
Development of Transportable Optical Lattice Clock. 

H.A. Yang1,2, M. Takamoto2,3, R. Yamashita1,2, I. Ushijima1,2, S. Tsuji3,4, T. Muramatsu3,5,     

T. Hiroki3,5, Y. Sakai3,5, Y. Hisai3,5 and H. Katori1,2,3 

1. Department of Applied Physics, Graduate School of Engineering, The University of Tokyo, Bunkyo-ku, Tokyo, 

 Japan 

2. Quantum Metrology Laboratory, RIKEN, Wako, Saitama, Japan 

3. Space-Time Engineering Research Team, RIKEN Center for Advanced Photonics, Wako, Saitama, Japan 

4. JEOL Ltd. Akishima, Tokyo, Japan 

5. Technology Research Laboratory, Shimadzu Corporation, Soraku-gun, Kyoto, Japan 

email: yang@amo.t.u-tokyo.ac.jp 

 

A laboratory-based optical lattice clock resolves a millimeter height difference of atoms trapped in 

an optical lattice by the gravitational redshift [1]. Chronometric leveling, which relies on the gravita-

tional redshift of two remote clocks, is one of the most promising applications of optical lattice clocks, 

allowing real-time monitoring of seismic and volcanic activities underground [2,3]. Field deployable 

clocks have been developed worldwide [4-10], some of which resolve a few centimeters height dif-

ference [7,8]. 

We developed our 2nd generation transportable optical lattice clock (Figure 1). Its physics package 

fits in the volume of less than 50 L, which is 16% of that of our 1st generation transportable system 

[8]. The physics package was operated by modularized lasers and electronics. We successfully 

demonstrated clock operation using 87Sr. 

By sharing an ultra-stable clock laser, we synchronously compared the 1st and 2nd generation trans-

portable clocks to achieve clock stability of low 10-18 after averaging 104 s (Figure 2). The systematic 

frequency shifts and their uncertainties are under evaluation. This work was supported by the JST-

Mirai Program "Space-time information platform with a cloud of optical lattice clocks" 

(JPMJMI18A1). 
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Figure 1: A transportable optical lattice clock. 

(a) Cooling, trapping and clock spectroscopy of 87Sr were conducted 

in the physics package. (b) Laser and electronics modules to operate 

the physics package.  

(a)  (b)  

Figure 2: Overlapping Allan deviation 

of synchronous frequency comparison. 

Statistical uncertainty reached low 10-18 

in 104 s of averaging. 


