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Abstract: Significant advancements in our understanding of the physical world have been driven by increasingly precise atomic spectroscopy. The
level of accessible precision entered a new realm with the advent of laser cooling and trapping. Now we can extend the ultrahigh spectroscopic
precision, or atomic clock technology, to more complex quantum particles like diatomic molecules. The ability to quantify molecular degrees of
freedom, such as nuclear vibrations, with nearly atomic-clock precision illuminates their previously hidden properties. Moreover, it suggests
possibilities to leverage this precision for probing fundamental aspects of physical interactions, including enhanced tests of Newtonian gravity at the
nanometer scale.
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