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Observation of the Radiative Decay from the Isomeric State of Thorium-229
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The nucleus of thorium-229 (**°Th) possesses the lowest known first excited state among all isotopes. The transition
energy from the ground to this first excited state has been measured around 8 eV. And the lifetime of the excited state
is approximately 1800 s. This metastable nuclear state, referred to as ??*™Th, is of significant interest due to its unique
properties. This state has stimulated considerable interest in its potential applications, especially given that 22°Th appears
to be the only isotope with a nuclear-excited state that can be accessed using lasers. The most promising application of
this unique state is the development of an optical clock.

Although the nucleus interacts with its surrounding environment, a high-precision clock is achievable even in a
solid-state context due to the large number of nuclei (> 10'®) within the doped crystal. Such a clock would serve as an
exceptionally sensitive probe for new physics owing to the distinct nature of the nuclear excitation.

This thesis reports on the methodology by which we successfully excited >*Th doped in calcium fluoride CaF; using
X-ray irradiation and observed the vacuum ultraviolet (VUV) signal emitted during its de-excitation, thereby
determining the corresponding wavelength. We have been conducting research on ??*Th at SPring-8 since 2014 and
obtained significant results during the beam times in February, May, and July of 2023. For this experiment, we developed
a detection system capable of observing signals in the vacuum ultraviolet (VUV) region, which is essential for the study.

The isomeric state of thorium (**™Th) was generated via the second excited state of the >*Th nucleus.

To detect the de-excitation signals accompanied by photon emission from 2Th and determine its wavelength, we
constructed an optical system optimized for the VUV region to enhance the signal-to-noise ratio (S/N) by anti-
coincidence scheme and optical suppression. For precise wavelength determination, band-pass filters (BPF) with
different transmission spectra were employed. A critical factor in this method is each optical element's wavelength-
dependent reflectance or transmittance. Before the experiments at SPring-8, the author established the optics
characterization system, which allows us to evaluate the performance of almost all optical elements at the laboratory of
Okayama University. As a result, we achieved a wavelength resolution of 1 nm and an absolute accuracy of 0.1 nm.

By the measurement result of three beamtimes at SPring-8, we succeeded in determining the absolute energy (A =
148.18(42) nm) and lifetime ( t = 645(36) s) of 2*"Th. We also observed a shortened isomeric state's lifetime
(quenching) by X-ray beam irradiation for the first time. It was discovered that the effective lifetime of 22*"Th decreases
depending on the intensity of the X-ray beam used for its generation and is inversely proportional to the beam flux.

The results of this study represent an essential step toward realizing a nuclear clock.
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