
































































































































































































































































































































































































































































































































































































































































































































































 
(4) Numerical simulation of strongly-coupled QCD 
 
1)  Transport coefficients of causal dissipative relativistic hydrodynamics in quenched lattice 
simulations 
Transport coefficients of causal dissipative relativistic fluid dynamics (CDR) were studied in 
quenched lattice simulations. CDR describes the behavior of relativistic non-Newtonian fluids 
in which the relaxation time appears as a new transport coefficient besides the shear and bulk 
viscosities. We studied the transport coefficients with lattice simulations in pure SU(3) gauge 
theory. After defining the energy-momentum tensor on the lattice, we extracted a ratio of the 
shear viscosity to the relaxation time which is given only in terms of the static correlation 
functions.  
 
2) Hadron properties at finite temperature and density with two-flavor Wilson fermions 
Meson properties at finite temperature and density were studied in lattice QCD simulations 
with two-flavor Wilson fermions. For this purpose, we investigate screening masses of mesons 
in pseudo-scalar (PS) and vector (V) channels. We found that the temperature dependence of 
the screening masses normalized by temperature, shows notable structure, and approach 2π at 
high temperature in both channels, which is consistent with twice the thermal mass of a free 
quark in high temperature limit.  
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1. Abstract 
Nucleons, such as protons and neutrons, are a bound state of constituent quarks glued together with 
gluons. The detail structure of nucleons, however, is not well understood yet. Especially the 
mechanism to build up the spin of proton, which is 1/2, is a major problem in physics of the strong 
force. The research goal of Radiation Laboratory is to solve this fundamental question using the 
world first polarized-proton collider, realized at RHIC in Brookhaven National Laboratory (BNL) in 
USA. RHIC stands for Relativistic Heavy Ion Collider, aiming also to create Quark Gluon Plasma, 
the state of Universe just after the Big Bang. RIKEN-BNL Research Center (RBRC) directed by N. 
Samios carries our core team at BNL for those exciting researches using the PHENIX detector. We 
have found that the proton spin carried by gluons is indeed small, which is a very striking finding 
beyond our expectations. Recently we successfully identified W boson in the electron/positron decay 
channel, with which we established the method to determine how much anti-quarks carry the proton 
spin. Other than the activities at RHIC we are preparing new experiments at SPring-8, J-PARC and 
Fermilab to study the nature of hadron. We are also performing technical developments such as novel 
ion sources, fine pitch pixel detectors and neutron optical devices. 
 
2. Major Research subjects 
1) Spin physics with relativistic polarized-proton collisions at RHIC  
2) Study of nuclear matter at high temperature and/or at high density  
3) Technical developments on radiation detectors and accelerators  
 
3. Summary of Research Activity 
（1） Experimental study of spin structure of proton using RHIC polarized proton collider  

[See also RIKEN-BNL Research Center Experimental Group for the activities at BNL]  
To study orbital motions of quarks and gluons in the proton, one of the key measurements is the 
Drell-Yan process(quark-antiquark annihilation) with a polarized beam or target. We are 
considering to perform such measurements with the PHENIX detector and/or with a new 
internal-target experiment at RHIC. As a pilot some of us are participating in the 
Fermilab-E906/SeaQuest experiment which measures muon pairs from Drell-Yan process using 
a 120-GeV unpolarized proton at Fermilab. One of the goals of the experiment is to reconfirm 
the flavor asymmetry of the antiquark distributions. This asymmetry can be related with the 
proton spin carried by antiquarks. 

（2） Experimental study of quark-gluon plasma using RHIC heavy ion collider  
[See also RIKEN-BNL Research Center Experimental Group for the activities at BNL] 
In Wako we are operating a cluster computer system specialized to analyze huge data sets taken 
with the PHENIX detector. We have introduced a new type of cluster consisting of 18 nodes 
each of which has two quad-core CPUs and 10 sets of 1TB local disk for data repository. This 
configuration ensures fastest disk I/O when the jobs are assigned to the nodes where the required 
data sets are stored. The new system has in total 144 CPU cores and 180 TB disks, and can 
analyze 150 TB data within 9 hours, which is roughly 10 times faster than the usual scheme with 
a common data storage accessed from many nodes. It is also important that this scheme doesn't 
require expensive RAID system and network. Through this development we have established a 
fast and cost-effective solution in analyzing massive data. 

- 324 -



（3） Study of properties of mesons and exotic hadrons with domestic accelerators  
Preparation of the experiment E16 at J-PARC 50-GeV PS is underway with the Grant -in-Aid  
for Scientific Research on Innovative Areas (MEXT, No. 21105004) .  The experiment aims to 
perform the systematic study of the mass modification of low-mass vector mesons in nuclei to 
explore the chiral symmetry in nuclear matter, i.e. the mechanism to create the mass. Gas 
Electron Multiplier (GEM) tracker and hadron-blind Cherenkov detector (HBD) are being 
developed for the experiment. Large GEM foils (30cm x 30cm, one of the largest in the world) 
for the tracker were developed and exhibited the position resolution of 0.1mm as required by the 
experiment. Another key element, GEM foil coated with CsI photocathode, for the HBD was 
also developed and the required photo-electron efficiency is almost achieved on the test bench 
and to be proven using a beam.  The spectrometer construction is to be completed by the end of 
JFY 2012, to start detector commissioning with a primary beam at J-PARC. 

（4） Detector development for PHENIX experiment 
After 7 years of hard work, we finally completed and installed the silicon vertex tracker (VTX) 
into the PHENIX detector at RHIC on December 2010.  It will enhance physics capability of 
the PHENIX by identifying charm and bottom quarks separately and by enlarging the acceptance 
for charged particles.  Nobel pixel and stripixel technologies are introduced and the 
construction was accomplished by the proponents from Radiation Laboratory, the RIBF Detector 
team, RIKEN-BNL Research Center and other collaborating institutes. 
We have also completed the momentum-sensitive trigger system for the PHENIX forward muon 
arms under the collaboration with KEK, Kyoto and Rikkyo University. Together with the 
newly-installed resistive plate chambers and the hadron absorbers, the new trigger system is 
about operational to indentify muons from W boson decays. 

（5） Neutron optics 
Cold or thermal neutron beam is a high-sensitivity probe to study not only the structure of 
condensed matter, but also fundamental physics. We have successfully observed interference of 
67% with an interferometer using multilayer mirrors. Complete separation of the two paths of 
epithermal neutron is achieved for the first time. This device will be useful for tests of quantum 
mechanics and other fundamental physics.  
We are also developing a new method to see an internal structure of a bulk by the differential 
phase image with neutrons. Using two neutron absorption gratings, we have demonstrated a 
crack in acrylic plate is observable. 

（6）  Development of beam source 
Under the collaboration with BNL, we are developing a laser ion source (LIS) to produce a high 
current heavy-ion beam, which is useful for the next generation accelerators. We have 
demonstrated the instantaneous intensity of more than 70 mA for highly charged carbon and 
aluminum beams. This is the highest current heavy ion beam produced by any methods. We also 
discovered that, using a week magnetic field to confine the expanding laser plasma, the beam 
pulse length can be extended up to 4 micro seconds with keeping the same peak current.  The 
number of accelerated carbon ions reached more than 1011 per single laser shot. 
At Wako, the development of a next-generation electron beam source is underway using the 
novel photocathode based on a super-lattice semiconductor with a negative electron affinity 
(NEA) surface. We optimized GaAs/AlGaAs super-lattice based on theoretical energy-band 
calculations, and observed high quantum yield and small beam emittance.  

（7） Theoretical study of hadron physics 
We have been performing the theoretical study of hadron physics more than 10 years. This year 
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such activity was transferred to newly established Mathematical Physics Laboratory (head: K. 
Hashimoto) to open a new horizon of theoretical QCD study. 
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1. Abstract 
Particles like muons, pions, and kaons have finite lifetimes, so they do not exist in 
natural nuclei or matters.  Implanting these particles into nuclei/matters, exotic 
phenomena in varieties of objects can be studied from a new point of view.   
 
Kaon is the second lightest meson which has strange-quark as a constituent quark.  It 
is expected that if one embed a kaon into nuclei, the sizes of the nuclei become smaller 
and forms a high density object beyond the normal nuclear density.  Study of this 
object could lead to better understanding of the origin of the mass of the matter, and 
may reveal the quark degree of freedom beyond the quark-confinement.  Those 
properties can be studied by precise heavy pionic atom research in different angle.  
The other example is the weak interaction in nuclear matter.  It can only be studied by 
the weak decay of hypernuclei, which have lambda particle in the nuclei.  
 
Muon provides even wider variety of study ranging from particle physics to condensed 
matter and life sciences.  For instance, stopping positively charged muon in a material, 
we obtain information on the magnetic properties or the local field at the trapped site.  
Injecting negatively charged muon to mixture of deuterium and tritium, muon attracts 
surrounding atoms and is known to cause d-t fusions.  
 
As is already clear, in our research we introduce different kind of impurities into 
nuclei/matters, and study new states of matter, new phenomena, or the object 
properties.  
 
2. Major Research Subjects 
(1) Study of meson property and interaction in nuclei 
(2) Origin of matter mass / quark degree of freedom in nuclei 
(3) Condensed matter and material studies with muon 
(4) Nuclear and particle physics studies via muon catalyzed fusion and ultra cold muon beam 
(5) Materials science using Mössbauer spectroscopy 
 
3. Summary of Research Activity 
Hadron physics at J-PARC and RIKEN-RIBF 
Kaon and pion will shed a new insight to the nuclear physics. The recent discovery of deeply 
bound pionic atom enables us to investigate the properties of mesons in nuclear matter. At 
RIKEN-RIBF, we are preparing precise experimental study of the pionic atom. We are 
intensively preparing another next generation kaon experiments (E15, E17 and E31) at 
J-PARC as day-one experiments. In these experiments, we are aiming at precise determination 
of the KN interaction, and clarify the nature of kaon in nuclei and Λ(1405). By these 
experiments, we aim to be a world-leading scientific research group using these light 
meta-stable particles. 
 

1) Deeply bound kaonic nuclei  
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 We have performed experimental exploration of theoretically predicted deeply bound 
kaonic nuclear states in 3He nucleus K-ppn and K-pnn. Akaishi and Yamazaki first 
calculated large binding energy and narrow width for the K-ppn state. One of the most 
interesting features of the kaonic nucleus is that the strong attraction of the kaon is 
expected to contract the surrounding nucleons resulting in extremely high density of 
several times larger than normal nuclear density. Measurement of the kaon properties at 
such high energy density will provide precious information on the origin of hadron masses 
and the chiral symmetry breaking and its partial restoration. 
The experimental principle adopted uses stopped K- on suprefluid helium target, and we 
focus on emitted nucleon momenta measurement by Time-of-Flight (TOF) method. The 
last orbit of kaonic 4He atom is 2p and the branching ratio from the last orbit to the nuclear 
kaon bound state accompanied with a nucleon emission was estimated to be 1 % at 
minimum.  
The exploration was performed from 2002/September till 2005/December as series of 
experiments at the KEK-PS (E471, E549, E570) with almost common experimental setup. 
The obtained spectral shape was rather smooth and elaborate analysis showed uppper limit 
of the kaonic nucleus formation for both K-ppn and K-pnn states. 
After the completion of above series of experiments, the KEK-PS was shut down to switch 
to a new facility J-PARC. Presently, we are preparing for an experiment to search for K-pp 
nuclear system at the K1.8BR beamline of the J-PARC. 
 
2) Deeply bound pionic atoms 
We have made precision spectroscopy of pionic lead and tin atoms, and extracted 
information on the in-medium interaction between pion and nucleus, which leads to the 
exclusive quantitative evaluation of the chiral symmetry restoration in the nuclear matter.  
Our collaboration which mainly consists of the RIKEN and the University of Tokyo group 
conducted throughout the experiments starting from R&D of pionic atom formation in 
nuclear reactions to its application to the precision spectroscopy.  
The experiment was carried out in GSI, Darmstadt. Our first discovery was pionic 2p state 
in the lead 207 nucleus where the negative pion is accommodated in a delicate balance 
between the Coulomb attraction and the strong repulsion. 
Following the discovery, we have performed experiments to measure 1s pionic lead 205 
and 115Sn, 119Sn and 123Sn isotopes.  
We have analyzed the experimental spectra elaborately and extracted in-medium isovector 
interaction between pion and nucleus. In combination with experimental information on 
the pionic hydrogen and deuterium which gives the interaction in vacuum, we have 
accomplished evalution of the in-medium interaction modification. The modification is 
originating in the partial restoration of the chiral symmetry in the nucleus, and we have 
quantitatively evaluated for the first time the reduction of the chiral order parameter in the 
nuclear matter to be 33 %, which is consistent with theoretical prediction of 30 %. 
Presently, we have been preparing for a sophisticated experimental setup of the pionic 
atom spectroscopy at the RIBF in the RIKEN. We expect about twice better experimental 
resolution with much smaller systematic errors. 
 
3) Precision X-ray measurement of kaonic atom  
Simultaneously with the above experiment (1), we have performed an X-ray spectroscopy 
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of atomic 3d 2p transition of negatively charged K mesons captured by helium atoms. 
Many Kaonic atoms are known to be measured with various elements, however, there are 
very large deviations in the measured energy levels for the helium (and the oxygen) from 
the systematic expectations. The deviation originates in technical issues in old experiments, 
and new and high precision data have been long awaited for. Also, wave functions of the 
Kaonic atoms are expected to reflect the information on the existence of the inner structure, 
namely deeply bound Kaonic states. As a result of the experiment, we have succeeded in 
performing the spectroscopy and achieved the shift of 2 2(stat.) 2(syst.) eV. The 
obtained results reject older data without any doubt, and the above deviation is dissolved. 
Presently, aiming at the determination of the level width and yield, we are analyzing the 
data. To clarify the KN interaction strength, we are preparing another x-ray measurement 
of the kaonic helium-3 atom, which is another day-one experiment at J-PARC. 
 

Muon science at RIKEN-RAL branch 
The research area ranges over particle physics to condensed matter studies and life science. 
Our core activities are based on the RIKEN-RAL Muon Facility located at the Rutherford 
Appleton Laboratory (UK), which provides intense pulsed-muon beam. We have variety of 
important research activities such as muon-catalyzed fusion (µCF) and condensed matter 
physics by muon spin rotation / relaxation / resonance (µSR).  
 
(A) Condensed matter/materials studies with µSR 
A new spectrometer named CHRONUS has been installed in Port-4 and commissioning works 
using real muon beam has also been completed to optimize the performance of the new 
spectrometer. The spectrometer has more than 600 detectors to minimize the counting loss and 
maximize the performance to measure tiny samples less than 20 mg. A platform of the Port-4 
area is now being installed and will be completed after the summer time in 2011. After the 
completion of the Port-4 area, parallel experiment at both Port-2 and Port-4 will be planned.  
There are three topics of material sciences studied by the muon-spin relaxation method at  
the RIKEN-RAL Muon facility in 2010. 

1) Coherent soft-mode motion in a bond-disordered quantum spin system has been clarified 
from longitudinal-field µSR experiments. A shift of the spectral density of the spin 
fluctuations toward the low-frequency side was observed with decreasing temperature. It 
was shown from this result that the Bose-Einstein condensation of  excited spin 
fluctuations at zero-degree is expected in quantum-spin systems.  
2) A line node in the superconducting gap in the Fe-based superconducting oxide, KFe2As2, 
has been clarified. A change of a full-gap state to a nodal-gap state with changing the 
carrier concentration has been suggested. 
3) A gapless state of the quantum spin-liquid state has been suggested to appear as the 
ground state of EtMe3Sb[Pd(dmit)2]2 organic magnet. This result would suggest the 
appearance of a resonating valence bond state caused by an ideal triangular crystal structure.   

(B) Nuclear and particle physics studies via muon catalyzed fusion and ultra cold muon beam 
1) Muon catalyzed fusion (µCF) 
 We are studying the muon catalyzed fusion (µCF) processes in a wide range of hydrogen 
target conditions such as isotope mixtures and temperatures. This year the construction of a 
high pressure target was complete. We are testing the condition to keep D2 target in solid 
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state up to 30 K, thus we will be able to study µCF in high density and high temperature 
solid target, where the µCF is expected to occur much faster than in liquid.   
 
2) Generation of ultra slow positive muon beam 

Low energy muon beam, whose kinetic energy is variable from a few keV to a few tens 
of keV, will extend the scope of µSR technique from a bulk material to surfaces and 
multi-layered materials. It is also expected that a very sharp beam of low energy muon 
may enable a new way of precision measurement of muon's anomalous gyro-magnetic 
ratio (g-2). Following the successful generation of slow muon beam by laser ionization of 
thermally emitted muonium in vacuum, we plan to increase the slow muon beam intensity 
by more than 100 times. For this purpose, works are in progress on construction of a new 
intense laser system, search of materials for efficient muonium emission at room 
temperature, and design of new slow muon microscope optics. The new laser system was 
manufactured except the final amplifier. We successfully measured the muonium emission 
from material surface of silica aerogel in collaboration with TRIUMF.  

 
Mössbauer spectroscopy at RIKEN-RIBF, HIMAC and CERN-ISOLDE 
57Fe Mössbauer spectroscopy following ion implantation of radioactive 57Mn (T1/2 = 1.45 min) 
has been applied to investigate the atomic jump processes of Fe impurity in semiconductors. 
57Mn is one of the useful nuclear probes to study the dynamic behavior and chemical states of 
dilute Fe atoms in solid. Iron impurities are known to degrade seriously electronic properties of 
silicon-based devices as well as solar cells. Generally, Fe atoms are thought to occupy only on 
interstitial sites in Si leading to a fast diffusion. In addition, substitutional Fe atoms were not 
found experimentally by standard evaluation techniques. Our investigation is to clarify the 
impurity diffusion of Fe atoms and the formation processes of “substitutional Fe atoms” in Si 
at high temperatures. 
57Mn implantation Mössbauer spectra from 800 K to 1200 K can be analyzed only by a broad 
singlet. The area intensities decreased with increasing temperatures, as explained by Debye 
model. The intensities suddenly decreased at 1000 K, but recovered again at 1100 K. 
The relaxation behaviors observed in the present experiment can be interpreted in terms of a 
diffusion-reaction process of interstitial Fe atoms with vacancies within the time scale of 100 
ns, leading to the formation of substitutional Fe atoms in the Si matrix. The process must be 
related to the recovery processes from non-equilibrium to the equilibrium states of the Si 
lattice around the 57Fe nuclear probes. 
57Mn implantation Mössbauer studies were performed to study the defect formations induced 
by Fe/Mn implantation in ZnO, Al2O3, and MgO. These are attracting attention as dilute 
magnetic semiconductors. In the case of ZnO, the formation of Fe3+–vacancy complexes is 
found to depend strongly on the implanted dose and to be faster and more efficient at higher 
temperatures. The results at these temperatures suggest the mobility of the Zn vacancy, 
together with vacancy trapping at the substitutional Mn/Fe impurities are responsible for the 
formation of Fe–VZn complexes. These experiments were carried out at CERN-ISOLDE and 
HIMAC. 
The detection system for 57Mn implantation Mössbauer studies was improved by using an 
anticoincidence method where a thin plastic scintillation counter was set between the detector 
and a sample in order to reject the β-rays from 57Mn. The Mössbauer spectrum with sufficient 
signal-to-noise (S/N) ratio that is about 20 times higher than that in previous measurements 
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was successfully obtained. 
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1. Abstract 
   The RIKEN BNL Research Center (RBRC) was established in April 1997 at Brookhaven 
National Laboratory in New York, USA. The Center is dedicated to study of strong interactions, 
including hard QCD/spin physics, lattice QCD and RHIC physics through nurturing of a new 
generation of young physicists.  The Theory Group activities  are closely and intimately 
related to those of the Nuclear Theory, High Energy Theory and Lattice Gauge Theory Groups 
at BNL. The RBRC theory group carries out research in three areas: numerical lattice QCD, 
perturbative QCD and phenomenological QCD.  It pioneered the use of the domain-wall 
fermion method in lattice QCD and has investigated various aspects of hadron physics including 
the calculation of neutral Kaon CP-violations that is relevant for checking the 
Cabibbo-Kobayashi-Maskawa theory. The perturbative QCD effort has developed various new 
methods required for studying hadron structures, especially in spin physics research. The group 
has pioneered phenomenological QCD researches of color superconductivity, isospin 
density,and small-x phenomena in extreme hadronic matters. 
 
2. Major Research Subjects 
(1) Perturbative QCD 
(2) Lattice QCD numerical research 
(3) Phenomenological QCD 
 
3. Summary of Research Activity 

The RIKENBNL Research Center (RBRC) was established in 1997 to support the RIKEN 
activities at RHIC in BNL, and also to promote theoretical studies related to RHIC, i.e. theories 
of strong interaction. The center’s first director was T. D. Lee (Columbia University), and in 
October 2003, the former director of BNL, N. P. Samios, succeeded to the post of director. The 
center consists of a theory group lead by L. Mclerran (BNL) and an experimental group lead by 
Y. Akiba of RIKEN. 

Research in the RBRC theory group focuses on a wide variety of phenomena caused by the 
strong interaction, one of the four fundamental interactions in nature. The strong interaction is 
described theoretically by Quantum Chromodynamics (QCD), and the research projects in the 
RBRC theory group aim to elucidate various phenomena brought about by the strong interaction 
from the principles of QCD. Major subjects of our research include studies (a) based on lattice 
QCD, (b) on spin physics based on perturbative QCD, and (c) on QCD in extreme conditions 
such as high temperature, high density or high energy. RBRC offers RHIC Physics Fellowships, 
allowing joint appointments with universities. These Fellowships enable a talented researcher to 
maintain a tenure track position at his/her university as well as a Fellow position at RBRC for a 
certain period of time. This system was established in order to increase the research potential of 
RBRC and to disseminate its research activities and results.  

At present, RBRC has cooperative agreements with Arizona State University, the City 
University of New York, Pennsylvania State University, the State University of New York at 
Stony Brook, Texas A&M University, as well as with BNL and with Lawrence Berkeley 
National Laboratory. 
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(1) Lattice QCD 
   QCDOC (QCD on chip), a second-generation lattice-QCD computer, was developed in the 
collaboration amongst the RBRC group, Columbia University and IBM. Three units of such a 
machine with 10 teraflops computing power are in operation since 2005; two in BNL (RBRC 
and DOE) and one in Edinburgh (UK-QCD), and formed a world-wide strong collaboration for 
the lattice QCD studies.  Computations are also being performed on the IBM Blue Gene super 
computers located at ANL and BNL(NY Blue), on the the cluster computers at RIKEN(Japan), 
FNAL and JLAB. 
 Such computing power enables us to perform precise calculations with 3 quark flavors with 
proper handling on the chiral symmetry breaking. Several projects are ongoing: flavor physics 
for Kaon and B-meson, electro-magnetic properties of hadrons, proton decay, the nuclear force, 
nucleon form factors which relates to the proton spin problem, and QCD thermodynamics in 
finite temperature/density systems as is produced in RHIC heavy-ion collisions.  The third 
generation supercomputer for QCD research, QCDCQ (QCD with Chiral Quarks), a successor 
to the QCDOC computer, (200Tflops peak / rack) is planed to be installed by the end of 2011. 
The major breakthrough to the important problems such as the direct CP violating process (K 

 ,  ’/  ) will be address on this computer. 
 
(2) Perturbative QCD and spin physics 
  The ongoing RHIC spin experiments have motivated much of the parallel theoretical 
developments at RBRC.  In the area of transverse spin physics, novel predictions have been 
obtained for the single transverse-spin asymmetry in open charm production in pp collisions at 
RHIC. This asymmetry probes three gluon correlations in polarized proton.  In addition, 
radiative QCD corrections to single-spin observables were investigated, providing the relevant 
evolution equations.  Further work focused on hyperon production at RHIC, and on azimuthal 
asymmetries in the Drell-Yan process. 
 
In the spin and perturbative QCD program, a major contribution from the hadronization process 
to the single transverse spin asymmetry in inclusive hadron production was obtained, which is 
likely to explain the recent experimental anomaly between the eta and pi mesons.  In addition, 
the evolution and the universality properties of the so-called naive time-reversal odd 
fragmentation function has been obtained.  Other work includes the investigation of the 
universality properties of the unintegrated gluon distribution a small x . 
 
(3) Phenomenological QCD -- QCD under extreme conditions -- 
  To establish a detailed picture of relativistic heavy ion collisions, QCD-based theoretical 
approaches are in progress. Especially the idea of “color glass condensation (CGC)” can be a 
key to understand the initial condition of the heavy ion collision.  Other phenomenological 
approaches are in progress to understand the characteristics of strongly interacting quark gluon 
plasma. A recent effort has been initiated to understand heavy ion elliptic flow in term s of 
viscous hydrodynamics.  A new finite temperature effective field theory is being developed for 
the strongly interacting quark gluon plasma to explain the  suppression of sheer viscosity in the 
region of the phase transition. 
 

Efforts on RHIC phenomenology proceed on a broad front.  Recent efforts include 
improving hydrodynamic computations using state of the art equations of state derived from 
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lattice gauge theory.  Understanding the nature of matter at high baryon number density has 
generated the idea of Quarkyonic Matter, that may have implications for an upcoming low 
energy run at RHIC and eventual experiments in the future at FAIR and NICA.  An issue being 
studied is the nature of mass generation and the breaking of translational invariance.  A central 
focus of work at RBRC, the Color Glass Condensate and the Glasma, matter that controls the 
high energy limit of QCD, is being realized in experiments at RHIC.  A workshop held in May 
2010 summarized activity in this field, and proceedings will come out as a special edition of 
Nuclear Physics A.  Much activity focuses on the relation between observations at LHC and 
the implications made at RHIC. 
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machine with 10 teraflops computing power are in operation since 2005; two in BNL (RBRC 
and DOE) and one in Edinburgh (UK-QCD), and formed a world-wide strong collaboration for 
the lattice QCD studies.  Computations are also being performed on the IBM Blue Gene super 
computers located at ANL and BNL(NY Blue), on the the cluster computers at RIKEN(Japan), 
FNAL and JLAB. 
 Such computing power enables us to perform precise calculations with 3 quark flavors with 
proper handling on the chiral symmetry breaking. Several projects are ongoing: flavor physics 
for Kaon and B-meson, electro-magnetic properties of hadrons, proton decay, the nuclear force, 
nucleon form factors which relates to the proton spin problem, and QCD thermodynamics in 
finite temperature/density systems as is produced in RHIC heavy-ion collisions.  The third 
generation supercomputer for QCD research, QCDCQ (QCD with Chiral Quarks), a successor 
to the QCDOC computer, (200Tflops peak / rack) is planed to be installed by the end of 2011. 
The major breakthrough to the important problems such as the direct CP violating process (K 

 ,  ’/  ) will be address on this computer. 
 
