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Executive Summary :

The Muon Science Advisory Committee (MuSAC) met at KEK on January 11, 12 and 13 2007
to review the progress in the construction of the J-PARC muon facility (MUSE), to comment on
some of the 24 Letters of Intent which had been previously received from potential users and which
had not been heard at the MuSAC4 meeting, to consider the transition in the organization to prepare
for the beginning of beam operation and to review the plan for the development of the beam facili-
ties in the second phase of the construction.

The overall progress on J-PARC facilities is consistent with maintaining the approved schedule
for the turn-on of the accelerators, and the Committee was pleased to hear that the Injection LINAC
had achieved acceleration to 50 MeV without any difficulty. This bodes well for the quality of the
machine and its careful implementation. The difficulties encountered with the RF cavities break-
down are being addressed and some have met the 1000 Hours high power tests requirements.

On the technical side for MUSE, major advances were noted: more than 70 % of the budget is
committed, installation of components is in progress and on schedule, and preparations for initial
commissioning and operation are underway. The team is working very hard with a minimal budget
and is meeting its milestones.

The concern raised at the last meeting — that the requested 100ns proton pulse width might
possibly, seriously, compromise the full beam power available for neutron users — remains. Any
degradation of the proton beam pulse width beyond 100 ns would have serious consequences for
all muon users in terms of time resolution and, for example, make the muon source less and less at-
tractive compared to the ISIS-RAL source. Since this was raised as a flag by the accelerator team,
it is important to study the space charge effect causing this degradation and to mitigate it during the
commissioning period. In particular, an understanding of the relationship between pulse width and
charge should be undertaken as soon as feasible to give a benchmark for the level of compromise
that could be afforded.

The Committee reviewed some of the Letters of Intent which were received last year but not
presented and received an update on the core projects that would contribute to enhancing the bare
initial complement of muon channels. The initial program will make use of the refurbished decay
channel from KEK. The plans for developing the facilities as part of phase II have been slightly
changed from the original concept six years ago to take advantage of the recent development of
ultra-slow muon beams and to account for the ever increasing demand for surface muon beam of
high brightness. More concrete ideas were presented to develop unique capabilities at J-PARC in
terms of ultra-slow muon beams or pencil-beams, which would open very important scientific fields
in surface or interface physics, molecular and biophysics, etc. The Committee considers that these
initiatives should be at the highest priority in the foreseen development of the facility so that the
J-PARC muon facilities can be positioned to offer the Japanese and the world communities with

unique instruments.



With the start of operation envisaged for FY2007, it is important that an operational budget be
made available consistent with the expectations of both muon and neutron users for beginning users

beam delivery in 2008.

Introduction :

MuSAC met at the KEK laboratory for three days on January 11, 12 and 13,2007. The MuSAC
membership and the meeting’s agenda are given in Appendix A and Appendix B, respectively.

Presentations were heard on the progress of the J-PARC accelerators construction and the spe-
cific facilities related to the muon program. The Committee heard from spokespersons for Letters of
Intent which could not be reviewed during MuSAC#4 and received updates on proposed core facili-
ties. The Committee was given presentations on the preparation for the commissioning and initial
operational phase, on the implementation of the user organization and on the management of the
user program in the context of the J-PARC centre. Clearly the focus is shifting to the turn-on of the

user program in 2008.

Accelerator Progress :

The Committee heard a presentation by Y. Yamazaki on the accelerators and the commission-
ing plans. Good progress is being made and the injector LINAC has been commissioned to 50 MeV
without any difficulty. Following this initial achievement, the full 181 MeV energy was reached on
January 24, 2007. The accelerator team should be congratulated for this significant milestone.

Progress is being made in getting RF cavities, built with the Finemet magnetic alloy, to operate
at high gradient without breakdown. The RF cavities for the 3 GeV ring have passed a 1000-hour
test at full power and commissioning of the RCS will start in mid 2007 with first beam expected on
the muon target by September 2008. The issue of the proton beam pulse width, which would be as
large as 140 ns in order to optimize the proton intensity to the neutron target, is still present. The
scaling law dictates that the beam current is proportional to the beam pulse length. Reducing this
pulse width to sub 100ns could lead to severe neutron flux reduction due to space charge limitations
in the most pessimistic scenario.

To achieve a pulse length of an order of 100 ns or less at the extraction, one has to explore the
tuning parameter space and go beyond the current limit estimated from the scaling law. Although
the initial tuning of the RCS should focus on maximizing its performance in term of intensity, the
accelerator team should try to maximize the beam current under the restriction on the beam pulse
length and provide a compromise that could satisfy both muon and neutron users . The accelerator

team is encouraged to do the beam study for this purpose as soon as possible in the commissioning plan.



MUSE Facilities Progress :

The installation of the components has started. The muon target vessel and some the proton
beamline magnets have been positioned while the side access to the tunnel was still in place in June
2006. It was then discovered that during the summer the lack of ventilation created a condensa-
tion problem which affected some of the components. Hopefully this was limited with temporary
humidity control. Most of the beamline components are under construction and should be installed
on schedule. From now on, crane access will have to be tightly scheduled and radiation control will
start in September 2007 complicating access. In any scenario, it is most important to install as much
of the front-end components of the secondary channel in the tunnel prior to beam operation.

The Committee heard a presentation by Kawamura-san summarizing the issues related to
beam losses. They range from shielding requirements, radiation damage to components in the M2
tunnel, muon target lifetime, optimization of flux and beam profile for both the muon and neutron
targets. The radiation exposure of the magnets downstream of the muon production target is very
sensitive to the assumed beam profile at the muon target. Although a safety factor of 2 is built into
the current design, it will be very crucial to validate the simulations conducted so far in the early
stages of beamline commissioning with protons. It is envisaged that additional shielding will be
required when going over 100 Kw of beam power.

The settlement of the MLF building is continuing, and uneven sinking may force some re-
alignment of already installed components to meet the constraints of alignment for both the proton
beamline and the secondary channels. This was anticipated and should not cause major problems.

The Committee was satisfied that muon production targets that will last more than half a year
can be built for the first stage of operation (2 years)

The vacuum system is well advanced and good testing of the pillow seals have been made.
Maintenance schemes have been also evaluated.

The cabling of the magnets and associated beam components is on the critical path, and the
schedule for installation is very tight.

The control system is developed in conjunction with the MLF one and will present a uniform
user interface to the operators.

The first secondary channel will be based upon the refurbished superconducting solenoid from
KEK. Funding has been allocated to do the refurbishing, and it appears that the lifetime of the
device can be extended without any doubt. Because it is buried into the tunnel shielding, it is very
critical to have it installed before closing the tunnel for beam commissioning.

