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We have experimentally investigated Sr, Yb, Hg, and Cd based clocks to find
the most promising atomic element that leads to an ultraprecise clock with 19 digits precision. In
particular, we have determined the magic wavelength for Cd atom, tested a “ loop closure relation”
for the frequency ratio of Sr/Yb/Hg-based clocks to prove the consistency of frequency ratio
measurements, and determined the “ operational magic condition” for Sr clock. From the viewpoints
of controllability of atomic motion, higher-order/ and multipolar polarization effects of atoms, the

black-body radiation shift, and maintainability of lasers, we take Sr to be the most favorable
atomic candidate and developed transportable clocks. These clocks were transported to Tokyo Skytree,
which provided the clocks with a_height difference of 450 m. We_have tested the gravitational red
shift with 5 digits precision, which 1s competitive to that obtained in space experiments.
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