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Report of the review of the Center for Nuclear Study

by the External Review Committee (original)

CNS International Review Committee Meeting
March 8-9, 2013 (Hongo and Wako campus)

1. Introduction

First of all, the CNS International Review Committee thanks the Director Professor T.
Otsuka, and all the members of CNS for their hospitality, for the quality of the
preparatory documents made available as well as the excellent presentations of the
ongoing and future research activities of CNS.

The CNS International Review Committee has reviewed the organization, resources,
education, operation, science programs, and ongoing and future projects guided by
review items proposed by the Director of CNS, Professor T. Otsuka

1) Evaluate management, operation and allocation of human resources

2) Evaluate the scientific activities of primary research groups and relation with

RIKEN
3) Evaluate Education
4) Future Plans

Before going into detailed conclusions and recommendations on each subject, the
review committee wants to congratulate the director of CNS Professor T. Otsuka and
the entire staff for the quality of the experimental and theoretical scientific results
achieved in the 2005-2012 time period. In short CNS has fulfilled its mission, namely,
to continue to be a research institute of high international visibility, standard and
accomplishments, providing research facilities and education activities in the field of
Heavy ions physics at the Graduate School of Science of the University of Tokyo.

In addition, the review committee wants to emphasize the important and central role
played by CNS after the Fukushima Daiichi power plant accident. CNS took a major



initiative, acting as a hub for the collaboration built by Japanese laboratories and
institutes to measure the radioactive contamination of the environment in that region.

2. Administration, Operation, Budget and Human Resources

The management and operation of the CNS looks healthy. Present allocation of human
resources and budget are adequate but in a short term, particular attention should be
given to the replacement of retiring permanent staffs and/or recent departures at the
professor level.

One professor and one associate professor positions are now open and the committee
strongly recommends filling these key research positions as soon as possible.

Currently, one permanent administrative staff and two permanent technical staffs are
provided by the Graduate School of Science. The review committee strongly believes
that all three positions should be kept at the present level, because of the following
reasons:

One permanent administrative staff is definitely needed due to the separation of the
campus from Hongo campus to Wako campus. In addition, CNS is an independent
entity with a budget large enough to require, at least, one permanent administrative staff
to handle it.

CNS has traditionally two permanent technical staff members, one to support
experiments like SHARAQ and CRIB where the CNS carries the main responsibility
and the other to support an ion source for the AVF Cyclotron. The committee feels
strongly that it is vitally important for the future CNS operation to keep both of them.

3. Scientific activities of the CNS primary research groups

3.1 Nuclear Astrophysics

The CNS experimental nuclear astrophysics group has contributed significantly to the

measurement of low-energy cross sections with relevance to the understanding of
explosive hydrogen burning in novae, X-ray bursters, first generation stars and the early
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stage of nucleosynthesis in supernovae. These efforts are currently in a transitional
phase following the retirement of Professor Kubono in March 2012. The committee sees
a strong window of opportunities for CNS to continue its impact on nuclear astrophysics
in the coming years before new facilities at, e.g., TRIUMF, MSU and GANIL become
operational.

To maximize the impact, the CNS program should be focussed on crucial experiments
alone using unique CNS beams with specifically high intensities. The committee
recommends that these experiments are evaluated by RIKEN NP-PAC. These
experiments and new technical developments should be fostered in strong collaboration
with other groups, in particular in Asia.

The long-term future should exploit and be built on the strong synergies with RIKEN
and other Japanese group like KEK with strong interest in nuclear astrophysics with
radioactive ion beams.

3.2 Unstable Nuclei and Spin-Isospin Response

3.2.1 Unstable nuclei

CNS established the NUSPEQ group to perform in-beam spectroscopy of:

(1) in-flight exotic nuclei produced by direct reactions of Rl beams at more than several
tens of MeV per nucleon and

(2) high-spin states in nuclei produced by low-energy fusion reactions of stable and
unstable nuclei.

The group has been quite productive. The committee was impressed by outcomes from
these activities. Many of them were obtained by measurement of gamma rays for which
the GRAPE array has been playing a central role. The group has been providing
substantial effort for the operation of the GRAPE array and was successful to expand
the research collaboration.

The committee wants to congratulate Prof.S.Shimoura and his group for these
achievements.

Development of digital pulse-shape processing makes the GRAPE array quite unique.
The committee appreciates these activities and hopes to see that the expanding
collaboration continues to explore new physics.
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3.2.2 Spin-isospin

SHARAQ is a unique facility to study spin-isospin response of nuclei.

