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2. RI Beam Factory
2.1. Overview

Encouraged by the success of research using the fast RI beams, the RI Beam Fac-
tory (RIBF) project was planned. The RIBF new facility consist of three cyclotrons,
the fixed-frequency Ring Cyclotron (fRC) with K=570 MeV, Intermediate stage
Ring Cyclotron (IRC) with K=980 MeV, and Superconducting Ring Cyclotron
(SRC) with K=2600 MeV, which successively boosts the beam energy up to 345
MeV /nucleon.!® The 16 MV variable-frequency linear accelerator (RILAC) and
four-sector ring cyclotron (RIKEN Ring Cyclotron, RRC) with K=540 MeV, which
have been in operation since 1987, are used as their injectors. A schematic view of
the facility is shown in Fig. 1.

To provide intense beams the new RIBF accelerators, several improvements have
been made around the injector RILAC. Thus, intense ions at several MeV /nucleon
energies became available. In 2004, the first event indicating the production of the
isotope 278113 by the 2°°Bi(7°Zn,n) fusion reaction has been observed.'# The beams
have been used also for various applications to nuclear chemistry, bio and medical
science, and materials science.
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Fig. 2. Nuclear chart covered by the RIBF. The thick solid curves indicate the limit of RI pro-
ductions of 1 particle per day with 1 puA primary beam intensity.

RI beams are produced via the projectile fragmentation of heavy ions or in-flight
fission of uranium ions by a superconducting fragment separator BigRIPS'® shown
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in Fig. 3. It consists of fourteen magnets of superconducting quadrupole triplets and
six room-temperature dipoles magnets. Separation of reaction products is made by
a two-stage separation scheme. The first stage serves to produce and separate RI
beams with a wedge-shaped degrader inserted at the momentum-dispersive focus F1.
The second-stage identifies RI beam species event-by-event and tags the secondary
beam that still contains various different ions. The horizontal and vertical angular
acceptances are designed respectively to 80 mrad 100 mrad vertically, while the
momentum acceptance is 6%. These angular and momentum acceptances enable
one to collect about half of the fission fragments produced by a 350 MeV /nucleon
uranium beam. With the goal intensity of the primary beams, 1 puA for ions up
to uranium, the RI beam yield estimated by the code EPAX2'6 is shown in Fig. 2.
For example, the intensities of the doubly magic nuclei "®Ni, 32Sn and '°°Sn are
expected to be 10, 100 and 1 particles/s, respectively, encouraging detailed studies
of nuclei far from the stability valley. Most of the expected path of the r-process
nucleosynthesis can be reached with the intensity higher than one particle per day.

The Zero Degree spectrometer (ZDS), also shown in Fig. 3, analyzes secondary
reaction products emitted in the beam direction. Its typical use is for y-ray measure-
ments in coincidence with fast-moving excited nuclei. The ZDS is used to identify
the reaction product. For other applications, such as [-decay measurements with
stopped RlIs, the ZDS is also useful.
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Fig. 3. Plan view of the Big RIPS and Zero Degree spectrometer together with the two cyclotrons
IRC and SRC of the RIBF accelerate complex.

2.2. Status of RIBF

The parts completed so far are the cyclotron complex, the Big RIPS, and the
Zero Degree spectrometer. After the first extraction of the primary beam of 345
MeV /nucleon 27 AI'%F | on December 28 in 2006, the accelerators have been tuned,
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and 238U ions were successfully accelerated in Mar. 2007.
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Fig. 4. Yield distribution for the atomic number Z=46 obtained by the in-flight fission on uranium
beams with the energy of 345 MeV /nucleon.. The arrow indicates the peak position for the new
isotope 125Pd.

