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(1) Long-term goal of laboratory and research background
Atomic nuclei are substances governed by the nuclear forces, and are thus separated from atoms or other
macroscopic external substances governed by electromagnetic interactions. However, nuclei interact
with the external substances through hyperfine interactions owing to the nuclear spin accompanied with
electromagnetic properties. Utilizing the characteristic of the hyperfine interaction, the research group
investigates the properties of nuclei, and develops methods to manipulate nuclear spin, through the
response of the external substances, or conversely investigates the properties of the external substances
using nuclei as microscopic probes. For this purpose, the group has been developing new experimental
techniques based on various nuclear spectroscopic methods, aiming at extending nuclear-physics
technologies to cross-disciplinary research subjects in, e.g., fundamental physics and materials science.
(2) Current research activities (FY2020) and plan (until Mar. 2025)
The group has been developing a technique to enable nuclear-structure study through ground-state
nuclear moments for rare RIs, which have not yet been realized for the high-energy RI beam produced,
e.g., from the RIBF-BigRIPS RI separator. In the previous year, we demonstrated a new β-ray-detected
NMR (β-NMR) spectroscopy based on fragmentation-induced spin-aligned RI beams, without utilizing
spin polarization, which is usually required for this measurement. In 2020, we conducted an experiment
using the QST HIMAC accelerator facility and succeeded in obtaining a β-NMR spectrum that clearly
shows that this method is effective (activities mainly at the RNC).
The nuclear-reaction-based method has produced many results owing to its advantageous feature
of element-independent spin polarization. However, it is difficult to extend the observation to further
rare RIs and to other research fields, due to the limited magnitude of spin polarization. In order to break
out of this situation, we are developing new methods/apparatus for nuclear laser spectroscopy and RI
atomic beam resonance spectroscopy that can produce highly spin-polarized RI beams. We aim to
complete the system development within the period of the mid-term plan (activities mainly at the CPR).
As the former subject, we are developing an apparatus for collinear laser spectroscopy. In FY2020, we
proceeded with offline R&D, and published the development of an ion source system with an RF ion
guide. When the system development is completed, it will be installed downstream the universal slow
RI beam system SLOWRI at RIBF, which is currently being developed jointly with the RNC
Instrumentation Development Group. In FY2020, as a joint research project led by KEK including us,
systematic mass measurement of RIs by a method combining SLOWRI and MRTOF (multi-reflection
time-of-flight mass spectrometer) was conducted, and great results were obtained. As another R&D of
laser spectroscopy, we are conducting R&D of unique laser spectroscopy utilizing superfluid He (He II),
taking advantage of the Stokes shift in atoms introduced into He II. The direct observation of the time
evolution of the Stokes shift has been conducted in collaboration with the CPR Molecular Spectroscopy
Laboratory, as an important subject. Regarding RI atomic beam resonance spectroscopy, the
development of the RI-ion trap and neutralization system, which forms a key component of the system,
is ongoing. In FY2020, offline development was carried out, where ion trapping of Rb stable isotopes
was confirmed. As the next step, we are working on the neutralization by gas introduction.
We are also working on the application of heavy-ion/RI beams to materials-science research (at
CPR/RNC). Utilizing the above-noted 21O as a nuclear spin probe, the first β-NMR experiment with a
CuO single crystal was performed at RIBF. In addition, in collaboration with the CPR Condensed
Molecular Materials Laboratory and the RNC Accelerator Group, experimental studies to control of the
electrical conductivity of diamond have been conducted. We also performed materials-science studies
based on Mössbauer spectroscopy at HIMAC and RIBF.
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Supplementary

Fig. 1. An ion source system for offline collinear laser spectroscopy. Details are described in Ref. 1 of (4).
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