Overall, the team is making very good progress under trying conditions. It doesn’t appear that
the work packages for the muon facility will be on the critical path for commissioning the 3 GeV
MLEF facility.



As the attention of the team shifts to commissioning, an adequate operating budget must be
provided. The Committee, however, didn’t get a good grasp of the partitioning of the proposed operation
budget: for example, how a budget for power, cooling, and air conditioning could be split up to a
sub group in the overall beam transport system. This raises the issue of operational responsibilities
in general which for efficiency sake, should perhaps not be divided in the same way as was during
the construction.

A new DAQ system is being developed to accommodate the very high event rates expected at
MUSE. It is built around customized chips to use Ethernet communication protocols. New state-of-
the-art TDC’s are also being tested and high density photo sensors are being considered. In a test
run at RIKEN-RAL, 2 to 3K events per spill were collected as a demonstration of the rate capability
of the system. Further improvement in the pulse pair resolution of the discriminator/TDC allows

for a linear response even at a short time after the muon pulse.

Recommendations :

*  Work with the accelerator commissioning team to identify a compromise that would satisfy
the proton beam pulse requirement of <100 nsec while keeping an optimum flux for neutron

users.

e Keep a tight control of the installation schedule, with an eye on alignment issues due to settlement
of the MLF building.

e Establish a commissioning plan for the proton beam transport system under the responsibility
of the muon team but integrate it into the overall master commissioning plan for the MLF as a

whole.
e Validate the radiation environment simulation.
o  Must keep focused to meet the schedule for beam commissioning in September 2008.

o Must have an initial muon decay channel ready at turn on.

o Must work with the accelerator group to minimize proton pulse width.



Initial Operation budget :

With commissioning scheduled to start in 2007, it is important to consider the operation
requirements in the next fiscal year. The technical responsibilities for the operation phase are being
defined. There is a strong overlap with the MLF operation and with more generic operation of the
accelerator complex.

The initial split of cost and manpower is reasonable as far as the maintenance and operation
of the components produced by the MUSE team is concerned. It takes into account an effective
cooperation with the MLF personnel and integration of support services that are common (magnets,
power supplies, vacuum, controls, remote handling, etc.). What is more difficult to assess is the
cost sharing arrangement for utilities (electricity costs, air conditioning, environment monitoring,
etc.), which are linked to the more generic operation of the site as a whole. A careful look at the
organization during the operation phase should be undertaken to redefine the responsibilities more

efficiently and to minimize the manpower overlap (especially for experts) across the facilities.

User Support and User Interactions with J-PARC User center :

The Committee heard a presentation on the user interface with the J-PARC management and
its proposed J-PARC Center. The Committee agrees that a unified PAC for all MLF users is
appropriate. A single uniform process is envisaged for submission and evaluation of proposals.
The Committee also supports the request that beam time fees at J-PARC be waived for non
proprietary research and core users who have signed an agreement with J-PARC regarding usage
of core facilities provided by them. This is the current practice at most international facilities with
similar user programs.

The Committee was pleased to hear that new users support programs (like the data acquisition
framework) were being developed for both muons and neutron users, creating a unified approach
for material science support at the MLF.

The Committee was very pleased by the major announcement of the formation of the J-PARC
Center, which will go a long way towards establishing the identity of the project and provide a

strong user support infrastructure.



Phase 2 Facilities for Muon Users :

In Phase 1 of the four muon beamlines anticipated from the first muon target, only one will be
available at the start of beam operation in the MLF. It will consist of the refurbished superconduct-
ing muon channel from KEK which will be used both as a decay and a surface muon channel. The
JAEA-ASRC funded core facility could be added to this channel initially. Of the three other channels,
one is for a high intensity surface muon beam with a DAI-Omega type of facility, one is for a
multipurpose surface muon beam and the fourth one would be for a high momentum muon channel.
MuSAC considered which sequence of channels would be most advantageous for J-PARC muon
science and concluded that the high flux surface muon injector to an ultra-slow muon facility based
upon the KEK and RIKEN-RAL laser technology should have the highest priority in phase two.
Here, it would be critical to have the front-end capture solenoids built and installed before high
proton beam running. The next priority would be to start establishing the surface muon complex,
and here again, the critical elements are the two quadrupoles which must be installed in the proton
tunnel. The Committee agrees that after this installation, the rest of the facility should be in Phase
2, with some or most of the elements provided via a core project contributions (for example, the

Toyota beamline could be added there).

Why are Ultra-Slow Muons So Critical for J-PARC :

The ultra-slow energy muon channel is planned to be one of the early Phase 2 developments
at MUSE/J-PARC. It will have an extremely high acceptance to produce simultaneous high-lumi-
nosity u" and u~ beams for a variety of applications. The radiation hardened components near the
production target should be installed before significant proton beam is admitted to the proton beam
line. The design work for the rest of the channel is well underway, and the entire project can be
operational within the next three years if adequate funding is provided. One highly anticipated use
of this channel is for an ultra-low-energy u* beam for the study of thin films, nanostructures and
near surface physics phenomena. A good example of the latter was presented to the Committee by
Prof. Nishida, who advocated studies of unconventional superconductors using near surface muons
in materials with different crystalline orientations to determine the symmetry of the superconduct-
ing order parameter.

Currently, the only muon beam available for these uses is the LEM facility at PSI, and this
is the most oversubscribed muon channel in the world. Thus, the low-energy beams at J-PARC,
planned to be more intense than those at PSI, should be a flagship facility for MUSE. The MuSAC
strongly endorses adequate funding for the timely completion of this most important beam at
J-PARC/MUSE.



Evaluation of Letters of Intent (Lol) :

As of January 31, 2006, twenty-four Letters of Intent had been received by the J-PARC Director’s

office. Some were reviewed during last year’s MuSAC meeting. This year, the Committee heard

from the remaining ones and got updates from some of the user core projects.

Lol #2.

Lol #6.

W. Higemoto and R.H. Heffner, “Microscopic study of 4f- and 5f-electron

systems by means of muon spin rotation, relaxation and resonance methods”

The JAEA-ASRC group presented an update on their program and their proposal to contribute
part of the surface muon channel to be installed initially on the “KEK” decay/surface channel
but which could be moved later on the dedicated surface muon line.

Their scientific objective is to study rare earth and actinide compounds by uSR. These
compounds contain 4f or 5f electrons with localized and itinerant character and exhibit novel
and exotic properties as highly correlated electron systems. Several examples of uSR studies
performed by the JAEA-ASRC group were presented. The contribution of JAEA group to this
actively studied area is highly evaluated: recent findings of the ordered state of SmRu,P,, and
the T-inversion broken superconducting state in PrOs,Sb,, are good examples.

