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Preface

The RIKEN RI Beam Factory International Advisorv Group met at RIKEN September
26 - 28. The program, which is appended to this report consisted of three parts. The
first was a presentation of an overview of RIKEN and its accelerator complex. The second
described the research presently being conducted at RIKEXN. The third was a discussion of
the plans for the new facility.

This report begins with a general outline followed by more detailed summaries of the
scientific opportunities which the proposed facility addresses, by a qualitative discussion of
the technical aspects of the new facility emphasizing the goals which should be achieved and
finally by an outline of the usefulness and need for international participation.

We also take this opportunity to thank the RIKEN staff for their hospitality, for their
excellent presentations and for their candid response to our questions.

General Remarks

The utilization of beams of radicactive nuclei present both a challenge and a great oppor-
tunity to nuclear and atomic scientists. Their study will undoubtedly lead to insights of
importance to all of science. New forms of nuclei have already been discovered and one may
expect new kinds of collective motion and new kinds of deformations to make their appear-
ance. New aspects of nuclear forces will be obtained. Nuclear regularities, which have been
determined for nuclei in the stable valley, will be tested and extended so that they apply to
the thousands of nuclei which will become available at a radioactive beam facility. Collisions
between ions and atoms at both low and high energies and the spectroscopy of excited ions
of interest to atomic and chemical physicists will be possible in an appropriately designed
facility. One can foresee applications which will be of importance to other sciences such as
astrophysics, as well as to medicine and the material sciences.

The challenge to RIKKEN physicists and their collaborators is to devise and construct
an accelerator complex plus detectors which will take advantage of these scientific oppor-
tunities. The technical requirements are summarized in the section of this report entitled
Technical Aspects. The successful operation of the accelerator now at RIKEN demonstrates
the presence of considerable technical resources. However, as we shall indicate, this needs to
be augmented.

In a project of the magnitude and complexity proposal by RIKEN, good management is
essential and consequently a management structure should be put into place and management
responsibilities assigned even at this early stage. Our committee missed a statement on this
1ssue. There should be advisory groups. In addition to an international policy committee,
it is the usual practice to have a Program Advisory Committee (PAC) and a Technical
Advisory Committee (TAC). Provision should be made for interaction with the users. This
15 most important since for the world class facility envisaged there will be great interest in
the Japanese as in the world-wide science community. It is important to channel this interest
Into constructive activities. [t provides as well, a mechanism together with the PAC and
TAC for invelving the Japanese academic and the international community. There should
be an individual whose duties would include maintaining contact with the users, organizing
work shops, ete



Personnel management is important as it is essential to have the appropriate expertise
and support available at the appropriate time. \We estimate that the project will require on
the average a work force of several hundred people. A substantial increase in both senior
and junior staff will be required for the construction and exploitation of the facility.

The review group stressed the need for theorists who would be interested in the design,
analysis and interpretation of experiments performed at the RI Beam Factory.

Computer facilities will be needed for a variety of tasks such as analvsis of, detector,
design, of the experimental set-ups, of the experimental results and for computations required
so that theory can confront experiment.

Finally, oversight, evaluating progress and sensitive to possible problems for the project,
securing advice from the PAC and especially the TAC, is generally a part of the management
plan.

Scientific Opportunities

The proposed RIKEN radioactive beam facility has the potential of substantially widening
the small window we now have on the properties of atomic nuclei at the limits of stability.
New experimental facilities and new methods open the wav to new physics, often differ-
ent from what was anticipated at the time of their design. The proposed facility will be
complementary to other facilities in Japan and arouad the world aimed at broadening our
understanding of nuclear and nucleon properties at the level of quarks and gluons. The
nuclear manybody svstem has been studied in some detail and we have a reasonable under-
standing of its properties and of the structural svmmetries that characterize its excitations
at the level of constituent neutrons and protons in stable or near-stable nuclei. However,
experiments have not been possible to explore such systems at the limits of stability, where
the last nucleons are just barely bound. These properties are of considerable interest — since
in a number of respects the extension of our knowledge from the valley of nuclear stability is
not obvious. These nuclei are also critical in astrophysics at many levels, from the Big Bang
to stellar nuclenosvnthesis and the properties of supernovae.

