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1. Introduction 
The time and frequency are by far the most accurately measurable quantities in physics. 
Presently, the international atomic time (TAI) are kept by Cs clocks with a fractional 
uncertainty less than 1×10-15, and some atomic-fountain clocks demonstrate even smaller 
uncertainties. Significant reduction of atomic clocks’ uncertainty was made possible by 
the optical frequency comb technique that allowed direct access to optical frequencies. 
Orders of magnitude higher stability and accuracy are expected for atomic clocks 
operated at optical frequency because of their 5 orders of magnitude higher frequency 
than that of Cs clocks operated at microwave frequency. 
A quantum absorber held in a region smaller than a relevant transition wavelength, 
which is called as a Lamb-Dicke regime (LDR), provides an ideal resource for ultraprecise 
spectroscopy, as it is free from the Doppler shifts that pose major limitations in optical 
spectroscopy. To date, optical clocks based on singly trapped ions in the LDR have 
demonstrated uncertainties comparable to or better than those of the best Cs fountain 
clocks. However, even though accuracies of one part in 1018 should be achievable in theory, 
the stability of the ion-based optical clocks is limited due to the observation of the single 
ions; therefore a long averaging time over months is necessary to reach their projected 
accuracy. 
 
2. Invention of an optical lattice clock and recent development 
In 2001, we have proposed an “optical lattice clock” scheme to attain high clock stability 
and accuracy simultaneously. It uses millions of atoms in an array of optical dipole traps 
(optical lattice) that confines atoms in the LDR as shown in Fig. 1(a). By operating the 
lattice trap at a “magic wavelength”, light shift perturbation of the trap is eliminated in 
the clock transition; see Fig. 1(b). The optical lattice clock based on Sr promises an 
uncertainty at 10-18 level. Within several years of the proposal and first demonstration of 
the scheme, three groups (in Japan, USA, and France) have demonstrated the frequency 
measurements with an uncertainty of a few times of 10-15, which is close to the 
uncertainty kept by the TAI. Based on the agreement of these independent 
measurements, in October 2006, Sr based optical lattice clock was adopted as the 
“secondary representation as a second”, which is a list for promising candidates for future 
“redefinition of a second”.  
Looking toward fractional uncertainties of 10-16 and below, collisional frequency shift, 
Black body radiation shift, and higher order light shift, all of which depend on 

 



 

 

interrogated atomic elements and experimental configurations, are becoming major 
concerns. We are currently working for realizing optical lattice clocks at 10-17 uncertainty.  
 
Conclusion 
We have developed a new atomic clock scheme “optical lattice clock” and thus far 
demonstrated their stabilities down to 1×10-16 by comparing two independently operated 
clocks. Such measurements will offer an important step to ascertain the lattice clocks’ 
uncertainty, where no working standard exists. The potential high precision of the 
scheme and its wide applicability to other atom species will make optical lattice clocks 
useful tool in investigating a possible variation of physical constant, such as fine 
structure constant. At the clock uncertainty of 1×10-18, which is a near future target for 
atomic clocks, the gravitational red shift of 1×10-18/cm plays a vital role for a clock 
comparison in remote distances that are accessed by optical fiber networks. These 
sensitivities may, in turn, make ultraprecise clocks a new probe for science, such as 
quantum physics and relativistic geodesy.  
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Fig.1 Optical lattice clock. (a) The 
spatial interference pattern of lasers 
creates a lattice potential that 
confines atoms in a region much 
smaller than the optical wavelength 
λL. (b) Atoms are excited on the 
1S0-3P0 clock transitions, where the 
1S0 and 3P0 states are equally energy 
shifted by the lattice potential. 