(2) Perturbative QCD and spin physics 
  The ongoing RHIC spin experiments have motivated much of the parallel theoretical 
developments at RBRC.  In the area of transverse spin physics, novel predictions have been 
obtained for the single transverse-spin asymmetry in open charm production in pp collisions at 
RHIC. This asymmetry probes three gluon correlations in polarized proton.  In addition, 
radiative QCD corrections to single-spin observables were investigated, providing the relevant 
evolution equations.  Further work focused on hyperon production at RHIC, and on azimuthal 
asymmetries in the Drell-Yan process. 
 
In the spin and perturbative QCD program, a major contribution from the hadronization process 
to the single transverse spin asymmetry in inclusive hadron production was obtained, which is 
likely to explain the recent experimental anomaly between the eta and pi mesons.  In addition, 
the evolution and the universality properties of the so-called naive time-reversal odd 
fragmentation function has been obtained.  Other work includes the investigation of the 
universality properties of the unintegrated gluon distribution a small x . 
 
(3) Phenomenological QCD -- QCD under extreme conditions -- 
  To establish a detailed picture of relativistic heavy ion collisions, QCD-based theoretical 
approaches are in progress. Especially the idea of “color glass condensation (CGC)” can be a 
key to understand the initial condition of the heavy ion collision.  Other phenomenological 
approaches are in progress to understand the characteristics of strongly interacting quark gluon 
plasma. A recent effort has been initiated to understand heavy ion elliptic flow in term s of 
viscous hydrodynamics.  A new finite temperature effective field theory is being developed for 
the strongly interacting quark gluon plasma to explain the  suppression of sheer viscosity in the 
region of the phase transition. 
 

Efforts on RHIC phenomenology proceed on a broad front.  Recent efforts include 
improving hydrodynamic computations using state of the art equations of state derived from 
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1. Abstract 
RIKEN BNL Research Center (RBRC) Experimental Group studies the strong interactions (QCD) 
using RHIC accelerator at Brookhaven National Laboratory, the world first heavy ion collider and 
polarized p+p collider. We have three major activities: Spin Physics at RHIC, Heavy ion physics at 
RHIC, and detector upgrades of PHENIX experiment at RHIC.  
 We study the spin structure of the proton using the polarized proton-proton collisions at RHIC. 
This program has been promoted by RIKEN’s leadership. The first focus of the research is to 
measure the gluon spin contribution to the proton spin. Our recent data analysis has shown that the 
proton spin carried by the gluons is small, which is a very striking finding beyond our expectations. 
 The aim of Heavy ion physics at RHIC is to re-create Quark Gluon Plasma (QGP), the state of 
Universe just after the Big Bang. Two important discoveries, jet quenching effect and strong 
elliptic flows, have established that new state of dense matter is indeed produced in heavy ion 
collisions at RHIC. We are proceeding to understand the nature of the matter. Recently, we have 
measured direct photons in Au+Au collisions for 1<pT<3 GeV/c , where thermal radiation from hot 
QGP is expected to dominate. The comparison between the data and theory calculations indicates 
that the initial temperature of 300 MeV to 600 MeV is achieved. These values are well above the 
transition temperature to QGP, which is calculated to be approximately 170 MeV by lattice QCD 
calculations. 
 We has major roles in detector upgrades of PHENIX experiment, namely, the silicon vertex 
tracker (VTX) and muon trigger upgrades.  
 
2. Major Research Subjects 
(1) Experimental Studies of the Spin Structure of the Nucleon 
(2) Study of Quark-Gluon Plasma at RHIC 
(3) PHENIX detector upgrades 
 
3. Summary of Research Activity 

The RIKEN-BNL Research Center was established in 1997 to support the RIKEN activities at 
RHIC in BNL, and also to promote theoretical studies related to RHIC, i.e. theories of strong 
interaction. The center’s first director was T. D. Lee (Columbia University), and in October 2003, 
the former director of BNL, N.P. Samios, succeeded to the post of the director. The center consists 
of a theory group lead by L. Mclerran (BNL) and an experimental group lead by Y. Akiba, a vice 
chief scientist of RIKEN in Wako. 

We study the strong interactions (QCD) using the RHIC accelerator at Brookhaven National 
Laboratory, the world first heavy ion collider and polarized p+p collider. We have three major 
activities: Spin Physics at RHIC, Heavy ion physics at RHIC, and detector upgrades of PHENIX 
experiment.  

 
(1) Experimental study of spin structure of proton using RHIC polarized proton collider 

How is the spin of proton formed with 3 quarks and gluons? This is a very fundamental question 
in Quantum Chromodynamics (QCD), the theory of the strong nuclear forces. The RHIC Spin 
Project has been established as an international collaboration between RIKEN and Brookhaven 
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National Laboratory (BNL) to solve this problem by colliding two polarized protons for the first 
time in history. This project also has extended the physics capabilities of RHIC. 

The first goal of the RHIC spin physics program is to elucidate a contribution of the gluon spin in 
the proton spin. We have measured double-helicity asymmetries of neutral pions to study gluon 
polarization in proton. Our most recent publication from 2006 run have shown that the gluon 
polarization in the proton is small, and only about half of proton spin can be accounted by gluon 
spin in the measured region of gluon momentum in proton. The remaining part must be carried by 
gluons in lower momentum region where the measurement is not sensitive, and/or reside in the 
orbital-angular momentum of quarks and gluons. 

To finalize the smallness of the gluon-spin contribution, we need to measure double helicitiy 
asymmetry in direct photon production. This process is dominated by a single and the simplest 
process, gluon Compton scattering, in perturbative QCD, and is the golden channel to determine 
the gluon density and the gluon polarization in the proton. We published a paper on direct photon 
cross section in p+p collisions at RHIC. Preliminary results on double-helicity asymmetry of direct 
photon from the 2006 run have been obtained. 

We have also accumulating transversely-polarized proton collision data to measure single 
transverse-spin asymmetries of processes which are predicted to be sensitive to the orbital-angular 
momentum of quarks and gluons. In 2006 and 2008, PHENIX recorded 2.7/pb and 4.5/pb, 
respectively, of transversely-polarized proton collisions data at 200 GeV to investigate single 
transverse-spin asymmetries. Several transverse spin analyses of these high statistics data are on 
going. 
 The 2009 run of RHIC is a major spin run. We had the first 500 GeV p+p run and a long p+p run 
at 200 GeV. The main purpose of the 500 GeV run is to measure anit-quark polarization from the 
single longitudinal asymmetry AL in the W boson production. The 500 GeV part of RUN9 is an 
engineering run. The polarization is lower (~40%) than the 200 GeV run and the luminosity in the 5 
weeks of data taking period is rather limited, at about 14/pb recorded in PHENIX. Yet we have 
observed the first signal of We decays in p+p collisions in PHENIX central arm. We measured 
the production cross section of the W boson and a large spin asymmetry AL in the W production. 
These results have been recently published in Physical Review Letters. 

In addition to the study of polarized p+p collisions at RHIC, we study quark fragmentation 
function. With collaboration with the BELLE experiment at High Energy Accelerator Research 
Organization (KEK), we discovered that the spin direction of a quark can be determined from its 
hadronic fragments. Precise data of the quark fragmentation function can be used to understand the 
cross sections and the spin dependences of particle production in polarized p+p collisions at RHIC. 
We continue the study of the quark fragmentation function at BELLE. 
 
(2) Experimental study of Quark-Gluon Plasma using RHIC heavy-ion collider 
The goal of high energy heavy ion physics at RHIC is study of QCD in extreme conditions i.e. at 
very high temperature and at very high energy density. Experimental results from RHIC have 
established that dense partonic matter is formed in Au+Au collisions at RHIC. The matter is very 
dense and opaque, and it has almost no viscosity and behaves like a perfect fluid. These 
conclusions are primarily based on the following two discoveries: 

¥ Strong suppression of high transverse momentum hadrons in central Au+Au collisions (jet 
quenching) 

¥ Strong elliptic flow 
The focus of the research in heavy ion physics at RHIC is now to investigate the properties of the 
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matter. RBRC have played the leading roles in some of the most important results from PHENIX in 
the study of the matter properties. These include (1) measurements of heavy quark production from 
the single electrons from heavy flavor decay (2) measurements of J/ψ production (3) measurements 
of di-electron continuum and (4) measurements of direct photons. 

The most important recent result is the measurement of direct photons for 1<pT<5 GeV/c in p+p 
and Au+Au through their internal conversion to e+e- pairs. If the dense partonic matter formed at 
RHIC is thermalized, it should emit thermal photons. Observation of thermal photon is direct 
evidence of early thermalization, and we can determine the initial temperature of the matter. It is 
predicted that thermal photons from QGP phase is the dominant source of direct photons for 
1<pT<3 GeV/c at the RHIC energy. We measured the direct photon in this pT region from 
measurements of quasi-real virtual photons that decays into low-mass e+e- pairs.  Strong 
enhancement of direct photon yield in Au+Au over the scaled p+p data has been observed. Several 
hydrodynamical models can reproduce the central Au+A data within a factor of two. These models 
assume formation of a hot system with initial temperature of Tinit = 300 MeV to 600 MeV. This is 
the first measurement of initial temperature of quark gluon plasma formed at RHIC. These results 
are recently published in Physical Review Letters. 
 
(3) PHENIX detector upgrade 
The group has major roles in several PHENIX detector upgrades, namely, the silicon vertex tracker 
(VTX) and muon trigger upgrades.  

VTX is 4 layers of silicon tracker, jointly funded by RIKEN and the US DOE. The inner two 
layers are silicon pixel detectors and the outer two layers are silicon strip detectors. The detector 
has been completed in November 2010 and has been installed in PHENIX IR. With this new 
detector we can measure heavy quark (charm and bottom) production in p+p and heavy ion 
collisions. 

Muon trigger upgrades are needed for W mu measurement at 500 GeV. New trigger 
electronics (Muon Trigger FEE) have been installed in the muon arms. New muon trigger detectors 
based on RPC technology have been also installed. With these new trigger systems, we can start 
measuring the W production in forward and backward direction. 
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1. Abstract 
This laboratory explores exotic nuclear structures and dynamics in exotic nuclei that have 
never been investigated before, such as those with largely imbalanced proton and neutron 
numbers. Our aim is to develop new experimental techniques utilizing fast RI beams to 
discover new phenomena and properties in exotic nuclei. Another important subject is the 
equation-of-state in asymmetric nuclear matter, and its association with the origin of elements 
and with neutron stars. For instance, we are making attempts to the better understand 
underlying mechanism for exotic stability-enhancements of very neutron-rich fluorine isotopes, 
the large deformation of the nucleus Mg-34 with N=22 in spite of its vicinity to the N=20 
magic neutron number and anomalous collectivity in C-16. We are further extending these 
studies to medium- and heavy-mass regions by developing facilities, detectors and unique 
methods at RIBF, thereby leading on the challenging task to find new exotic phenomena. We 
also perform numerical simulations of nucleosynthesis under the environment of core-collapse 
supernovae, and moreover quest for footprints of supernovae and solar activities in the past, 
embedded in Antarctic ice core. 
 
2. Major Research Subjects 

(1) Study of structure and dynamics of exotic nuclei through developments of new 
tools in terms of reaction- and technique-based methodology 

(2) Research on EOS in asymmetric nuclear matter via heavy-ion induced reactions 
(3) Promotion of nuclear astrophysics in an interdisciplinary organization 
(4) Detector developments for spectroscopy and reaction studies 

 
3. Summary of Research Activity 
(1) Missing mass method 
Missing mass technique is promising for future radioactive isotope programs at RIBF. 
Detection of recoil particles from target is essential in excitation energy determination of 
particle unbound states without any assumption of particle- and gamma-decay processes, and 
also giving transfer angular momentum from the angular distribution measurement. We have 
developed a solid hydrogen target as well as a detector system called ESPRI for 
proton-(in)elastic scattering. In 2010, the ESPRI system was placed at GSI to measure proton 
elastic scattering from Ni isotopes. In addition, the first missing mass spectroscopy was 
performed at RIBF, where the start-of-art detector MUST2 was invited from France to 
investigate O-24 and its neighboring nuclei.  
(2)  In-beam gamma spectroscopy 
In the medium and heavy mass region explored at RIBF, collective natures of nuclei are one of 
important subjects, which are obtained through production and observation of high excited and 
high spin states. To populate such states, heavy-ion induced reactions such as fragmentation, 
fission are useful. So far, we have developed two-step fragmentation method as an efficient 
method to identify and populate excited states, and lifetime measurements to deduce transition 
strength. At the end of 2008, the first spectroscopy on nuclei island-of-inversion region was 
performed and the result on the first excited state in Ne-32 was published in PRL in 2009. At 
the end of 2009, the second campaign of in-beam gamma spectroscopy was organized and 
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backgrounds originating from atomic processes in heavy target were investigated. At the end 
of 2010, the island-of-inversion region was revisited and the region at N=28 was also 
investigated. A multitude of data via inelastic, nucleon knock-out, fragmentation channels 
were obtained. Analysis is now in progress. 
(3)  Decay spectroscopy 
Beta- and isomer-spectroscopy is an efficient method for studying nuclear structure, especially 
for non-yrast levels. We had accumulated experimental techniques at the RIPS facility to 
investigate nuclear structure in light mass region via beta-gamma and beta-p coincidence. 
Concerning the medium and heavy mass region available at RIBF, we have developed two 
position-sensitive active-stoppers to achieve low-background via position correlation; 
strip-silicon detectors and a cylindrical active stopper called CAITEN. At the end of 2009, the 
first decay spectroscopy on neutron-rich nuclei with A~100 was performed at the new facility 
of RIBF. Half-lives for 18 neutron-rich nuclei were determined for the first time, and the 
results were published in PRL, where we discussed in comparison with theoretical predictions 
as well as in terms of the r-process path. At the same time, the CAITEN detector was 
successfully tested with fragments produced with a Ca-48 beam.  
(4)  Equation-of-state via heavy-ion central collisions 
Equation-of-state in asymmetric nuclear matter is one of major subjects in physics of exotic 
nuclei. Concerning RIBF programs, a detector for pions produced in heavy-ion collisions is 
being tested at the HIMAC. In addition, a TPC for the SAMURAI spectrometer is being 
designed. 
(5)  Interdisciplinary study for nuclear astrophysics 
To understand the origin of elements beyond ion, interdisciplinary works are important in 
linking data from nuclear physics program. We are promoting simulation of nucleosynthesis in 
the r-process path, and investigation of Antarctic ice core to search for footprints of 
supernovae as well as solar activity in the past via mass spectrometer, to link data obtained 
from nuclear physics program. 
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1. Abstract 

The elements with their atomic number Z>103 are called as trans-actinide or superheavy 
elements.  The chemical properties of those elements have not yet been studied in detail.  
Those elements does not exist in nature therefore, they must be produced artificially for 
scientific studies.  In our laboratory, we have been studying the physical and chemical 
properties of the superheavy elements utilizing the accelerators in RIKEN and various 
methods of efficient production for the superheavy elements. 
 
2. Major Research Subjects 
(1) Search for new superheavy elements 
(2) Decay spectroscopy of the heaviest nuclei 
(3) Study of the chemical properties of the heaviest elements 
(4) Study of the reaction mechanism of the fusion process (theory) 
 
3. Summary of Research Activity 
(1) Searching for new elements 

To expand the periodic table of elements and the nuclear chart, we will search for new 
elements. 

(2)Spectroscopic study of the nucleus of heavy elements 
Using the high sensitivity system for detecting the heaviest element, we plan to perform a 
spectroscopic study of nuclei of the heavy elements. 

(3) Chemistry of superheavy elements 
Study of chemistry of the trans-actinide (superheavy element) has just started world-wide, 
making it a new frontier in the field of chemistry.  Relativistic effects in chemical 
property are predicted by many theoretical studies.  We will try to develop this new field. 

(4) Study of a reaction mechanism for fusion process 
 Superheavy elements have been produced by complete fusion reaction of two heavy nuclei.  
However, the reaction mechanism of the fusion process is still not well understood 
theoretically.  When we design an experiment to synthesize nuclei of the superheavy 
elements, we need to determine a beam-target combination and the most appropriate 
reaction energy.  This is when the theory becomes important.  We will try to develop a 
reaction theory useful in designing an experiment by collaborating with the theorists. 

 
 Head 
  Kosuke MORITA  
     
 Members 
  Hiromitsu HABA  
  Kouji MORIMOTO  
   
 Nishina Center Research Scientist 
  Daiya KAJI  
     
 Nishina Center Technical Scientist 

- 353 -



  Akira YONEDA  
   
 Postdoctoral Researcher 
  Hidetoshi KIKUNAGA (Osaka Univ.) 
   
 Contract Researcher 
  Yuki KUDOU  
  Kazutaka OHZEKI  
   
 Visiting Researcher 
  Tianheng HUANG 
   
 Visiting Technician 
  Yuichiro WAKITANI 
  Shinichi YAMAMOTO 
     
 Visiting Scientists 
  Kazuhiko AKIYAMA (Tokyo Metropolitan Univ.) 
  Masato ASAI (Japan Atomic Energy Agency) 
  Shin-ichi GOTO (Niigata Univ.) 
  Kentaro HIROSE (Tohoku Univ.) 
  Takatoshi ICHIKAWA (Yukawa Institute for Theotetical Physics, Kyoto Univ.)  
  Yoshitaka KASAMATU (Osaka Univ.) 
  Hisaaki KUDO (Fac. Sci., Niigata Univ.) 
  Yuichiro NAGAME (Japan Atomic Energy Agency) 
  Tsutomu OHTUKI (Tohoku Univ.) 
  Yasuji OURA 
  Minoru SAKAMA (Tokushima Univ.) 
  Nozomi SATO (Japan Atomic Energy Agency) 
  Tetsuya SATO (Japan Atomic Energy Agency) 
  Atsushi SHINOHARA (Osaka Univ.) 
  Keisuke SUEKI (Grad. Sch. Pure Appl. Sci., Univ. Tsukuba) 
  Koichi TAKAMIYA (Kyoto Univ Research Reactor Institute) 
  Fuyuki TOKANAI (Dept. Phys., Yamagata Univ.) 
  Atsushi TOYOSHIMA (Japan Atomic Energy Agency) 
  Kazuaki TSUKADA (Japan Atomic Energy Agency) 
  Akihiko YOKOYAMA (Dept. Chemi., Kanazawa Univ.) 
  Takashi YOSHIMURA (Osaka Univ.) 
     
 Research Consultants 
  Kenji KATORI  
  Toru NOMURA  
     
 Students 
 Junior Research Associate 
  Takayuki SUMITA (Tokyo Univ. of Science) 

- 354 -



   
 Student Trainees 
  Kazuhiro OOE (Osaka Univ.) 
  Shota KIMURA (Tohoku Univ.) 
  Aiko KINO (Osaka Uiv.) 
  Yukiko KOMORI (Osaka Univ.) 
  Ai KURIYAMA (Osaka Univ.) 
  Yuki KIKUTANI (Osaka Univ.) 
  Hideki KAIYA (Kanazawa Univ.) 
  Yuuka KOGAMA (Osaka Univ.) 
  Yuki TAKEDA (Kanazawa Univ.) 
  Reona TAKAYAMA (Osaka Univ.) 
  Kousuke TODA (Kanazawa Univ.) 
  Ryutaro SAKAI (Saitama Univ.) 
  Keita MAYAMA (Yamagata Univ.) 
  Mirei TAKEYAMA (Yamagata Univ.) 
  Saori NAMAI (Yamagata Univ.) 
  Masaki NISHIO (Kanazawa Univ.) 
  Megumi NISHIKAWA (Kanazawa Univ.) 
  Takahiro MASHIKO (Yamagata Univ.) 
  Masashi MURAKAMI (Niigata Univ.) 
  Norihiro Yamada (Kanazawa Univ.) 
  Takuya YOKOKITA (Osaka Uiv.) 
  Ayaka WADA (Tokyo Metropolitan Univ.) 
     
 Secretary 
  Shinko ODAI 

 
 
 

- 355 -



1. Abstract 
In the immediate aftermath of the Big Bang, the beginning of the universe, only hydrogen 

and helium existed. However, nuclear fusion in the interior of stars and the explosion of 
supernovae in the universe over the course of 13.7 billion years led to the evolution of a world 
brimming with the many different elements we have today. By using man-made satellites to 
observe X-rays and gamma-rays emitted from celestial objects, we are observing the synthesis 
of the elements at their actual source. Our goal is to comprehensively elucidate the scenarios 
for the formation of the elements in the universe, together with our research on sub-atomic 
physics through the use of an accelerator. 
 
2. Major Research Subjects 
(1) Nucleosynthesis in Stars and Supernovae 
(2) Particle Acceleration Mechanism in Astronomical Objects 
(3) Physics in Extremely Strong Magnetism and Gravity 
(4) Research and Development of Innovative X-ray and Gamma-ray detectors 
 
3. Summary of Research Activity 

High Energy Astrophysics Laboratory started on April 2010. The goal of our research is 
to reveal the mechanism of nucleosynthesis in the universe, and to observe exotic physical 
phenomena in extremely strong magnetic and/or gravitational field. We have observed 
supernova remnants, strongly magnetized neutron stars, pulsars, black holes and galaxies with 
X-ray astronomical satellites. 

We showed that the expansion of ejecta in Tycho's supernova remnant was consistent 
with a spherically symmetric shell, based on Suzaku (Japanese X-ray observatory) 
measurements of the Doppler broadened X-ray emission lines. This is the first direct 
measurement of the expansion velocity of the elements produced in the thermonuclear 
expansion supernova. This information tells us the stratified structure of the elements, 
implying that the heavier elements such as Fe are produced deeper interior of the explosion. 

We discovered the emission line of aluminum in supernova remnant G344.7-0.1 for the 
first time. Aluminum is produced in the neutron rich environment of supernova explosions. We 
also found manganese, which is enriched in the environment of neutron excess, in some 
supernova remnants. A systematic study of those lines emitted from the neutron rich elements 
will be a good tool to explore the nucleosynthesis in the interior of star explosions. 

We detected gamma-ray emission from thunder cloud, and revealed that the gamma-ray 
energy spectra extended to 10 MeV, suggesting that the detected gamma-rays were produced 
by relativistic electrons via bremsstrahlung. Those relativistic electrons are probably 
accelerated through an electrical potential difference. This observation gives us a hint of the 
particle acceleration probably occurred near the neutron stars. 

We continue to construct the Gravity and Extreme Magnetism Small Explorer (GEMS) 
under the collaboration with NASA Goddard Space Flight Center (USA). GEMS is the first 
dedicated satellite for the X-ray polarimetry, which is opening a new field in Astrophysics and 
Astronomy. The construction of an engineering model and basic performance studies of an 
X-ray polarimeter were carried out in FY2010. The satellite will be launched in 2014. 
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1. Abstract 

The accelerator group, consisting of seven teams, pursues various upgrade programs of the 
new-generation heavy-ion accelerator facility, RI-Beam Factory (RIBF), to improve the 
accelerator performance and operation efficiency. The programs include the R&D of 
superconducting ECR ion source, charge stripping systems, beam diagnostic devices, 
radiofrequency systems, control systems, and beam simulation studies. We are also maintaining 
the large infrastructure to realize effective operation of the RIBF, and are actively promoting the 
applications of the facility to a variety of research fields. 

Our primary mission is to supply intense, stable heavy-ion beams for the users through 
effective operation, maintenance, and upgrade of the RIBF accelerators and related 
infrastructure. The director members shown below govern the development programs that are 
not dealt with by a single group, such as intensity upgrade and effective operation. They also 
explore the future plans of RIBF accelerators along with other laboratories belonging to the 
RIBF research division.  
 
2. Major Research Subjects 
1  Intensity upgrade of RIBF accelerators Okuno  
2  Effective and st able operation of RIBF accelerators Fukunishi  
3  Upgrade of AVF cyclotron Goto  
4  Installation and commissioning of RILAC2 injector Kase, Kamigaito  
5  Investigation of future projects Kamigaito, Fukunishi, Okuno  

 
3. Summary of Activity 

   (1) Gas stripper systems based on hydrogen and helium were tested for the uranium 
beam, which was provided by the superconducting ECR ion source at 11 MeV/u. 
Favorable results were obtained. 

(2) High intensity beams of deuterons, 14N, 18O, and 48Ca were supplied for the users 
(Fig. 1). 

(3) The beam energy and beam currents from the AVF cyclotron were increased owing 
to the modifications of the central region as well as the new beam monitor in the 
extraction region. This program was performed along with the staff members of 
CNS, the University of Tokyo. 

(4) The commissioning of the RILAC2 was performed as scheduled by using the 124Xe 
beam from the superconducting ECR ion source. 

(5) Possible future plans were explored by taking the potential performance of RIBF 
accelerators and the world-wide activities in the rare-isotope beam facilities into 
account.  
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1. Abstract 
We are developing the key hardware in upgrading the RIBF accelerator complex. Firstly we are 
developing the challenging superconducting coils for the new 28 GHz ECR ion source which is 
being developed in order to increase the intensity of uranium beam. We are designing LEBT 
(Low Energy Beam Transport) which transport the high power beam from the ion source to the 
next injector linac. Correct estimations of neutralization of space charge forces are hard task. 
Finally we are developing long-lived charge stripper foils which are installed to breed the ion 
charges for reduction of their magnetic rigidities. We are also developing gas strippers. 
 
2. Major Research Subjects 
(1) Development of superconducting technology in acceleration system. 
(2) Development of the LEBT(Low Energy Beam Transport) and the new injector for the high 
power beams. 
(3)Development of charge strippers for high power beams (foil, gas, liquid) 
 
3. Summary of Research Activity 
(1) Development of superconducting technology in acceleration system. 
Ohnishi, J. 
We are developing the challenging superconducting magnets for the 28GHz ECR ion source. 
We just started to study the possibility of the superconducting cavity in the RIBF accelerator 
complex. 
(2) Development of the LEBT (Low Energy Beam Transport) and the new injector for the high 
power beams. 
Ohnishi, J.  
We are developing the LEBT for the ion beams from the new 28GHz ion source. We are also 
studying space charge effects in the new injector for the RIBF accelerator complex. 
(3)Development of charge strippers for high power beams (foil, gas) 
Hasebe, H., Imao, H., Kuboki, H., Yokouchi, S., Okuno, H., 
We are developing the long lived charge stripper for high power ion beams. Foils and for the 
strippers are being studied in parallel.  
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1. Abstract 
Our aim is to operate and develop the ECR ion sources for the accelerator-complex system of 
the RI Beam Factory. We focus on further upgrading the performance of the RI Beam Factory 
through the design and fabrication of a superconducting ECR heavy-ion source for production 
of high-intensity uranium ions. 
 
