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The laboratory conducts studies covering nuclear
physics, solid state physics/chemistry, and fundamental in-
teractions, through the observation of nuclear spin, elec-
tromagnetic moments, and 3 and - decays. Specifically,
structures and interactions in nuclei in the regions far
from the 3 stability line are studied through the observa-
tion of ground- and excited-state properties such as mag-
netic moments, electric quadrupole moments and decay
characteristics. For the determination of magnetic mo-
ments and electric quadrupole moments, the asymmet-
ric/anisotropic emission of 3 or «y rays from spin-polarized/
aligned nuclei are utilized to detect nuclear magnetic reso-
nance or spin precession. The same methods, as well as the
Mossbauer technique, are also used for the investigation of
condensed matter such as ferromagnets, semiconductors,
systems with dilute magnetic impurities etc. by capital-
izing radioactive nuclei as microscopic probes into them.
Also, the laser-polarized stable/unstable nuclei are used
for fundamental interaction studies through high-precision
measurement of spin precession frequency. All these re-
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search activities are to be extended to a wide variety of
unstable nuclei which the forth-coming facility, RI Beam
Factory (RIBF), will provide. A method to produce ultra-
low energy beams of highly polarized radioactive nuclei,
taking full advantage of RIBF, is being developed.

1. Nuclear structure studies with radioactive
nuclear beams

(1) Magnetic-moment measurements of neutron-rich
sd-shell nuclei

Taking advantage of the S-NMR method with the spin-
polarized radioactive-isotope beams (RIBs) produced from
the projectile fragmentation reaction, the ground-state
magnetic moments for 3°Al and 3?Al were measured. Po-
larizations of sizes |P| = 0.5-1% were obtained in spite of
the large numbers of nucleons that are removed from the
projectile *°Ar at E = 954 MeV, providing a promising
prospect that substantial polarizations will be obtained
even in fragment nuclei that are far removed from the
projectile nucleus. The experiment was carried out us-
ing the RIKEN projectile-fragment separator (RIPS). In
the measurement, the spin-polarized RIBs were implanted
into a single-crystal corundum (a-AlzO3), whose temper-
ature was maintained below 100 K in order to preserve the
spin polarization. In this stopper system, the quadrupolar
splitting in the crystal sample was avoided by employing
a “magic-angle” technique. The obtained magnetic mo-
ments of 3°Al and 32Al were reproduced well by the shell
model calculations with the USD interaction, indicating
that these nuclei have the normal shell structure with a
large gap energy between the sd and pf shells. The 32Al
moment was found to be in sharp contrast with the mag-
netic moments of ' Mg and *°Na which significantly devi-
ate from the shell model predictions. The result suggests
that, in the N = 19 isotones, 32Al is located on the border
of the “island of inversion”. The magnetic moment mea-
surement was also performed for another N = 19 isotone
33Gi. Experiments for other neutron-rich sd-shell isotopes
337355j and Mg are under preparation. In order to inves-
tigate the nuclear deformation which is highly sensitive to
the evolution of shell structure around the “island of inver-
sion”, we are planning to measure the electric quadrupole
moments of 3°Al and 32Al.

(2) Study of the transient-field at high velocities for
the g-factor measurement of short-lived excited states in
unstable nuclei

The transient field (TF) method, which utilizes a strong
magnetic field acting on an ion in passage through a mag-
netized foil, is useful for the determination of the mag-
netic moments for short-lived excited states of nuclei. In
order to measure the strength Brp of TF for ion veloci-
ties higher than Zvg, an experiment was carried out with
an E = 7.5AMeV ?*Mg beam from the AVF cyclotron.
Here Z and vy denote the atomic number and the Bohr
velocity, respectively. From the «-ray spectra obtained for
the de-excitation from the I™ = 2T first excited state at
E,; = 1.369MeV, a preliminary value Brrp = 1.2 + 2KkT
was obtained for a **Mg ion traversing a Gd + Au two-
layer foil. The present Brr value is substantially smaller
than that suggested by a simple extrapolation from the
lower velocity data, and well conforms with a recently pro-
posed model, with which a rather constant or even increas-
ing trend of Brr is predicted with velocity v in the region
v S VA4 0.

