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The X-ray induced quenching of the thorium-229 isomer states in a CaF, crystal host

(CaFy figtR A FHIZHIT D NU L2290 7 1 YV ~—IREED X FEEE L)

WXEERE ik mm E Bk SRR ez N BT

FRHXARDEE

The first excited energy level of the thorium-229 nucleus lies at approximately 8.356 eV and is referred to as thorium
isomeric state, denoted as 22°™Th. This isomeric state is remarkably low in energy compared to typical nuclear excited
states, which often involve gamma radiation in the keV to MeV range. In contrast, the photon emitted during the de-
excitation of the 2*™Th isomer has a wavelength of about 148 nm, placing it in the vacuum ultraviolet (VUV) region of
the electromagnetic spectrum. The lifetime of the isomer is very sensitive to the environment and it charge compensation.
The 22°"Th lifetime has been measured to be 10 us in neutral thorium atoms, ~10 and ~30 minutes in thorium ions

doped in wide-bandgap crystal hosts and in ion trap, respectively

In the crystal environment, our experiment works demonstrated that the thorium isomer states can quenched. Here,
the term quenching refers to an effective reduction of the 2™Th lifetime and corresponding signal yield, due to the
controllable decay channel in the crystal environment. This thesis aimed to explore the microscopic mechanism
regarding how and why the Th-229 isomeric state quenched in the 22°Th:CaF; crystals host, which serve as the state-of-

the-art platform for solid-state nuclear clocks in the future. The structured of the thesis is as follows.

Chapter 1 provides an overview of why the 22Th isomeric state is considered unique in the field of nuclear physics,
and how it can serve as the basis for constructing a nuclear clock. Several applications of the nuclear clock are

demonstrated.

Chapter 2 presents a brief review of the research history of the 22*Th isomeric state, offering readers a foundational
understanding of the development and evolution of this research field, from both the aspect of experimental and

theoretical works.

Chapter 3 introduces the experimental setups developed to excite the 2°Th isomeric state and to detect the radiative
signal from its decay. Furthermore, the setup was upgraded to enable crystal cooling, allowing for the investigation of
temperature-dependent effects. Using this improved setup, we observed the temperature dependence of X-ray-induced
isomer quenching. The instrument works was published in the M. Guan et. al., NIMB 562, 165647 (2025).

Chapter 4 provides essential information about the crystals used in this study, including their synthesis, transmission
properties, and application within our research group. In addition, a detailed literature review on crystal defects is
presented, along with experimental results on the luminescence properties of the target crystals.

Chapter 5 presents the experimental results, including those from the NRS, VUV, and XIQ experiments. Chapter 6

concludes the thesis with a summary of the main findings and their implications.
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