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The researches on Nuclear Physics, Nuclear Astro-
physics, and Atomic Spectroscopy are the main subject
of the laboratory. We have been using RIKEN Ring Cy-
clotron as home facility for these purpose. We have also
been using the high-energy heavy-ion facility at GSI in
Germany.

We have discovered many new properties in unstable
nuclei such as, neutron halo, neutron skin, and new magic
numbers. These studies opened a new direction in nu-
clear structure studies. In addition, we have discovered ex-
tremely exotic nuclei such as ‘°He and °H. In astrophysics,
we contributed for understanding the big-bang nucleosyn-
thesis through reaction of unstable nuclei. Recently we
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have started the study of heavy-element synthesis. We are
also working on the laser spectroscopy of unstable isotopic
atoms.

1. Studies of nuclear structure using RI beams

We have invented the production method of RI beams
from high-energy heavy-ions and developed the method for
study of unstable nuclei. Using this method we have been
continuing studies of neutron halo and neutron skin. These
new properties turn out to be general for proton-neutron
asymmetric nuclei and an important base for building more
general theory of nuclei.

In addition to the discovery of 1°He and °H we made a
few years ago, we have discovered “H nucleus, which has
the largest neutron to proton ratio among all known nuclei.
It is expected to provide important information of neutron
matter.

We continue to study radii and density distributions
of short-lived nuclei. Recent data of proton-rich Ar iso-
topes indicate a formation of proton skin. This is the first
confirmation of a proton skin.

We have studied more on the new magic numbers
N = 6,16,32, which we have discovered last year, and
found that the tensor force and spin-isospin interactions
play important role.

2. Studies on nuclear astrophysics

Heavy elements up to uranium are considered to be
produced by the R-process. However most of nuclides, that
play important role in the process, are not even synthesized
in laboratories. The RIBF, which is under construction
in RIKEN, is expected to produce such nuclides in near
future. We have constructed a system to produce, identify,
and measure half-life of such a nuclide. We have tested the
system at the present facility and succeeded to measure
half-lives of neutron-rich nuclei. At the same time we have
identified several new isotopes.

We have also developed and constructed a mass spec-
trometer with multi-reflective time-of-flight method. It has
been tested to have mass resolution of 10~° using stable
nuclei. Now we are proceeding to connect this mass spec-
trometer to RI beam separator.

Theoretically we are developing a relativistic mean field
model for nuclear structure and nuclear astrophysics. A re-
cent interest is the inclusion of pion field explicitly in the
model. Pions play important role in tensor interactions
and spin-orbit interactions and thus important for under-
standing whole range of nuclei.

3. Study of stable and unstable nuclei by laser
spectroscopy

The laser spectroscopy provides a tool to detect a spe-
cific electric state by selective excitation. Using this ad-
vantage, we are developing the spectroscopy of atoms in
liquid He. In this method we plan to implant unstable
nuclei into liquid He and put a laser beam to make spec-
troscopy. The emission of light after the laser irradiation
has been observed in an off-line experiment.

Research Subjects and Menbers of RI Beam
Science Laboratory

1. Studies of nuclear structure using RI Beams
2. Studies on nuclear astrophysics
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3. Study of stable and unstable nuclei by laser spec-
troscopy
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