2. Major Research Subjects 
(1) Operation and development of the ECR ion sources 
(2) Development of a superconducting ECR heavy-ion source for production of high-intensity 
uranium ions 
 
3. Summary of Research Activity 
(1) Operation and development of ECR ion sources 

T. Nakagawa, M. Kidera, Y. Higurashi, H. Haba, T. Kageyama and A. Goto 
We routinely produce and supply various kinds of heavy ions such as zinc and neon ions for 
the super-heavy element serach experiment as well as uranium ions for RIBF experiments. 
We also perform R&D’s to meet the requirements for stable supply of high-intensity heavy 
ion beams. 
 

(2) Development of a superconducting ECR ion source for use in production of a high-intensity 
uranium beam 

T. Nakagawa, J. Ohnishi, M. Kidera, Y. Higurashi, Y. Sato and A. Goto 
The RIBF is required to supply uranium beams with very high intensity so as to produce RI’s. 
We have designed and are fabricating an ECR ion source with high magnetic field and high 
microwave-frequency, since the existing ECR ion sources have their limits in beam intensity. 
The coils of this ion source are designed to be superconducting for the production of high 
magnetic field. We are also designing the low-energy beam transport line of the 
superconducting ECR ion source. 
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1. Abstract 

The operation and maintenance of the RIKEN Heavy-ion Linac (RILAC) have been carried 
out. There are two operation modes: one is the stand-alone mode operation and the other is the 
injection mode operation. The RILAC has been used especially as an injector for the RIKEN 
RI- Beam Factory accelerator complex. The RILAC is composed of the ECR ion source, the 
frequency-variable RFQ linac, six frequency-variable main linac cavities, and six energy 
booster cavities (CSM). 
 
2. Major Research Subjects 
(1) The long term high stability of the RILAC operation. 
(2) Improvement of high efficiency of the RILAC operation. 
 
3. Summary of Research Activity 

The RILAC was started to supply ion beams for experiments in 1981. Thousands hours are 
spent in a year for delivering many kinds of heavy-ion beams to various experiments. 

The RILAC has two operation modes: one is the stand-alone mode operation delivering 
low-energy beams directly to experiments and the other is the injection mode operation 
injecting beams into the RRC. In the first mode, the RILAC supplies a very important beam to 
the nuclear physics experiment of “the research of super heavy elements”. In the second mode, 
the RILAC plays a very important role as upstream end of the RIBF accelerator complex. 

The maintenance of these devices is extremely important in order to keep the log-term high 
stability and high efficiency of the RILAC beams. Therefore, improvements are always carried 
out for the purpose of more stable and more efficient operation. 
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1. Abstract 
Together with other teams of Nishina Center accelerator division, maintaining and improving 
the RIBF cyclotron complex. The accelerator provides high intensity heavy ions. Our mission 
is to have stable operation of cyclotrons for high power beam operation. Recently stabilization 
of the rf system is a key issue to provide 10 kW heavy ion beam. 
 
2. Major Research Subjects 
(1) RF technology for Cyclotrons 
(2) Operation of RIBF cyclotron complex 
(3) Maintenance and improvement of RIBF cyclotrons 
(4) Single turn operation for polarized deuteron beams 
(5) Development of the rebuncher system for intermediate-energy heavy ion beams 
 
3. Summary of Research Activity 
 Development of the rf system for a reliable operation 
 Development of highly stabilized low level rf system 
 Development of superconducting rebuncher cavity 
 Development of the intermediate-energy polarized deuteron beams. 
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1. Abstract 
In order to realize stable and efficient operations of RIBF accelerator complex, various 
improvements including beam diagnosis, computer control, power supplies have been 
performed. Our final goal is to establish simulation-based operation of RIBF accelerator 
complex. 
 
2. Major Research Subjects 
(1) Improvement on the beam transmission along the multi-stage accelerator system. 
(2) Development of beam diagnosis. 
(3) Development of computer control. 
(4) Establishment of long-term stabilities of magnet and magnet power supplies. 
 
3. Summary of Research Activity 
(1) Development of the beam diagnostic technology 
We have improved existing beam intensity monitors (Faraday cup) for precise measurements 
of heavy ions like uranium. In addition, non-destructive beam intensity monitor using SQUID 
have been developed. These modifications resulted in a great improvement of beam 
transmission efficiency. 
(2) Development of the computer control system of accelerator 
EPICS-based control system and a home-made beam interlock system have been stably 
operated. We also applied embedded EPICS system on F3RP61-2L to our new injector system 
RILAC2. 
(3) Stability tests of old power supplies 
 We tested long-term stabilities of old power supplies used for more than twenty years to 
realize stable operation of accelerator complex. 
(4) New injector system RILAC2 
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1. Abstract 
We are operating the cryogenic system for the superconducting ring cyclotron in RIBF. We are 
also operating the helium cryogenic system in the south area of RIKEN Wako campus and 
delivering the liquid helium to users in RIKEN.  We are trying to collect efficiently gas 
helium after usage of liquid helium. 
 
2. Major Research Subjects 
(1) Operation of the cryogenic system for the superconducting ring cyclotron in RIBF 
(2) Operation of the helium cryogenic plant in the south area of Wako campus and delivering 
the liquid helium to users in Wako campus. 
 
3. Summary of Research Activity 
(1) Operation of the cryogenic system for the superconducting ring cyclotron in RIBF 
Okuno, H., Dantsuka, T.,  
(2) Operation of the helium cryogenic plant in the south area of Wako campus and delivering 
the liquid helium to users in Wako campus. 
Dantsuka, T., Odashima, Y., Nakamura, M., Maie, T., Ikegami, K., Tsuruma, S., Okuno., H. 
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1. Abstract 
The RIBF accelerators are an incomparable multi-stage accelerator complex. For the long and 
stable operations of these accelerators, their infrastructures become very important.  Our team 
supports their infrastructure; buildings, electric facilities, cooling system, vacuum system and so 
on. It also concerns the regular operation and maintenance of all the accelerators, and improves 
or renews the old parts of the accelerators. 
 
2. Major Research Subjects 
Management of the RIBF accelerator infrastructure; buildings, electric facilities, cooling system, 
vacuum system and so on.  
 
3. Summary of Research Activity 

The current research subjects are summarized as follows: 
(1) Operation and maintenance of infrastructure for RIBF accelerators. 
(2) Improvement or renewal of the, especially old, accelerators. 

3 Support of accelerator operations. 
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1. Abstract 
This group develops experimental installations for the RI Beam factory. Experimental 

installations currently planned include designs containing common elements enabling multiple 
use, as well as others that are highly program specific. All are designed to maximize the 
research potential of the world's most intense RI beams, made possible by the exclusive 
equipment available at the RI Beam Factory. 
 
2. Major Research Subjects 
(1) SCRIT Project 
(2) SLOWRI Project 
(3) Polarized RI Beam Project 
(4) Rear RI Ring Project 
 
3. Summary of Research Activity 

We are developing beam manipulation technology in carrying out above listed project. They 
are the high-quality slow RI beam production (SCRIT and SLOWRI), the beam cooling and 
stopping (SCRIT and SLOWRI), the polarized and aligned RI beam production (Pol. RI Beam), 
and the beam accumulation technology (Rare RI Ring). The technological knowhow 
accumulated in our projects will play a significant role in the next generation RIBF. Future Plan 
for each project is described in subsections. SCRIT is now under construction and partially 
tested using stable isotopes. Design studies of SLOWRI and Rare RI Ring have been almost 
finished and they are ready for construction. A new technique to efficiently align nuclear spin of 
RI produced by Big RIPS has been developed by Pol. RI Beam project team. This will be 
powerful tool for nuclear structure study for short-lived unstable nuclei. 
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1. Abstract 
A next-generation slow radioactive nuclear ion beam facility (SLOWRI) which provides slow, 
high-purity and small emittance ion beams of all elements is being build as one of the principal 
facilities at the RIKEN RI-beam factory (RIBF). High energy radioactive ion beams from the 
projectile fragment separator BigRIPS are thermalized in a large gas catcher cell. The 
thermalized ions in the gas cell are guided and extracted to a vacuum environment by a 
combination of dc electric fields and inhomogeneous rf fields (rf carpet ion guide).  From there 
the slow ion beam is delivered via a mass separator and a switchyard to various devices: such as 
an ion trap, a collinear fast beam apparatus, and a multi-reflection time of flight mass 
spectrometer. In the R&D works at the present RIKEN facility, an overall efficiency of 5% for a 
100A MeV 8Li ion beam from the present projectile fragment separator RIPS was achieved and 
the dependence of the efficiency on the ion beam intensity was investigated. 
 First spectroscopy experiment at the prototype SLOWI was performed on Be isotopes. 
Energetic ions of 7,10,11Be from the RIPS were trapped and laser cooled in a linear rf trap and 
precision spectroscopy was performed. The evaluated ion temperature of <10 mK demonstrates 
that a reduction of more than 15 orders of magnitude for the kinetic energy of radioactive Be 
was achieved online. Precise investigation of the hyperfine structure will confirm the anomalous 
mean radius of the valence neutron of the so called neutron halo nucleus.  

Other spectroscopy experiments using the slow RI-beams are also under progress in off-line 
setups. A collinear fast beam apparatus for nuclear charge radii measurements was build and 
tested with stable Ar+ ion beams. A multi-reflection time-of-flight mass spectrograph was build 
for precise and fast measurements of short-lived radioactive nuclei. A high mass resolving 
power of 140,000 for K and Rb ions has been achieved with a 5 ms measurement period. 
An advanced SLOWRI facility is also proposed. The expected number of nuclides which can be 
investigated at SLOWRI is more than 3000, however, the realistic beam time for each 
experiment would be very limited. The advanced facility will parasitically provide slow 
RI-beams everyday as long as the fragment separator BigRIPS is operated. The parasitic beam 
can be produced from those nuclei dumped at the first focal plane slits of BigRIPS by placing a 
compact gas catcher cell. The thermalized and neutralized RI in the cell can be re-ionized at the 
exit of the cell by resonance laser ionization. Development the new method, named PALIS, is 
underway. 
 
2. Major Research Subjects 
(1)  Development and construction of the next-generation slow RI-beam facility 
(2)  Laser spectroscopy of trapped radioactive Beryllium isotopes. 
(3)  Development of a multi-reflection time-of-flight mass spectrograph for precision mass 
measurements of short-lived nuclei. 
(4)  Development of collinear fast beam apparatus for isotope shift measurements.  
(5)  Development of parasitic slow RI-beam production method using resonance laser 
ionization. 
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3. Summary of Research Activity 
(1)  Development of universal slow RI-beam facility 

WADA, Michiharu, SCHURY Peter, SONODA, Tetsu, ITO, Yuta, TAKAMINE, Aiko, 
OKADA, Kunihiro, KUBO, Toshiyuki, WOLLNIK, Hermann, SCHUESSLER, Hans, 
KATAYAMA Ichiro  
 
A next-generation slow radioactive nuclear ion beam facility (SLOWRI) which provides 
slow, high-purity and small emittance ion beams of all elements is being build as one of the 
principal facilities at the RIKEN RI-beam factory (RIBF). High energy radioactive ion beams 
from the projectile fragment separator BigRIPS are thermalized in a large gas catcher cell. 
The thermalized ions in the gas cell are guided and extracted to a vacuum environment by a 
combination of dc electric fields and inhomogeneous rf fields (rf carpet ion guide).  From 
there the slow ion beam is delivered via a mass separator and a switchyard to various devices: 
such as an ion trap, a collinear fast beam apparatus, and a multi-reflection time of flight mass 
spectrometer. In the R&D works at the present RIKEN facility, an overall efficiency of 5% 
for a 100A MeV 8Li ion beam from the present projectile fragment separator RIPS was 
achieved and the dependence of the efficiency on the ion beam intensity was investigated. 
 

(2)  Laser spectroscopy of trapped radioactive beryllium isotope ions 
WADA, Michiharu, TAKAMINE, Aiko, SCHURY Peter, SONODA Tetsu, OKADA, 
Kunihiro, KANAI, Yasuyuki, YOSHIDA, Atsushi, KUBO, Toshiyuki, YAMAZAKI, 
Yasunori, WOLLNIK, Hermann, SCHUESSLER, Hans, NODA, Koji, OHTANI, Shunsuke, 
KATAYAMA Ichiro  

 
 As a first application of the prototype SLOWRI setup, we applied hyperfine structure 
spectroscopy to the beryllium isotopes to determine in particular the anomalous  radius of 
the valence neutron of the neutron halo nucleus 11Be, and to determine the charge radii of 
these beryllium isotopes through laser-laser double resonance spectroscopy of laser-cooled 
ions. Laser cooling is an essential prerequisite for these planned experiments. The first laser 
spectroscopy experiments for beryllium isotopes were performed to measure the resonance 
frequencies of 2s 2S1/2 - 2p 2P3/2 transition of 7Be+, 9Be+, 10Be+ and 10Be+ ions and the 
nuclear charge radii of these isotopes were determined. The hyperfine structure of 11Be+ and 
7Be+ ions using the laser-microwave double resonance spectroscopy were also performed and 
the magnetic hyperfine constants of 7Be+ and 11Be+ ions were determined with an accuracy of 
10-7 

 
(3)  Development of a multi-reflection TOF mass spectrograph for short-lived nuclei 

WADA, Michiharu, SCHURY Peter, ITO, Yuta, NAIMI, Sarah, NAKAMURA, Sousuke, 
TAKAMINE, Aiko, SONODA Tetsu, OKADA, Kunihiro, WOLLNIK, Hermann,  

The atomic mass is one of the most important quantity of a nucleus and has been studied in 
various methods since the early days of physics. Among many methods we chose a 
multi-reflection time-of-flight (MR-TOF) mass spectrometer. Slow RI beams extracted from 
the RF ion-guide are bunch injected into the spectrometer with a repetition rate of ~500 Hz. 
The spectrometer consists of two electrostatic mirrors between which the ions travel back and 
forth repeatedly. These mirrors are designed such that energy-isochrononicity in the flight 
time is guaranteed during the multiple reflections while the flight time varies with the masses 
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of ions.  A mass-resolving power of 140,000 has been obtained with a 5 ms flight time for K 
and Rb isotopes. It is equivalent to use a 90 T magnet for a Penning trap mass spectrometer. 
This mass-resolving power should allow us to determine ion masses with an accuracy of 10-7. 
The advantages of the MR-TOF spectrometer are: 1) short measurement periods, typically 2 
ms, which allows all neutron rich nuclei to be investigated, 2) the device is compact and its 
operation is simple, especially, it is independent from the all upstream devices, accelerators 
and fragment separators, 3) ions of more than isobars can be measured simultaneously, so that 
mass reference can easily be established in the mass spectra.  In total, the number of 
measurable nuclides within a limited beam time would be larger than that can be achieved by 
other methods. It should be noted here also that this method can be used even during a 
low-duty parasite beam time. Online mass measurements of short-lived radioactive nuclei are 
planned in FY2011. 
 

(4)  Development of collinear fast beam apparatus for nuclear charge radii measurements 
 WADA, Michiharu, SCHUESSLER, Hans, IIMURA, Hideki, SONODA, Tetsu, SCHURY, 
Peter, TAKAMINE, Aiko, OKADA, Kunihiro, WOLLNIK, Hermann,  

 
The root-mean-square charge radii of unstable nuclei have been determined exclusively by 
isotope shift measurements of the optical transitions of singly-charged ions or neutral atoms by 
laser spectroscopy. Many isotopes of alkaline, alkaline-earth, noble-gases and several other 
elements have been measured by collinear laser spectroscopy since these ions have all good 
optical transitions and are available at conventional ISOL facilities. However, isotopes of other 
elements especially refractory and short-lived ones have not been investigated so far.  
In SLOWRI, isotopes of all atomic elements will be provided as well collimated 
mono-energetic beams. This should expand the range of applicable nuclides of laser 
spectroscopy.  In the first years of the RIBF project, Ni and its vicinities, such as Ni, Co, Fe, 
Cr, Cu, Ga, Ge are planned to be investigated. They all have possible optical transitions in the 
ground states of neutral atoms with presently available laser systems. Some of them have so 
called recycle transitions which enhance the detection probabilities noticeably. Also the 
multistep resonance ionization (RIS) method can be applied to the isotopes of Ni as well as 
those of some other elements. The required minimum intensity for this method can be as low as 
10 atoms per second. 
 We have built an off-line mass separator and a collinear fast beam apparatus with a large 
solid-angle fluorescence detector. A 617 nm transition of the metastable Ar+ ion at 20 keV  
was measured with both collinear and anti-collinear geometry that allowed us to determine the 
absolute resonant frequency of the transition at rest with more than 10-8 accuracy. Such high 
accuracy measurements for Ti and Ni isotopes are in progress. 
 
(5) Development of parasitic slow RI-beam production scheme using resonance laser ionization 
 WADA, Michiharu, SONODA Tetsu, TAKAMINE, Aiko, OKADA, K., MATSUO Yukari, 
FURUKAWA, Takeshi, TIMITA, Hideki, KOBAYASHI T., MIYATAKE Hiroari, JEONG Sun 
Chan, ISHIYAMA, H., IMAI, N., HIRAYAMA Y., KATAYAMA I., TOMITA, H., IIMURA, 
H., SHINOZUKA T., WAKUI, T., HUYSE, M., VAN DUPPEN, P., KUDRYAVTSEV, Yu., 
SCHUESSLER, H., WOLLNIK, H. 
 
More than 99.9% of RI ions produced in projectile fission or fragmentation are simply dumped 
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in the first dipole magnet and the slits. A new scheme, named PALIS,  to rescue such dumped 
precious RI using a compact gas catcher cell and resonance laser ionization was proposed. The 
thermalized RI ions in a cell filled with Ar gas can be quickly neutralized and transported to the 
exit of the cell by gas flow. Irradiation of resonance lasers at the exit ionizes neutral RI atoms 
efficiently and selectively. The ionized RI ions can be further selected by a magnetic mass 
separator and transported to SLOWRI experimental area for spectroscopy experiment. The 
resonance ionization scheme itself can also be a useful method to perform precision optical 
spectroscopy of RI of many elements. 
An off-line setup for resonance ionization in gas cell is prepared. Extraction from 500 mbar Ar 
gas cell by resonance ionization method for Ni and Cu ions were demonstrated. A differential 
pumping from 500 mbar to 10-5 mbar using multiple small pumps and an rf sextupole ion beam 
guide (SPIG) has been achieved. Design of a gas cell which will be placed at the second focal 
plane (F2) of BigRIPS is in progress. 
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1. Abstract 
The team conducts the research and development on the production of spin-oriented 
radioactive-isotope beams (RIBs), and applies it to the research on nuclear physics, fundamental 
physics, and material science. The microscopic investigation of physical and chemical processes 
is performed based on nuclear techniques which takes the advantage of intrinsic nuclear 
properties and phenomena (spins, electromagnetic moments, decay modes etc.). In particular, 
the precession/resonance of a polarized/aligned nuclear spin under an external field is observed 
through a change in the angular distribution of radiation, for the study of nuclear structures via 
nuclear moments. The experimental methods and devices for fundamental physics research with 
polarized nuclei have been also developed. The same method, as well as the Möessbauer 
technique, are used for the investigation of condensed matter such as semiconductor, 
ferromagnets, fullerenes, systems with dilute magnetic impurities etc. by capitalizing 
radioactive nuclei as microscopic probes into them. All these research activities are to be 
extended to wide variety of unstable nuclei which RI Beam Factory (RIBF) provides. A method 
to produce beams of highly polarized radioactive nuclei, taking full advantage of RIBF, is being 
developed. 
 
2. Major Research Subjects 
(1) Nuclear-moment measurements of unstable nuclei 
(2) RIPS upgrade and the development of highly polarized slow RI beams 
(3) Fundamental physics: Study of symmetry 
(4) Condensed matter studies using radioactive nuclear probes 
 
3. Summary of Research Activity 
(1) Nuclear-moment measurements of unstable nuclei 
It has been revealed in our earlier work that spin-oriented RIBs can be obtained as a function of 
their outgoing momentum in the projectile-fragmentation reaction. With the obtained 
spin-polarized nuclei, ground- and excited-state nuclear moments can be determined by means 
of the β-NMR and TDPAD methods, respectively. Based on these technique, we have recently 
been conducted the nuclear-moments measurement of neutron-rich sd-shell around the neutron 
magic number N=20. It has been proposed in this region that an inversion of amplitudes 
between the sd normal and the pf intruder configurations would lead to deformation of the 
ground states. Thus, the region of nuclei is called the island of inversion. The measured nuclear 
moments are expected to provide microscopic properties for those nuclei of interest. The 
sub-themes are the following: 
 Nuclear structure study of neutron-rich aluminum isotopes 30-32Al on the border of the 

island of inversion and 33-34Al on/beyond it. 
 Investigation of a new island of inversion around N=28, the nuclear-moment 

measurements of neutron-rich isotopes. 
 Development of a new method to produce highly spin-aligned RIBs and the 

magnetic-moment measurement of isomeric state in 32Al with the TDPAD method. 
 The ground-state electric quadrupole moment measurements of 23Al for the study of the 
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T=3/2 mirror symmetry. 
 Study of nuclei around Fe region: isospin symmetry study by means of the magnetic 

moment of the 10+ isomer in 54Ni, and the study of magicity in the vicinity of 68Ni through 
the quadrupole moment of the 13/2+ isomeric state in 69Cu and isomeric state in 65Fe. 
 

(2) RIPS upgrade and the development of highly polarized slow RI beams 
The upgrade of RIPS has been proposed in the phase-II programs. In the cyclotron-cascade 
acceleration scheme, beams are accelerated up to the energy of E = 115 A MeV with IRC. In 
this upgrade, the former fragment separator RIPS is equipped with a new beam line that delivers 
beams of 115 A MeV heavy ions from the IRC cyclotron. RI beams produced by the primary 
beams at such an intermediate energy are high enough to produce RIBs via 
projectile-fragmentation reactions and suitably low in energy to be stopped in a sample material 
of limited thicknesses. Compared with the production yield of RIBs in the present AVF-RRC 
acceleration scheme, they are drastically increased. The design study of the upgrade program is 
in progress in our team. We noted that RIBs produced at E = 115 A MeV can be spin-oriented 
so that the nuclear-moment measurements will be further conducted.  Also, combining a new 
atomic-beam resonance method to combine with fragmentation-based RI beams, which is under 
development, to this program, highly spin-polarized RI beams will be produced in a low 
beam-energy region. Then, they could be useful not only for nuclear-moment measurements but 
also for spin-related subjects in nuclear physics, fundamental physics, and material sciences. 
  
(3) Fundamental physics: Study of symmetry 
Nuclear spins of stable and unstable isotopes sometimes play important roles in fundamental 
physics research. New experimental methods and devices have been developed for studies on 
the violation of time reversal symmetry (T-violation) using spin-polarized nuclei. These 
experiments aim detection of small frequency shift of the spin precession or measurement of the 
T-odd angular correlation in β-decay as T-violating signals arising from new mechanisms 
beyond the “Standard Model”. Sub-themes are the following: 
 Precision measurement of spin-precession frequency with a new type of the nuclear spin 

maser for atomic EDM (Electric Dipole Moment) search. 
 Development of high-sensitive atomic magnetometer for EDM experiments. 
 Development of a new Mott polarimeter for T-violation experiment using β-decay of 

polarized unstable nuclei. 
 
(4) Condensed matter studies using radioactive nuclear probes 
Utilizing RI beams as a probe, online Mössbauer spectroscopy and online perturbed angular 
correlation experiments have been carried out through the γ-ray measurements. The microscopic 
structures, dynamics in ferromagnets, and properties of semiconductors have been investigated 
from the deduced internal local fields and the spin relaxation of the probe in materials. The 
β-NMR/NQR method is also utilized for these condensed matter studies. The methods and 
apparatus have been developed. Also, basic studies on the probe nuclei have been carried out. 
Sub-themes are the following: 
 Study of Fe impurity in silicon solar cells with the online Mössbauer spectroscopy of 

implanted 57Fe. 
 Study of “exotic” chemical states and the fast atomic-jump processes in solid with the 

online Mössbauer spectroscopy of implanted 57Fe 
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 Development of the on-line perturbed angular-correlation method with 19O beams as a 
new probe 

 Study of the diffusion and segregation of Fe impurity atoms in Si through in-beam 
Mössbauer experiment with a Coulomb excited, recoil implanted 57Fe nuclei. 

 Study of the fast diffusion of Cu impurity atoms in Si through β-NMR/NQR with 
implanted 58Cu. 
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1. Abstract 
We are developing the isochronous storage ring to measure the mass for rare radioactive 
isotopes (Rare RI ring). It is assumed that uranium is synthesized by neutron capture process 
after the supernovae explosion (r-process). To prove r-process, mass measurements for the rare 
RI are indispensable. To deduce the mass, we measure the circulation time (cyclotron 
frequency) for the rare RI inside the ring. RI beams produce in RIBF have some energy spread. 
To compensate the spread, isochronicity inside the ring is indispensable (isochronous storage 
ring). We will inject the rare RI one by one to the ring (individual injection) to identify the RI 
event-by-event.  
 
2. Major Research Subjects 
Developments of isochronous storage ring to measure mass of rare RI.  
 
3. Summary of Research Activity 
Developments of isochronous storage ring to measure mass of rare RI. 
The conceptual design for an isochronous storage ring has been finalized in this year. To 
minimize construction cost, we plan to use the SHARAQ beam line as an injection beam 
transport line for the isochronous ring and re-use TARN-II bending magnets, which have been 
moved from KEK, as main components of the ring.  A quick activated kicker magnet system 
required for one by one injection has been developed in this year. Another important item in the 
ring is schottoki beam monitor, which observes single ion circulating the ring. It is now under 
designing, and it will be manufactured in next year and installed in the HIMAC for test 
experiment.  
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1. Abstract 
We aim at the investigation of internal nuclear structure of short-lived radioactive nuclei (RI) by 
means of electron scattering. Electron scattering for RI's has never been performed duo to 
inability to make target of these nuclei. An electron-RI collider system, which requires a huge 
accelerator complex, has so far been unique solution to overcome the difficulty. We have 
developed a novel internal target system named SCRIT (Self-Confining RI Ion Target) in an 
electron storage ring to make the experiment easier with much compact experimental system. 
The SCRIT device has been installed into an electron storage ring SR2 in this year, and the test 
experiment has been started. An RI ion source and an ISOL system, which will supply RI beams 
to the SCRIT, are now manufacturing. 
 
