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Optical atomic clocks are the most precise measurement devices ever built, achieving 

accuracies that correspond to less than one second of drift over the age of the universe. Their 

extraordinary performance is enabling applications ranging from improved timekeeping and 

navigation to new tests of fundamental physics. In this colloquium, I will discuss theoretical 

work on two frontiers of optical clock research. First, I will show how quantum correlations 

between atoms can be harnessed to improve clock stability beyond conventional limits, 

emphasizing how their usefulness depends on the dominant noise sources and experimental 

constraints. I will then turn to relativistic effects, which at current levels of precision have 

become directly observable: they must be accounted for as systematic shifts, but also offer 

new opportunities for sensing 

gravitational and kinematic 

phenomena. In particular, I will 

outline how networks of atomic 

ensembles with long-lived optical 

transitions can be used to access 

such signals. These examples 

illustrate how theoretical 

advances in quantum metrology 

and precision measurement can 

help guide the development of 

future optical clock experiments 

and their applications in 

fundamental physics.   