The proposal is considered to be very promising, and the JAEA group is encouraged to

construct the beam channel and uSR spectrometer as a core project to MUSE.

A. Koda, “uSR experiment under high pressure”

The control of the electronic and magnetic properties of materials through pressure has come
to the forefront of materials research because it allows change of the properties of the materials
without any change in their chemical composition. The price to pay is that the samples are
small and the background from the apparatus is huge. This group is conducting pioneering
work at RIKEN-RAL and at TRIUMF. New pressure cells, optimized for the uSR work are
being investigated with a goal to reach 1.2 GPa pressure while allowing 120 MeV/c muons into
the sample. The main challenge, however, remains the double pulse structure of the beam at
J-PARC which will require the development of a fast kicker magnet to remove the second beam
pulse.

The scientific motivation is very strong, and technical support should be provided to

develop the kicker system.



Lol #8 (1)

Lol #10

Lol #15

M. Kenya Kubo ef al,. “Chemical analysis with negative muon”

This proposal could have a good impact on the muon science program of J-PARC both
in scientific terms and in media interests. On the scientific side one should take into account
that the samples contain chemical compounds for which deviation from “z-law” of the muon
capture probabilities by elements must be taken into consideration. The program should be
driven through cooperation with historians, and archeologists, etc. to identify where a major
impact can be made in those disciplines. The potential is there for a large public interest in the

achievements in this field as a nice application of pure science.

Matsuzaki et al., “Advanced muon catalyzed fusion research at J-PARC Muon Facility”

The muon catalyzed fusion (uCF) phenomenon is the result of the tiny interplay of nucle-
ar, molecular and meso-molecular interactions. It has been extensively studied in the previous
two decades, but several important points are yet to be clarified. One of these problems — uCF
at the extreme conditions of low-temperature and high density — was not explored and there are
no well-established predictions from theories. The proposed experiment is quite ambitious, but
it will give unique new information in this field which is complementary to the experiments
planned at JINR (Dubna, Russia) where the same reaction will be studied at high temperature
and gas pressure. This experiment will have to develop new methods of tritium handling which
could also be also of interest in connection with the ITER project. Hence, the scientific impacts
of uCF physics might go beyond the declared goal of the proposed experiment “to achieve the

break-even of uCF.” This proposal is a good match to J-PARC muon science.

N. Nishida, “‘Studies of superconductivity and magnetism at surface and interface by

using ultra-slow muons”

This is a proposal to combine state-of-the-art surface studies with scanning tunneling
microscopy and sub surface scanning via ultra-slow muons. The aim is to identify the orbital
symmetry (s, p, d) of the cooper pair by measuring the resultant superconductivity at the surface
of a carefully aligned superconducting crystal. The group has developed considerable expertise
in surface studies, and the proposed new techniques will provide unambiguous determination
of the pairing Ssymmetry. This has been a very contentious issue so far, and the combination
of sub-surface studies of the superconductivity in the sample and the interference effects at the
surface, will bring a unique approach to the problem. The development of an intense ultra-slow
muon source at J-PARC is required for this program, as well as an ultra-high vacuum environ-
ment to maintain pristine surface conditions. The group is bringing expertise in new material
growing techniques, surface characterization and uSR technologies. The Committee strongly

encourages the development of this program at J-PARC.



Lol #20

Lol #22

A. Shinohara et al., “Study of chemical properties of muonic atoms”

The scientific potential of the “traced atom” method for the study of chemical reactions is
rather high. Radioactive isotopes are widely used for such a study, but atoms traced by muons
give the opportunity to measure the absolute rates of chemical reactions. However, this program
will not be completed successfully without the proper theoretical analysis of the differences be-
tween real atom and its muon-traced analog (c.g. Ar'u” and Cl), because the tiny differences in
electron shells of such pairs can bring in the essential differences to their chemical properties.
The program of studying the electronic rearrangement of the atom after muon capture by
this atom, and the mechanism of refilling of electronic shell of the atom after cascade Auger-
transition of the captured muon are not so clear, and the method of achieving this goal is not yet

properly described.

J. Sugiyama, “uSR experiments on materials potentially applicable for automobiles”

This Lol was considered at the previous meeting and Dr. Sugiyama’s presentation replied
to the MuSAC#4 comments, which requested a report on the funding plan and on the manpower
adequacy to maintain the proposed program. He also updated the Committee on the current and
proposed research activities of the group regarding 1) Thermoelectrics: 2) Proton conducting
materials, 3) Li battery materials, and 4) Hydrogen storage materials. These are still very
important and worthy to be promoted.

On the funding plan for the instrumentation, MuSAC appreciates the Toyata CRDL for
their positive action to submit a three-year budget proposal of 5 Oku yen in 2007. Although
he is actively working on this and the process seems reasonable, Dr. Sugiyama indicated that
a collaboration with partners would be the most critical factor in strengthening his proposal.
MuSAC strongly encourages him to work on that and asks that the Japanese Muon Society indicate
its support for this proposal. TOYOTA'’s involvement at J-PARC will play an important role in
promoting it to other potential users.

Regarding the manpower situation, this well-coordinated project team is currently
conducting muon research at several foreign laboratories. To accomplish this research plan at
J-PARC in the future, about 7 weeks of dedicated beam time would be required annually. This
allocation would be reasonable for the instrument owner to handle. The beam time fraction
shall be determined in light of the J-PARC policy, and MuSAC recommends starting negotia-
tions with J-PARC Center staff as soon as possible. The conditions for receiving dedicated
beam time were outlined by Professor Nishiyama. It is highly advisable that J-PARC fix the
rules for the instrumentation access by any third party with a dedicated beam time allocation

and a procedure for open user access as soon as possible.

—10 =



Lol #24 1. Watanabe, “1 GHz RF and ultrasonic wave applied uSR studies in high fields”

This proposal is to construct two new apparata for uSR experiments; muon spin resonance
apparatus in 7 T and uSR apparatus under ultrasonic wave. Development of muon spin resonance
apparatus in high magnetic fields is important, but more detailed feasibility studies are necessary,
such as heating of the sample due to RF. One bottleneck for the 1 GHz RF uSR studies in high
fields is that the RF power source and the probe are very expensive. However, the J-PARC
accelerator is to use the 972 MHz RF system for accelerating the beam from 200 MeV to 400
MeV in the linac. Also, the linear collider will use a frequency of 1.3 GHz. If one chooses ei-
ther frequency, one can take advantage of the use of spare RF systems from the accelerators. It
is recommended that detailed discussions should start with the accelerator people regarding the
feasibility of the system. In particular, one of the most important issues will be how to keep the
low temperature of the specimen under the high RF field loading. In ultrasonic uSR experiments,

comparisons with conventional ultrasonic measurements should be made.