2. Major Research Subjects 
Development of the SCRIT technology and electron scattering for unstable nuclei. 
 
3. Summary of Research Activity 
Development of a novel internal target of unstable nuclei (SCRIT) in an electron storage ring 
for electron scattering experiment. 
(Wakasugi, Miyashita, Kurita, Suda, Tamae, Hori, Hara) 
We have finished the commissioning of the electron accelerator system, which has constructed 
in last year, and a SCRIT devices have been installed into the straight section of the storage ring 
(SR2). The test experiment using stable isotopes is planed in the beginning of next year. In this 
electron scattering facility, we will construct the U photo-fission ion source for RI production 
and an ISOL system for RI injection into the SCRIT device. They are now manufacturing. 
Detector system for scattered electrons from the SCRIT is under designing and it will be 
manufactured in next year. We plan to start the electron scattering experiment for unstable 
nuclei in 2012. 
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1. Abstract 
The research instruments group is the driving force at RI Beam Factory (RIBF) for continuous 
enhancement of activities and competitiveness of experimental research. Consisting of five 
teams, we are in charge of the design, construction, operation and improvement of the core 
research instruments at RIBF, such as BigRIPS separator, ZeroDegree spectrometer, GARIS 
spectrometer and SAMURAI spectrometer, and the related infrastructure and equipments. The 
group also conducts related experimental research as well as R&D studies on the research 
instruments. 
 
2. Major Research Subjects 
Design, construction, operation and improvement of the core research instruments at RIBF and 
related R&D studies.  Experimental studies on exotic nuclei.  
 
3. Summary of Research Activity 

The current research subjects are summarized as follows: 
(1) Design, construction, operation, and improvement of the core research instruments at RIBF 
and their related infrastructure and equipments for continuous enhancement of activities and 
competitiveness of experimental research 
(2) R&D studies on technical issues of the core research instruments and related equipments at 
RIBF  
(3) Experimental research on exotic nuclei using the core research instruments at RIBF 
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1. Abstract 
 Development and maintenance of devices related to study of the superheavy elements. 
 
2. Major Research Subjects 
(1) Maintenance and development of a recoil separator and the related devices. 
(2) Development of rapid chemistry devices. 
 
3. Summary of Research Activity 
(1) Maintenance and development of recoil separator 
  A gas-filled recoil separator has been used as a main experimental device for the study of 
superheavy elements.  We will develop and maintain the related devices.  We will also offer 
user-support if a researcher wishes to use the devices for his/her own research program. 
(2) Development of devices for fast chemistry 
  We do research and development of devices for fast chemistry of superheavy elements.  We 
also offer user‐support for potential users. 
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1. Abstract 
This team is in charge of design, construction, development and operation of BigRIPS in-flight 
separator and its related research instruments at RI beam factory (RIBF). They are employed not 
only for the production of RI beams but also the experimental studies using RI beams. 
 
2. Major Research Subjects 
Design, construction, development and operation of BigRIPS in-flight separator, RI-beam 
transport lines, and their related research instruments 
 
3. Summary of Research Activity 

This team is in charge of design, construction, development and operation of BigRIPS 
in-flight separator, RI-beam transport lines, and their related research instruments such as 
ZeroDegree spectrometer at RI beam factory (RIBF).  They are employed not only for the 
production of RI beams but also various kinds of experimental studies using RI beams. 

The research subjects may be summarized as follows: 
(1) General studies on RI-beam production using in-flight scheme. 
(2) Studies on ion-optics of in-flight separators, including particle identification of RI beams 
(3) Simulation and optimization of RI-beam production. 
(4) Development of beam-line detectors and their data acquisition system. 
(5) Experimental studies on production reactions and unstable nuclei. 
(6) Experimental studies of the limits of nuclear binding. 
(7) Development of superconducting magnets and their helium cryogenic systems. 
(8) Development of a high-power production target system. 
(9) Development of a high-power beam dump system. 
(10) Development of a remote maintenance and remote handling systems. 
(11) Operation, maintenance and improvement of BigRIPS separator system, RI-beam transport 
lines, and their related research instruments such as ZeroDegree spectrometer and so on. 
(12) Experimental research using RI beams. 
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1. Abstract 
In collaboration with research groups in and outside RIKEN, the team designs, develops and 
constructs the SAMURAI spectrometer and relevant equipment that will be used for reaction 
experiments using RI beams at RI Beam Factory. The team prepares for commissioning of 
SAMURAI planned in the year 2012. The team also provides basis for research activities by, for 
example, organizing workshops.  SAMURAI consists of a large superconducting dipole 
magnet and a variety of detectors to detect charged particles and neutrons. 
 
2. Major Research Subjects 
Design, development and construction of the SAMURAI spectrometer and its related research 
instruments.  
 
3. Summary of Research Activity 

The current research activities are summarized as follows: 
(1) Design, development and construction of a large superconducting dipole magnet that will be 
the main component of the SAMURAI spectrometer. 
(2) Design, development and construction of various detectors that are used for nuclear reaction 
experiments at SAMURAI. 

3 Preparation for starting experiments using SAMURAI planned in 2012. 
(4) Formation of a collaboration platform called “SAMURAI collaboration”. 
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1. Abstract 
This team is in charge of development, management and operation of the computing and 
network environment, mail and information servers and data acquisition system and 
management of the information security of the RIKEN Nishina Center. 
 
2. Major Research Subjects 
(1) Development, management and operation of the general computing servers  
(2) Development, management and operation of the mail and information servers 
(3) Development, management and operation of the data acquisition system  
(4) Development, management and operation of the network environment 
(5) Management of the information security 
 
3. Summary of Research Activity 
This team is in charge of development, management and operation of the computing and 
network environment, mail and information servers and data acquisition system and 
management of the information security. The details are described elsewhere in this progress 
report. 
(1) Development, management and operation of the general computing servers  
  We are operating Linux/Unix NIS/NFS cluster system for the data analysis of the 
experiments and general computing. This cluster system consists of eight computing servers 
with 28 CPU cores and totally 20 TB RAID of highly-reliable Fibre-channel HDD. 
Approximately 500 user accounts are registered on this cluster system. We are adopting the 
latest version of the Scientific Linux (X86_64) as the primary operating system, which is widely 
used in the accelerator research facilities, nuclear physics and high-energy physics communities 
in the world.   
(2) Development, management and operation of the mail and information servers 
  We are operating RIBF.RIKEN.JP server as a mail/NFS/NIS server. This server is a core 
server of RIBF Linux/Unix cluster system. We are preparing to replace this server and RAID 
file systems in the summer of 2011 since it passed more than five years from the installation. 
This Postfix is used for mail transport software and dovecot is used for imap and pop services. 
These software packages enable secure and reliable mail delivery. Sophos Email Security and 
Control (PMX) installed on the mail front-end servers tags spam mails and isolates 
virus-infected mails. The probability to identify the spam is approximately 95-99%. We are 
operating several information servers such as WWW servers, Wiki servers, Groupware servers, 
Windows Media and Quick Time streaming servers, and an anonymous FTP server 
(FTP.RIKEN.JP). 
(3) Development, management and operation of the data acquisition system 
We are developing a data-acquisition system for the RIBF. This system has functions of 
network-distributed data processing, hierarchical event building and parallel readout which are 
achieved with newly developed software and commodity hardware. This system is both 
versatile and scalable, allowing it to meet the various requirements for RIBF experiments. It has 
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a maximum data processing capability of around 40 MB/s. We are also developing a time 
stamping system with 10 ns precision for the RIBF experiments. 
(4) Development, management and operation of the network environment 
  We have been managing the network environment collaborating with Advanced Center for 
Computing and Communications (ACCC).  All the Ethernet ports of the information wall 
sockets are capable of the Gigabit Ethernet connection (10/100/1000BT).  Many wireless LAN 
access points have been installed to cover the almost entire area of Nishina Center. 
(5) Management of the information security 
It is essential to take proper information security measures for information assets.   
We are managing the information security of Nishina Center collaborating with ACCC. 
 
  
 Team Leader   
  Takashi ICHIHARA 
   
 Member  
  Yasushi WATANABE 
  Hidetada BABA 

 
 

- 386 -



1. Abstract 
This team is in charge of development, fabrication, and operation of various detector for 
nuclear physics experiment in RIKEN Nishina center. Also the team organizes collaboration 
work for detector technology among related research groups in order to improve mutual share of 
knowledge and experience. 
 
2. Major Research Subjects 
(1) Construction of silicon pixel detector. 
(2) Development of high dynamic range preamplifier for silicon strip detector 
(3) Development of time projection chamber 
(4) Development of the detector with high position resolution and high counting rate 
(5) Search for extra dimensions by measuring short-range gravity 
 
3. Summary of Research Activity 
This team is presently focusing on developments of detectors for RHIC PHENIX experiments 
and RIBF nuclear experiments. 
 
(1) Development of silicon pixel detector. 
RIKEN, Rikkyo, KEK, and JAEA group is responsible for the pixel ladder fabrications for the 
RHIC PHENIX detector upgrade. The ladder is a module which is composed of pixel sensor 
modules, support frame, and readout bus. We completed the fabrication of ladders and installed 
them into the PHENIX apparatus in December 2010 and started commissioning with stripixel 
detector part. 
 
 (2) Development of high dynamic range preamplifier 
Coulomb break up experiment at RIBF needs high dynamic range silicon strip detector in order 
to identify the charged particle from proton to Sn. We propose to use both high gain and low 
gain preamplifiers.  Dual hybrid preamplifiers with discrete devices were developed and 
proofed the principal. Then an application specific integrated circuit was designed and 
fabricated by collaboration with KEK.  It was confirmed having expected dynamic range. 
Second turn of design for fabrication was submitted. 
 
  
(3) Development of time projection chamber 
A time projection chamber will be used for SAMURAI spectrometer. RIKEN, Kyoto and MSU 
started to build TPC.  
 
(4) Development of the detector with high position resolution and high counting rate 
RIBF experiment must have high rate capability to explore low cross section events. We would 
like to develop such detector by using MICROMEGAS or GEM technology. RIKEN and 
Tokyo Met. Indust. Res. Institute was collaborated for low cross talk pad readout. We designed 
it and fabricated the trial readout pad and compared with simulation results. 
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(5)Short range gravity force is measured by using torsion pendulum. If the gravity force is 
deviated from the inverse square law, it will be the indication of the new physics. We are 
measuring the movement of the torsion pendulum by using CCD with online fashion analysis 
tools.  
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1. Abstract 
Accelerator Applications Research Group promotes various applications of ion beams from RI 
Beam Factory. Radiation Biology Team studies biological effects of fast heavy ions and 
develops heavy-ion breeding. RI Applications Team studies production and application of 
radioisotopes and develops new technologies of accelerator mass spectrometry for the 
trace-element analyses. Details of these activities are described by each team elsewhere. The 
group has also collaborated with research groups in and outside RIKEN in research and 
applications of heavy-ion irradiation effects on materials like polymers, superconductors and 
semiconductor devices. However, some of these activities are finished in FY 2010 and others 
will be continued by outside groups.  
 
2. Major Research Subjects 
Research and development in biology, chemistry and materials science utilizing heavy-ion 
beams from RI Beam Factory. 
 
3. Summary of Research Activity 
(1) Biological effects of fast heavy ions.  
(2) Development of heavy-ion breeding. 
(3) Production and application of radioisotopes. 
(4) Developments of trace elements analyses. 
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1. Abstract 
The radiation biology team carries out on studies various biological effects of fast heavy ions. It 
is also involved in the development of a new technique to breed plants by heavy-ion irradiation. 
Fast heavy ions can cause dense and localized ionization of matter along their tracks, in contrast 
to photons X-rays and γ-rays, which cause randomly distributed isolated ionization. The 
localized, dense ionization can cause double-strand DNA breaks in cells induced by; these 
breaks are not easily repaired, and they result in more effective mutation than that single-strand 
DNA breaks. A unique feature of our experimental facility at the RIKEN Ring Cyclotron (RRC) 
is that living bodies in helps them the atmosphere or bottles can be irradiated since the delivered 
heavy-ion beams have sufficiently high energy that penetrate matter to a significant depth. The 
radiation biology team utilizes a dedicated beam line (E5B) of the RRC to irradiate microbes, 
plants, and animals with a wide variety of ion beams, ranging from C to Fe. The research 
subjects include physiological studies on DNA repair, genome analyses of mutation, and 
mutation breeding of plants by heavy-ion irradiation. Some new cultivars have already been 
introduced in the market. 
 
2. Major Research Subjects 
(1) Biological effects caused by heavy-ion irradiation  
(2) Ion-beam breeding and genome analysis 
(3) Innovative applications of heavy-ion beams 
 
3. Summary of Research Activity 
The radiation biology team focuses on the biological effects of fast heavy ions from the RRC by 
using 135 MeV/u C, N, Ne ions, 95 MeV/u Ar ions, and 90 MeV/u Fe ions. It is also involved in 
the development of a breeding technique for microbes and plants. The main topics covered are 
as below: 
(1) Biological effects caused by heavy-ion irradiation 
Uniform dose distribution is the key to systematic studies and thus to the improvement of the 
mutation efficiency. Therefore, plants and microbes are treated using ions with a stable linear 
energy transfer (LET). The deletion size appears to depend on the LET: 43~203 bp for C ions 
(23~60 keV/µm) and 119-647 bp for Fe ions (640 keV/µm) in Mesorhizobium loti. Almost 90% 
deletions are less than 100 bp in Arabidopsis when using C ions (22.5~30 keV/µm).  
(2) Ion-beam breeding and genome analysis 
In contrast to X-rays and γ-rays, fast heavy ions are found to be useful for plant breeding since 
they only cause localized damage to DNA and induce mutations more effectively at a lower 
dosage. The radiation biology team utilizes beams of fast heavy ions from the RRC to develop 
heavy-ion breeding techniques. An LET of 30 keV/µm with C and N ions is the most effective 
for mutation induction in Arabidopsis. In the case of rice, the highest mutation is observed in 
the LET range 61 to 74 keV/µm, with C and Ne ions. Insertion and deletion mutation rates for 
Fe ions are higher than those for C ions in the case of M. loti. Thus, the LET of the ion beam is 
an important factor affecting mutagenesis. Many types of mutations that produce variegation, 
dwarf, early- or late-flowering, high-yielding, and salt-tolerant phenotypes are found in M2 
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plants. Genome analyses are performed to reveal the relation between the genotype and the 
phenotype. 
(3) Innovative applications of heavy-ion beams 
An international heavy-ion breeding research consortium has been organized with 135 national 
user groups and 15 international institutes in 2010. The consortium includes agricultural 
experimental stations, universities, and seed and horticulture companies. The radiation biology 
team irradiated about 2000 different samples for a total beam time of 40 hours in a year. The 
advantages of heavy-ion mutagenesis include, low dose high with survival rates, induction of 
high mutation rates, and a wide range of variation. The ion beam used often changes only a 
single characteristic. Thus, a new variety can be obtained by selecting a mutant with 
modification to a target trait while retaining the existing valuable ones. This approach has been 
particularly successful in flower breeding.  The international heavy-ion breeding research 
consortium produced Dianthus with a new color, “Olivia Pure White”, and cherry blossom with 
a new color, “Nishina Zao”, in 2008, the dwarf Delosperma “Reiko Rose” and “Reiko Pink 
Ring” in 2009, and the everblooming cherry blossom “Nishina Otome” in 2010. The 
development period for the aforementioned new varieties of plants was only three years. Thus, 
the consortium has added 18 new cultivars to the market in Japan, USA, Canada, and EU since 
2002.   
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1. Abstract 
RI Applications Team performs following researches at the ion accelerators of RIBF: (1) With 
14-MeV protons from the RIKEN AVF Cyclotron, we produce radioisotopes for research of 
chemistry, biology, medicine, pharmaceutical and environmental sciences. The nuclides Zn-65, 
Cd-109 and Y-88 are delivered to Japan Radioisotope Association for fee-based distribution to 
the general public in Japan. We also study the production and application of short-lived RI's. (2) 
We develop new technologies of mass spectrometry for the trace-element analyses using 
accelerator technology and apply them to the scientific research fields, such as cosmochemistry, 
environmental science, archaeology and so on. 
 
2. Major Research Subjects 
(1) Production of radioisotopes for research and distribution, 
(2) Research and development for new RI production at AVF cyclotron and Ring cyclotron 
(3) The development of trace element analysis, using the accelerator techniques, and its 
application to geo and environmental sciences 
 
3. Summary of Research Activity 
RI applications team utilizes RIBF heavy-ion accelerators for following research subjects:  
 
(1) Production of radioisotopes 

Using 14-MeV proton beam irradiations at the RIKEN AVF Cyclotron, we develop 
techniques of production and application of various radio-isotopes (RI’s) for research in 
chemistry, biology, medicine, pharmaceutical and environmental sciences. We can produce RI’s 
with wide range of lifetimes as short as seconds. Long-life (> a few days) RI’s are produced in a 
target which is cooled by water and He gas, and short-life RI’s are produced at a gas-jet system 
where RI atoms are recoiled out of thin foil targets, captured by KCl aerosols and transported to 
a hot laboratory by a flow of He carrier gas. These systems are in the same chamber in series 
and can operate simultaneously with the same beam. Among the long-life RI’s, Zn-65 (T1/2=244 
days) and Cd-109 (T1/2=463 days) have been delivered to Japan Radioisotope Association since 
October 2007 for fee-based distribution to the general public in Japan. In addition, we started to 
deliver Y-88 (T1/2=107 days) in February 2010.  
 (2) R/D for RI production 

We work to improve production procedure of the three RI species for the fee-based 
distribution. We also develop production techniques for other RI species like Sr-85 (T1/2=64.8 
days), Ce-139 (T1/2=138 days), and W-181 (T1/2=121 days) which are demanded but lack supply 
sources. The collection efficiency of gas-jet system has been optimized for Zr-89m (T1/2=4.16m), 
Nb-90m (T1/2=18.8s) and Nd-141m (T1/2=62s) nuclides. 
(3) Trace element analyses with accelerator technologies 

We have developed two new technologies of mass spectrometry for the trace-element 
analyses as an application of accelerator technology to various fields such as cosmochemistry, 
environmental science, archaeology and so on. One is a new type Accelerator Mass 
Spectrometry (AMS) at the RILAC equipped with an ECR ion source. This system is available 
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for the measurements of trace-elements (10-14-10-15level), and is expected to be especially 
effectible for the measurements of low electron-affinity elements such as 26Al, 41Ca, 53Mn and 
so on. As a preliminary study, the ECR ion source system has been evaluated and the basic data 
have been obtained for the detection and quantitative analysis of trace nuclides in archaeological 
samples (cinnabar) and functional metals. As another technology, we have attempted to 
customize a mass spectrometer equipped with a stand-alone ECR ion source for analyses of 
elemental and isotopic abundances. 
 
 Team Leader 
  Tadashi KAMBARA 
   
 Members 
  Hiromitsu HABA 
  Kazuya TAKAHASHI 
  Shuichi ENOMOTO 
   
 Temporary Staff 
  Jumpei KANAYA 
   
 Visiting Scientists 
  Hiroshi HIDAKA (Fac. Sci., Hiroshima Univ.)  
  Hiroshi SHIMIZU (Fac. Sci., Hiroshima Univ.)  
  Miho TAKAHASHI (Tokyo Univ. Marine Sci. and Tech.) 
  Shigekazu YONEDA (Natl. Sci. Museum)  
  Tokuko WATANABE (Aoyama Gakuin Women's Junior College)  
  Masayoshi TODA (Tokyo Univ. Marine Sci. and Tech.) 
  Tatsuya URABE (Tokyo Univ. Marine Sci. and Tech.) 
  Tatsuo OKANO (Inst. Industrial Science, Univ. Tokyo) 
   
 Research Consultants 
  Kuniko MAEDA 
   
 Part-time Staff 
  Akihiro MURAOKA 
  Masashi WAKASUGI 
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Abstract 

 The essential mission of the “User Liaison and Industrial Cooperation(ULIC) Group” 
is to maximize the research activities of RIBF by attracting users in various fields with 
a wide scope. 
The ULIC Group consists of two teams.  
The User Support Team provides various supports to visiting RIBF users. For this 
purpose, the User’s Office has been set up. The Industrial Cooperation Team supports 
potential users in industries who use the beams for application purposes or for 
accelerator related technologies other than basic research. Production of various 
radioisotopes by the AVF cyclotron is also one of the important mission. The 
produced radioisotopes are distributed to researchers in Japan for a charge through the 
Japan Radioisotope Association.  

 
 Group Director  
  Hideyuki SAKAI  
    
 Deputy Group Director  
  Hideki UENO  (10/1  (User Support) 
  Tadashi KAMBARA  (Industrial Cooperation) 
    
 Members  
  Mieko KOGURE  
    
 Secretary  
  Yoshiko SAKATA  
  Tomoko IWANAMI  
  Emiko ISOGAI   
  Katsura IWAI (10/1   

 

- 397 -



 
1. Abstract 
The RIKEN RI Beam Factory is the world preeminent facility providing the greatest opportunities 
for scientific researches. The facility, completed its construction in 2007, has started its full-scale 
operation in the end of the year 2008. It is essential to promote a broad range of application and thus 
to maximize the facility importance in order to truly make RIBF to a world-class facility. Now, the 
installation of key devices for experiments is in progress. We consider intangible improvement is 
also important as well as such intangible ones. In 2010, we have opened RIBF users office for 
outside users and prepared a new position for visiting researchers called RIBF Independent Users, 
aiming at synergetic-use of the RIBF facility. We manage to facilitate the use of RI Beam Factory to 
the researchers both inside and outside of RIKEN. 
 
2. Major Research Subjects 
(1) Facilitation of the use of the RI Beam Factory 
(2) Support of experiments in the RI Beam Factory 
(3) Promotion of the RI Beam Factory to interested researchers 
 
3. Summary of Research Activity 
In order to facilitate the use of RI Beam Factory to the researchers both inside ad outside of 
RIKEN, we have organized international Program Advisory Committee, consisting of world 
leading scientists, to review proposals, purely based on their scientific merit and feasibility, in 
the fields of nuclear physics (NP) and material-and-life science (ML).  The NP- and ML-PAC 
meetings are organized twice a year.   
Another important activity is beam-time coordination of the PAC approved experiments and 
other development activities.  The operation schedule of the RIBF accelerator complex is 
managed by our team taking into account strong demand of user’s experiments. 
 
 Team Leader 
  Hideki UENO 
   
 Vice Team Leader 
  Yasushi WATANABE 
   
 Technical Staff I 
  Narumasa MIYAUCHI 
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1. Abstract 
The scope of the industrial cooperation team includes industrial application of RIBF facility and 
research and development for industrial application of accelerator associated technologies. 
 
2. Major Subjects 
Distribution of radioisotopes Zn-65, Cd-109 and Y-88 produced at RIKEN AVF Cyclotron and 
investigation of novel industrial applications of the accelerator beam and its related technologies 
 
3. Summary of Research Activity 
(1) Fee-based distribution of radioisotopes  
At RIBF, various specific radioisotopes for research have been produced with the cyclotrons 
and used for research projects. This team handles fee-based distribution of radioisotopes Zn-65, 
Y-88 and Cd-109, which are produced by the RI application team at the AVF cyclotron, to 
nonaffiliated users under a Material Transfer Agreement between Japan Radioisotope 
Association and RIKEN. In 2010, total amount of 136.1MBq of Zn-65 and 30MBq of Cd-109 
were distributed. In addition, we started distribution of Y-88 in February 2010. 
(2) Industrial application of RIBF 
This team manages and supports the non-academic applications of heavy ion and RI beams at 
the RIBF facility. In 2010, three private companies utilized the heavy-ion and RI beams.  

 Team Leader 
  Tadashi KAMBARA 
   
 Members 
  Tomoko ABE 
  Hiroshige TAKEICHI 
   
 Visiting Scientists 
  Akira NAGANO (S. H. I. Examination & Inspection, LTD.) 
  Ryuji UEMOTO (S. H. I. Examination & Inspection, LTD.) 
  Hiroyuki UNO (S. H. I. Examination & Inspection, LTD.) 
  Shuhei TATEMICHI (Fuji Electric Systems) 
  Masanori INOUE (Fuji Electric Systems) 
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1. Abstract 
The Nishina Center for Accelerator-Based Science possesses one of the biggest accelerator 
facilities in the world which consists of two heavy-ion linear accelerators and five cyclotrons. 
Uranium ions are accelerated here only in Japan. Electron accelerators of microtron and 
synchrotron-storage-ring are also possessed. Our function is to keep the radiation level in and 
around the facility below the allowable limit and to control the exposure on the workers as low 
as reasonably achievable. We are also involved in the safety management of the Radioisotope 
Center where many types of experiments are performed with sealed and unsealed radioisotopes. 
 
2. Major Research Subjects 

Safety management at radiation facilities of Nishina Center for Accelerator-Based Science 
Safety management at Radioisotope Center 
Radiation shielding design and development of accelerator safety systems 

 
3. Summary of Research Activity 
Our most important task is to keep the personnel exposure as low as reasonably achievable, and 
to prevent an accident. Therefore, we daily patrol the facility, measure the ambient dose rates, 
maintain the survey meters, shield doors and facilities of exhaust air and wastewater, replenish 
the protective supplies, and manage the radioactive waste. Advice, supervision and assistance at 
major accelerator maintenance works are also our task. 
We installed radiation safety interlock system at the newly built RIBF building, and are 
extending it along with the constructions of experimental facilities. The suffocation-safety 
interlock system was also installed at the BigRIPS tunnel of RIBF accelerator building where 
huge amount of liquid He is used for superconducting magnets. The radiation safety interlock 
system for Nishina building was extended since a new linear accelerator, RILAC2, was installed 
in the AVF cyclotron vault in 2010. 

 Head  
  Yoshitomo UWAMINO 
   
 Members 
  Hisao SAKAMOTO 
  Rieko HIGURASHI HIRUNUMA 
   
 Technical Staff I 
  Atsuko AKASHIO 
   
 Assistant 
  Tomomi OKAYASU 
   
 Contract Officer 
  Satoshi HASHIGUCHI 
  Hiroyuki FUKUDA 
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  Hiroki MUKAI 
  Mamoru TAKEKOSHI 
   
 Special Temporary Employee 
  Shin FUJITA 
   
 Visiting Scientists 
  Koji OHISHI 
   
 Secretary 
  Tsutomu YAMAKI 
  Kazushiro NAKANO 
  Hiroko AISO 
  Kimie IGARASHI 
  Satomi IIZUKA 
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Center for Nuclear Study, Graduate School of Science, University of Tokyo 
 
1. Abstract 
The Center for Nuclear Study (CNS) aims to elucidate the nature of nuclear system by 
producing the characteristic states where the Isospin, Spin and Quark degrees of freedom play 
central roles. These researches in CNS lead to the understanding of the matter based on 
common natures of many-body systems in various phases. We also aim at elucidating the 
explosion phenomena and the evolution of the universe by the direct measurements simulating 
nuclear reactions in the universe. In order to advance the nuclear science with heavy-ion 
reactions, we develop AVF upgrade, CRIB and SHARAQ facilities in the large-scale 
accelerators laboratories RIBF. We promote collaboration programs at RIBF as well as 
RHIC-PHENIX and ALICE-LHC with scientists in the world, and host international meetings 
and conferences. We also provide educational opportunities to young scientists in the heavy-ion 
science through the graduate course as a member of the department of physics in the University 
of Tokyo and through hosting the international summer school. 
 
