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Nuclear Science Research Division

Nuclear Structure Research Group

1. Abstract

The research group has conducted nuclear-physics studies utilizing stopped/slowed-down radioactive-isotope (RI) beams mainly
at the RIBF facility. These studies are based on the technique of nuclear spectroscopy such as S-ray-detected NMR (8-NMR), y-
PAD (Perturbed Angular Distribution), laser, and Mdssbauer among other methods that takes advantage of intrinsic nuclear properties
such as nuclear spins, electromagnetic moments, and decay modes. In particular, techniques and devices for the production of spin-
controlled RI beams have been developed and combined to the spectroscopic studies, which enable high-sensitivity measurements
of spin precessions/resonances through a change in the angular distribution of radiations. Furthermore, the group is also working
on SLOWRI development to enable the use of high quality slowed RI beams. Anomalous nuclear structures and properties of far
unstable nuclei are investigated from thus determined spin-related observables. The group also aims to apply RI and u beams to
interdisciplinary fields such as fundamental physics and materials science by exploiting nuclear probes.

2. Major Research Subjects
(1) Nuclear spectroscopy utilizing spin-oriented fast RI beams
(2) SLOWRIR&D
(3) Nuclear/Atomic laser spectroscopy
(4) Application of RI and u probes to materials science
(5) Fundamental physics: Study of symmetry

3. Summary of Research Activity
(1) Nuclear spectroscopy utilizing spin-oriented RI beams

Measurements of static electromagnetic nuclear moments over a substantial region of the nuclear chart have been conducted for
structure studies on the nuclei far from the S-decay stability. Utilizing nuclear spin orientation phenomena of Rls created in the
projectile-fragmentation reaction, ground- and excited-state electromagnetic nuclear moments been determined by means of the 3-
ray-detected nuclear magnetic resonance (5-NMR) and the y-ray time differential perturbed angular distribution (y-TDPAD) methods.
In particular, a new method developed for controlling spin in a system of rare Rls, taking advantage of the mechanism of the two-step
projectile fragmentation reaction combined with the momentum-dispersion matching technique, has been developed and employed
making fully use of world’s highest intensity rare RIBs delivered from BigRIPS for rare isotopes.

Since the development of a method applicable to RI ground states is an urgent issue, the group is also working on R&D of various
method to produce spin-polarized RI beams in addition to the above methods.

(2) SLOWRI R&D

The SLOWRI system is one of the core experimental facilities of the RIBF facility, in which GeV-energy RI beams produced by
BigRIPS are collected and stopped by He or Ar gas, and extracted as high quality low energy RI beams based on unique RF-ion guide
technologies. The SLOWRI team, under the Nuclear Structure Research Group, is a team dedicated to this subject.

(3) Nuclear/Atomic laser spectroscopy

The group has been conducting system development for nuclear laser spectroscopy from the following two approaches in order
to realize experiments for rare isotopes at RIBF. One is collinear laser spectroscopy for a large variety of elements using slowed-
down RI beams produced via a projectile-fragmentation reaction, which can be achieved only by SLOWRI. This slowed-down RI-
beam scheme enables to perform high-precision laser spectroscopy even with fast-fragmentation-based RIBs without the elemental
limitation problematic in the ISOL-based RIBs.

The other approach is a new method utilizing superfluid helium (He II) as a stopping medium of energetic RI beams, in which the
characteristic atomic properties of ions surrounded by superfluid helium enables us to perform unique nuclear laser spectroscopy. RI
ions trapped in He II are known to exhibit a characteristic excitation spectrum significantly blue-shifted compared with the emission
one. Consequently, the background derived from the excitation-laser stray light, which often causes serious problems in measurements,
can be drastically reduced.

(4) Application of RI and i probes to materials science

The application of RI, heavy-ion, and u beams as a probe for condensed matter studies is also conducted by the group. The
microscopic material dynamics and properties have been investigated through the deduced internal local fields and the spin relaxation
of RI and y probes based on various spectroscopies utilizing RI probes such as 8-NMR/NQR spectroscopy, Mossbauer spectroscopy,
y-ray time differential perturbed angular correlation (y-TDPAC) spectroscopy, and SR spectroscopy.

(5) Fundamental physics: Study of symmetry

The nuclear spins of stable and unstable isotopes sometimes play important roles in fundamental physics research. New ex-
perimental methods and devices have been developed for studies of the violation of time reversal symmetry (7-violation) using
spin-polarized nuclei. These experiments aim to detect the small frequency shift in the spin precession arising from new mechanisms
beyond the Standard Model.
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