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The nuclear isomer of 229Th (229mTh) attracts attention for its extremely low energy [1, 2]. The energy 

of 229mTh was determined to be about 8.3 eV (corresponding to wavelength 149 nm) by internal 

conversion electron spectroscopy [3], -ray spectroscopy [4-6], and, more recently, vacuum-

ultraviolet spectroscopy of 229mTh [7]. The nuclear transition between the nuclear ground state and 

the isomer state of 229Th offers a unique opportunity for laser spectroscopy of an atomic nucleus. One 

of the applications is a high-precision optical nuclear clock: an atomic clock based on this nuclear 

transition [8].  

As a platform of the 229Th nuclear clock, an ion trap with triply charged 229Th (229Th3+) is suitable 

because 229Th3+ possesses electronic transitions that enable laser cooling. In a previous study laser 

cooling and laser spectroscopic studies of 229Th3+ ions in the nuclear ground state (229gTh3+) were 

demonstrated [9]. For the operation of the nuclear clock, properties of 229mTh3+ also need to be known. 

For example, hyperfine structures of 229mTh3+ should be known to confirm nuclear excitation via 

selective detection of 229gTh3+ and 229mTh3+. However, since the trapping of 229mTh3+ ions has not been 

demonstrated yet, detailed properties of 229mTh3+ remained uninvestigated. 

In this study, we performed laser spectroscopy of trapped 229mTh3+ ions. The 229mTh3+ ions were 

obtained as a decay product of 233U. We determined the hyperfine constants of the electronic state of 
229mTh3+ and derived the magnetic dipole and electric quadrupole moments of 229mTh. We also 

investigated the nuclear decay lifetime of 229mTh3+ which was a key parameter to estimate the 

performance of a 229Th3+ nuclear clock.  
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