—11 -



Conclusions :

Enormous progress has been made on the facility development and installation. With the initial
beam commissioning a year and half away, most of the contract purchases have been committed.
Installation tasks are very demanding and could use more manpower. At this moment, the focus
must be kept on installation to meet the schedule, but attention must be paid to the commissioning
requirements to bring the facility to the operational stage.

Operation funding is required in FY2007 to commission most systems and prepare for beam
injection in FY2008. Some rationalization of the operational responsibilities and budget is required
at the J-PARC level.

The Committee was impressed by the initial response to the call for Letters of Intent. At the
last MuSAC meeting, an initial evaluation was made and several letters were identified for further
expansion into full-fledged proposals. This exercise served well its purpose of identifying an eager
muon user community and its demands on the facilities being constructed. This time the Committee
heard from the Lol’s which had not been presented yet and got updates on user core facilities
developments.

The Committee considered which scenario for development of muon channels would provide the
best opportunities for Japanese muon users and concluded that after the general purpose surface/decay
channel based on the refurbished KEK superconducting solenoid, the most attractive proposition
would be to develop the world’s best ultra-slow muon facility based upon the KEK and RIKEN-
RAL laser technology and the high acceptance super omega channel concept. It is hence critical
that the front-end injection solenoidal magnets be available for installation in the tunnel at the time

of first proton injection into the muon target.
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Appendices

Appendix A :

MuSAC #5 Committee Membership

J. Akimitsu (Aoyama Gakuin U), excused

Y. Hayano (JAEA-ASRC), excused

R. Heffner (JAEA-ASRC)

S. Ikeda (KEK-IMMS)

Y. Ikeda (JAEA- MLF)

M. Iwasaki (Riken)

Y. Miyake (KEK), MuSAC Secretary

N. Nishida (Tokyo Ins. Tech and Users group chair)
K. Nishiyama (KEK-MSL )

C. Petitjean (PSI) excused

J.-M. Poutissou (TRIUMF), MuSAC Chairman
L. Ponomarev (Kurchatov Institut)

Y. Yamazaki (J-PARC, Vice Director)
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Appendix B :
MuSAC #5 Agenda

January 11 (Thu), 12 (Fri), 13 (Sat), 2007
Meeting Room 1 on 2F of Bldg 4 in KEK

January 11", 2007 (Thursday) 9:50 — 17:00

Greeting (9:50 — 10:00)
Greeting from KEK IMSS Director (5)
Greeting from J-PARC Project Director (5)

1. J-PARC Project Overview (10:00 — 12:00)
Overview of J-PARC (20)
Overview of Accelerator (20)
Overview of MLF (30)
Overview of MLF Muon Science Facility (30)

2. Report from Muon Science Construction Team (13:30 — 17:00)
Magnets in M2 tunnel (Magnets, Water, Radiation) (40)
Alignment and Shield (Guides, Concrete Shields) (40)
Muon Target (Chamber, CASK, Maintenance) (30)

Vacuum (Pillow seal, GV. Profile Monitor) (20)
Cabling (Power Supply, Cable, Cabling) (20)
Control (Target, Air Circulation, PPS, MPS) (20)
Superconducting Solenoid (20)

January 12,2007 (Friday) 9:00 — 17:00
3. Developments for J-PARC Muon Science (9:00 — 9:50)

Development of DAQ for J-PARC (20)
Design Works for Super Omega Line (20)
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4. Lol Presentations (10:00 — 12:00)
Advanced Muon Catalyzed Fusion Research
at J-PARC Muon Facility (20) T. Matsuzaki
Chemical Analysis with Negative Muon (20) K. Kubo

Study of Chemical Properties of Muonic Atoms (20) A. Shinohara
1 GHz RF and Ultrasonic Wave
Applied uSR Studies in High Fields (20) I. Watanabe

Lol Presentations (13:00 — 13:50)
Studies of Superconductivity and Magnetism at Surface and Interface
by using Ultra-Slow Muons (20) N. Nishida
uSR Experiment under High Pressure (20) A. Koda

5. Phase 1 Experiments and Towards Phase 2 (14:00 — 15:30)
1) A Possible Scenario towards Phase 2

from the Point of Construction Team (30) K. Nishiyama
2) JAEA-ASRC-Project (30) R H. Heffner/W. Higemoto
3) Toyota —Project (30) J. Sugiyama

6. Operations (15:40 — 16:10)
Reviews on the Operations of MUSE (20) K. Nishiyama
Users Committee (15) N. Nishida

7. Closed Session (16:10 — 17:00)

January 13", 2007 (Saturday) 9:00 — 12:00
8. Closed Session (9:00 — 12:00)

9. Summary Talk

10. J-PARC Tour (13:00 — 17:00)
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Appendix C :

List of Letters of Intent Received

Name Title
Fleming, D.G. Studies of Muonium Reactivity with Pulsed Laser Systems
Higemoto, W. Microscopic Study of 4f- and Sf-electron systems by means of muon spin ro-
Heffner, R.H. tation, relaxation and resonance methods
Ishida, K Precision Measurement of Key Processes in Muon Catalyzed Fusion
Kadono, R. High precision local field mapping by uSR spectrometer of the 3rd generation

Kawamura, N.

uCF ~resonant formation study

Koda, A. uSR experiment under high pressure

Koike, Y. uSR study of the mechanism of superconductivity in high-7, cuprates

Kubo, M K. Chemical Analysis with Negative Muon

Matsuda, Y. Study of magnetism of thin films and multilayered system using low-energy

muon beam generated by laser resonant ionization method

Matsuzaki, T

Advanced muon catalyzed fusion research at J-PARC Muon Facility

Miyake, Y

Shimomura, K

Super Omega Beam Channel collecting muons with a large solid angle for the

Ultra Slow Muon and intense negative muon source

Nagamine, K. (1)

Advanced Life-Science-Related Molecular-Imaging Research with Intense

Pencil-Muon Beam

Nagamine, K. (2)

Advanced Materials Science Research with Intense Muon Pencil-Beam

Nagamine, K. (3)

Advanced Studies on Materials Surfaces by Scattering and uSR of sub-ns

Ultra Slow Positive Muons

Nishida, N Studies of Superconductivity and magnetism at surface and interface by using
Ultra-slow Muons
Ohira, S. uSR study on organic conductors under pressure

Shimomura, K. (1)

Construction of the superconducting muon channel

Shimomura, K. (2)

Construction of the surface muon channel

Shimomura, K. (3)

uSR studies under laser illumination

Shinohara, A.