It is important to emphasize the qualitatively new physics accessible with RIKEN's new
facility, bevond properties listed in classic nuclear physics text books. It is such new physics
that attracts the good voung physicists and the strong user groups from around the world,
essential to a world-class facility such as the proposed one at RIKEN. In particular, some
emphasis would be desirable on fundamental new physics objectives in nuclear and astro-
physics, that can be studied only, or best, with RIKEN's future facility. Clear statements of
such physics objectives are essential in convincing the scientific community, especially those
beyond nuclear physics such as those in particle and astrophysics, in Japan as well as around
the world.

The RIKEN group has pioneered early studies of some of the lightest of the exotic
nuclei near the limits of stability. In particular, the discovery of the size of ''Li, with a
lightly bound pair of neutrons extending into a diffuse halo at large distances, has led to
world-wide activity in the last few years. The intensity upgrade of the RIINEN linac by
two orders of magnitude that is to be completed in the next two years will lead to a very
substantial enhancement of capabilities in this regime of physics. This upgrade should go a
long way in putting the glimmerings of insights obtained on many novel systems (e.g. 1%He)
on a much firmer footing, statistically as well as in other respects.



The superconducting cyclotron with the proposed fragment separator will extend enor-
mously the range of nuclear species that may be reached, into qualitatively new regimes of
heavier mass and charge. It will enable new experimental studies of nuclear stability, decay
properties, interaction radii, and in some cases structure information, possible measurements
of astrophysical interest such as photodissociation, implantation studies of very pure beams
of specific radionuclides in materials, etc.

This facility will require major rethinking of experimental, techniques and objectives.
It would be highly desirable at this time to select a few prototype experiments and document
them in sufficient detail of beam intensity, beam quality, targets, detection systems, solid
angle, energy resolution, statistics, etc., to give potential users a sense of realitv. Such
prototype experiments may perhaps best be prepared in a preliminary ‘Program Advisory
Committee’ exercise. well before the beginning of the operation of the facility, in order to help
define the directions of the experimental program and involve the national and international
user communities.

More generally, it is important to emphasize providing new nuclear probes which have
the potential to study fundamental interactions, for example beams of polarized nuclei with
large decay energies, to study aspects of symmetries (C, T, P, isospin, etc.) to a level of
precision higher than has been possible hitherto.

The MUSES rings are in a sense the major, though by no means the only, experimental
facility to utilize the beams from the superconducting cyclotron. Here again the concept
is scientifically exciting and challenging, opening large areas of physics with scattering and
reactions between short-lived exotic beams and electrons, protons or other light particle
beams, to reveal many critical properties of these nuclei. For instance, reactions can reveal
structure of atomic nuclei far from stabilities and identify new symmetries and the extension
or even the foundation of well-known symmetries. Studies of electron scattering could be
invaluable in size determinations and low energy excitation. Reactions could determine
the properties of states that are critical for understanding the R-process in nucleosynthesis.
Unique atomic physics studies could be carried out in the interaction between atomic systems
that have only a few electrons and the study of resonance absorption of x-rays generated
with the relativistic electron beam. New nuclei in the superheavy regime may perhaps be
reached only by using neutron-rich unstable nuclides in cold fusion reactions in the merging
mode, such as would be provided by a facility such as MUSES.

Here the techniques for experiments are yet to be developed on the conceptual or even
preconceptual level. They will then need to be subjected to increasingly detailed analyses to
demonstrate to potential users what may become feasible, and to help determine some of the
critical and potentially imiting design parameters of the collider rings. The present level of
design is not sufficiently advanced to indicate what might serve to help both to develop and
quantify the conceptual design and to involve potential users in the process of equipment
development.

Technical Aspects

T'he present facility has achieved a high standard in producing exotic radioactive beams
such as ®He and M Li. It is based on a 4-sector ring cyclotron with unique injectors (AVF-
cyclotron, variable frequency Linac) and a fragment separator with very high transmission.



The laboratorv has contributed the pioneering development of high duty factor, variable,
frequency linacs as injectors of heavy ions into the cveclotron.

