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An “optical lattice clock” benefits from a low quantum-projection noise (QPN) by simultaneously 

interrogating many atoms trapped in an optical lattice [1]. The essence of the scheme is an engineered 

perturbation based on the “magic frequency” protocol, which has been proven successful up to 10-18 

uncertainty [2-4]. About a thousand atoms enable such clocks to achieve 10-18 stability in a few hours. 

This superb stability is especially beneficial for chronometric leveling [5-7], which determines a cen-

timeter-level height difference of the clocks located at remote sites by the gravitational redshift [8]. 

In transportable clocks [9], the potential stability of the optical lattice clocks is severely limited by 

the Dick effect [10] caused by the frequency noise of a compact clock laser. We proposed a “longi-

tudinal Ramsey spectroscopy” [11] to improve the clock stability by continuously interrogating the 

clock transition. Two key ingredients for the continuous clock, continuous loading of atoms into a 

moving lattice [12] and longitudinal excitation of the clock transition, are reported. In addition, we 

report our recent development of compact and accurate optical lattice clocks in collaboration with 

industry partners. 

This work received support from JST-Mirai Program Grant Number JPMJMI18A1, Japan. 

 

References 

[1] H. Katori, Spectroscopy of strontium atoms in the Lamb-Dicke confinement, Proc. of the 6th Symp. on 

Frequency Standards and Metrology, 323 (2001). 

[2] I. Ushijima, M. Takamoto, and H. Katori, Operational Magic Intensity for Sr Optical Lattice Clocks, Physical 

Review Letters 121, 263202 (2018). 

[3] T. Bothwell, D. Kedar, E. Oelker, J. M. Robinson, S. L. Bromley, W. L. Tew, J. Ye, and C. J. Kennedy, JILA 

SrI optical lattice clock with uncertainty of 2.0x10-18, Metrologia 56, 065004 (2019). 

[4] R. C. Brown et al., Hyperpolarizability and Operational Magic Wavelength in an Optical Lattice Clock, Phys. 

Rev. Lett. 119, 253001 (2017). 

[5] M. Vermeer, Chronometric levelling, Rep. Finnish Geodetic Inst. 83, 1 (1983). 

[6] T. E. Mehlstaubler, G. Grosche, C. Lisdat, P. O. Schmidt, and H. Denker, Atomic clocks for geodesy, Rep. Prog. 

Phys. 81, 064401 (2018). 

[7] Y. Tanaka and H. Katori, Exploring potential applications of optical lattice clocks in a plate subduction zone, J. 

Geod. 95, 93 (2021). 

[8] T. Takano et al., Geopotential measurements with synchronously linked optical lattice clocks, Nat. Photon. 10, 

662 (2016). 

[9] N. Ohmae et al., Transportable Strontium Optical Lattice Clocks Operated Outside Laboratory at the Level of 

1018 Uncertainty, Advanced Quantum Technologies, 2100015 (2021). 

[10] G. J. Dick, Local oscillator induced instabilities in trapped ion frequency standards, in Proceedings of the 19th 

Annual Precise Time and Time Interval Systems and Applications Meeting1987), pp. 133. 

[11] H. Katori, Longitudinal Ramsey spectroscopy of atoms for continuous operation of optical clocks, Appl. Phys. 

Exp. 14, 072006 (2021). 

[12] R. Takeuchi, H. Chiba, S. Okaba, M. Takamoto, S. Tsuji, and H. Katori, Continuous outcoupling of ultracold 

strontium atoms combining three different traps, Appl. Phys. Exp. 16, 042003 (2023). 

 


