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1. Extended Abstract 
 

The recent progress of optical lattice clocks has improved the performance to reach a fractional accuracy and stability at the 

10-18 level, which surpasses the present realization of the SI second based on Cs clocks by a few orders of magnitude and has 

triggered the redefinition of the second. Towards achieving a fractional uncertainty of 10-18, a formidable challenge was how 

to address the uncertainty of frequency shift caused by the blackbody radiation, which is emitted from the ambient room-

temperature environment. We have developed a cryogenic Sr optical lattice clock that operates in a low-temperature 

environment, and succeeded in reducing the fractional uncertainties of blackbody radiation shift down to 9×10-19 [1]. 

Synchronous comparison method [2] precisely evaluates the frequency difference between two clocks in a short averaging 

time, while removing the degradation of the stability caused by the phase noise of the probe laser. By comparing two clocks 

precisely, we have investigated the blackbody radiation shift directly and verified the agreement of two clocks with an 

uncertainty of 10-18 [1].  

 

Along with further improvement of the performance, it will be of importance to find applications of clocks even beyond 

frequency standard. High-accuracy clocks allow precision measurement of gravitational potential through the general 

relativity. The optical lattice clock, if available in the field rather than a laboratory, becomes a measurement tool of local 

gravitational potential. As a step towards such applications, we have demonstrated precise measurement of gravitational 

potential difference by comparing remote clocks located 15 km apart [3]. Using an optical fiber link between RIKEN and the 

University of Tokyo [4], we performed a synchronous comparison of cryo-clocks developed in both sites. The fractional 

frequency difference between the clocks were determined with the uncertainty of 5.9×10-18, which corresponds to the 

measurement uncertainty for an elevation difference of 5 cm. As compared with spirit levelling method, chronometric 

levelling allows monitoring of geopotential variation in a shorter timescale, which may provide a new tool for geophysics.  

 

The uncertainties of cryogenic Sr optical lattice clocks are now dominated by the uncertainties related to the higher-order 

light shift of lattice potential [5]. We will also present the progress on the evaluation of lattice-induced light shifts towards 

uncertainties below 10-18. 
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