Commissioning of RI beam production started in March and the first attempt
of new-isotope production'” was performed with a 345 MeV /nucleon 2*3U8+ beam
delivered to a beryllium production target of 7mm thick. The parameters of the
BigRIPS were matched to neutron-rich fission products with the atomic number
around 50. The atomic number Z and the mass-to-charge ratio A/Q were obtained
event-by-event by measuring the velocity (or time-of-flight), energy loss, total en-
ergy, and magnetic rigidity using beam-line counters. The yield for Z=46 (palla-
dium) is plotted as a function of A/Q in Fig. 4. Observed double peak structures
are due to the mixture of ions not fully stripped. A peak corresponding to the
new isotope '2°Pd, indicated by the arrow, is clearly seen with a good statistics,
and some indication for 126Pd is also seen. The data were taken with the primary
beam current of 4x107 particle/sec on an average, which is about 10~° of the goal
intensity, 1 particle pA, and the data acquisition time is about one-day. This indi-
cates high potential of the Big RIPS separator coupled with the RIBF accelerator
complex, and future possibility in accessing a large amount of unknown unstable
nuclei is foreseen. Since the RI beam intensities achieved so far is not enough for
secondary reaction studies, various efforts are on-going including the improvement
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of the beam transmission in every stage of the accelerator complex. The use of the
48Ca and 3Kr beams is currently assumed for the first series of experiments.

2.3. Planned Experimental Installations

Besides experimental studies in the first periods using the Big RIPS and the Zero
Degree Spectrometer, the nuclear-physics and nuclear-astrophysics programs in the
RIBF includes construction of various kinds of new apparatuses.

The SHARAQ spectrometer'® is of a QQ-D-Q-D configuration. By employing
dispersion-matching optics with a specially designed beam line from the BigRIPS,
the momentum resolution of 15,000 will be achieved. The SHARAQ spectrometer
is under construction and will be commissioned in 2008.

The SLOWRI' aims at conducting various experiments using slow RI beams.
Fast secondary beams from the Big RIPS will be efficiently stopped and extracted
by a gas-catcher system with the RF ion-guide technique.

The SAMURALI is a spectrometer with a large solid angle and a large momentum
acceptance dedicated to particle-correlation studies. It is of a QQQ-D configuration,
where the dipole (D) is a superconducting magnet with 6.7 Tm rigidity. The large
gap of 80 cm is useful for measurements of projectile-rapidity neutrons.

The system for electron-RI scattering experiments employs a Self-Confining Ra-
dioactive Ton Target (SCRIT??). RI ions are transversely confined by the attractive
force caused by the electron beam itself. A mirror potential is applied externally
to achieve longitudinal confinement. Test experiments to examine the confinement
mechanism are successfully made at an existing electron ring.

The rare RI mass ring?! is to measure the mass of rarely produced (1 particle per
day, for example) exotic nuclides in 10~% accuracy. Each ion is injected individually
to the ring by a trigger signal provided from a counter in the Big RIPS. The ring
is tuned to achieve the isochronous condition, and a time-of-flight of the ion in the
ring is measured.

To allow for running an RI-beam based experiment and a super heavy element
search simultaneously, construction of a new injector?? is being considered. Another
possibility to extend the research opportunity is to build a beam line that brings
back the IRC beam to the RIPS separator. Various nuclear moment studies and
condensed matter research are planned.

3. Summary

The RIKEN RI Beam Factory (RIBF), one of the new-generation facilities for beams
of unstable nuclei, has started its operation. RI-beams are produced by the RIBF
cyclotron complex coupled with the superconducting RI beam separator Big RIPS.
Their potential was demonstrated by production of the new isotope '2°Pd. When
the RIBF reaches to its full performance, almost all nuclides along the r-process
nuclear synthesis can be created and experimentally studied. Continuous attempts
to improve the primary beam intensity together with construction of various exper-
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imental equipments will open a new domain of nuclear physics, and will create a
new view on atomic nucleus as well as on the element genesis in the universe, in-
corporated with the world efforts for realizing RI-beam facilities being constructed
or planned.
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