Based on the existing facility, the new project to produce radioactive beams of highest
intensities using the fragmentation method coupled with a double ring collider, opens new
areas of research in various fields.

The proposed superconducting separated sector cyclotron is well matched to the use of
the existing facility as injector. An upgrade of the injector complex to provide high intensity
beams is in progress, a charge state multiplier needed to reach high energies is proposed to
be added. The foreseen increase of the primary beam intensity of the upgraded facility by
two orders of magnitude is a first and essential step towards the new facility.

The acceleration and handling of high-power heavy ion beams at the high level up to
1MW, as mentioned in the proposal, in an essential feature of a RIB-factory and will need
extensive R & D work.

MUSES, the two ring collider for ions, electrons and x-rays. is a very interesting and
promising concept to study properties of nuclei far off stability with innovative new ex-
perimental approaches, which cannot be carried out in other ways. For this facility high
luminosity 1s of utmost importance. The option of an additional accumulator-cooler ring
with matched acceptance to the secondary beams and provision to bunch the collider ring
beams should be investigated. Adequate experimental areas around and in the rings should
be provided and early attention to this problem should be given.

Multi users options for the whole facility should be carefully looked at, such as the
provision of several beams of separated isotopes.

The establishment of international working groups for the optimalization of the concept
and design of critical subsystems such as the superconducting cvclotron, the accumulator-
cooler ring, the double collider and the fragment separator is strongly encouraged. In addi-
tion, a technical advisory committee including a few experimentalists should be formed at
an early stage.

International Aspects

The International Advisory Group is unanimous in strongly welcoming the proposal to con-
struct a Radioactive Beam Factory at RIKEN. The proposed facility is both imaginative in
concept and economical in design in building on the existing RIKEN accelerator complex
and the experience of the RIKEN physicists. Realization of the project will provide a major
new research facility of the highest world level that will be attractive to a wide international
user communitv, not only from nuclear physics but also from atomic physics and nuclear
chemistry. Toward this end, it is advisable to involve the international community so that
it can contribute productively to the success and usefulness of this facility.

In order to make the best possible use of the facility, it i1s recommended that standing
advisorv committees should be formally set up at an early stage in order, in a systematic
fashion. to build on existing expertise on machine developments and to associate future users
in the design and construction of experimental equipment.

Concerning the accelerator complex, technical R & D will be needed during the next
three vears to finalize the conceptual design before construction can actually start. It is sug-
gested that a Technical Advisory Committee, including accelerator specialists from foreign



countries, be constituted as soon as possible to assess the results of the R & D, to confirm
the design of the machine and to oversee the progress of the project.

Formal cooperation should be developed by RIKEXN with laboratones, both inside and
outside Japan, that have experience in tackling problems similar to those encountered in
the RIBF, such as the design of a superconducting cvcloiron, the handling of high-intensity
beams. the development of ECR ion sources and other related matters. [t is envisaged that
this cooperation should at least include the exchange of advice and experience but could
extend as far as sub-contracting of the design and possible construction of some elements.

We would also encourage the formal interaction by RIKEN with other groups who have
built or are planning the construction of radioactive beam facilities elsewhere in the world
so that the goals and characteristics of such facilities should be taken into account in a
consistent fashion.

Concerning the experimental equipment to be constructed at the RIBF. international
cooperation can again be an important advantage for the project. Major equipment should
be developed and possibly built on an international basis. In order to encourage broad access
from many experimental teams to what will be a (if not the) leading facility in the field,
simultaneous distribution of beam(s) to several users should be an aim of the project from
the beginning. The use at the facility of movable specialized detectors (such as gamma ray
or neutron multidetector arrays) should also be planned from the beginning. To examine all
these possibilities and to organize the future scientific use of the RIBF, it is recommended
that a structured and authoritative international user’s group should be formally constituted
at an early stage of the project.

Conclusions

1. The International Advisorv Group strongly welcomes the proposal to construct a Ra-
dioactive Beam Facility at RIKEN. The proposed facility is imaginative in concept and
economical in design, building on the existing RIKEN accelerator complex.

2. Important new insights into the properties of nuclei and nuclear reactions can be ex-
pected from the studies which will become possible with the proposed facility. Atomic
and astrophvsics will be significantly impacted as well.