Study of Chemical Properties of Muonic Atoms

Strasser, P Radioactive Muonic Atoms Study at J-PARC

Sugiyama, J. uSR experiments on materials potentially applicable for automobiles
in situ measurement

Tanaka, H. Study of a high-temperature electrical conduction mechanism in the lower
mantle phase with muon spin probes

Watanabe, 1. 1 GHz RF and Ultrasonic Wave Applied uSR Studies in High Fields

—16 -




B 5[E J-PARC X 14 VHERBRAZESHES
&I RIVF—IRFHA RS
I 2F R FEHIERERR
20071811~ 13H

J.M. Poutissou ZER K Y J-PARC EN\IEH
2007 £3H 31 H

534

INERES DHEEFFIRTT

MUSE s ERIRT

EhE

E &SRR E

MBEZEE JPARC A—TF—t 22—, —EDEHYICDWNT
ZHEHE oA Y I1—Y—0DfoHDREE

I, BEERS 24 VD I-PARCICEDTHK HLEED ?

Lol (SEEx1EZE) DY

+=AO
y=]=1i]

—17 -



23

S aF UREEBKRESEAESIE 1 H 11 H~ 13 H KEK TR &1, J-PARC = o 4 VJiiak
(MUSE) OtZEIRIZ#eHE U, IR E N7z 24 OFEREZRD 5 B MuSACA THEINGH >
728 DITDWTHHE U, E#HERBHARIC A 7o AERROMEER & IR B 2 gk DL FERT IS D
WTHRET L Tz

J-PARC Jitigg AR DHERIRIUS NI D TE LT AT Y a—)VIcih> THE O, AHEHD
LINAC DM 50 MeV JIBEICHKIT LTz WS Z 2 —ABYHTLE S, TRRENTIEEEN =
SRR INILZTERRLTV S, MM ZROMMBIR MR ENDDH D, 1000 KD H
HIEBRIC B LI O TV S

MUSE OIS DWW T, FED 70 % DL EOZHINT H, BEerORENTEBO T LT
B0 . MUGER & iZ I m ) TORfEDNEA TV S, @RTF—LIED VW TEOMTHHICS
5 J: 5ﬁE§E‘9 Tl/\%o

HiEIDEE R THS MR 572 100 ns D ¥ — LIEDOERD, HEFFIHE D EKR T 5 AL —
LNT—=EZ LS FETZNE LNAVE VNS BNEXEREN TR, BTE—LrUb
AW 100 ns DL RICR LS &% LD RREAVE B 2728, I a4 VRIHHFIC L > TR RE
£330, X a A Uiiakld ISIS-RAL Dffiia S & (kN TN E D LR >TL X S, s —
LS ENTMETH 5 DT, HKTDH 5 ZEME MR Z I L. GlBREER IS fiRRTE %2
R T EMHETH B, FFIcE— LR & B OBRZ R I L, ZiHaZz s e DR
2R END B,

ZERE, EREIN DAY Y V7223 e >z Lol icDW T L a—U, 74
DI aF VF v FIVOBERICRLDTH S 5 A7 FHEOTIRZ MWWz, BAIOFHE T, KEK
DEET v 3V ZBE L THWA TER > oo ZHIRIEIO— L UT I o 4 U iag 2 i d %
R, BOES 2 A4V ORGEOFFEOER L ORI I 24 VOFEDOHmI D 2RI T6
FHTORAR LTI ZHENT VS, J-PARC THIGHEHS 24 E— L flifE— L2125 Bk
MR E NIz, OBEE Y — LIZERMH-P5 I, & SI23 0 L EYPHEIC LIS RS,
ZERICORENREEIENE <. J-PARC 2 24 Vi DMK OREE L U THADREZ S
IIHSOFHEFICHR MR D X 5ICEZ LER S,

19 FENOEILFIMRZE X, I a4 VFIHE, PEFRIE OBITHT IR > T 20 IS HIH]
B — LM E N B 72D TGS EIE TRDADNETH %,

— 18 =



FX -

MuSACZ 1 A 11 HAS 13 HZDO =HR KEK TR Nz, REMKREHEER2 A,
% B ICHE 5,

J-PARC AR DHERE I KU X 2 A U aRIc BE U 72 flisk DFEERMTHO Nz, 5 4 [0 MuSAC
THEINGED ST Lol I DWTHEZHE, £BHEDOHDGTEIC DWW TREWz, sl
RAIYHEEEE OWE (i, FFHEZ RO UG J-PARC ¥ > % — N TOFIHDEEIC DN T E BV 2,
HH 5 A 20 FEDOFIFBRIRIC L) TOGERDHL E R D DDH %,

NNE2R DAESHIRR

LI B O R R I N#E R 35 X OB ERLETEIC DWW T TH %, AFERD LINAC [XJIEF I HE
1T, A< 50 MeV Z3ERR Lce EHITTED 200 MeV A 1 H 24 HIGERE N TDX
AIWA b —VER LU hndEgsF — L2 HET %,

EEG THRIEGEUICKEEIT 27 74 > XAy b (BMEAE®) ZHW @R ARR RIS 72
P UTze 3 GeV VU > 7 D24 IZ A 1T O 1000 KRR Z 58 L, RCS ORliEi
19 FERICRIR L. 2 a2 A VA DGTE—LIZ 209 HBNTEEINT VS, HE PR
TOWMERRRICT % 12D OV ANED 140 ns 1IC & 75 3 RIESIE BRI N TRV, il
IKIE/ IV AH T O E— LERIG VAR E T 2 & TlEN S, &EEBNZLEEICE. N
JVAMEZ 100 ns LU RIS L7286, ZSMEMIRICK DT 75y 7 ADBE LT 2 0T6E
W d %,

WO HUKOE =LV A% 100 ns FEEE U < IEZNLL RIS 5 72 DIFMTENT XA — X —
DA ZE 72D | FFIBIERLA OB 215751 Nd7R 5780, RCS OFIHIFHEIC B TR
Z P35 LICHZRLARTNIZRSR0WA, E—LAEZGIIR Uz L TOBRRORKIEZIEND .
R a A URIRE T RIEE 2R S S %A 5 A T USRS R, g T — LI
VW EABREIRE T O R REZR R O FIIICE — L AR T 4 29 2 X5 I 5,

—19 —



MUSE HsE BRI

WERREDHIME NIz, b Y FOUANDARFALEDFAW TS 6 H 6 HEAFGIC X 24 VRN F =
YN= LT — LT A VEADO—EMRAGRE E Nz, 25N RN T2 HHERIREH O R EE 0
FZLL ., WBROBENOEE NIz, IERDORIEIC K > THEOILAPBVIED SNz, KD
DE—LTA VEHREEERTHO, FHHEEOREDO TETH 5, 51%IEF 7 L—DOMHHMNA

