
Synchronous Frequency Comparison of Optical Lattice Clocks to approach the 
Quantum Limit 

 
Hidetoshi Katori1,2, Tetsushi Takano1,2, and Masao Takamoto1,2 

 
1Department of Applied Physics, Graduate School of Engineering, The University of Tokyo,  

Bunkyo-ku, Tokyo 113-8656, Japan. 
2Innovative Space-Time Project, ERATO, JST, Bunkyo-ku, Tokyo 113-8656, Japan. 

katori@amo.t.u-tokyo.ac.jp 
 

Abstract 
 
 We demonstrate a synchronous frequency comparison of two optical lattice clocks operated using 87Sr and 88Sr 
atoms, whose Allan standard deviation achieved 1 × 10−17 in an averaging time of 1,600 s by cancelling out the Dick 
effect to approach the QPN limit. The scheme manifests an advantage of using a large number N ≈ 2,000 of atoms in 
optical clocks and paves the way to investigate clocks’ inherent uncertainties and relativistic geodesy on a time scale of 
tens of minutes. 
  
 
 The essential physics in the research of atomic clocks is found in their frequency comparison, which allows 
investigations of the constancy of the fundamental constants [1,2], their coupling to gravity [2], and the examination of 
the relativity. While single-ion optical clocks demonstrate supreme frequency uncertainty of 0.8×10-17 [3], the necessary 
averaging time as long as τ ≈ 1×105 s is limited by the quantum projection noise (QPN); therefore the clocks’ stability 
becomes a serious experimental concern for further reducing the uncertainty down to 1×10-18.  
 An optical lattice clock was proposed to improve the clock stability as 1/√N by applying a large number N of 
atoms [4]. However, its stability was so far limited by the Dick effect [5] introduced by the frequency noise of a probing 
laser. By operating two clocks synchronously to reject the Dick effect [6] in the frequency comparison, we 
demonstrated the Allan standard deviation of 5×10-16/√τ/s, which allowed to explore 1×10-17 uncertainty in τ ≈ 1,600 s. 
We discuss possible impacts of the synchronous clock interrogation scheme, such as in the investigations of the 
fundamental constants and the relativistic geodesy by comparing two clocks operated in distant places. 
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