The CNS physics and technical groups have contributed very significantly to the
construction of this world class new spectrometer SHARAQ as well as its operation
which started at the RIBF facility. The committee wants to congratulate very warmly
the institute as a whole for this sucessfull start.

SHARAQ shows that high resolution scattering experiments are possible with unstable
beams by which many aspects of spin-isospin response of nuclei can be explored. For
instance, studies of both (p,n) and (n,p) types of reactions will give complete set of GT
response. Improved understanding of the reaction mechanism should be seeked in
collaboration with theorists.

Their first results are already attracting significant attention worldwide. SHARAQ is
certainly today and for a number of years ahead a key instrument with a high discovery
potential in the spin-isospin physics.

3.3 High-Energy Heavy lon Program

The group played a leading role in both PHENIX at BNL and ALICE at LHC.

At the PHENIX experiment Professor H.Hamagaki was the leading figure from Japan,
serving as a Japanese representative from 2000 to 2007. Also, the group contributed a
lot to PHENIX in the detector construction, data analysis for the major important
discoveries. In addition significant contribution for the GEM (gas electron multiplier)
development for future high intensity running was made. The CNS group produced 10
PhD’s, resulting publications in leading journals with high citations. These are excellent
contributions to PHENIX.

From 2003 the group started to be involved in the large ALICE collaboration by
initiating a TRD R&D project. Inside ALICE, the group already established a great
recognition through Gunji leading a physics analysis group and Hamagaki as a member
of the editorial board. Already, they produced 2 PhD’s from this collaboration. In the
future the group sets its emphasis on producing GEM detectors combined with TPC
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readout to allow much higher counting rate as compared to the present 500 Hz counting
rate at ALICE.

Concerning the ALICE involvement, the continued participation in the ALICE group
and physics program with the upgrade is a reasonable choice, whereas other options
such as the domestic contribution of future high-energy heavy-ion beams at J-PARC
should not be excluded.

3.4 Accelerator and development in instrumentation

The accelerator group at CNS has performed indispensable contributions in upgrading
the RIKEN AVF cyclotron system. These include the expansion of the variety of beams
by installing and developing two ECR ion sources and the increase of intensity and
energy of beams by improving the cyclotron system itself. These achievements were
crucial in making CRIB a quite unique facility in the world. The committee
recommends CNS to focus their R&D technical development efforts towards unique
CRIB experiments.

As a presently ongoing program, construction of active targets based on GEM-TPC is in
progress. Detection of very low-energy particles is required in ‘forward angle’
measurements of direct reactions in inverse kinematics and for identification of final
states by measuring decay particles in astro-nuclear reactions. The active targets allow
new kinds of experiments which fulfil such requirement. The development is performed
by collaboration of the SHARAQ and the CRIB groups with the high-energy heavy ion
group as an adviser thanks to the transverse expertise of CNS groups. Continuous
construction of new apparatus and collaborative activities among different groups are
highly acknowledged.

3.5 Theory

The CNS theory effort has a high visibility worldwide. Its focus is on the description of
the structure of exotic nuclei using state-of-the-art many-body methods. Beside
outstanding achievements, the group has contributed to and initiated many international
collaborations and successful exchange programs like EFES and JUSTIPEN. The
achievements of the group and its long experience in parallel computing have been
recognized by awarding them a grant within the High Performance Computing
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Infrastructure of the MEXT for K supercomputer. The outstanding theory activities
should be continued in the mid- and long-term future.

3.6 Relation with RIKEN

The establishment of CNS in 1997 was closely followed by the signature in April 1998
of the “agreement on research in the field of Heavy lon Science” with RIKEN. This
agreement has been the root of a very productive and highly beneficial collaboration
between the two institutes. During the visit, the review committee had a very open
discussion with the RIKEN Nishina Center management. A clear conclusion of that
discussion is that CNS has considerably contributed through the leadership of CNS
physicists, plus the construction, exploitation and resulting scientific output of Charge
Breeder CSM, ECR ion source, CRIB, GRAPE and SHARAQ to the success of the
RIBF facility. Nishina Center and CNS operate jointly the RIBF facility. The existence
of the “so-called” NP-PAC, which shapes the joint scientific initiatives, illustrates
nicely the strong tie between CNS and RIKEN. CNS is seen as the largest and also a
model partner by Nishina Center management.

4. Education

CNS plays a crucial role in the education of highly skilled young researchers in nuclear
science in Japan. This must be continued. In particular, the committee notes that the
experience seminar for Freshmen and Sophomore and the experimental training at the
cyclotron for the third-year undergraduates at the University of Tokyo are very valuable.
These two activities should be maintained.