2. Major Research Subjects 
(1) Accelerator Physics 
(2) Nuclear Astrophysics 
(3) Nuclear spectroscopy of exotic nuclei 
(4) Quark physics 
(5) Spin Physics 
(6) Nuclear Theory 
(7) SHARAQ project 
 
3. Summary of Research Activity 

(1) Accelerator Physics 
One of the Major tasks of the accelerator group is the AVF upgrade project which includes 
development of ion sources, upgrading the AVF cyclotron of RIKEN and the beam line to 
CRIB. Development of ECR heavy ion sources is to provide a new HI beams, higher and stable 
beams of metallic ions, and to improve the control system. Two CNS ECR sources now provide 
all the beams for the AVF cyclotron and support not only CRIB experiments but also a large 
number of RIBF experiments. A charge-breeding ECR source is also under development. 
Three major works were advanced for upgrading the AVF cyclotron. The first is a design study 
of the central region of the cyclotron with harmonic number of 1. The second is installation of a 
new central module to increase the beam energy up to K78. The third is installation of a new 
beam deflector monitor to improve the transmission efficiency.  Injection beam monitoring and 
control are being studied.  
New ion-source beam diagnosis and monitoring system (ISDM) was designed. This new beam 
monitor will become a powerful tool for all the RIBF facility. 
 
 (2) Nuclear Astrophysics 
Major program of the nuclear astrophysics group is to study nuclear reactions and structures 
under explosive conditions in the universe, and clarify the mechanism of stellar evolution and 
explosive phenomena such as supernovae.  High-intensity RI beams of light nuclei from the 
CNS low-energy RI beam separator CRIB provide a good opportunity to study stellar nuclear 
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reactions under explosive conditions both by the direct method as well as by indirect methods.  
The research programs include investigations of a-induced stellar reactions on 7Be, 18Ne, and 
30S.  The 12N(p,g) stellar reaction was also investigated indirectly using a 12N beam with the 
ANC method. Developments were also made for new RI beams, and an active target with GEM 
(GEM-MSTPC) has been developed and used successfully for direct measurements of (a,p) 
stellar reactions using 18Ne and 30S beams.  This demonstrated that the GEM-MSTPC 
detector can measure efficiently stellar reactions with low-cross sections. Further technological 
development for the Wien-filter of CRIB was made in the past year. 
 

 (3) Nuclear structure of exotic nuclei  
The NUSPEQ (NUclear SPectroscopy for Extreme Quantum system) group studies exotic 

structures in high-isospin and/or high-spin states in nuclei.  The CNS GRAPE (Gamma-Ray 
detector Array with Position and Energy sensitivity) is a major apparatus for high-resolution 
in-beam gamma-ray spectroscopy.  Missing mass spectroscopy using the SHARAQ is going to 
start as another approach on exotic nuclei.  In 2010, the following progress has been made. 

New high-spin states in 49-51Ti populated by fusion reactions of an RI beam have been found, 
which gives information on the N=28 shell gap and the single particle energies in the fp-shell.  
High-spin states in A 40 mass region were studied via 18O+26Mg fusion evaporation reactions. 
A superdeformed rotational band (β2 0.5) was observed up to 12+ state in 40Ar.  This finding 
indicates the presences of the N=22 and Z=18 superdeformed shell structure in this region.  
High-spin states of 107In were studied via the 58Ni(52Cr, 3p) reaction. A rotational cascade 
consisting of ten gamma-ray transitions was observed.  The band exhibits the features typical 
for smooth terminating bands in A 100 mass region. 

Upgrade of the readout system of the CNS GRAPE has started, where digital pulse data taken 
by sampling ADCs are analyzed by FPGAs on boards. 

Proposal for studying tetra neutron system using the double-charge exchange reaction 
4He(8He,8Be)4n at 200 A MeV was submitted to the NP-PAC and approved, which will be 
performed in near future. 
 
 (4) Quark Physics   
Main goal of the quark physics group is to understand the properties of hot and dense nuclear 
matter created by colliding heavy nuclei at relativistic energies.  The group has been involved 
in the PHENIX experiment at Relativistic Heavy Ion Collider (RHIC) at Brookhaven National 
Laboratory, and in the ALICE experiment at Large Hadron Collider (LHC) at CERN.  A big 
news in this year was that LHC succeeded making Pb+Pb collisions in November of 2010, . 
  As for PHENIX, the group has been concentrating on the physics analysis involving leptons 
and photons, which include direct photon production at low transverse momentum using the 
virtual-gamma method, neutral pion production with high transverse momentum as a function of 
azimuthal angle from the reaction plane in Au+Au collisions, and J/y production in 
ultra-peripheral Au+Au collisions.  The group has also been involved in the construction and 
commissioning of Si VTX detector subsystem. 
  As for ALICE, the group has been involved in the commissioning of the Transition Radiation 
Detector (TRD), and calibration and performance study of Time Projection Chamber (TPC).  
Efforts to analyze p+p and Pb+Pb data have been initiated.  The group has also been playing a 
leading role in the development of forward calorimeter for future upgrade. 
  R&D of gas electron multiplier (GEM) and related techniques has been continuing.   
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Development of resistive GEM with resistive anodes has been progressing in collaboration with 
the Tamagawa group of RIKEN. 
 
(6) Nuclear Theory 
The nuclear theory group has been promoting the RIKEN-CNS collaboration project on 
large-scale nuclear structure calculations since 2001 and maintaining its parallel computing 
cluster. In 2009, we developed the effective interactions of various mass region based on the 
large-scale shell model calculation technique and discussed the "shell evolution" and the role of 
tensor force quantitatively in exotic nuclei, such as 17C, 48Ca, N=50 isotones, Sm isotopes and so 
on. 
 
(7) SHARAQ project 
 The SHARAQ promoted momentum and angular dispersion matching (DM) technique for RI 
beams. We successfully achieved DM beam transport by using RI beams of 
10C and 12N in BigRIPS, High-resolution beamline and SHARAQ spectrometer, following the 
achievement of DM transport with a primary 14N beam in 2009. By using the DM beam 
transport, we performed two experiments to search the isovector spin monopole (IVSM) mode 
and the isovector spin-non-flip monopole (IVM) mode in nuclei: In the experiment for IVSM, 
we obtained an excitation function in 90Zr(12N, 12C) reaction, which is exothermic and is 
possible to excite the target nucleus by IVSM mode with recoilless; The experiment for IVM 
aims at searching IVM mode of nuclear excitation. We observed the spectra in 90Zr(10C, 10B(Ex 
= 1740 keV)) channel, which is likely to be an effective probe for IVM excitation because of its 
feature of DT=1 and DS=0. The analyses of these experimental data are now in progress. 
 
 SHARAQ group developed two tracking detectors installed in the beam line especially in the 
point of high-rate operation. As a tracking detector for small beam spot and high intensity, we 
developed a stack of plastic scintillators (Plastic tracker). Hit positions are determined by light 
output from each plastic bar, its position resolution is 1 mm, corresponding to the plastic 
scintillator width. 
 
 Secondly, the low-pressure MWDC for beam tracking developed by study of its operation 
parameters. After optimization, the capability of beam tracking advanced up to 2x106 
particles/sec and the detector stably operated by RI beam of 106 cps during 2 weeks. 
 
 Derector 
  Takaharu OTSUKA  
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1. Abstract 
   University of Tokyo and RIKEN agreed to corporate with each other in the field of nuclear 
physics and established Todai-RIKEN Joint International Program for Nuclear Physics 
(TORIJIN) in June 2006.  The aim of this organization is to promote the international 
collaborations, such as  JUSTIPEN (Japan-US Theory Institute for Physics with Exotic Nuclei) 
and EFES (International Research Network for Exotic Femto Systems). JUSTIPEN was 
launched in June 2006 in order to facilitate collaborations between U.S. and Japanese scientists 
whose main research thrust is in the area of the physics of exotic nuclei. More than 67 nuclear 
scientists in U.S. have visited Japan in three years, and many collaborations are established. 
EFES was selected as one of the Core-to-Core Programs of Japan Society for the Promotion of 
Science (JSPS).  This is the program to send Japanese nuclear scientists to U.S., Germany, 
France, Italy, Norway, and Finland and to promote the international collaborations in the field 
of nuclear study. Many joint workshops were held with the partner countries. 
 
2. Main activities 

Promote the international collaborations of both theoretical and experimental nuclear 
physicists under JUSTIPEN and EFES programs. 

 
3. Summary of Research Activity 
    Under the JUSTIPEN program, many nuclear scientists visited in this fiscal year and 
collaborations are established. Under the EFES program, we have carried out four types of 
activities: initiating the collaboration projects, organizing seminars with partner courtiers, 
sending researchers abroad, and sending/inviting young scientists to the summer schools. 
Regarding the collaborative works, we have carried out six projects. Many experimentalists and 
theoreticians have been sent abroad. As for the joint workshops, we have organized seven 
workshops/symposia/conferences and all of them were quite fruitful. Also, young scientists 
have been sent to partner countries for educational purpose and starting collaborations. As for 
the summer school, Japanese graduate students have been sent to the summer schools in 
Germany and USA, and we have invited students to CNS-EFES summer school from the 
partner countries. 
 
 Leader 
  Takaharu TSUKA (University of Tokyo) 
   
 Vice leader 
  Hiroyoshi SAKURAI (RIKEN) 
   
 Members 
  Susumu SHIMOURA (University of Tokyo),  
  Takashi NAKATSUKASA (RIKEN),  
  Tomohiro UESAKA (University of Tokyo),  
  Shin’ichiro FUJII (University of Tokyo) 
  Tohru MOTOBAYASHI (RIKEN) 
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Events of Nishina Center & CNS from January 2010 to March 2011

2010 Jan. 5 Final Review of Theoretical Physics Laboratory

Jan. 6 The 1st Industrial Program Advisory Committee

Jan. 14 Press Release on "Nishina Otome" (New cherry blossom tree that blooms
during all four seasons)

Jan. 20-21 RIKEN Symposium on "Muon Science at the RIKEN-RAL Muon Facility
2009"

Feb. 15 Press Release on "Perfect' Liquid Hot Enough to be Quark Soup" -Protons,
neutrons melt to produce ‘quark-gluon plasma’ at RHIC-

Feb. 26 Interim Review of Advanced Meson Science Laboratory

Apr. 23 RIKEN Wako Institute's Open House

May. 23 IPAC'10 Special Lectures to Commemorate the 120th Anniversary of the
Birth of Yoshio Nishina: Yoshio Nishina's and Japanese pioneers'
developments in particle accelerators and their applications

Jun. 8 Press conference on the "Discovery of 45 New radioisotopes" at the MEXT

Jun. 15-16 The 7th Program Advisory Committee for Nuclear Physics experiments at RI
Beam Factory

Jul. 2 An MOU extending the "Agreement between RIKEN and STCF concerning
muon science" until March, 2018 was signed

Aug. 18-24 The 9th CNS-EFES International Summer School （CNS-EFES10）

Oct. 1 Registration for RIBF independent users begins

Oct. 5-8 Nishina School

Nov. 19-21 Science Agora 2010 at Odaiba

Dec. 21 124Xe-beam acceleration up to the energy of 672 keV/A with the new linac,
RILAC2

Dec. 3-5 The 8th Program Advisory Committee for Nuclear Physics experiments at RI
Beam Factory

2011 Jan. 11-12 The 7th Program Advisory Committee for Materials & Life Science
experiments at RIKEN Nishina Center

Feb. 1 "The world's first successful measurement of 18 new half-lives of very
neutron-rich nuclei" - an evidence of nucleosynthesis in Supernova
explosions faster than previously expected
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Awardee Motizuki Yuko
Laboratory Radioactive Isotope Physics Laboratory
Name of award Best Oral Presentation Award at the XXXI SCAR (Scientific

Committee on Antarctic Research) Open Science Conference,
Buenos Aires, Argentina

Sponsoring organization Scientific Committee on Antarctic Research
Date of award Aug. 1, 2010

Awardee Kinoshita Toichiro
Laboratory Theoretical Physics Laboratory
Name of award The Gian Carlo Wick 2010 Gold Medal Award
Sponsoring organization World Federation of Scientists
Date of award Aug. 20,  2010

Awardee Ichikawa Yuichi
Laboratory Polarized RI Beam Team
Name of award The 16th Young Scientist Prize
Sponsoring organization Nuclear Experimental Physics Forum
Date of award Sep.13, 2010

Awardee Takashi Kishida
Laboratory Radioactive Isotope  Physics Laboratory
Name of award The Commendation by Chairman of the High Pressure Gas

Association of Saitama
Sponsoring organization The High Pressure Gas Association of Saitama
Date of award Oct. 22, 2010

Awardee Yamazaki  Toshimitsu
Laboratory Advanced Meson Science Laboratory
Name of award The Order of the Sacred Treasure, Gold and Silver Star
Sponsoring organization Cabinet Office
Date of award Nov. 3, 2010

Awardee Imao Hiroshi
Laboratory Accelerator Group Accelerator R&D Team
Name of award Physics World Breakthrough of the Year
Sponsoring organization Institute of Physics
Date of award Dec. 20, 2010

Awardee Ohnishi Tetsuya
Laboratory Research Instruments Group  BigRIPS Team
Name of award The 5th Young Scientist Award of the Physical Society of
Sponsoring organization The Physical Society of Japan
Date of award Mar. 26, 2011

Awardee Imao Hiroshi
Laboratory Accelerator Group Accelerator R&D Team
Name of award The 22nd Young Scientist Award of the Society of Muon and

Meson Science of Japan
Sponsoring organization Society of Muon and Meson Science of Japan
Date of award Mar. 9, 2011

Awards from April 2010 to March 2011
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Nakatsukasa T.: “Linear response calculations using

2

- 415 -
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Yoshida K.: “Skyrme energy-density functional approach

to collective excitations in medium-mass to heavy nu-

clei”, JAPAN-ITALY EFES(-INFN) Workshop on Cor-

relations in Reactions and Continuum, (EFES, INFN),
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Ebata S., Nakatsukasa T., Inakura T., Yoshida K.,
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谷口億宇: “Cluster correlations and triaxiality”, 「少数粒
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motions”, Noyori summer school 2010, 播磨, 9月 (2010).

中務孝: “核子多体系シミュレーション計算の現状と課題”, 次
世代格子ゲージシミュレーション研究会, 和光, 9月 (2010).
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佐藤弘一: “Microscopic description of shape mixing dy-
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Hiyama E.: “Five and four-body structure of S=-2 hyper-

nuclei”, ECT* European Centre for Theoretical Stud-

ies In Nucleaer Physics and Related Areas Strangeness

in Nuclei, (European centre for theoretical studies in

nuclear physics and related areas), Trento, Italy, Oct.

(2010).
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Hiyama E.: “Few-body aspects of hypernuclear physics”,

Seminar at Los Alamos National Laboratory, (Los

Alamos National Laboratory), Los Alamos, USA, Nov.

(2010).

Ikeda Y.: “Lattice QCD studies of s-wave meson-baryon
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T., Nakamura M., Ohnishi J., Okuno H., Sakamoto N.,

Suda K., Watanabe H., Watanabe Y., Watanabe T.,

Yamada K., Yamasawa H., Yokouchi S., and Yano Y.:

“Status of RIBF accelerators at RIKEN”, 19th Interna-

tional Conference on Cyclotrons and their Applications

(CYCLOTRONS 2010), (Cyclotrons2010 International

Organizing Committee), Lanzhou, China, Sept. (2010).

(Domestic Conference)

上垣外修一, 藤巻正樹, 藤縄雅, 福西暢尚, 後藤彰, 長谷部裕雄,

日暮祥英, 池上九三男, 池沢英二, 影山正, 加瀬昌之, 木寺
正憲, 込山美咲, 久保木浩功, 熊谷桂子, 眞家武士, 長瀬誠,

中川孝秀, 大西純一, 奥野広樹, 龍頭啓充, 坂本成彦, 佐藤
洋一, 須田健嗣, 若杉昌徳, 渡辺博, 渡邉環, 山田一成, 横内
茂, 矢野安重: “理研 RIビームファクトリーの現状”, 第 5

回日本加速器学会年会/第 33回リニアック技術研究会, (日
本加速器学会), 東広島, 8月 (2008).

上垣外修一, 新井重昭, 藤巻正樹, 藤縄雅, 藤澤博, 福西暢尚,

後藤彰, 日暮祥英, 池沢英二, 影山正, 加瀬昌之, 込山美咲,

久保木浩功, 熊谷桂子, 眞家武士, 長瀬誠, 中川孝秀, 大西
純一, 奥野広樹, 坂本成彦, 佐藤洋一, 須田健嗣, 渡辺博,

渡邉環, 渡邉裕, 山田一成, 山澤秀行, 矢野安重, 横内茂: “

理研 RIBFのビーム増強計画”, 第 6回日本加速器学会年
会, (日本加速器学会), 茨城県東海村, 8月 (2009).

小沢顕, 鈴木宏, 長江大輔, 新井一郎, 森口哲朗, 伊藤由太,

長谷部裕雄, 藤縄雅, 福西暢尚, 後藤彰, 大西哲哉, 櫻井
博儀, 若杉昌徳, 山口由高, 矢野安重, 鈴木健, 山口貴之,

菊池崇志, 大坪隆, 安田裕介, 久保野茂: “RIBFにおける稀
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少 RIリング”, RIBFに於ける測定器についての検討会, 和
光, 12月 (2009).

小沢顕, 新井一郎, 伊藤由太, 森口哲朗, 長江大輔, 鈴木宏,

藤縄雅, 福西暢尚, 後藤彰, 長谷部裕雄, 大西哲哉, 櫻井
博儀, 若杉昌徳, 山口由高, 矢野安重, 鈴木健, 山口貴之,

菊池崇志, 大坪隆, 安田裕介, 久保野茂: “RIBFに於ける稀
少 RIリング計画”, 蓄積リング検討ミニワークショップ,

(大阪大学　核物理研究センター), 茨木, 1月 (2010).

渡邉裕, 池沢英二, 今尾浩士, 大西純一, 奥野広樹, 加瀬昌之,

上垣外修一, 熊谷桂子, 後藤彰, 込山美咲, 坂本成彦, 須田
健嗣, 中川孝秀, 日暮祥英, 福西暢尚, 藤縄雅, 藤巻正樹,

眞家武士, 山田一成, 山澤秀行, 横内茂, 渡邉環, 渡辺博,

新井重昭, 佐藤洋一: “理研リニアック新入射器システム
(RILAC2)の建設状況”, 第 7回日本加速器学会年会, (日
本加速器学会), 姫路, 8月 (2010).

山田一成, 池沢英二, 今尾浩士, 大西純一, 奥野広樹, 加瀬昌之,

熊谷桂子, 込山美咲, 後藤彰, 坂本成彦, 須田健嗣, 中川孝秀,

日暮祥英, 福西暢尚, 藤縄雅, 藤巻正樹, 眞家武士, 山澤秀行,

横内茂, 渡邉環, 渡辺博, 渡邉裕, 新井重昭, 藤澤博, 佐藤
洋一, 上垣外修一: “理研 RIBF用の新しい重イオン入射ラ
イナック RILAC2 の製作”, 第 7 回日本加速器学会年会,

(日本加速器学会), 姫路, 8月 (2010).

鈴木宏,新井一郎,藤縄雅,福西暢尚,後藤彰,菊池崇志,久保野
茂, 森口哲朗, 長江大輔, 大坪隆, 小沢顕, 櫻井博儀, 鈴木健,

若杉昌徳, 安田裕介, 山口貴之, 山口由高, 矢野安重: “理研
稀少 RIリングの粒子軌道計算”, 日本物理学会 2010年秋
季大会, (日本物理学会), 北九州, 9月 (2010).

藤縄雅: “理研仁科加速器研究センター RIビームファクト
リーの電力供給方式”, 日本大学生産工学部第 43回学術講
演会, 習志野, 12月 (2010).
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Instrumentation Development Group

Publications

[Journal]

（Others）
Yasuda Y., Ozawa A., Arai I., Fujinawa T., Fukunishi

N., Goto A., Ohnishi T., Sakurai H., Wakasugi M.,

Yamaguchi Y., Yano Y., Suzuki T., Yamaguchi T.,

Kikuchi T., and Ohtsubo T.: “Present status of rare-

RI ring project in RIKEN RIBF”, Int. J. Mod. Phys.

E 18, No. 2, pp. 459–464 (2009).

Arai I., Ozawa A., Yasuda Y., Fujinawa T., Fukunishi

N., Goto A., Ohnishi T., Sakurai H., Wakasugi M.,

Yamaguchi Y., Yano Y., Suzuki T., Yamaguchi T.,

Kikuchi T., and Ohtsubo T.: “Beam optics simulation

for rare-RI ring at RI beam factory in RIKEN”, Int. J.

Mod. Phys. E 18, No. 2, pp. 498–504 (2009).

Oral Presentations

(Domestic Conference)

小沢顕, 鈴木宏, 長江大輔, 新井一郎, 森口哲朗, 伊藤由太,

長谷部裕雄, 藤縄雅, 福西暢尚, 後藤彰, 大西哲哉, 櫻井
博儀, 若杉昌徳, 山口由高, 矢野安重, 鈴木健, 山口貴之,

菊池崇志, 大坪隆, 安田裕介, 久保野茂: “RIBFにおける稀
少 RIリング”, RIBFに於ける測定器についての検討会, 和
光, 12月 (2009).

小沢顕, 新井一郎, 伊藤由太, 森口哲朗, 長江大輔, 鈴木宏,

藤縄雅, 福西暢尚, 後藤彰, 長谷部裕雄, 大西哲哉, 櫻井
博儀, 若杉昌徳, 山口由高, 矢野安重, 鈴木健, 山口貴之,

菊池崇志, 大坪隆, 安田裕介, 久保野茂: “RIBFに於ける稀
少 RIリング計画”, 蓄積リング検討ミニワークショップ,

(大阪大学　核物理研究センター), 茨木, 1月 (2010).

森口哲朗, 小沢顕, 伊藤由太, 鈴木宏, 長江大輔, 鈴木健, 山口
貴之, 大坪隆, 大西哲哉, 山口由高, 金澤光隆: “RI ビーム
粒子識別検出器の開発”, 平成 21年度 HIMAC共同利用研
究成果発表会, (独立行政法人放射線医学総合研究所), 千葉
, 4月 (2010).

渡邉環, 福西暢尚, 加瀬昌之, 若杉昌徳, 藤巻正樹, 山田一成,

坂本成彦, 小高康照, 小山亮, 仲村武志, 上垣外修一: “RI-

BFにおけるビームエネルギーと縦方向のビームプロファ
イル測定システムの改良”, 第 7回日本加速器学会年会, (日
本加速器学会), 姫路, 8月 (2010).

鈴木宏,新井一郎,藤縄雅,福西暢尚,後藤彰,菊池崇志,久保野
茂, 森口哲朗, 長江大輔, 大坪隆, 小沢顕, 櫻井博儀, 鈴木健,

若杉昌徳, 安田裕介, 山口貴之, 山口由高, 矢野安重: “理研
稀少 RIリングの粒子軌道計算”, 日本物理学会 2010年秋
季大会, (日本物理学会), 北九州, 9月 (2010).

1

- 456 -



SLOWRI Team

Oral Presentations

(International Conference etc.)

Wada M.: “Precision measurements of the hyper ne con-

stants and optical isotope shifts of 7,9,10,11 Be+ions in

an online ion trap”, 5th conference on Trapped Charged

Particles and Fundamental Physics (TCP2010), (Uni-

versity of Jyvaskylan), Saariselka, Finland, Apr. (2010).

Meissl W., Clever M., Maeshima K., Meissl E., Ikeda T.,

Tokesi K., Schury P. H., Miyamoto S., Kojima T., Kanai

Y., Ogiwara K., Hamagaki M., Kobayashi T., Imamoto

N., and Yamazaki Y.: “Precise micro-irradiation of in-

dividual living targets using MeV ion beams”, 24th In-

ternational Conference on Atomic Collisions in Solids

(ICACS 24), Krakow, Poland, July (2010).

Meissl W., Ikeda T., Kobayashi T., Schury P. H., Meissl

E., Ogiwara K., Hamagaki M., Clever M., Maeshima

K., Kojima T., Kanai Y., Imamoto N., and Yamazaki

Y.: “Towards three-dimensional ion beam confinement

inside the cell”, 9th International Microbeam Workshop,

Darmstadt, Germany, July (2010).

Meissl W., Ikeda T., Clever M., Meissl E., Tokesi K.,

Schury P. H., Maeshima K., Miyamoto S., Kobayashi T.,

Kojima T., Kanai Y., Ogiwara K., Hamagaki M., Wada

M., Imamoto N., and Yamazaki Y.: “CLOSED-TIP TA-

PERED GLASS CAPILLARIES AS A NOVEL TOOL

FOR MICRO-IRRADIATION OF LIVING CELLS BY

MeV ION BEAMS”, 18th International Workshop on In-

elastic Ion-Surface Collisions (IISC-18), (IISC), Gatlin-

burg, USA, Sept.–Oct. (2010).

(Domestic Conference)

小沢顕, 鈴木宏, 長江大輔, 新井一郎, 森口哲朗, 伊藤由太,

長谷部裕雄, 藤縄雅, 福西暢尚, 後藤彰, 大西哲哉, 櫻井
博儀, 若杉昌徳, 山口由高, 矢野安重, 鈴木健, 山口貴之,

菊池崇志, 大坪隆, 安田裕介, 久保野茂: “RIBFにおける稀
少 RIリング”, RIBFに於ける測定器についての検討会, 和
光, 12月 (2009).

小沢顕, 新井一郎, 伊藤由太, 森口哲朗, 長江大輔, 鈴木宏,

藤縄雅, 福西暢尚, 後藤彰, 長谷部裕雄, 大西哲哉, 櫻井
博儀, 若杉昌徳, 山口由高, 矢野安重, 鈴木健, 山口貴之,

菊池崇志, 大坪隆, 安田裕介, 久保野茂: “RIBFに於ける稀
少 RIリング計画”, 蓄積リング検討ミニワークショップ,

(大阪大学　核物理研究センター), 茨木, 1月 (2010).

森口哲朗, 小沢顕, 伊藤由太, 鈴木宏, 長江大輔, 鈴木健, 山口
貴之, 大坪隆, 大西哲哉, 山口由高, 金澤光隆: “RI ビーム
粒子識別検出器の開発”, 平成 21年度 HIMAC共同利用研
究成果発表会, (独立行政法人放射線医学総合研究所), 千葉
, 4月 (2010).
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Polarized RI Beam Team

Publications

[Journal]

（Original Papers） *Subject to Peer Review

Ichikawa Y., Onishi T. K., Suzuki D., Iwasaki H., Kubo

T., Naik V., Chakrabarti A., Aoi N., Brown A. B.,

Fukuda N., Kubono S., Motobayashi T., Nakabayashi

T., Nakamura T., Nakao T., Okumura T., Ong J. H.,

Suzuki H., Suzuki M. K., Teranishi T., Yamada K.,

Yamaguchi H., and Sakurai H.: “Gamow-Teller transi-

tion of the proton-rich nucleus 24Si”, AIP Conf. Proc.