BoTHOH., THIC 1949 HD BIHER 2 EHRE BXIEAND AN HENC KD, W3
BTE, E— LM B3I b Y RIVNDZRTF v )V ORERNC T U7 Bd 2 ok 2 7210 2 < 5%
B9 5T EMHFLTHS,

ZHZFMNEKOC — L0 XT3 BHOREZHM O Tz, T OREIGAERBEHEEIE.
M2 b2 OVNBEEROREGHREE. 2 24 RO m,. 2 24 VENB K UHETIERO € — 1
HEUC—LTa7 7 AIIVOEBILISERATVD, I 24 8 RO ER A O BEHR RS
At UENCEBIA =LA T 7 AV K > TRELSBEEZT %, BIIEORGHI L%
B2 TITONTWED, 5DV I aLl—ya VEGTFE—LDOY— LT A 2 ikBEls D)
ICHERRT % T EDFETH S, 100 Kw DL FIC ¥ — LR D FhY - 72358 B 2 I 75
BeTilENS,

MLF @R OB L THE D, AERTICK > THHCRE LT E—LT 14 VR
F v FIVOEIRONE OFFENAEICE 2 0E LRV, THRBENTH O KEaMEs
3755750,

2 2 A VOENNIE S L E RO (2 /FR) IPFEL ERFD T LIdHiE L TV,

BHZERITESH L TEO . Eo—y—)VOiERIE BIF CH - Too IRSFOR D HIEEZ BN TN 5,

AP B — LAEERAN DT — 7 )V BRI A FRIC H O . BRiE TRZIER IS LW,

HilffiZ (1 MLF il & —RRICBIR S . FIFEICE > TAERXL—2— L DI — R &%
Do

RYID ZRF ¥ 3 )VIE KEK D S BGERBER S NclmEY L /A RzEfflic Lize DLz,
dOEDTFRIZEDH SN TE D, HIROEMITIIMEN L S SICMHEHTETH S, THIE Y
VIO A T NS 128, iBUEILD 72812 b 2OV U 2 B ikE S Nl il
57300,

N7 56 R CEERF— LNEICHE LTV 5, R 2 F ViR DOH3EhY 3 GeV MLF fifii% D
FRBREIZDGFIC IR 5 T LI EZ 5 ThH 5,

T — LOE LD HEEIRICHE > T IEa. BYIGEIEEDN G2 5N NEE 5750,
ZARFRE I NGEIEREE DO ENC DWW THAMNICHHESR A > T, file UTESL MAUK
RIEFNCE T BB 7 C— LA RERDONT TEDX I ETZDHh? T OREIZHEIEIC
ETHBEMEZFFONE NS T ETHAHMN., —RINCIZNER L T 5 7DIIFER DO HE & 135
DREDOHT 72T HRETHA S,

—-20 —



MUSE TFREEINZ EOT— X &ICHL LTe T —ZIUEERDHHEIN TS, /1P —% v b
Ja b a)vEHOEERF Y TEHWS, BEO TDC D7 A N EN., @SR EE 8
HThd, RVATLOEL—MEZRTEDE LT, BFRALICBWTAELVHZD 2~
3KDOTFT—=REMESENTWVS, &SIV AFHIZR, TDC D7)V A5 R 72 5ifid 5 2 &
ICE> T, T aA I OVAERICBOWTEIEEDHEREINS X510k,

hmsgs OFRERE LT — L 2 1 LT ¥ — Lo OV ATEZ 100 ns LU RIS R B D dPE1FIH]
B s TR E R DD DZIRZMET 5 T &,

MLF @R Ok FIC X A EFRZZBICANGNS S, FiE TREZE L F5 T L,

R AV F—LOBEMED FTE— Lk OB [ E 2 L5 &, TeleLake
U C MLF il fiss il & 455 L TITo T &

R DY 2 2 L— 3 Y ORHliZfTS T &,

o 2049 HOUY — LA HEICHICE S K9858 &,

O RO a4 U F v RV EEIRICHICEDE B T &,

o BT OVARERINCS B zbhinEgs SV —T et T s L,

VIHEERIEE -

19FICaI v a =V IBRT etz FUEEOEIEEFZEZ THE T EAER LTS,
HEHLRFIC IV o T2 & E OB OFTEDH S I TNz, MLF fligkDiEfiz . Z L Thl
HEREAARDOEIE S EZWICERDH > T 5,

MUSE F— LI & > THRIEET NIRRT U COMRSF LRI T %R0, EBHE A%
MUSE F— LICED B TEDIZARTH %, MLE D NBE OEMAEFREE AL TWVWE L
mEBOMG (Wha. EIE, BE24H, EHEEREE) 2ERICANIXETH2, BHIHD
O D 279 2 ODREER DI, 2IROEIRICBID 2 fiagadii,. Fl 2 IEESUR 2230, 5
FICEHT B2 EWTH S, HIZRHHIC A7z & TATHMEEER A LRToHE RE L T,
Wiz LR 2R TOAR (L0, HEMR) OFHEZR/N LETNEERSE0,

_21-—



FIAELESL I PARC I ——v 2 -1 —LDEDLYICDOWNT :

J-PARC HUTH & 1—H'— L DT DONT, £72 J-PARC £/ X DWW T OREZHE Tz,
ZERIE MLF O2FHEZICE > T—DDME S NIHEFERAR B RMNHEYTH % & O HAICIH
B 5, FREERIIEEFMIEE L0 a7 21— =AY, J-PARC & i =k A TR U kE
I L TE— LR ZRRT 5 L DOFERZ XHFT 5, (& ALERTOEBRNZMRZICHBNTT
ODNTVWBFHDPDHTH %,

ZRRFT—2UHICHONZ XS P EFRIHE L 2 o4 U RHEICHRBO 1 —Y — L
AHEINSD O . MLF OYER AR —INCEID 5N Z LICHiE L TWa,

FZARIEJ-PARC 2 — DLW, FHE O — P2 T U, B S O AR\
M T B2 A Lz D& LTET %,

ZHiEtE oA va1—Y—DHDRE -

LK, a3 VEENLLTFTESNTVE4ARDE—LTA DS H 1L REZFN
MLF O ¥ — LEHFIERFC R k%, KEK D SUGERR ENIBIBE S a4 U F v 2V THE
EN, I a4V Fr RNV ELTEERTI AV Fr Ve LTEHVENS, HHET
JIRERE IR DEEE X T OF ¥ FIVICHHT A BN b, 1D 3 DDF v 3 )UiE 1 RIEKA A A
2A T OBEDFHNER I 24 Y F ¥ 2V THO, D 1 RFZZHMORM 24 > F ¥ )
THY, 4FBHBEZDEE—AVEZLDI 24 VF v xR B12A 5, MuSAC IZ EDJEFIC
F v FIVEERT B DM J-PARC I 24 Vigkic & > T ENZEE LA R, msfERm = o
F 7% Agf U KEK & it -RAL O L—H—FAfc E DO TEEH S 2 4 V2R AE S S iah
B OHICBWTRENRT S L Uz, BT —LOMEN ERSRICRICEOINEY L/ A
RZEIELRET 2 ENEETH D, RIEHLTH0E. X 24 VF v 3 IVEGRZH
HVTTWVW T THD, TTTEEEZDEG T RIVNICEE LATNUEE 5 R0 2/
DOVEMER A TH D, TORBORKRICATEFIHDOFHICEK > TV L DO OEIRDE AT 5
N5 _HgIAZIRD 2 T LICEEBREFAET %, BIZIE NI 2D —LT A id T 2 m
AbNb,