3. The RIKEN staff is a most important resource as they have productively operated the
existing facility and have made significant scientific advances through its use. For this
proposal it will be necessary to substantially augment the staff at both the senior and
junior levels.

4. It is recommended that a management team be installed as soon as possible.

5. The increase of primary beam intensity of the upgraded facility by two orders of magni-
tude is essential. The acceleration and handling of high power heavy ion beams at the
level of 1MW will need extensive R & D work. High luminositv is needed for MUSES.
the two ring collhider.

6. One should make use of the experience and knowledge of the accelerator physics com-
munity world-wide. One mechanism would be through the Technical Advisory Panel
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which \mul_d include accelerator experts who have had experience in dealing with the
problems similar to those encountered in the construction of RIBF, from both inside
and outside Japan.

7 It is recommended that RIKEN invite the participation of appropriate laboratories
from both inside and outside Japan. RIKEN shculd invite the participation of in-
terested scientists in formulating in detail possible experiments and the design of the
]I'_'I.ECIEE.EIEI‘_-" detection equipment. It is recommended that a users organization be put
into place.

5. Good luck.
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Agenda

"RIKEN RI Beam Factory" Advisory Meeting
on September 25-28, 1994

Sept. 25th (Sun.): (at Hikarigaoka Dai Ichi Hotel in Tokyo)

20:00 Brief meeting of advisors and spokespersons of the RARF

Sept. 26th (Mon.): (at Nishina hall in RIKEN)

Morning session (9:30 - 12:30)
9:30 A, Arima:
Welcome by the president of RIKEN
9:45 H. Kamitsubo:
Welcome and Introduction to RIKEN
10:10 M. Ishihara:
Operation of RIKEN Accelerator Research Facility
(RARF)
10:40 - 11:00  Coffee

11:00 RARF Heavy-ion Accelerators
Y. Yano:
Overview and Present Status of the RARF
Single-turn Extraction in K540 Ring Cyclotron
T. Nakagawa:

Upgrade of 10-GHz ECR Ion-source using Plasma-
cathode Method and Construction of 18-GHz ECR
Ion-source

0. Kamigaito:
Design of Frequency-variable RFQ linac and
Construction of a new injector for RILAC

Y. Yano:
Preview of Proposed Accelerator Complex for
RIKEN RI beam factory

12:00 Nuclear Physics I
T. Kobayashi:
Nuclear Structure and Reaction




Afternoon session (14:00 - 17:00)

14:00

15:30

Nuclear Physics 11

K. Asahi (TIT/RIKEN):
Nuclear Spectroscopy

T. Motobayashi (Rikkyo Univ./RIKEN):
Nuclear Astrophysics

T. Otsuka (Univ. of Tokyo/RIKEN):
Related Thoretical Studies

Atomic Physics
Y. Awaya

16:00 - 16:20 Coffee

16:20 Nuclear Chemistry
F. Ambe
16:40 Radiobiology and Medicine
K. Ando (NIRS/RIKEN)
17:00  Facility Tour (optional) conducted by A. Goto
Night
18:30 Reception (RIKEN "Ike-no-hata" Cafeteria)
Sept. 27th (Tue.) :
Morning session (9:30 - 12:30) (at Nishina hall)
9:30  Proposal of RI Beam Factory Project (Accelerators)
Y. Yano:
High-intensity Accelerator Complex
T. Katayama (INS/RIKEN):
Double Strage Ring (MUSES)
10:30  Proposal of RI Beam Factory Project (Researches)

I. Tanihata:
Nuclear Physics

T. Kambara:
Atomic Physics and Related Researches

Y. Yoshida (Shizuoka Inst. of Sci. and Tech./RIKEN):
Solid State Physics and Chemistry

Afternoon session (14:00 - ) at Board Room Il in Administration Bldg

14:00
15:30
16:00

Discussion (Advisors and Facility Staff)
Coffee

Discussion among the Advisors



Night
Dinner hosted by the president of RIKEN
at Japanese Restaurant "Kho-Sushi" in Kawagoe-city

Sept. 28th (Wed): (at Board Room II in Administration Bldg)

Morning session (9:30 - )
9:30  Final patch up