1235, 265–269 (2010).

Ichikawa Y., Onishi T. K., Suzuki D., Iwasaki H., Kubo

T., Naik V., Chakrabarti A., Aoi N., Brown A. B.,

Fukuda N., Kubono S., Motobayashi T., Nakabayashi

T., Nakamura T., Nakao T., Okumura T., Ong J. H.,

Suzuki H., Suzuki M. K., Teranishi T., Yamada K.,

Yamaguchi H., and Sakurai H.: “Mirror asymmetry for

B(GT) of 24Si induced by Thomas-Ehrman shift”, AIP

Conf. Proc. 1238, 290–293 (2010).

Furukawa T., Matsuo Y., Hatakeyama A., Fujikake K.,

Matsuura Y., Kobayashi T., and Shimoda T.: “Laser

spectroscopy on exotic RI atoms in superfluid helium -

OROCHI experiment -”, Hyperfine Interact. 196, 191–

197 (2010).＊
Ichikawa Y., Onishi T. K., Suzuki D., Iwasaki H., Kubo

T., Naik V., Chakrabarti A., Aoi N., Brown A. B.,

Fukuda N., Kubono S., Motobayashi T., Nakabayashi

T., Nakamura T., Nakao T., Okumura T., Ong J. H.,

Suzuki H., Suzuki M. K., Teranishi T., Yamada K.,

Yamaguchi H., and Sakurai H.: “Mirror asymmetry in-

vestigated by β decay of proton-rich 24Si”, Mod. Phys.

Lett. A 25, 1895–1898 (2010).

（Review）
市川雄一: “陽子過剰核 24Si のベータ崩壊とその鏡映対称
性”, 原子核研究 55, No. 1, pp. 33–42 (2010).

Oral Presentations

(International Conference etc.)

Ichikawa Y., Onishi T. K., Suzuki D., Iwasaki H., Kubo

T., Naik V., Chakrabarti A., Aoi N., Brown A. B.,

Fukuda N., Kubono S., Motobayashi T., Nakabayashi

T., Nakamura T., Nakao T., Okumura T., Ong J. H.,

Suzuki H., Suzuki M. K., Teranishi T., Yamada K.,

Yamaguchi H., and Sakurai H.: “Proton-rich nuclear

structure and mirror asymmetry investigated by β-decay

spectroscopy of 24Si”, International Nuclear Physics

Conference (INPC2010), (TRIUMF at the University of

British Columbia), Vancouver, Canada, July (2010).

Ichikawa Y., Ueno H., Ishii Y., Furukawa T., Yoshimi A.,

Kameda D., Aoi N., Watanabe H., Asahi K., Iijima H.,

Suzuki K., Inoue T., Tsuchiya M., Hayashi H., Nanao

T., Kubo T., Inabe N., Ohnishi T., Takeda H., Fukuda

N., Ishihara M., Daugas J., Chevrier R., Georgiev G.,

Rajabali M. M., and Balabanski D. L.: “g-factor mea-

surement for isomeric state of 32Al using two-step frag-

mentation reaction with dispersion matching”, GCOE

International Summer School: Hadrons and Nuclei un-

der Extreme Conditions (HANEC2010), (Tokyo Insti-

tute of Technology), Tokyo, Sept. (2010).

Ueno H.: “Spin-oriented radioactive-isotope beams at

RIBF”, 19th International Spin Physics Symposium

(SPIN 2010), (Forschungszentrum Juelich), Juelich,

Germany, Sept.–Oct. (2010).

Tsukada K., Kasamatsu Y., Asai M., Toyoshima A., Ishii

Y., Li Z., Sato T., Nagame Y., Schaedel M., Goto S.,

Hasegawa T., Kudo H., Haba H., Kudou Y., Kikunaga

H., Ooe K., Fujisawa H., Sato W., Shinohara A., Oura

Y., Akiyama K., Nanri T., Araki M., Yokoyama A.,

and Sueki K.: “Anion-exchange behavior of Db in HF

and HNO3 mixed solution using an on-line chemical

apparatus”, International Chemical Congress of Pa-

cific Basin Societies (PACIFICHEM 2010), (American

Chemical Society), Honolulu, USA, Dec. (2010).

Toyoshima A., Tsukada K., Asai M., Kitatsuji Y., Ishii Y.,

Sato T., Li Z., Sato N., Kikuchi T., Nishinaka I., Nagame

Y., Kasamatsu Y., Haba H., Ooe K., Shinohara A.,

Sato W., Akiyama K., Even J., and Schaedel M.: “Elec-

trochemistry of the heaviest elements”, International

Chemical Congress of Pacific Basin Societies (PACI-

FICHEM 2010), (American Chemical Society), Hon-

olulu, USA, Dec. (2010).

(Domestic Conference)

松浦佑一, 古川武, 小林徹, 畠山温, 加藤裕樹, 立川真樹, 松尾
由賀利: “超流動ヘリウム中での光ポンピング法による Au

原子の偏極生成”, 第 6回停止・低速不安定核ビームを用い
た核分光研究会, 東京, 3月 (2010).

加藤裕樹, 古川武, 松浦佑一, 小林徹, 畠山温, 立川真樹, 松尾
由賀利: “光ポンピングへ向けた超流動ヘリウム中での III

族原子 Ga, In原子の励起スペクトル測定”, 第 7回 AMO

討論会, つくば, 6月 (2010).

市川雄一: “陽子過剰核 24Si のベータ崩壊とその鏡映対称
性”, 日本物理学会 2010年秋季大会, (日本物理学会), 北九
州市, 9月 (2010).

加藤裕樹, 古川武, 松浦佑一, 小林徹, 畠山温, 立川真樹, 松尾
由賀利: “超流動ヘリウム中での III族原子 In, Gaの励起ス
ペクトル”, 日本物理学会 2010年秋季大会, 堺, 9月 (2010).

市川雄一, 上野秀樹, 石井裕司, 古川武, 吉見彰洋, 亀田大輔,

青井考, 渡邉寛, 旭耕一郎, 飯島裕章, 鈴木都文, 井上壮志,

土屋真人, 林宏憲, 七尾翼, 久保敏幸, 稲辺尚人, 大西哲哉,

竹田浩之, 福田直樹, 石原正泰, Daugas J., Chevrier R.,

Georgiev G., Rajabali M. M., Balabanski D. L.: “分散
整合二回散乱法による核スピン整列ＲＩビームの生成”, 日
本物理学会 2010年秋季大会, (日本物理学会), 北九州, 9月
(2010).
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Rare RI-ring Team

Publications

[Journal]

（Original Papers） *Subject to Peer Review

Yamaguchi Y., Suzuki T., Wu C., Ozawa A., Fang

D., Fukuda M., Iwasa N., Izumikawa T., Ohnishi T.,

Ohtsubo T., Tanihata I., and Kanungo R.: “Density

distribution of 17B from a reaction cross section mea-

surement”, Phys. Rev. C 70, No. 5, p. 054320 (2004).

＊
（Others）
Yasuda Y., Ozawa A., Arai I., Fujinawa T., Fukunishi

N., Goto A., Ohnishi T., Sakurai H., Wakasugi M.,

Yamaguchi Y., Yano Y., Suzuki T., Yamaguchi T.,

Kikuchi T., and Ohtsubo T.: “Present status of rare-

RI ring project in RIKEN RIBF”, Int. J. Mod. Phys.

E 18, No. 2, pp. 459–464 (2009).

Arai I., Ozawa A., Yasuda Y., Fujinawa T., Fukunishi

N., Goto A., Ohnishi T., Sakurai H., Wakasugi M.,

Yamaguchi Y., Yano Y., Suzuki T., Yamaguchi T.,

Kikuchi T., and Ohtsubo T.: “Beam optics simulation

for rare-RI ring at RI beam factory in RIKEN”, Int. J.

Mod. Phys. E 18, No. 2, pp. 498–504 (2009).

Oral Presentations

(Domestic Conference)

小沢顕, 鈴木宏, 長江大輔, 新井一郎, 森口哲朗, 伊藤由太,

長谷部裕雄, 藤縄雅, 福西暢尚, 後藤彰, 大西哲哉, 櫻井
博儀, 若杉昌徳, 山口由高, 矢野安重, 鈴木健, 山口貴之,

菊池崇志, 大坪隆, 安田裕介, 久保野茂: “RIBFにおける稀
少 RIリング”, RIBFに於ける測定器についての検討会, 和
光, 12月 (2009).
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E., Mascagna V., Venturelli L., Zurlo N., 藤居甲基, 大塚
未来,田中香津生,今尾浩士,長嶋泰之,松田恭幸,毛利明博,

山崎泰規: “カスプトラップ中での反水素生成”, 日本物理
学会第 66回年次大会, (日本物理学会), 新潟, 3月 (2011).
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Radiation Biology Team

Publications

[Journal]

（Original Papers） *Subject to Peer Review

Yatagai F., Umebayashi Y., Suzuki M., Abe T., Suzuki H.,

Shimazu T., Ishioka N., Iwaki M., and Honma M.: “In-

fluence of low-dose and low-dose-rate ionizing radiation

on mutation induction in human cells”, Adv. Space Res.

40, No. 4, pp. 470–473 (2007).＊
Nishiyama R., Ishii K., Kifune E., Kazama Y., Nishihara

K., Matsunaga S., Shinozaki K., and Kawano S.: “Sex

chromosome evolution revealed by physical mapping of

SlAP3X/Y in the dioecious plant Silene latifolia”, Cy-

tologia 75, No. 3, pp. 319–325 (2010).＊
Ishii K., Amanai Y., Kazama Y., Ikeda M., Kamada H.,

and Kawano S.: “Analysis of BAC clones containing ho-

mologous sequences on the end of the Xq arm and on

chromosome 7 in the dioecious plant Silene latifolia”,

Genome 53, No. 4, pp. 311–320 (2010).＊
Kashiwabara T., Mitsuo S., Hokura A., kitajima N., Abe

T., and Nakai I.: “In vivo micro X-ray analysis utilizing

synchrotron radiation of the gametophytes of three ar-

senic accumulating ferns, Pteris vittata L., Pteris cretica

L. and Athyrium yokoscense, in different growth stages”,

Metallomics 2, 261–270 (2010).＊
Nakano M., Amano J., Watanabe Y., Nomizu T., Suzuki

M., Mizunashi K., Mori S., Kuwayama S., Han D., Saito

H., Ryuto H., Fukunishi N., and Abe T.: “Morpholog-

ical variation in Tricyrtis hirta plants regenerated from

heavy ion beam-irradiated embryogenic calluses”, Plant

Biotechnol. 27, 155–160 (2010).＊
Koizumi A., Yamanaka K., Nishihara K., Kazama Y., Abe

T., and Kawano S.: “Two separate pathways including

SlCLV1, SlSTM and SlCUC that control carpel develop-

ment in a bisexual mutant of Silene latifolia”, Plant Cell

Physiol. 51, No. 2, pp. 282–293 (2010).＊
Nakano M., Watanabe Y., Nomizu T., Suzuki M.,

Mizunashi K., Mori S., Amano J., Han D., Saito H.,

Ryuto H., Fukunishi N., and Abe T.: “Promotion of so-

matic embryo production from embryogenic calluses of

monocotyledonous and dicotyledonous plants by heavy-

ion beam irradiation”, Plant Growth Regul. 60, 169–173

(2010).＊
Fujiwara M., Hashimoto H., Kazama Y., Hirano T.,

Yoshioka Y., Aoki S., Sato N., Itoh R. D., and Abe T.:

“Dynamic morphologies of pollen plastids visualised by

vegetative-specific FtsZ1-GFP in Arabidopsis thaliana”,

Protoplasma 242, 19–33 (2010).＊
古川浩二, 岩澤洋樹, 阿部知子, 松山知樹: “DNAマーキング
によるシンビジウムの品種内判別”, DNA多型 18, 81–84

(2010).＊
森下敏和, 六笠裕治, 鈴木達郎, 清水明美, 山口博康, 出花
幸之介, 相井城太郎, 長谷純宏, 鹿園直哉, 田中淳, 宮沢豊,

林依子, 阿部知子: “ガンマ線およびイオンビーム照射に

よって得られたダッタンソバ半矮性系統の形態および遺伝
特性”, 育種学研究 12, 39–43 (2010).＊

山岡和希子, 高田沙織, 竹久妃奈子, 林依子, 保倉明子, 寺田
靖子, 阿部知子, 中井泉: “放射光マイクロビーム蛍光 X線
分析と X線吸収微細構造解析を用いたイネのカドミウム蓄
積機能に関する研究”, 分析化学 59, No. 6, pp. 463–475

(2010).＊
（Review）
阿部知子, 風間裕介, 平野智也: “重イオンビーム育種技術の
実用化 10年”, 植物の生長調節 45, 58–63 (2010).

（Others）
阿部知子: “世界に初めての花を咲かせる”, エネルギーレ
ビュー 30, 44 (2010).

[Book・ Proceedings]

（Review）
平野智也, 茶谷正孝, 林依子, 阿部知子: “ランの新たな品種
改良：重イオンビーム育種による挑戦”, 第 3回智のシン
ポジウム：文明・文化と科学技術 論文集, 東京, 2010–11,

「智のシンポジウム」組織員会, 東京, pp. 31–34 (2010).

森田竜平, 西村実, 阿部知子: “突然変異を利用した品種改良：
作物のポテンシャルを引き出す”, 第 3回智のシンポジウ
ム：文明・文化と科学技術 論文集, 東京, 2010–11, 「智の
シンポジウム」組織委員会, 東京, pp. 35–38 (2010).

風間裕介, 河野重行, 阿部知子: “マルチ蛍光標識プローブを
用いた植物巨大 Y染色体の構造解析”, 第 3回智のシンポジ
ウム：文明・文化と科学技術 論文集, 東京, 2010–11, 「智
のシンポジウム」組織員会, 東京, pp. 39–42 (2010).

Oral Presentations

(International Conference etc.)

Nishihara K., Kazama Y., Hirano T., Ohbu S., Matsuyama

T., Kawano S., and Abe T.: “LET-dependent effects

of ionizing radiation on deletion mutants in Arabidop-

sis thaliana”, Molecular aspects of plant development

2010, (Vienna International Plant Conference Associa-

tion), Vienna, Austria, Feb. (2010).

Kazama Y., Ishii K., Nishihara K., Torii C., Aonuma W.,

Kawano S., and Abe T.: “Molecular Aspects of Sexual

Flower Differentiation in the Dioecious Plant Silene lati-

folia”, Molecular aspects of plant development 2010, (Vi-

enna International Plant Conference Association), Vi-

enna, Austria, Feb. (2010).

Ma L., Kazama Y., Ichida H., Hayashi Y., Abe T., Tanaka

S., Inoue H., and Hatakeyama S.: “Research of muta-

tion of ion beam irradiation in Neurospora”, Neurospora

2010, (Neurospora Policy Committee), Asilomar, USA,

Apr. (2010).

Manickavelu A., Kawaura K., Sakakibara H., Kamiya

Y., Abe T., Shinozaki K., and Ogihara Y.: “Dwarf

mutant characterization in heavy ion-beam mutated

diploid wheat (Triticum MonococcumL)”, 21st Inter-

national Conference on Arabidopsis Research (ICAR

2010), Yokohama, June (2010).

Nishihara K., Kazama Y., Hirano T., Ohbu S., Kawano S.,

and Abe T.: “Dynamic rearrangement induced by Fe-
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ions in Arabidopsis thaliana”, 21st International Confer-

ence on Arabidopsis Research (ICAR 2010), (Scientific

Organizing Committee for ICAR2010), Yokohama, June

(2010).

Hirano T., Kazama Y., Nishihara K., Ohbu S., Liu Y.,

Hayashi Y., and Abe T.: “LET dependent effect on

DNA damage in irradiation of heavy-ion beam to Ara-

bidopsis thaliana”, 21st International Conference on

Arabidopsis Research (ICAR 2010), (Scientific Organiz-

ing Committee for ICAR2010), Yokohama, June (2010).

Hayashi Y., Kazama Y., Hirano T., Tokairin H., Ohbu

S., Sato T., and Abe T.: “LET-dependent effect of

heavy-ion beam irradiation on mutation induction in

rice”, 21st International Conference on Arabidopsis Re-

search (ICAR 2010), (Scientific Organizing Committee

for ICAR2010), Yokohama, June (2010).

Abe T., Hayashi Y., Kazama Y., Nishihara K., and Hirano

T.: “New innovative technology for mutation breeding

using heavy-ion beams”, 21st International Conference

on Arabidopsis Research (ICAR 2010), (Scientific Or-

ganizing Committee for ICAR2010), Yokohama, June

(2010).

Kazama Y., Hirano T., Ohbu S., Liu Y., Hayashi Y.,

and Abe T.: “Arabidopsis deletion mutant collection

produced by heavy-ion beam irradiation”, 21st Inter-

national Conference on Arabidopsis Research (ICAR

2010), Yokohama, June (2010).

Hokura A., Yoshii Y., Nakai I., Abe T., Itouga M.,

and Sakakibara H.: “Study on lead and copper stroage

mechanism of copper moss,Scopelophila cataractae,by

Micro-XRF imaging and XAFS analyses using syn-

chrotron radiation”, 5th International Conference on Ion

Exchange, (Japan Association of Ion Exchange), Mel-

bourne, Australia, July (2010).

(Domestic Conference)

阿部知子, 斉藤宏之, 竹之下佳久, 長谷健, 大江正和: “イオン
ビーム照射によるイチゴ品種「さつまおとめ」早生優良系
統の作出”, 第 6回イオンビーム育種研究会大会, 和光, 5

月 (2009).

古川浩二, 岩澤洋樹, 阿部知子, 松山知樹: “DNAマーキング
によるシンピジウムの品種内識別”, 第 6回イオンビーム
育種研究会大会, (イオンビーム育種研究会), 和光, 5 月
(2009).

高城啓一, 畑下昌範, Trieu L., 鈴木勝久, 阿部知子, 風間裕介,

塚田晃代: “プロトンビーム照射の斑入りペチュニアに対す
る内部摘芽効果”, 第 6回イオンビーム育種研究会大会, 和
光, 5月 (2009).

今西俊介, 野口有里紗, 横谷尚起, 風間裕介, 平野智也, 林依子,

本多一郎, 阿部知子: “重イオンビーム照射によるトマトの
効率的変異固定を目指した基盤研究”, 第 7回イオンビーム
育種研究会大会, (イオンビーム育種研究会), 鳥栖, 5–6月
(2010).

佐々木克友, 山口博康, 間竜太郎, 四方雅仁, 阿部知子, 大坪
憲弘: “重イオンビーム照射により第２ウォールが萼化した
トレニア変異表現型の原因遺伝子の解明”, 第 7回イオン

ビーム育種研究会大会, (イオン育種研究会), 鳥栖, 5–6月
(2010).

西美友紀, 石地耕太朗, 阿部知子, 吉田桂一郎, 宮 雄太, 木下
剛仁, 中島寿亀: “シンクロトロン光を用いた突然変異誘発
技術の開発に向けた取り組み”, 第 7回イオンビーム育種研
究会大会, (イオン育種研究会), 鳥栖, 5–6月 (2010).

西原潔, 風間裕介, 平野智也, 大部澄江, 河野重行, 阿部知子:

“シロイヌナズナを用いた Feイオン誘発 DNA突然変異の
解析”, 第 7回イオンビーム育種研究会大会, (イオンビーム
育種研究会), 鳥栖, 5–6月 (2010).

寺岡毅, 澤野郁夫, 中嶌輝子, 加々美裕, 神尾章子, 浜部直哉,

林依子, 龍頭啓充, 福西暢尚, 阿部知子: “重イオンビーム照
射によるウンシュウミカンの形態変異の誘発”, 第 7回イオ
ンビーム育種研究会大会, (イオン育種研究会), 鳥栖, 5–6

月 (2010).

森田竜平, 草場信, 山口博康, 横田裕一郎, 長谷純宏, 西村実:

“イオンビーム・ガンマ線照射によるイネ突然変異体の解
析”, 第 7回イオンビーム育種研究会大会, (イオンビーム育
種研究会), 鳥栖, 5–6月 (2010).

井上忍, 東谷篤志, 惠郷博文, 高橋直, 大竹雄次: “X線自由電
子レーザー計画における電子ビームスリット”, 第 7回日本
加速器学会年会, (日本加速器学会), 姫路, 8月 (2010).

吉井雄一, 保倉明子, 中井泉, 阿部知子, 井藤賀操, 榊原
均, 寺田靖子: “ホンモンジゴケ Scopelophila catarac-

tae(Mitt.)Broth.に蓄積している銅の分布と化学形態”, 日
本蘚苔類学会第 39回山口大会, (日本蘚苔類学会), 岩国, 8

月 (2010).

平野智也, 風間裕介, 西原潔, 大部澄江, 白川侑希, 林祐子, 林
依子, 阿部知子: “シロイヌナズナ変異体を用いた重イオン
ビーム変異領域の特性解析”, 日本植物形態学会第 22回総
会・大会, (日本植物形態学会), 春日井, 9月 (2010).

風間裕介, 平野智也, 西原潔, 大部澄江, 白川侑希, 林祐子,

阿部知子: “重イオンビーム LETmaxの検証とシロイヌナ
ズナ形態変異体ラインの作出”, 日本植物形態学会第 22回
総会・大会, (日本植物形態学会), 春日井, 9月 (2010).

風間裕介, 石井公太郎, 鳥居千尋, 藤田尚子, 河野重行, 阿部
知子: “重イオンビーム照射で作出した無性花変異体を用い
て明らかにする Y染色体雄性決定領域”, 日本植物学会第
74回大会, ((社)日本植物学会), 春日井, 9月 (2010).

藤田尚子, 青沼航, 清水祐史, 鳥居千寛, 石井公太郎, 風間裕介,

阿部知子, 河野重行: “雄性決定機能領域の特定を目指した
新規 Y染色体特異的 STSマーカーの探索”, 日本植物学会
第 74回大会, ((社)日本植物学会), 春日井, 9月 (2010).

青沼航, 清水祐史, 鳥居千寛, 藤田尚子, 石井公太郎, 風間裕介,

阿部知子, 河野重行: “ヒロハノマンテマの先熟後熟花粉と
雌蕊成熟から見た欠失突然変異体獲得の照射タイミング”,

日本植物学会第 74回大会, ((社)日本植物学会), 春日井, 9

月 (2010).

石井公太郎, 風間裕介, 西山りゑ, 阿部知子, 河野重行: “ヒロ
ハノマンテマの XY性染色体の対立遺伝子 APETARA3

の構造とその周辺領域”, 日本植物学会第 74回大会, ((社)

日本植物学会), 春日井, 9月 (2010).
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森田竜平, 阿部知子: “重イオンビームによる有用微生物育
種技術の開発”, デジタル加速器ユーザーズフォーラム
（10-9-14）, (高エネルギー加速器研究機構), つくば, 9月
(2010).

西原潔, 風間裕介, 平野智也, 大部澄江, 河野重行, 阿部知子:

“鉄イオン照射により誘導されたシロイヌナズナ染色体の
ダイナミックリアレンジメント”, 日本遺伝学会第 82回大
会, (日本遺伝学会), 札幌, 9月 (2010).

古川浩二, 岩澤洋樹, 阿部知子, 松山知樹: “DNAマーキング
によるシンビジウムの品種内判別（第３報）”, 園芸学会平
成 22年度秋季大会, (園芸学会), 大分, 9月 (2010).

平野智也, 茶谷正孝, 林依子, 阿部知子: “ランの新たな品種改
良:重イオンビーム育種による挑戦”, 第 3回智のシンポジ
ウム：文明・文化と科学技術, (第 3回智のシンポジウムー
文明・文化と科学技術ー組織委員会), 東京, 11月 (2010).

風間裕介, 河野重行, 阿部知子: “マルチ蛍光プローブを用い
た植物巨大 Y染色体の構造解析”, 第 3回智のシンポジウ
ム：文明・文化と科学技術, (第 3回智のシンポジウムー文
明・文化と科学技術ー組織委員会), 東京, 11月 (2010).

阿部知子, 林依子, 石井重久: “重イオンビームで日本のサク
ラが変わる”, 第 3回智のシンポジウム：文明・文化と科学
技術, (第 3回智のシンポジウム：文明・文化と科学技術 -

　組織委員会), 東京, 11月 (2010).

古川浩二, 岩澤洋樹, 阿部知子, 松山知樹: “シンビジウム品
種内系統判別のための DNAマーク開発”, 日本 DNA多型
学会第 19回学術集会, (日本 DNA多型学会), 三島, 11月
(2010).

眞鍋理一郎, Arner E. A., 平野智也, 渋川登美子, 市田裕之,

川島麗, 荒川貴博, Daub C. O., 河合純, 阿部知子: “Whole

genome sequencing of salt-tolerant mutant of rice by

next generation sequencing technology”, 第 33 回日本
分子生物学会年会・第 83 回日本生化学会大会合同大会
(BMB2010), (日本分子生物学会), 神戸, 12月 (2010).

泉雅子, 柳憲一郎, 水野武, 杉村和人, 今本尚子, 奥村克純,

花岡文雄: “ヒトMcm10の機能ドメインの解析”, 第 33回
日本分子生物学会年会・第 83回日本生化学会大会合同大
会 (BMB2010), (日本分子生物学会、日本生化学会), 神戸,

12月 (2010).

田畑哲之, 松山知樹, 古川浩二, 室田有里: “放射線利用によ
る栄養繁殖作物の品種内識別法「DNAマーキング」の開
発”, NIRSテクノフェア 2010：放射線科学に通じる健康
と安全・安心に関する技術, (独立行政法人放射線医学総合
研究所), 千葉, 12月 (2010).

風間裕介, 石井公太郎, 藤田尚子, 青沼航, 清水祐史, 河野重行,

阿部知子: “重イオンビーム照射で得た無性花変異体を用
いた植物 Y染色体雄性決定領域の解析”, 日本育種学会第
119回講演会, (日本育種学会), 横浜, 3月 (2011).

丸山大輔, 笠原竜四郎, 風間裕介, 阿部知子, 東山哲也: “受精
を完了した後にも胚珠が花粉管を誘引してしまうシロイヌ
ナズナ多精拒否変異体の解析”, 第 52回日本植物生理学会
年会, (日本植物生理学会), 仙台, 3月 (2011).

藤原誠, 風間裕介, 阿部知子, 伊藤竜一: “Plastid Replication

in Leaf Epidermis: Insights from the atminE1 Mutant

of Arabidopsis thaliana”, 第 52回日本植物生理学会年会,

(日本植物生理学会), 仙台, 3月 (2011).