22—



A, BIERS 24 VN IPARCICESDTHLKEEEH?

R X 2+ > F v =)V J-PARC/MUSE O MO M HNCEHHE N T W3, ML RIS H
WHNBIEI A VYBRUAI A VY E— L2 RIKATIDIAD S, I 24 ENICHT %
RIS BEHRRICTI Z 2 K IES N, BFE—LoA4 Y RIBRT 35— LD ME %S Bic
REINZTFNE R SRV, E—LF ¥ XIVOFRFHEERZEATED, IO EEEHNHNIL 3
EDNICHIBIGE Y — LS5 N5, HfFENS ZOF v 2IVOFHIGEEHEDIES 2 4 > 7% i
Wi, T/ kG, S SIEERmLEOYMBIR TH S, THHEBRDHEEDOT TREL DN
ZOWMEHTH %, THDBRFRABEAICBNT, M mzEZ, RETHED I 24>
ZHOWTRRF /ST X— 2 OWFMEZIRET % T EMHKD,

BEOELZAZDXI HHIMCHHHNKS 2 a4 E—LME 5N 2% DI PSI D LEM Jifiak
DHTHH, HATERLBERI LA VT v 1IVER>TWVS, J-PARC ICHIT HHEHES o
FUE—LIEPSI KD LGREMN EANZ T ENTESINTE D, MUSE DEMER L2725 9,
MuSAC & J-PARC/MUSE DR EER E— LT 14 VIR > THRKT 5 & 5. #EYETHE
HENHEEONS T EEHERT S,

_23_



Lol SRERTRZR DT :

18 4E 1 A 31 HYZIT 24 DO FHEERIRZEMN J-PARC T 1 L7 X—F T ¢ AICIBHE Nz FDS
B O—EIEHTE O MuSAC THRIEE Nz, SHERES IOV THERBE, Ebicary s
Oy FO—EITOWT., FHIELEEZIT -,

Lol-2 ¥éA . R.H.Heffner
TUSRIEICK B 4f- BEXU 5~ B - ROMBINIIZE
Feii AR R 2 — D UV — T EEE O HHEZITo Too 5 1% KEK OfflE K 24
VF v TV THHRE L, BICHERAOXRE I 24> T4 VICBRT 252> T3,
FRPERSRe LTEFm B RO 7 F 51 FMeaWZz uSR iEZHWTIRT 228 Th b, T
NSOLEYNE A £T2E SFETZGH, AMcE EEo7z0 (M—hF4R), #ixhm->7z0 (1
FFob) THRWEERL, WS TRE UTHaat-EE RS, SRR 2 —0
JIW—T D175 Tz uSR EEBIAVRE Nz, TOTERDBH 2 WHFL BTN 5 Sl iRl it > &
—DINV—TOHFEHGFESFHEEN TV, mEDFRR TH % SmRuP, DFLFIKEES, PrOs,Sb,,
DFBIEEICT T R FRE DN FEN RV TH %,
C ORRIIIFFICHR AN ISR 5 DT, MUSE O 7ICAZEE OO D & U TR
P Z—DTIN—TIEE—LF v )& uSR EEEEEZEWET B X 5810 5,

Lol-6 ~#H &

M RO uSR WfgE
FENC K > TEAIREPRSINIEE 2 IS 5 7E I EWERIC L > TEE L Z> TS, il
WUz HALEHRZZE Z TITIRRER L 25 [ Z T T L ZAHEICT 20 6, TDRHICIIEZ %
FAVNE CEBENS DNy 7752 RWKEL KRS, TDZ)V—T13 TRIUMF * RIKEN-RAL C
JeERI RS2 L CWB, 120 Mevic D = a4 VR BHICIT BIAFR 1.2 GPa DIEHZENTF B T &
ZHIEL T, uSR ZERICHEEOH LWEN IV ERFEL TWS, I MEZDIE, J-PARC D 2
F)OOVAREETH D 2HHDOE — L OV AZERS FnF v —ZBR L AT E 550,
FANEEE 0 TH 2N, Fv h—Y A7 LEFFT 2 HMTREILETH S,

LolI-8 A\ fR{HK
= R Ot Y (5 il
C DHEFRIE J-PARC 71075 LR RN B & JLHINIIEN S & RO EN D 5, R4
IR RO 2 A4 VIR 2 z — A b DI N2 RS LEa e BT A TS L 2ERE
LTI EV, TORHEIEERFPE L AEF LI LTI, kb REVRSEYIEA)
ZRIH L TOD BT NREEEV, OIS TR NEHIRR2Z 5 TISHLIzE w5
HIKTRBOBIRZ DT 2 nHENAH %,

—24 —



LoI-10 A% 4 —BE
[J-PARC = =2 F VARt % I o4 v el S pise
R oA VRGBSR R E. T, PR FOMBEHORMTEC TV S, Wk
20 FERNCEH > THRIINICIIZE S N T E A EEREN E AT N TRV ARV, BEO—DE
IR R &7 - 2 MlisetE RO a3 NTHE 5T, MREHRITELEN, RIS T
ZFBRIICEOCHBETEDTHD, TONHICH LW ERZE5TTHAS, BV TDFR
7 FIC & 2 JINR WFZEAT Tt & N T B @il s 4 AR 5 KOS L i T 5, T DFER
DFzHITIE MV F 7 LEO o Fr 7 Xz % Lzl nid7a 57803, ITER GHil & ORYE T & 3
BOFHEETH %, FERICH S uCF DT XIVF I ZEKT % Lo T HIERBZ 5L E
DORPEFZEN uCF YIFICIEH %, T DIRRIZ J-PARC TEIHbN DB I 2 F VRPACHIG LW,

