) plays a crucial role in understanding the atmospheric composition and chemical
processes of exoplanets, as it is a key indicator of planetary atmospheric chemistry, thermal structure,
and potential habitability. The availability of reliable CO spectroscopic data enhances the robustness
of retrievals in exoplanet characterization and directly supports the scientific goals of present and fu-
ture missions such as Ariel, JWST, and Twinkle. Available tools, such as MARVEL (Measured Active
Rotational-Vibrational Energy Levels), and ab-initio calculations are necessary to achieve such goal. In
MARVEL, the input consists of experimentally observed transition frequencies, each with an associated
uncertainty and quantum state label. These transitions are validated and processed to create a spectro-
scopic network (SN) where nodes represent energy levels and edges represent transitions. By solving the
network using weighted least-squares fitting, MARVEL yields a set of term energies that best transitions.
By solving the network using weighted least-squares fitting, MARVEL yields a set of term energies that
best reproduce the measured data within their uncertainties. In this work, accurate, MARVEL experi-
mental rovibrational and rovibronic energy levels, with associated labels and uncertainties, are reported
for the ground and lowest low-lying singlet and triplet electronic states of the diatomic 2?C*®0O molecule.
The energy levels are obtained through careful analysis of high-resolution experimental spectra of CO
from more than seventy-five literature sources. The obtained data is used to fit energy levels that were
obtained in previous work through ab-initio methods. Comparisons of our results with published work
show remarkable agreement.



