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Laser cooling of thorium ions toward a nuclear clock
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Thorium-229 (**°Th) has an extremely low-energy nuclear-excited state called an isomer state (*™Th). The energy

of 2MTh is estimated to be 8.3 eV. This energy is in the vacuum ultraviolet range, enabling high-resolution laser

spectroscopy of the atomic nucleus. One of its applications is a nuclear clock: an atomic clock based on the resonance

frequency of the transition between the nuclear ground and the isomer state of ?°Th. Laser cooling of ?*°Th, which

eliminates frequency fluctuations caused by the Doppler effect, is required to realize a nuclear clock. For the laser cooling

of 22°Th ions, we performed trapping and laser spectroscopy of 22°Th ions. We also demonstrated the trapping of **"Th

ions. Laser spectroscopy of trapped 22*"Th ions revealed hyperfine structures of electronic levels in 2™ Th which were

key information for the future operation of the >*Th nuclear clock.
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Fig.1 Ton trap system for 2°Th** for the research of

the 2*Th nuclear clock.
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Fig.2 (Left) Picture of a linear Paul trap for trapping
of 2Th*" ions. (Right) A CCD Image of trapped

229Th*" ions (blight vertical part of the center).
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Fig.3 Laser spectroscopy of one of the hyperfine
transitions in ?2*"Th3*, The spectrum was fitted with
a Lorentzian function to determine the center
frequency of the observed peak. The center frequency
contains information of hyperfine constants of
29mTh3* that were key for the operation of the 2°Th

nuclear clock.
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