Lol-15 PYHIf5 2
NEIGHE X 24 > € — L2 o - L iyt O B SRR 0w
CORFBIEER b > 3 VBEMEIC X 5 el ZRmisE & B EHIC K 2 R FOREES 24
BLEI EEIRETH D, AMRERHEL MEZHi A o aE SO L TOMEEZNET
% EIC K> T == OWEERFME (s, pI#. dilp) Z2PET B LICH D, YT IV—7
i) & REWTZEORERERIATED . HHERICH 2 HiHc X > TR —FMEIC DW=
PEHRZ725 9,
COMBIZZ S DEHDHZ L TATHD ., sdROXKE K TOBILEDOWIE & LIl TO T
FIX T ORIFEICHT 2O L 5%, T ORIEICE L Td J-PARC O )1 7B EE S o 4
YE—LDRETH D | ERIIREZ EFICRDT=DICEBELEDREDNNETH S, DT —
T VEREA, RE AR, uSRIEICREBENH 2, ZEHR J-PARCICHRT 5 DREEE
FINCHED BRNETZEEZ B,

Lo-20 &5
[ 24 VO ATEE O WL
{EZBISDIHFED Tz DI b L— R 772 WV 5 ATREMEIE DR D @ B ek IR SR E

NTVBN, I 2 F 2T R FRBEAROGHEE OEHIENTHEIC A 5, L L C DFEERZ
FMERZTDICE, FTFeIaAMERF BRI IaAAE7IVI Y EHER) OO
YR A DAE TH %, B FOBDODT D EHEMEANEE D22 & 72 59 Al Ret
NHB. X a4 DEFICHES N7ROEFIRED R OISR & X 2 A VRO A —
VBB AR — FORIETOETFEDFTMIC ENSBMEXTETNEEHLNICE>TH
59, COHMZERTS 5 5ENFRAICIEER T N THEN,

25—



LolI-22 #2111l
FE B HEEICAT PRI DV T D uSR WZE—FE ST T OIS

T O Lol IZHiEIDZE 2 Tifiah & N, 4 [8] MuSAC Of#i%# 321 TER E N TV - IR
BT %72 OERFH & AWERIC OV TOEEMZILKROHERICK>TEebE N, ¥z
WD 7N —T OBHEDOWIZEET L RRICOVWTHD TEERICIIR Lz, BABAE. 7o kil
Vg, VFULEM, WCIOKEBYETH 2, TNOHOMIPRTEETHD ., #itE LTI
W7,

FEERIEE OB BATEICEE U Tld MuSAC & B AFD 2007 420 3 4E[# D 5 I T2 B et
ZRHET 595 LWTAICEEZER T, SILREELICEINTEBD . ERIERICEATHS X
HIIEMEIC KB &, BERZHEIET I REFEELZDIZ/S— b F—L DG 1R TH %, MuSAC
ZEREWMNZIED LF 5 K5% MLz L, BHAPHFRPZENC OREZ T 2 & 5 BEW
%3 %, J-PARCICEHMNEG T2 LIFHEETHH ., MOFHAEIC J-PARC FIHZ{EEE S C
Liciz%,

ANEIFICEE U Tl Z O EFICHEE NzEHE T — MR RIS B W T R o4 V52175
TW3, Rk J-PARC THHZE 212179 Z2ICI3FEM 7B O A E— L XA LDEREN S,
DB TICE > TZDE—=LZA LK @9§<WD&K%$T@%JHWC@ﬁﬁ®ﬁTt—
LZA LB REENEDTTICTE J-PARC Y R — L RIEH IV, FHY—L
2 A LT 32 WA S E I LBERIC K > TS E Nz, T-PARC DV EE—L XA LZHS 34
IC & BEERDIAR L, —RA—PF—DFHADHAZ R IRDZRETH B,

Lol-24 J30 )k
MEEYs B 1GHz @31k X 5172 W 7z uSRY
CORETWE2DDuUSRDEDDFH L VEREEZFHRL LS T2, TTATDI a4V

A HIGLEE & uSR REREETH 2, @HICRT 2 I 24 VAV HIGORFEIEE
BCTHZDH, EEMIC K 2 IADOREEZENC H - 72 PR DETH %, il T 1 GHz
O uSR HIGMNREE R O FEIE B, EEK T a—7BIERICEMTh S T ic kb, Ll
J-PARC H##E TlE 5 A F v 7 Tld 200 Mev /5 400 Mev IZA#HT % DIC 972 MHz O & &S A
TLEHVTWS, £V 27354 X —TIZ 13 GCGHz DEEAEEHWS TETHZ, EEEH
O JH W B BRI TUSNEBR D & JE W > A7 LO TPz f RS, > AT LOBHAAEEMkICD
WTHIBEERD N & L FE R A lheD 2R ETH 5, FRIC O 8 BRI AURRE E 2 KR
RO EHETH S, W uSR FERTIIHIORRIOME IR L DB RETH %,

—26 —



Jiag DR & BREN L WIS L T2, 1ROV E — LaABEIRIGE> TED, K
B OALKIMNIZENTVS, REFKRERFETHDE > EANTFHIRERIZIETHS, B
TEEREICERNZENTAT V2 — )VICHICEDERITNEE SRV, [RIRFIC i 72 s
KB KT B 7D OBEIRIC N ERBIHIC L FEZ R > TEWIT R,

VAT LORE G 2 BHR U, 20 FFEICE — L 2R 5N 52 3 5 72DIC 19 I
LEEREEDRETH S, HIDEETHE PROD 5 BEDOGEEA J-PARC 2{kD L)L
TRHETH %,

ZARFIBREX (LoD HERITH 92 SUSIC UL LTz, 1i7[E10D MuSAC I B TRHEIAN & E 1,
WL DD DRREAEN A FFRBIEDSNE LD LMEDT 5Nz, T DIAD HIIEERK
ENTz, b, LRI a A VFIHFEEZ LD A, BERENSMRANDEREZH S T &H
Hklzo SEERERIGTEREINED ST LAl DWW THEZHE, THIca—Y—
iR O fE D BRI 72 teh Treak L 720

EZERBEDX S BIAFICI 24y F vy 3V Z2EMTIUEHADI 24 VRIHZFIC L > T
HTHLNZME L. KEK OUUERRR S NIBIREY L/ A R TN OXEFi#E S 2
AT ¥ FIVDOROERS M ETRERIZ, 1R TEREOBEMES 1 4 Viifk7%Z. KEK &H
RAL DL —Y =ik &, RVEKMAAFDRA—IS=F X/ F v 3)V L 2 BRI 51ETH %,
R 2 A VISR T E— LDV ETE B ECHED AS Y L/ A Pz Bk S X 5 HEid %
CEMILTH S,

- 27 —