2. Development of spin-polarized low-energy RI
beams
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See, pages in Microscopic approach in this report.

3. Materials structure studies with RI beams

(1) Applications of RI beams to condensed matter stud-
ies

See, pages in Application of atoms and nuclei in this
report.

(2) Hyperfine interactions in an impurity N atom in
Type Ib diamond

The nitrogen-vacancy (N-V) center, a complex formed
by an impurity nitrogen atom and a vacancy in its nearest
neighbor, is known to emit a very luminous light (108 pho-
tons/s/center) when illuminated by a laser light. Its spin-
triplet ground state S = 1 is reported to be polarized by an
optical pumping effect. Taking advantage of the high lumi-
nosity and polarizability the electronic spin, and hence the
N nuclear spin, of an N-V center is expected to be singly
detectable. Thus, the "N nuclear spin (I = 1/2) in an
N-V center would be a promising candidate for a nuclear
spin quantum bit (qubit). In order to investigate the mech-
anism of the optical pumping and to establish a method
to detect and manipulate a single spin, diamond samples
containing N-V centers were prepared by irradiating type-
Ib diamonds with a 2-MeV electron beam and annealing
them at 900°C. They were illuminated with a 514 nm light
from an Ar laser, and an eminent peak of the 637 nm zero-
phonon line of the N-V centers was observed. Then, the
sample was irradiated with a 9.4154 GHz microwave under
a static magnetic field By along the [111] direction, with
the laser illumination and the luminescence light detection
kept running. As a result, a 2% decrease in the lumines-
cence intensity was observed at By = 235.8 £ 0.3mT and
439.2 + 0.3mT, indicating clearly the occurrence of the
Ms=0— +1and Ms =0 — —1 electron spin resonances
(ESR) in the N-V center. The result shows that the ESR
of the N-V center can be detected with its luminescence as
an index, and the N-V spins are polarized by the optical
pumping.

4. Fundamental symmetry studies with spin-
polarized nuclei

The development of a low-frequency nuclear spin maser
with 12°Xe for application to the search for a permanent
electric dipole moment (EDM) is in progress. In this year
a solenoidal magnet was designed and constructed to pro-
duce a low, highly homogeneous magnetic field. A high-
stability current source for the solenoid was newly con-
structed. In the previous investigation the major source of
the frequency fluctuation in a spin maser was traced to be
a fluctuation in the solenoid field, which turned out to have
originated from a current source in the previous setup with
a nominal current stability of 10™*. The newly developed
current source includes a low noise battery as the voltage
reference, and a stability of 10~® has been confirmed with a
precision ammeter. This corresponds to a field fluctuation
of a 10nG order. We have also developed a high-sensitivity
magnetometer to detect field fluctuations. This technique
is quite important for an EDM experiment. The magne-
tometer utilizes the magneto-optical rotation effect in Rb
atoms for a linearly polarized light beam at resonance. A
frequency stabilization system of a single mode diode laser
and a detection system for a small-angle optical rotation
have been constructed. The presently attained sensitivity
of the magnetometer is on the order of 10 uG. We plan to
introduce an anti-relaxation coating on the inner surface
of the Rb sample cell, by which a substantial improvement
in the sensitivity is expected.
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Also, we are preparing for a measurement of a 22°Fr
atomic EDM with a new method which takes advantage of
a spin echo effect. The construction of a diode laser system
with an external cavity of Littrow-type, to excite and cool
an atomic beam of %Li for the co-magnetometry, has been
completed. Excitations of °Li and “Li atoms have been
realized with the laser system. In order to prolong the
spin coherence time for a high-precision measurement of
EDM, an electromagnet for the Zeeman deceleration of the
SLi atomic beam was designed and fabricated. It consists
of several solenoids such as a profile coil generating an
inhomogeneous field, and bias and extraction coils, thus
enabling the thermal °Li atomic beam to be decelerated
down to a velocity around 100 m/s.
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