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Fig. 1 (Color online) Nuclear energy level of 29Th. The energy of
the extraordinary low-excited energy is still uncertain.
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Fig. 2 Conceptual setup for nuclear resonant scattering (NRS) ex-
periment with synchrotron X-ray.
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Fig. 3 Nuclear energy level of 22Th and excitation scheme to the
isomer state with synchrotron X-ray.
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Fig. 4 Estimated NRS signal and the prompt peak for 22°Th experi-
ment.
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Fig. 5 Block diagram of the detector system. Si-APD: silicon avalanche photodiode; CFD: constant fraction discrimina-
tor; ATC: amplitude-to-time convertor; TDC: time-to-digital convertor; USB: universal serial bus; SW. Hub:

network switching hub; GbE: giga-bit ethernet.
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Fig. 6 (Color online) 9-ch Si-APD array. The nine chips are closely
aligned at the center of the substrate. The pitch between chip
centers is 1.14 mm.

Fig. 7 (Color online) top: CFD card. Bottom: ATC card.
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Fig. 8 Timing chart of a channel. (A) Accelerator reference signal
synchronizing to accelerator RF. (B) Si-APD output analog
pulses. (C) CFD output logic pulses. (D) ATC output logic
pulses.
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Fig. 9 (Color online) Two congurations of X-ray focusing system and Th-229 targets. (a) Mono capillary (XGT) and
precipitation target. (b) Conpound Refractive X-ray lens and electro-deposited target.
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Fig. 10 Measured time spectra of NRS for 26.27 keV of 2'Hg. The
inset plot is NRS count as a function of incident X-ray
energy.
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Fig. 1 (Color online) Measured two-dimension spectrum of

nuclear resonant scattering for 29 keV of 22Th.
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Abstract The isotope 229Th is attracting a lot of attention, because it has an exceptionally low-lying nuclear
level (order of eV). This level is expected to be accessed by optical lasers, and then be used for
ultra-precise nuclear clock. Our research group has conducted nuclear resonant scattering (NRS)
experiments to determine uncertain energy and half-life of this level, by using high-brilliant syn-
chrotron radiation, high-performance detectors, and target systems. We describe the develop-
ment of the advanced NRS-measurement system, precise NRS experiment for a short-life nuclear
level (26 keV-level of 20'Hg), and current status of NRS-experiment of 229Th.
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