High level of production of PhD thesis work should be highly recognized. Since 2006,
over 20 PhD theses were produced from CNS, and this number is very impressive.

The review committee wants to express his support to the CNS summer school, a visible
and very successful activity of the institute.

Moreover having outside international summer schools should be highly appreciated.
For example, the regular participation of CNS students at the GSI summer school is
highly appreciated, also by the GSI management.
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5. Future Plan

The short- and mid-term plans as presented by CNS groups look very well defined.
Strong and aggressive exploitation of:

SHARAQ spin-isospin physics program and completion of GRAPE array, focus on
very well defined low energy astrophysical reactions where CRIB is very competitive,
well defined R&D for the possible contribution to the ALICE at LHC upgrade,
continuing outstanding contributions to nuclear theory and exploiting the computing
capabilities at the MEXT supercomputer and at the RIKEN-CNS parallel computer are
clearly on their way.

The present style in research staff is that every researcher has an individual project. This
university-like style has the merit that each individual can identify its each experimental
or theoretical idea independent from the others. However, from the viewpoint of CNS
collaborative effort to one internationally visible project where individuals contribute to
its different aspects, such as detector construction, data taking including new electronics,
data analysis, inventing idea, etc., might be preferable. Our committee’s advice is to
concentrate the present diverse projects to fewer, while maintaining individual
independency.

At the long term CNS should even more strongly interact and discuss its future research
plan in close connection with RIKEN. RIBF is in the coming year the world leading
RIB facility and there CNS as a centre of excellence imbedded in the University of
Tokyo should continue to play complementary and key role in common future scientific
initiatives.

S. Gales (Chair), K. Langanke, T.Kishimoto, S. Nagamiya, T. Noro
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Director of Research Center for Nuclear Physics (RCNP), Osaka University

Prof. Dr. Sidney Gales (chair)
ex-Director of Grand Accélérateur National d'lons Lourds (GANIL)

Prof. Shoji Nagamiya
High Energy Acceletor Research Organization (KEK),
Japan Atomic Energy Agency (JAEA)
ex-Director of J-PARCCenter

Prof. Tetsuo Noro
Department of Physics, Faculty of Sciences, Kyushu University
Director of Center for Accelerator and Beam Applied Science, Kyushu
University

Prof. Karlheinz Langanke

Gesellschaft fir Schwerionenforschung (GSl),
Technische Universitat Darmstadt
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Appendix-2

1st day

09:00—09:30
09:30—09:50
09:50—09:55
09:55—10:10
10:10—10:40
10:40—11:00
11:00—11:30
11:30—12:00
12:00—12:30
12:30—14:00
14:00—14:30
14:30—14:50
14:50—15:20
15:20—16:20
16:20—17:30
17:30—18:00
18:30—

2nd day

09:30—10:00
10:00—10:15
10:15—12:00
12:00—13:00
13:00—13:30
13:30—14:00
14:00—16:30
16:30—17:00

Agenda of the CNS External Review

Venue:
Date:

Rm338, 3F, Science-1st building, Hongo Campus
Mar 8 (Fri), 2013

Travel to Hongo Campus from the hotel
Preparatory meeting with Director of CNS [closed]
Opening remark Prof. Hiroaki Aihara, Dean of School of Science

Overview of CNS Takaharu Otsuka, Director
Presentation-1 (Astro) Hidetoshi Yamaguchi
Break

Susumu Shimoura
Kentaro Yako
Hideki Hamagaki

Presentation-2 (Unstable nuclei)
Presentation-3 (Spin-isospin)

Presentation-4 (High-energy heavy-ions)
Business lunch

Presentation-5 (Theory)

Presentation-6 (Accelerator)

Break

Meeting with younger researchers

Close meeting of the CNS Review Committee
Q&A or discussion with Director and others
Gathering [closed]

Noritaka Shimizu
Susumu Shimoura

Venue:
Date:

Seminar room, 2F, CNS, Wako Campus (RIKEN)
Mar 9 (Sat), 2013

Travel to Wako Campus from the hotel
Introduction of CNS facilities in RIKEN
Facility tour

Business lunch [closed]

Discussion among the committee #1 [closed]
Hearing from RIKEN [closed] (Prof. Tohru Motobayashi from RIKEN)
Discussion among the committee #2 [closed]

Close out (Seminar room, 3F)

Kentaro Yako
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