久永哲也, Ferjani A., 堀口吾郎, 石田喬志, 杉本慶子, 塚谷
裕一: “DNA損傷応答が fugu2の補償作用に果たす役割”,

第 52回日本植物生理学会年会, (日本植物生理学会), 仙台,

3月 (2011).
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RI Applications Team

Publications

[Journal]

（Original Papers） *Subject to Peer Review

Motizuki Y., Nakai Y., Takahashi K.: “Supernovae and

solar cycles embedded in a Dome F ice core”, The Dome

Fuji Glaciological Astoronomy Collaboration : High-

lights of Astronomy 15, 630–631 (2010).＊
Kidera M., Seto Y., Takahashi K., Enomoto S., Kishi

S., Makita M., Nagamatsu T., Tanaka T., and Toda

M.: “New method for comprehensive detection of chemi-

cal warfare agents using an electron-cyclotron-resonance

ion-source mass spectrometer”, Spectrochim. Acta Pt.

A 78, 1215–1219 (2011).＊
[Book・ Proceedings]

（Original Papers） *Subject to Peer Review

Kamigaito O., Ikezawa E., Kase M., Fujimaki M.,

Fujinawa T., Fukunishi N., Goto A., Haba H., Higurashi

Y., Kidera M., Komiyama M., Koyama R., Kuboki H.,

Kumagai K., Maie T., Nagase M., Nakagawa T., Ohnishi

J., Okuno H., Sakamoto N., Sato Y., Suda K., Watanabe

T., Yamada K., Yokouchi S., and Yano Y.: “Present sta-

tus of RIKEN heavy-ion linac”, Proceedings of LINAC

08, Canada, Victoria, 2008–9～10, TRIUMF, Vancou-

ver, pp. 112–114 (2010).

Oral Presentations

(International Conference etc.)

Kamigaito O., Ikezawa E., Kase M., Fujimaki M.,

Fujinawa T., Fukunishi N., Goto A., Haba H., Higurashi

Y., Kidera M., Komiyama M., Koyama R., Kuboki H.,

Kumagai K., Maie T., Nagase M., Nakagawa T., Ohnishi

J., Okuno H., Sakamoto N., Sato Y., Suda K., Watanabe

T., Yamada K., Yokouchi S., and Yano Y.: “Present

status of RIKEN heavy-ion linac”, 24th International

Linear Accelerator Conference (LINAC08), (LINAC08

Organizing Committee), Victoria, Canada, Sept.–Oct.
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ican Chemical Society), Honolulu, USA, Dec. (2010).
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(PACIFICHEM 2010), (American Chemical Society),
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can Chemical Society), Honolulu, USA, Dec. (2010).
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廣村信, 金山洋介, 本村信治, 五十嵐香織, 羽場宏光, 榎本秀一:
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(2010).
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Fukuda N., Kubono S., Motobayashi T., Nakabayashi

T., Nakamura T., Nakao T., Okumura T., Ong J. H.,
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家城和夫, 松下昌史, 中井陽一, 西村俊二, 高田栄一: “中間
エネルギー重イオン衝突における荷電パイオン生成 (IV)”,
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眞鍋理一郎, Arner E. A., 平野智也, 渋川登美子, 市田裕之,
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中島祥好, 竹市博臣: 日本音響学会聴覚研究会, 柳川, 12 月
(2010).
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測定”, 日本原子力学会 2010 年秋の大会, (日本原子力学
会), 札幌, 9月 (2010).

1

- 475 -



CNS (Center for Nuclear Study, Graduate School
of Science, University of Tokyo)

Publications

[Journal]

（Original Papers） *Subject to Peer Review

Uesaka T., Sakaguchi S., Iseri Y., Amos K., Aoi N.,

Hashimoto Y., Hiyama E., Ichikawa M., Ichikawa Y.,

Ishikawa S., Itoh K., Itoh M., Iwasaki H., Karataglidis

S., Kawabata T., Kawahara T., Kuboki H., Maeda Y.,

Matsuo R., Nakao T., Okamura H., Sakai H., Sasamoto

Y., Sasano M., Satou Y., Sekiguchi K., Shinohara M.,
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T., Michimasa S., Motobayashi T., Nakabayashi T.,

Nakajima S., Nakamura T., Sakurai H., Shinoda R.,

Shinohara M., Suzuki H., Takeshita E., Takeuchi S.,

Togano Y., Yamada K., Yasuno T., Yoshitake M.: “Ob-

servation of a Large Reaction Cross Section in the Drip-

Line Nucleus 22C”, Phys. Rev. Lett. 104, (2010)

062701,*

Ideguchi E., Ota S., Morikawa T., Oshima M., Koizumi M.,

Toh Y., Kimura A., Harada H., Furutaka K., Nakamura
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K., Inabe N., Yanagisawa Y., Gono Y., Watanabe H.,

Otsu H., Baba H., Ichihara T., Yamaguchi Y., Takechi

M., Nishimura S., Ueno H., Yoshimi A., Sakurai H.,

Motobayashi T., Nakao T., Mizoi Y., Matsushita M.,
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cation of 45 New Neutron-Rich Isotopes Produced by
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Feb. 2-4, RBRC 

23 International EFES-IN2P3 Conference “Many-body correlations from dilute to dense 
nuclear systems” 
Feb. 15-18, IN2P3, EFES, RIKEN 

24 "New Hadrons" Workshop 2010
Feb. 28-Mar. 1, Radiation Laboratory 

25 The 2nd Workshop on KEK Isotope Separator System (KISS)
Mar. 5, KEK, SLOWRI Team 

26 eRHIC, ePHENIX, eSTAR, EIC TF, eRHIC-CAD: Meeting
Mar. 10-11, RBRC 

27 Workahop on "Future Vision of the Nucleon Structure Study
Mar. 14, Radiation Laboratory 

28 The 5th LACM-EFES-JUSTIPEN Workshop
Mar. 15-17, Oakridge National Lab., USA, EFES, JUSTIPEN, Oak Ridge National Labl. 
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IX. LIST OF SEMINARS 

 



     (2010 April ～2011 March) 
  

Theoretical Research Division 

1 Akitsugu Miwa (RNC) Apr. 12 "A non-relativistic limit of 2 dimensional conformal field 
theory" 

2 Shinya Aoki (University of Tsukuba) Apr. 20 "Application of the operator product 
expansion to the short distance behavior of nuclear potentials" 

3 Tetsuo Hatsuda (University of Tokyo) Apr. 24 "Towards New Developments in Field and 
String Theories, 2010" 

4 Makoto Sakaguchi (RNC) Apr. 26 "Semiclassical analysis of M2-brane in AdS_4 x 
S^7/Z_k" 

5 Shigehiro Yasui (High Energy Accelerator Research Organization) May 10 "Fermion 
structure in non-Abelian vortices in high density QCD" 

6 Ryoichi Seki (California State University) May 13 "J/y-nucleon interaction and J/y- nuclei"

7 Keiji Igi (RNC) May 17 "Universal rise of hadronic total cross sections based on forward 
pi p, K p and p bar p, p p scatterings" 

8 Fumihiko Sugino (Okayama Institute for Quantum Physics) May 19 "Two-dimensional 
lattice for four-dimensional N=4 supersymmetric Yang-Mills" 

9 Seth Waldecker (Washington Univ.) May 19 "Extensions of the Dispersive Optical Model"

10 Mihai Horoi (Central Michigan Univ.) May 20 "Novel Computational Aspects of the Shell 
Model Nuclear Level Densities and Reaction Rates" 

11 Yuzuru Sato (Hokkaido University) May 24 "Computability, complexity and dynamical 
systems" 

12 Eigo Shintani (RBRC) May 25 "Precision measurement of Standard Model via lattice 
QCD" 

13 Yoichi Kazama (University of Tokyo) May 31 "An overture to quantum superstring in 
AdS5 x S5" 

14 Tadashi Takayanagi (University of Tokyo) Jun. 14 "Mini Black Holes and Quantum 
Quench from AdS/CFT" 

15 Takahiro Fukui (Ibaraki University) Jun. 25 "Stability of Majorana zero modes in 
superconductor-topological insulator systems" 

16 Koichi Yazaki (RIKEN) Jun. 28 "Quantum effects in accelerated systems" 

17 Nobuyuki Sawado (Tokyo University of Science) Jul. 5 "Soliton solutions in the extended 
Skyrme-Faddeev model" 

18 Toru Takahashi (Gunma National College of Technology) Jul. 7 "Lattice QCD study of 
spin-1/2 Lambda baryons" 
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19 Masato Taki (Yukawa Institute for Theoretical Physics) Jul. 8 "AGT relation, conformal 
symmetry, and topological string duality" 

20 Hiroki Kawai (University of Tokyo) Jul. 12 "A lattice study of N=2 Landau-Ginzburg
model using a Nicolai map" 

21 T. Yamazaki (University of Tsukuba) Jul. 12 "Calculation of Helium nuclei in quenched 
lattice QCD" 

22 Tamiaki Yoneya (Open University of Japan) Oct. 4 "M(atrix) Theory and the 
Gauge/Gravity Correspondence" 

23 Muneto Nitta (Keio University) Oct. 4 "Topological Solitons and D-branes in 
Bose-Einstein Condensates" 

24 Washington Taylor (Massachusetts Institute of Technology) Oct. 8 "Supergravity and 
string vacua in 6 dimensions" 

25 Elias Kiritsis (Crete University) Oct. 8 "AdS/QCD from Tachyon Condensation" 

26 Shuichiro Ebata (RNC) Oct. 19 "Canonical-basis Time-Dependent 
Hartree-Fock-Bogoliubov Theory and Systematic Calculation of Linear Response" 

27 Kenji Fukushima (Keio univ.) Oct. 29 "QCD Phase Transitions and Chiral Magnetic 
Effect" 

28 Frieder Lenz (Univ. of Erlangen-Nuernberg) Nov. 1 "The peculiar kinematics of quantum 
fields in Rindler  space and their dynamical implications" 

29 Carlos Bertulani (Texas A&M Univ.) Nov. 8 "The nucleus-nucleus interaction between 
boosted nuclei" 

30 Toshihiro Matsuo (Okayama Institute for Quantum Physics) Nov. 11 "Gravitational 
string-membrane hedgehog and internalstructure of black holes" 

31 Nodoka Yamanaka (Osaka University) Nov. 15 "One-loop level analysis of R-parity 
violating supersymmetric contribution to the neutron beta decay and atomic EDM" 

32 Ken-Ichi Ishikawa (Hiroshima University) Nov. 22 "A review on algorithms and 
techniques for lattice QCD simulations" 

33 Kenji Fukushima (Keio University) Nov. 29 "QCD Phase Transitions and Chiral Magnetic 
Effect" 

34 Pawel Danielewicz (Michigan State University) Dec. 1 "Towards Quantum Transport for 
Central Nuclear Reactions" 

35 Ken Suzuki (Stefan Meyer Institute for Subatomic Physics) Dec. 14 "Kaonic nuclear 
search in the pp → pΛ K+ reaction" 

36 Fumihiko Sugino (Okayama Institute for Quantum Physics) Dec. 21 "Spontaneous 
supersymmetry breaking in matrix models from the viewpoints of localization and Nicolai"

37 Issaku Kanamori (Institut fur Theoretische Physik Universitaet Regensburg) Jan. 7 
"Getting rid of fermions on link:SU(N)SYM on 2-dimensional lattice" 

38 Wojciech Satula (University of Warsaw) Jan. 14 "Isospin mixing and 
isospin-symmetry-breaking corrections to the superallowed beta decay" 

39 Yutaka Ookouchi (IPMU) Jan. 17 "Cosmological aspects of direct gauge mediation" 
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40 Sanefumi Moriyama (Nagoya University) Jan.25 "An Algebraic Model for the su(2|2) 
Light-Cone String Field Theory" 

41 Norihiro Iizuka (CERN) Jan. 28 "Holographic description of quantum Hall effect" 

42 Hiroaki Abuki (Tokyo univ. os Sci.) Jan. 31 "Nambu-Goldstone boson in color 
superconducting 2SC state under charge neutrality constraint" 

43 Ting-Wai Chiu (National Taiwan University) Feb. 1 "Simulation of unquenched QCD with 
the optimal domain-wall fermion" 

44 Naoto Yokoi (Tohoku University) Feb. 10 "Operator formulation of Green-Schwarz 
superstring in the semi-light-cone conformal gauge" 

45 Koichi Murakami (Okayama Institute for Quantum Physics) Feb. 21 "Light-cone gauge 
superstring field theory and dimensional regularization" 

46 TAKASHINA Masaaki (Osaka University) Feb. 23 "Researches in medical physics using 
particle transport simulation" 

47 Hirotaka Hayashi (University of Tokyo) Feb. 28 "Phenomenological Aspects of Global 
F-theory Compactifications" 

48 Walter Vinci (University of Minnesota, School of Physics and Astronomy) Mar. 3 
"Non-Abelian Monopoles in the Higgs Phase" 

49 Kazunori Itakura (KEK) Mar. 7 "High-Energy Heavy-Ion Collisions: from CGC to 
Glasma" 

50 Hidenori Sonoda (Kobe University) Mar. 11 "Phase structure of a 3 dimensional Yukawa 
model" 

  

Sub Nuclear System Research Division 

1 Peter Petreczky (BNL) Apr. 1 "Chiral and confinement transition in finite temperature 
QCD" 

2 Andrei Belitsky (Arizona State University) Apr. 2 "Joint HET/ATLAS Lunch Seminar"

3 Lisa Goodenough (New York University) Apr. 7 "HET/RIKEN Seminar" 

4 Giorgio Torrieri (JW Goethe Universitaet) Apr. 9 "Nuclear Theory/RIKEN Seminar" 

5 Daniel Feldman (University of Michigan) Apr. 14 "SUSY and Hidden Sector Extensions 
with Dark Matter and LHC Signatures" 

6 Jack Laiho (Univ. of Glasgow) Apr. 15 "The neutral kaon mixing parameter from lattice 
QCD" 

7 Koji Yokoyama (RNC) Apr. 16 "Muon Probes of Spin-polarized Electrons in GaAs" 

8 Burak Alver (MIT) Apr. 16 "Collision geometry fluctuations and triangular flow in 
heavy-ion collisions" 

9 David Lin (NCTS & National Chiao-Tung University) Apr. 21 "Walking Step by Step on 
the Lattice" 
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10 Massimo D'Elia (Genoa University) Apr. 22 "QCD Phase Structure and Imaginary 
Endpoints" 

11 Subhir Sachdev (Harvard University) Apr. 28 "Quantum criticality and the cuprate 
superconductors" 

12 Bumhoon Lee (Sogang University) Apr. 30 "Holographic approach for the effects of 
nuclear density and gluon condensation" 

13 Christoph Lehner (RBRC) May 6 "Low-energy constants from Dirac eigenvalue 
correlators at NNLO in the epsilon expansion" 

14 Oliver Witzel (BNL) May 14 "Viscosity of Strongly Interacting Fermi Gases" 

15 Henri Kowalski (DESY) May 20 "Using HERA Data to Determine the Infrared Behaviour 
of the BFKL Amplitude" 

16 Ryoichi Seki (California State University) May 26 "Physics and experimental feasibility of 
J/- nuclei" 

17 Shoji Hashimoto (KEK) Jun. 2 "Spontaneous chiral symmetry breaking on the lattice"

18 Juhee Hong (SUNY Stony Brook) Jun. 4 "Spectral Densities for Hot QCD Plasmas in a 
Leading-Log Approximation" 

19 Yasushi Kino (Tohoku University) Jun. 7 "Stau atomic collisions and big-bang 
nucleosynthesis" 

20 Edward Shuryak (SBU) Jun. 30 "W-Z-top bags and baryogenesis"

21 Bronislav Zakharov  (Landau Institute) Jul. 2 "Induced gluon radiation in QCD matter and 
jet quenching" 

22 Joyce Meyers (Swansea University) Jul. 9 "QCD with chemical potential in a small 
hyperspherical box" 

23 Takashi Nagatomo (ICU) Jul. 12 "β detected NMR method (β-NMR) and its application 
~Measurement of the nuclear Q moment and test of the G-parity symmetry in weak 
decay~" 

24 Jingyi Chao (NCSU) Jul. 23 "Thermal Conductivity Of Quark Matter In The CFL Phase"

25 Eigo Shintani (RBRC) Jul. 29 "pi0 to two photon decay on the lattice" 

26 Zuowei Liu (YITP, SBU) Jul. 30 "Multicomponent Dark Matter"

27 Giorgio Torrieri (Columbia University) Jul. 30 "The nuclear liquid-gas phase transition at 
large $N_c$ in the Van der Waals approximation" 

28 Taichi Kawanai (Univ. of Tokyo) Aug. 5 "Charmonium-nucleon interaction from lattice 
QCD" 

29 Rajamani Narayanan  (Florida International University) Aug. 6 "Strong to weak coupling 
transition in large Nc QCD" 

30 Meifeng Lin (Yale University) Aug. 19 "Nucleon physics on the lattice" 

31 David Lin (NCTS) Aug. 20 "Taiwan-Zeuthen project on lattice simulations for large 
Yukawa-coupling systems." 
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32 Bjoern Schenke (McGill University) Aug. 27 "Monte-Carlo simulation of heavy-ion 
collisions" 

33 Jan Steinheimer-Froschauer (Goethe University Frankfurt) Sep. 3 "An effective chiral 
Equation of State including hadronic and quark degrees of freedom" 

34 Esmaili Jafar (Isfahan University of Technology) Sep. 3 "Resonant formation of ¥ Lambda 
(1405) by stopped-K- absorption in deuteron" 

35 Shoichi Sasaki (Univ. of Tokyo) Sep. 9 "Lattice study of flavor SU(3) breaking in hyperon 
beta decays" 

36 Tracy Slatyer (IAS) Sep. 15 "Constraining Dark Matter Annihilation with the Cosmic 
Microwave Background" 

37 Kai Wang (IPMU, The University of Tokyo) Sep. 22 "BSM theory review of solutions to 
the Top quark forward-backward asymmetry anomaly at Tevatron" 

38 Alex Kovner (University of Connecticut) Sep. 22 "Better understanding the relation 
between the JIMWLK Hamiltonian and the BFKL limit" 

39 Kevin Dusling (BNL) Sep. 28 "Observation of a ridge in proton--proton collisions at the 
LHC" 

40 Fabio Dominguez  (Columbia University) Oct. 1 "k_t-factorization for hard processes in 
nuclei" 

41 Alexander Friedland (Los Alamos National Laboratory) Oct. 6 "Oscillations of supernova 
neutrinos (and what they are good for)" 

42 Brock Tweedie (Boston University) Oct. 14 "Improving and Expanding Searches for 
TeV-Scale Z' Bosons Decaying to WW and Zh" 

43 Hans Pirner (Univ. of Heidelberg) Oct. 15 "The dilemma with AdS/QCD"- String Theory 
meets Quantum Chromo Dynamics" 

44 Walter Goldberger (Yale) Oct. 20 "Sum rules and the OPE for non-relativistic conformal 
theories" 

45 Daniel Fernandez-Fraile (BNL) Oct. 21 "Bulk viscosity of QCD mater" 

46 Can Klç (Rutgers) Nov. 3 "The dark matter–LHC connection: a few model-independent 
statements" 

47 Jinfeng Liao (BNL) Nov. 4 "The geometry of Jet Quenching"

48 Ron Longacre (Brookhaven National Lanoratory) Nov. 5 "pi deuteron effective mass 
correlation as a probe hadron gas density" 

49 Erich Poppitz (University of Toronto) Nov. 10 "Monopoles, bions, and other oddballs in 
confinement or conformality" 

50 Florian Goertz (Mainz) Nov. 12 "Higgs Physics and Precision Tests in Warped Extra 
Dimensions" 

51 Kimiko Sekiguchi (Tohoku Univ.) Nov. 15 "Three Nucleon Force and Few Nucleon 
Scattering" 

52 David Shih (Princeton) Nov. 17 "Prospects for Early Discovery of General Gauge 
Mediation at the LHC" 
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53 Abhijit Majumdar (Ohio State Univ.) Nov. 18 "Jet quenching in DIS and heavy-ion 
collisions" 

54 Shaouly Bar-Shalom (Technion) Nov. 19 "A 4th generation paradigm: from LEPI to LHC"

55 A. deGouvea (Northwestern) Dec. 1 "Looking for The Origin of Neutrinos Masses: from 
neV to YeV" 

56 Ho-Ung Yee (Stony Brook) Dec. 2 "Waves of anomaly in QGP"

57 Hung-Ming Tsai (Duke Univ.) Dec. 3 "Thermal Quark and Gluon Distributions in the 
PNJL model" 

58 Yang Bai (SLAC) Dec. 8 "Heavy octets and Tevatron signals with 3b or 4b" 

59 Lusy Safriani (Universitas Padjadjaran) Dec. 14 "Fabrication and emission property of 
functional inverse opal TiO2 waveguide" 

60 Daekyoung Kang (Ohio State University) Jan. 11 "Universal relation for strong interacting 
atoms" 

61 Patrick Meade (Stony Brook) Jan. 14 "SUSY as a model independent search tool for 
experimentalists" 

62 David Adams (BNL) Jan. 14 "Discussion on model independent limits and cross section 
measurements in limited phase space" 

63 Heng-Tong Ding (BNL) Jan. 20 "Estimating thermal dilepton rate and electrical 
conductivity in quenched QCD" 

64 Bjoern Schenke (BNL) Jan. 27 "Anisotropic flow in event-by-event viscous 
hydrodynamics" 

65 Atsushi Oshiyama (University of Tokyo) Feb. 2 "Current Status of First-Principle 
Calculations that may Clarify Physics of Imperfection in Materials" 

66 Robert Mawhinney (Columbia University) Feb. 9 "Exploring 8 and 12 Flavor QCD" 

67 Jacobus Verbaarschot  (Stony Brook University) Feb. 10 "Spectrum of the Wilson Dirac 
Operator" 

68 Kaustubh Agashe (Maryland) Feb. 16 "Exotic Dark Matter at Colliders from Proton 
Stability" 

69 Eugene Levin (Tel Aviv University) Feb. 17 "Long range rapidity correlations in azimuthal 
angle for pp and AA" 

70 Tianjun Li (Chinese Academy of Science) Feb. 23 "No-Scale F-SU(5)" 

71 Huey-Wen Lin (University of Washington) Feb. 24 "Beyond the Standard Model with 
Nucleons" 

72 Shamayita Ray (Cornell) Feb. 25 "2540 km: Bimagic Baseline for Neutrino Oscillation 
Parameters" 

73 Monika Blanke (Cornell) Mar. 2 "A new perspective on CP violation in three-body decays"

74 Li Yan (Stony Brook University) Mar. 3 "The anisotropy flows in viscous hydrodynamics"

75 Herman Verlinde (Princeton) Mar. 9 "String Theory and the Real World" 
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76 Tomer Volansky (UC Berkeley) Mar. 16 "Asymmetric Dark Matter from Leptogenesis"

77 Ikuto Kawasaki (Japan Atomic Energy Agency) Mar. 29 "(1)Band structure and Fermi 
surface of heavy fermion compound URu2Si2 (2)Magnetic clustering and 
non-Fermi-liquid behavior accompanying" 

  

RIBF Research Division 

1 Marek Lewitowicz, Marcel Jacquemet (GANIL) Apr. 2 "SPIRAL2 - towards the high 
intensity frontier both for stable heavy ions and Radioactive Ion Beams" 

2 Immanuel Gfall HEPHY (Institute of High Energy Physics of Vienna) Apr. 5 "Mechanics 
and cooling of Belles SuperSVD silicon vertex trackers" 

3 Hiroyuki Murakami (RNC) Apr. 12 "1st Lectures of analog electronics for radiation 
measurement 2010" 

4 K. Yoshida (RNC) Apr. 13 "Skyrme density-functional approach to excitation modes in 
deformed neutron-rich nuclei" 

5 Y. Ikeda (RNC) Apr. 13 "Strange dibaryoon resonance in Kbar N N -- pi Y N 
coupled-channel system" 

6 S. Takeuchi (RNC) Apr. 13 "Low-lying states in 32Mg studied by proton inelastic 
scattering" 

7 Hiroyuki Murakami (RNC) Apr. 26 "2nd Lectures of analog electronics for radiation 
measurement 2010" 

8 Meiko Kurokawa (RNC) Apr. 26 "Development of the wide dynamic range charge 
sensitive preamplifier and ASCI." 

9 Hiroyuki Murakami (RNC) May 10 "3rd Lectures of analog electronics for radiation 
measurement 2010" 

10 Carsten P. Welsch (Univ. of Liverpool) May 20 "Development of Beam Instrumentation 
for Particle Accelerators within DITANET and the QUASAR Group" 

11 Mihai Horoi (Central Michigan Univ.) May 20 "Novel Computational Aspects of the Shell 
Model Nuclear Level Densities and Reaction Rates" 

12 Hiroyuki Murakami (RNC) May 24 "4th Lectures of analog electronics for radiation 
measurement 2010" 

13 Dario Vretenar (Univ. of Zagreb, Croatia) May 25 "Nuclear Energy Density Functionals"

14 Newcomers (RNC) Jun. 1 "Newcomer Seminar"

15 Valery Zagrebaev (JINR, Russia) Jun. 4 "New ideas and prospects for production of heavy 
and superheavy neutron rich nuclei" 

16 Hiroyuki Murakami (RNC) Jun. 9 "5th Lectures of analog electronics for radiation 
measurement 2010" 

17 Wolfram Weise (PTechnical Univ. of Munich) Jun. 10 "CHIRAL SYMMETRY IN 
STRONGLY INTERACTING MATTER" 
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18 Hiroyuki Murakami (RNC) Jun. 21 "6th Lectures of analog electronics for radiation 
measurement 2010" 

19 Ikuko Hamamoto (Lund University) Jun. 22 - 23 "One-particle motion in nuclear 
many-body problem" 

20 T. Otsuka (U. Tokyo) Jun. 29 "Unstable Nuclei and the Nuclear Force" 

21 Hiroyuki Murakami (RNC) Jul. 5 "7th Lectures of analog electronics for radiation 
measurement 2010" 

22 Koji Hashimoto (RNC) Jul. 13 "Superstrings and Nuclear forces"

23 A. Ohnishi (YITP, Kyoto U) Jul. 20 "Nuclear matter equation of state and hyperons" 

24 Tetsuo Sawada (Tokyo Institute of Technology) Jul. 26 "Plutonium as seen from science"

25 Makoto Minowa (University of Tokyo) Jul. 26 "Anti-neutrino detection to monitor reactor 
operations" 

26 Hiroyuki Murakami (RNC) Jul. 26 "8th Lectures of analog electronics for radiation 
measurement 2010" 

27 Hiroyoshi Sakurai (RNC) Jul. 26 "New generation of physics with exotic nuclei at RIBF"

28 Hiroyuki Murakami (RNC) Aug. 30 "9th Lectures of analog electronics for radiation 
measurement 2010" 

29 Augusto O. Macchiavelli (LBNL) Sep. 16 "Some Aspects of the Structure of Exotic 
Nuclei" 

30 Federic Chautard (GANIL) Sep. 17 "GANIL Operation status and developments" 

31 Hiroyuki Murakami (RNC) Sep. 22 "10th Lectures of analog electronics for radiation 
measurement 2010" 

32 Yuri Batygin (LANL) Sep. 22 "Status and Future Plans of LANSCE Accelerator Facility"

33 Vaishali Naik (VECC, India) Sep. 27 "VECC/TRIUMF Injector for the e-Linac Project"

34 Yuri A. Litvinov (Max Planck Institute for Nuclear Physics) Sep. 27 "At the borderline 
between atomic and nuclear physics: two-body nuclear decay of highly-charged ions" 

