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229Th has an extremely low nuclear isomeric state
(?29Th) at approximately 8.4 eV.") The radiative life-
time of 229" Th is of the order of 10° s.2) This state can
be excited by a vacuum ultraviolet (VUV) laser®) and
can be used as an excited state for clock transitions. In
contrast to conventional atomic clocks, 22°Th nuclear
clocks can be operated when 22°Th atoms are doped in
VUV-transparent crystals with a wide bandgap host
such as CaFs. In this work, we excite 22 Th nuclei
doped in CaF, to the isomeric state via the second
excited state using a high brilliance X-ray beam. We
successfully observed VUV photons from 22 Th and
discovered that the lifetime of 22*Th during X-ray
beam irradiation is significantly shorter than that af-
ter irradiation.

This experiment was conducted at the BL19LXU
beamline in SPring-8. In the upstream of the beam-
line, three silicon monochromator sets were installed
to monochromatize the X-ray beam to a full-width
at half-maximum of approximately 30 meV. The X-
ray beam energy was set to approximately 29190 eV,
which is close to the nuclear second excited state of
229Th. High concentration (O(10'®)/cm3) of #29Th-
doped CaF, crystals were prepared by TU Wien.*
VUV photons from the crystal target were focused by a
parabolic mirror and a MgF5 lens, and were measured
by a solar-blind PMT (VUV PMT). Four dichroic mir-
rors were installed in the middle of the optical path
to reduce background photons from the crystal. An-
other PMT (Veto PMT) was installed behind the first
dichroic mirror that can significantly reduce radiolu-
minescence background events by timing coincidence
between the two PMTs.

By taking data under on- and off-resonance condi-
tions near the second excited state, the decay curve of
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Fig. 1. X-ray beam flux dependence of half-life during X-
ray beam irradiation. The blue point represents the
half-life measured after beam irradiation.

the radiative decay signal was obtained. From fitting
the difference, the radiative half-life of 22" Th was es-
timated to be T' = 447 + 16 (stat.) &+ 20 (syst.) s.

Wavelength measurements of the VUV signal from
229mTh were conducted by using optical bandpass fil-
ters in the VUV region. A total of six bandpass fil-
ters with different transmission spectra were prepared
and mounted in a motorized wheel installed in front
of the VUV PMT. The transmittance of the VUV sig-
nal was obtained by taking the ratio of the signal in-
tensity. By comparing signal transmittance with the
reference transmittance spectra obtained in our labo-
ratory, the wavelength of the VUV signal was obtained
to be 148.18 £+ 0.38 (stat.) £ 0.19 (syst.) nm.

The half-life of 22°*Th during X-ray beam irradia-
tion (T}, ) was estimated by measuring the dependence
of the signal intensity on the irradiation time. Under
the nominal condition, T}, was estimated to be approx-
imately ten times shorter than 7. The dependence of
Ti,r on the X-ray beam intensity was measured, re-
vealing that T;,, decreases under more intense beam
irradiation, as shown in Fig. 1.
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