35 Hiroyuki Murakami (RNC) Sep. 29 "11th Lectures of analog electronics for radiation 
measurement 2010" 

36 K. Kaki (Shizuoka U) Oct. 12 "Relativistic Impulse Approximation Analysis of Unstable 
Calcium & Nickel Isotopes: 60-74Ca & 48-82Ni" 

37 Hiroyuki Murakami (RNC) Oct. 13 "12th Lectures of analog electronics for radiation 
measurement 2010" 

38 A. Ukawa (Tsukuba University) Oct. 19 "Lattice QCD at the Turning Point" 

39 Xie Yi (Institute of Modern Physics, Chinese Academy of Sciences) Oct. 22 "My research 
life in China" 

40 Hiroyuki Murakami (RNC) Oct. 27 "13th Lectures of analog electronics for radiation 
measurement 2010" 
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41 Jens Volker Kratz (U. Mainz) Oct. 28 "Recent of future research in superheavy elements at 
Mainz/GSI" 

42 Juan Esposito (INFN-LNL) Nov. 8 "The accelerator-driven TRASCO-BNCT project at 
INFN Legnaro labs" 

43 Fritz Nolden (GSI) Nov. 10 "The FAIR Accelerator and Storage Ring Facility" 

44 Hiroyuki Murakami (RNC) Nov. 17 "14th Lectures of analog electronics for radiation 
measurement 2010" 

45 Igal Talmi (Weizmann Institute of Science) Nov. 24 "On single nucleon wave 
functionsfiles" 

46 Hiroyuki Murakami (RNC) Dec. 1 "15th Lectures of analog electronics for radiation 
measurement 2010" 

47 Pawel Danielewicz (Michigan State University) Dec. 1 "Towards Quantum Transport for 
Central Nuclear Reactions" 

48 Peter Muller (Argonne National Laboratory) Dec. 6 "Atom trap experiments with RIBs: 
from fundamental studies to applications" 

49 Jean-Marc Richard (University of Lyon) Dec. 13 "Hadronic interactions, and the stability 
of multiquarks" 

50 K. Kondo (JAEA) Dec. 21 "High intensity laser and charged particle acceleration" 

51 Yasuyuki Suzuki (NiigataUniversity) Dec. 22 "Introduction to the Glauber approximation 
and its application" 

52 T. Nakatsukasa (RNC) Dec. 27 ""Time-saving" theory for quantum simulation of 
superfluid nuclei" 

53 T. Abe (RNC) Jan. 18 "Biological effects of fast heavy ions on DNA damage amd 
mutation induction" 

54 Y. Akiba (RNC) Jan. 24 "Direct photons from Au+Au collisions and initial temperature of 
the Quark Gluon Plasma at RHIC" 

55 T. Myo (Osaka Inst. Tech.) Jan. 25 "Tensor correlation in light nuclei studied with the 
tensor optimized shell model" 

56 S. Nishimura (RNC) Feb. 8 "β-Decay Half-lives of Very Neutron-rich Kr to Tc  Isotopes 
on the Boundary of the r-process Path : An Indication  of Fast r-Matter Flow" 

57 M. Takechi (RNC) Feb. 15 "Measurements of Interaction cross sections at RIBF" 

58 Toshio Sano (Hosei University) Mar. 3 "Utility of tobacco BY-2 cells" 

59 Akiko Hokura (Tokyo Denki University) Mar. 3 "Study on accumulation mechanism of Cd 
in cultured tobacco BY-2 cells by micro-XRF imaging utilizing high-energy synchrotron 
radiation" 

60 K. Oyama (University of Heidelberg) Mar. 4 "ALICE, the high energy heavy ion 
experiment at LHC" 

61 Takayuki Yamaguchi (Saitama Univ.) Mar. 8 "Reaction cross sections of neutron-rich 
carbon isotopes and related topics" 
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CNS 

1 D. N.~Bihm (CNS, University of Tokyo) Mar. 30 "The measurement of 21Na+alpha in 
inverse kinematics and the 21Na(alpha,p) stellar reaction rate" 

2 A.~Stolz (NSCL, MSU) Apr. 22 "Development of diamond detectors for heavy ion beam 
tracking" 

3 Augusto O. Macchiavelli (Lawrence Berkeley National Laboratory) Sep. 16 "Some 
Aspects of the Structure of Exotic Nuclei" 

4 S. Wanajo (TUM/MPA) Oct. 29 "Uncertainties in the nu p-process: supernova dynamics 
vs. nuclear physics" 
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MIYASHITA Yuki　宮下雄樹　i，5，18，19
MIYATAKE Hiroari　宮武宇也　4，25，164
MIYAZAWA Kiichi　宮澤喜一　249
MIZUSAKI Takahiro　水崎高浩　40
MIZUTANI Yuichiro　水谷祐一郎　276，277
MOCHIDA Tomoyuki　持田智行　253
MOMOSE Takamasa　百瀬孝昌　245
MOMOTA Sadao　百田佐多生　11，23
MORI Yoshiki　森善樹　297，299
MORIGUCHI Tetsuaki　森口哲朗　9，11，23，159
MORIMOTO Kouji　森本幸司　�xii，22，50，197，226，

261
MORISAKI Shinya　森崎真也　239
MORITA Kosuke　森田浩介　�xii，22，197，226，261，

262
MORITA Ryouhei　森田竜平　273，274
MORIYA Makoto　森屋誠　168，175
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OHKI Tomonori　大木智則　281，283
OHNISHI Hiroaki　大西宏明　194，260
OHNISHI Jun-ichi　大西純一　�vii，97，99，101，103，

112，140，144，222
OHNISHI Tetsuya　大西哲哉　�iii，7，11，15，16，17，

21，129，136，140，
144，213，233，299

OHSHIMA Masaya　大島昌也　297，299，301，303
OHSHIRO Yukimitsu　大城幸光　205，281，285
OHTA Shigemi　太田滋生　78
OHTAKE Masao　大竹政雄　299
OHTSUBO Takashi　大坪隆　11，23
OHTSUKA Naohiko　大塚直彦　58
OHZONO Hironobu　大園浩之　237
OISHI Hiroto　大石寛人 　9，23
OKADA Kensuke　岡田健介　8，9
OKADA Kensuke　岡田謙介　63
OKADA Kunihiro　岡田邦宏　xi，164，241
OKADA Masashi　岡田雅之　25
OKADA  Yoshinori　岡田義規　240
OKAMURA Hiroyuki　岡村弘之　6
OKAMURA Kei　岡村圭　239
OKAMURA Masahiro　岡村昌宏　124，125，126
OKUMURA Kimitake　奥村公威　11
OKUNO Hiroki　奥野広樹　�vii，ix，91，109，112，114，

116，140，144，222，238，
281，283，285，293，297，
301，303

OLIN Art　260
ONG Hooi Jin　王惠仁　i，18，19，146，156
ONOGI Testuya　大野木哲也　85
OOE Kazuhiro　大江一弘　xii
OOISHI Hiroto　大石寛人　11
ORIMO Shin-ichi　折茂慎一　257
ORR Nigel　5，13，15
OTA Shinsuke　大田晋輔　�i，iii，7，8，9，13，18，19，

24，138，192，210，213，
214，221，233

OTOMO Hiromitsu　大友洋光　237
OTSU Hideaki　大津秀暁　�5，10，15，16，26，140，

144，152，154，216
OTSUKA Takaharu　大塚孝治　39，40，214
OYAIZU Michihiro　小柳津充広　25
OYAMADA Kazuyuki　小山田和幸　281，283
OYAMATSU Kazuhiro　親松和浩　47
OZAWA Akira　小沢顕　�9，11，23，157，159，161，

166
OZEKI Kazutaka　大関和貴　xii，197，226
PAK Robert　71，177，179，181，183

NAKAO Taro　中尾太郎　6
NAKATSUKASA Takashi　中務孝　�iv，30，31，32，

34，38，46，55
NAKAYAMA Yoshiaki　中山佳晃　5，6
NALPAS Laurent　10，16
NAMAI Saori　生井沙織　226
NAMIHIRA Kousuke　波平晃佑　23
NAMIKI Yuichi　並木祐一　23
NANAO Tsubasa　七尾翼　21，205
NANNICHI Takashi　南日卓　3
NIHASHI Masaya　二橋聖弥　69
NIITA Koji　仁井田浩二　47
NIIYAMA Masayuki　新山雅之　194
NIKI kazuaki　仁木和昭　25
NIKOLSKI Evguéni　10，16
NINOMIYA Kazufumi　二宮一史　184，212
NIO Makiko　仁尾真紀子　81
NISHI Takahiro　西隆博　24，221
NISHIDA Minoru　西田稔　281，285
NISHIHARA Kiyoshi　西原潔　269，271
NISHIKIORI Ryo　錦織良　11
NISHIMURA Daiki　西村太樹　11，23
NISHIMURA Makoto　西村誠　281，285，292
NISHIMURA Mizuki　西村美月　10，16，205
NISHIMURA Shunji　西村俊二　i，18，19，20，205
NISHIO Hironori　西尾悠法　181，184，212
NIWA Kyosuke　二羽恭介　279
NIWA Takahiro　丹羽崇博　11
NOBUTOKI Minoru　信時実　299
NOGUCHI Arisa　野口有里紗　272
NOGUCHI Masato　野口雅人　299
NOJI Shumpei　野地俊平　�iii，6，7，24，138，210，

221，233
NORITAKE Tatsuo　則竹達夫　257
NOUCIER Rachid　71，183
NOZAKI Hiroshi　野崎洋　257，258
NUGROHO Agung　256
OBERTELLI Alexandre　10，16
ODAHARA Atsuko　小田原厚子　i，18，19
ODASHIMA Yutaka　小田嶋豊　301，303
OGAWA Akio　小川暁生　61，62
OGAWA Naruya　小川就也　212
OGILVIE Craig　71，181，183
OGIWARA Kiyoshi　荻原清　240
OGURA Masako　小倉昌子　26
OGURA Toshiyuki　小倉敏之　11
OHBU Sumie　大部澄江　267，268，269
OHISHI Kazuki　大石一城　�246，247，249，255，

257，258，260
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SASAKI Shoichi　佐佐木滕一　78
SASAKI Takahiko　佐々木孝彦　255
SASAKI Toru　佐々木徹　157
SASAMOTO Yoshiko　笹本良子　iii，6，7，233
SASANO Masaki　笹野匡紀　iii，6
SATO Hidetaka　佐藤秀孝　248
SATO Hiromi　佐藤広海　140，144，152，154
SATO Kanae　佐藤加奈恵　11
SATO Kiyokazu　佐藤潔和　299
SATO Koichi　佐藤弘一　34，36
SATO Nozomi　佐藤望　xii，22，226
SATO Susumu　佐藤進　 71，177，179，181，183，

184，186
SATO Tadashi　佐藤雅志　274
SATO Youichi　佐藤洋一　vii
SATOH Kazuhiko　佐藤一彦　23
SATOU Yoshiteru　佐藤義輝　 5，6，8，15，140，144，

150
SAWADA Shin'ya　澤田真也　60，206，220
SAWANO Ikuo　澤野郁夫　278
SCARPACI Jean-Antoine　10
SCHEIT Heiko　i，12，13，14，18，19
SCHEUERMANN Robert　250
SCHUESSLER Hans　xi，241
SCHURY Peter　161，163，164，166
SEDLAK Kamil　250
SEIDL Ralf　61，62，70，72，188，198，200
SEKIGUCHI Kimiko　関口仁子　6，140，144
SEKIMOTO Michiko　関本美智子　 71，177，179，

181，183，184，
186

SHAFTO Eugene　71，177，179，181，183，184，186
SHAVER Alex　181
SHCHEPUNOV Viatslav　166
SHEN JiaJie　沈佳杰　41
SHIBATA Junsho　柴田順翔　281，285
SHIBATA Toshi-Aki　柴田利明　60，206，220
SHIBUSAWA Anna　渋沢杏奈　231
SHIGA Yuichiro　志賀雄一朗　239
SHIMADA Osamu　島田修　237
SHIMAMURA Tomoyuki　島村智之　6
SHIMIZU Noritaka　清水則孝　39
SHIMIZU Yohei　清水陽平　 6，140，144，152，154，

231，233
SHIMODA Tadashi　下田正　205
SHIMOMURA Koichiro　下村浩一郎　246，260
SHIMOURA Susumu　下浦享　 iii，5，7，8，9，13，138，

210，213，214，233
SHINOHARA Atsushi　篠原厚　xii

PANCAKE Charles　71，177，179，181，183，184
PARK Sanghwa　72，188，198，200
PETRI Marina　13
PISARSKI Robert　54
PODOLYAK Zsolt　i，18，19
POLLACCO Emanuel　10，16
PRATT Francis　245，246
QUANG HUNG NGUYEN　48
RAJABALI Mustafa　21
RIEDLER Petra　181
RINDEL Emmanuel　16
RISDIANA 　248，256
ROSIER Philippe　16
ROUSSEL-CHOMAZ Patricia　138
RYUTO Hiromichi　龍頭啓充　278
SADA Yuta　佐田優太　203
SAFRIANI Lusi　256
SAGAWA Hiroyuki　佐川弘幸　37
SAHLMULLER Baldo　179，181
SAILLANT Frédéric　16
SAITO Akito　齋藤明登　iii
SAITO Fuminori　斎藤文修　239
SAITO Naohito　齊藤直人　72，188，198，200，260
SAITO Norihito　斎藤徳人　244
SAITO Taku　齊藤拓　249
SAKAGUCHI Harutaka　坂口隆治　216
SAKAGUCHI Satoshi　坂口聡志　6，7，231，233
SAKAI Hideyuki　酒井英行　 iii，6，7，138，233，287，

288
SAKAI Ryutaro　酒井隆太郎　xii
SAKAKIBARA Hitoshi　榊原均　280
SAKAMOTO Hisao　坂本久雄　290
SAKAMOTO Naruhiko　坂本成彦　 vii，89，111，

222，281，283，
285

SAKO Hiroyuki　佐甲博之　 71，177，179，181，183，
184，186

SAKO Masami　酒向正己　20
SAKO Takayuki　佐古貴行　10，13，15，150
SAKUMA Fuminori　佐久間史典　59，202
SAKURAGI Yukinori　櫻木千典　3
SAKURAI Hiroyoshi　櫻井博儀　 i，3，5，9，10，11，

12，13，14，15，16，
18，19，20，26，140，
142，144

SAMESHIMA Rei　鮫島玲　20
SANCHEZ-BENITEZ Angel　10
SANFTL Florian　60，206
SASAKI Ayako　佐々木彩子　204，205
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SUZUKI Norio　鈴木則夫　299

SUZUKI Shinji　鈴木伸司　11，23

SUZUKI Takao　鈴木栄男　�248，252，253，254，

255

SUZUKI Takeshi　鈴木健　11，23

SUZUKI Tatsuo　鈴木達男　297，299

SUZUKI Yoshiaki　鈴木嘉昭　239

TABATA Makoto　田端誠　260

TABATA Yoshikazu　田畑吉計　251

TACHIBANA Takahiro　橘孝博　i

TACHIKAWA Maki　立川真樹　242

TACHIKO Kazutaka　立光一孝　275

TAJIMA Iwao　田島岩男　297，299

TAJIRI Kunihiko　田尻邦彦　i，18，19，205

TAKADA Eiichi　高田栄一　20

TAKAGI Keiichi　高城啓一　266

TAKAHARA Manabu　高原学　273

TAKAHASHI Hironori　高橋弘範　168

TAKAHASHI Katsuo　高橋勝緒　239

TAKAHASHI Kotaro　高橋好太郎　�10，13，15，

150，218

TAKAHASHI Yoshiyuki　高橋良幸　6

TAKAKI Motonobu　高木基伸　7，210，233

TAKAMINE Aiko　高峰愛子　25，161，164，166

TAKAMIZO Tadashi　高溝正　273

TAKANO Shingo　高野真吾　i，18，19

TAKASHIMA Anna　高島杏奈　i，18，19

TAKASHINA Masaaki　高階正彰　3

TAKAYANAGI Toshinobu　高柳俊暢　xi，241

TAKECHI Maya　武智麻耶　�10，11，12，13，14，15，

16，23

TAKEDA Hiroyuki　竹田浩之　�iii，7，11，15，17，

21，24，136，221，

233

TAKEHARA Hiroki　竹原広樹　168，170，173

TAKESHITA Eri　竹下英里　9

TAKESHITA Nao　竹下直　249

TAKETANI Atsushi　竹谷篤　�71，142，146，148，156，

177，179，181，183，184，

186，190，195，212

TAKEUCHI Satoshi　武内聡　�3，5，7，8，9，10，11，

12，13，14，15，16，

213，233

TAKEUCHI Shintaro　竹内信太郎　60，206

SHINOHARA Mayuko　篠原摩有子　6
SHINOZUKA Tsutomu　篠塚勉　164，204，205
SHINTANI Eigo　新谷栄悟　85
SHIODA Ryota　塩田良太　8，9
SHIRAGE Parasharam　249
SHIRAI Koun　白井光雲　23
SHIRAKAWA Yuki　白川侑希　267，268
SHIRAKI Akio　白木章夫　26
SHIRAKI Ichiro　白木一郎　246
SHISHIDO  Toetsu　宍戸統悦　240

SIMBARA Yoshihiro　新原佳弘　11

SIMIZU Yuji　清水祐史　271

SIREGAR Rustam　251，256，

SMIRNOV Victor　105

SOHLER Dóra　3，5

SONDHEIM Walter　71，177，179，181，183

SONODA Tetsu　園田哲　25，161，164，166，205

SPITAELS Charles　138

STEFAN Iullian　10

STEIGER Konrad　i，13，18，19

STEPANOV Mikahail　181

STEPHEN Baumgart　184

STEPPENBECK David　i，12，13，14，18，19

STRASSER Patrick　260

SUDA Kenji　須田健嗣　�vii，6，89，222，281，283，

285

SUDA Toshimi　須田利美　168，171

SUGANUMA Takuya　菅沼拓也　241

SUGAWARA Tadashi　菅原正　253

SUGAWARA Takamasa　菅原孝昌　240

SUGAWARA-TANABE Kazuko　田辺和子　44

SUGIMOTO Ken-ichi　杉本健一　i，18，19

SUGIYAMA Jun　杉山純　257，258

SUKHORUKOV Oleksander　245

SUMIKAMA Toshiyuki　炭竃聡之　�i，5，11，15，18，

19，26

SUMITA Takayuki　住田貴之　xii，197，226

SUN Xiao-Yan　孙小艳　9

SUNCHAN Jeong　鄭淳讃　25

SUZUKI Daisuke　鈴木大介　6，10，26

SUZUKI Hiroshi　鈴木宏　11，159

SUZUKI Hiroshi　鈴木博　82，83

SUZUKI Ken　鈴木謙　24，221

SUZUKI Kensuke　鈴木謙介　248

SUZUKI Kunifumi　鈴木都文　21，23
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TORIKAI Eiko　鳥養映子　246

TOWATA Shin-ichi　砥綿真一　257

TSANG Betty　142

TSHOO KyoungHo　秋庚鎬 　5

TSUBAKIHARA Kohsuke　椿原康介　58

TSUCHIHASHI Takahiro　土橋隆博　299

TSUCHIYA Masato　土屋真人　21

TSUJI Kenkou　辻顕光　272

TSUKADA Kazuaki　塚田和明　xii

TSUKADA Kyo　塚田暁　24，221，260

TSUKADA Teruyo　塚田晃代　264，266

TSUKIORI Noritoshi　月居憲俊　281，285

TSURUMA Shizuho　鶴間しづほ　301，303

UCHIKOSHI Syouichi　打越祥一　239

UCHIYAMA Akito　内山暁仁　�99，101，118，120，

122，281，283

UEHARA Akira　上原啓　247

UEHARA Masatomo　上原政智　247

UENISHI Hidekazu　上西秀和　11

UENO Hideki　上野秀樹　4，21，23，205，287，288

UENO Kazuki　上野一樹　260

UESAKA Tomohiro　上坂友洋　�iii，6，7，24，138，

192，210，221，

231，233

UMEYA Atsushi　梅谷篤史　53

URANO Kyosuke　浦野恭輔　168，175

UTSUNO Yutaka　宇都野穣　39

UWAMINO Yoshitomo　上蓑義朋　�222，224，290，

292

VAJTA Zsolt　3

VANDUPPEN Piet　25

VOROZHTSOV Sergey　105

VOSSEN Anselm　61，62

WADA Michiharu　和田道治　�xi，25，161，163，

164，166，205，241

WADA Satoshi　和田智之　244

WAKABAYASHI Masaki　若林正毅　195

WAKABAYASHI Yasuo　若林泰生　i，18，19，226

WAKASUGI Masanori　若杉昌徳　�157，159，168，

170，171，173，

175

WAKI takeshi　和氣剛　251

WAKUI Takashi　涌井崇志　6，164，204，205，231

WALKER Phil　i，18，19

TAKUMA Akira　詫間晃　146，156

TAMAE Tadaaki　玉江忠明　168

TAMAKI Katsutomo　玉木克知　276，277

TAMAKI Seiichi　玉木聖一　168，170

TAMAO Kohei　玉尾晧平　250

TAMII Atsushi　民井淳　6

TAMURA Masashi　田村匡史　99，101，281，283

TANABE Kosai　田辺孝哉　44

TANABE Yoichi　田邉洋一　248

TANAKA Hidekazu　田中秀数　252

TANAKA Kana　田中佳奈　5，8

TANAKA Kanenobu　田中鐘信　3，11，132，134

TANAKA Manobu　田中真伸　148

TANAKA Naoki　田中直樹　5，15，150，218

TANAKA Ryuki　田中隆己　15，150

TANAKA Shuuitsu　田中秀逸　265

TANAKA Toshiyuki　田中俊行　239

TANIDA Kiyoshi　谷田聖　72，188，198，200

TANIGUCHI Yasutaka　谷口億宇　29

TERANISHI Takashi　寺西高　i，4，18，19

TERAOKA Tsuyoshi　寺岡毅　278

TERASHIMA Satoru　寺嶋知　216

THOMAS Anthony　76

TIAN Wendong　田文栋　8，9

TJIA May　256

TODOROKI Koichi　轟孔一　24，221

TOGANO Yasuhiro　栂野泰宏　�3，5，8，9，12，13，

14，15，16，140，

144，146，148，156

TOGASAKI Mamoru　戸ケ崎衛　�168，170，171，

173

TOIA Alberica　189

TOKAIRIN Hideo　東海林英夫　274

TOKANAI Fuyuki　門叶冬樹　226

TOKIEDA Hiroshi　時枝紘史　�iii，7，138，192，214，

233

TOKUCHI Akira　徳地明　157

TOKUDA Makoto　徳田真　202，259

TOM Harry　246

TOMIDA Natsuki　冨田夏希　194

TOMIOKA Yuki　富岡佑岐　251

TOMITA Hideo　富田英生　164

TOMONO Dai　友野大　243，259，260

TORII Chihiro　鳥居千寛　271
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YAMAKA Shoichi　山家捷一　281，285

YAMAKI Tsutomu　八巻務　290

YAMAMOTO Kuniyoshi　山本邦儀　297，299

YAMAMOTO Yasuo　山本安夫　51

YAMANAKA Masahito　山中正仁　276，277

YAMASAWA Hideyuki　山澤秀行　vii，97，222

YAMAUCHI Hiromoto　山内啓資　281，283

YAMAZAKI Takahiro　山崎敬大　247

YAMAZAKI Takeshi　山崎刚　78

YAMAZAKI Yasunori　山崎泰規　259

YANAGISAWA Yoshiyuki　柳澤善行　�iii，7，11，

127，233，

299

YANO Yasushige　矢野安重　�vii，ix，112，114，116，

159，238，299

YANO Yoshiyuki　矢野善之　237

YASUDA Yusuke　安田裕介　9

YAZAKI Koichi　矢崎紘一　80

YI Piljin　56

YOKKAICHI Satoshi　四日市悟　228

YOKOTA Naoki　横田直樹　7，233

YOKOTANI Naoki　横谷尚起　272

YOKOUCHI Shigeru　横内茂　�vii，ix，112，116，

222，238，281，283，

285

YOKOYAMA Koji　横山幸司　244，246，260

YONEDA Akira　米田晃　xii，197，226

YONEDA Ken-ichiro　米田健一郎　�3，4，5，8，9，10，

13，15，16，140，

144，146，148，

152，154，156，

205

YONEYAMA Naoki　米山直樹　255

YOSHIDA Atsushi　吉田敦　16，127，299

YOSHIDA Kenichi　吉田賢市　iv，30，32，33

YOSHIDA Koichi　吉田光一　�7，16，24，131，213，

221，233，299

YOSHIDA Naoki　吉田直貴　205

YOSHIDA Shinya　吉田慎哉　260

YOSHIDA Shuhei　吉田周平　146，156

YOSHII  Motoyasu　芳井基也寿　240

YOSHIMI Akihiro　吉見彰洋　4，21，23，205

YOSHINAGA Kenta　吉永健太　i，5，18，19

YOSHINAGA Naotaka　吉永尚孝　41，42，43

WANG He　王赫　7，10，12，13，14，233

WANG Hongwei　王宏伟　8，9

WANG Jiansong　王建松　8，9

WANG Meng　王猛　9

WATANABE Hiroshi　渡辺博　vii，222，224，293

WATANABE Hiroshi　渡邊寛　i，18，19，21

WATANABE Isao　渡邊功雄　�243，248，249，250，

251，252，253，254，

255，256，257，258

WATANABE Kentaro　渡邊健太郎　�72，188，198，

200

WATANABE Susumu　渡辺進　297，299

WATANABE Tamaki　渡邉環　�vii，116，222，238，

283

WATANABE Yasushi　渡邊康　150，213，228，234

WATANABE Yutaka　渡邉裕　�vii，4，25，89，93，95，

97，164，222，224，

283

WEICK Helmut　24，221

WETTIG Tilo　84

WIELAND Oliver　i，18，19

WINKLER Martin　11

WINKLER Ryan　13
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