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Executive summary :

The Muon Science Advisory Committee (MuSAC) met at KEK on February 25 and 26, 2006
to review the progress in the construction of the J-PARC muon facility and to comment on the 24
Letters of Intent received earlier from potential users. On the technical side, major advances were
noted. The extensive shielding is in place and a very comprehensive alignment procedure is being
implemented to insure proper installation of the components of the primary proton transport sys-
tem and of the secondary muon channels as well as anticipating future access and removal of com-
ponents for servicing. The recommendations of the December 2004 technical panel, which were

mainly concerned with the long-term maintenance issues, have been implemented.

The primary beamline elements are all on order, as are the muon production target vessel and its
target. However, infrastructure components related to the proton beamline have not been taken into
account in the funding and must be covered within already scarce resources. The main concern is
the availability of funds for transferring the KEK superconducting decay muon channel and refur-

bishing it for installation on day one on the southwest port.

Another concern was raised when it was revealed that the requested 100 ns proton pulse width
might possibly seriously compromise the full beam power available for neutron users. Any degrada-
tion of the proton beam pulse width beyond 100 ns would have serious consequences for all muon
users in terms of time resolution and make the muon source less and less attractive compared to the
ISIS-RAL source for example. Since this was raised as a flag by the accelerator team, it is impor-
tant to study the space charge effect causing this degradation and to mitigate it during the commis-

sioning period.

The committee reviewed some of the Letters of Intent received and identified the core projects
which would contribute to enhancing the bare initial muon channel. A number of initial programs
could use the decay channel from KEK on day one while a number of very innovative 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 encouraged so that
the J-PARC muon facilities can be positioned to offer the Japanese and the world communities with

unique instruments.



The committee also noted the pledges for involvement of new University based groups, in par-

ticular in the chemistry community and among important industrial users (The Toyota group).

Enormous progress has been made on the facility development and a dedicated commitment of
the KEK construction team is evident. One is entering a delicate phase when, with the shutdown of
the uSR program at KEK, a significant gap in physics capability exists. University users will have
to rely on sources abroad to keep an active physics program for their students. On the other hand,
installation tasks are very demanding as well and could use more manpower. It is important to
identify the real timing for restoration of a physics program in Japan to allow for concrete planning.
This is especially important for university groups and industrial groups relying on muon sources.
At the moment, the shortage of funds for installation and the uncertainty on the realization of the
first muon beam at t=0 doesn’t allow for clear statements to be made. This is most unfortunate and

should be addressed so that a firm commitment can be given to users.



Introduction :

MuSAC met at the KEK laboratory for two days on February 25 and 26, 2006. The MuSAC
composition and the agenda of the meeting are given in Appendix A and Appendix B, respectively.
Presentations were heard on the progress of the J-PARC accelerators construction and associated
facilities related to the muon program. A substantial budget increase committed for 2006 has raised
the morale and the expectation of the J-PARC construction team. Steady progress towards estab-

lishing a superb muon source is very evident.

A day was set aside for reviewing several of the 24 Letters of Intent that had been received by the
31st of January deadline (see Appendix C for a complete list). However, there was not enough pre-
sentation time to hear them all, and the committee could only provide cursory comments on those

not presented.

The initial findings of the committee were transmitted to the International Advisory Committee at
its meeting on February 27 and 28, 2006 at Tokai. This report gives the findings and recommenda-
tions regarding the facility construction in the first section, and it provides the committee’s com-

ments on the Lols received in the second section.



Progress report and response to MuSAC#3 :

The committee heard presentations by the director of the newly formed J-PARC Centre
(Dr. S. Nagamiya) on the progress towards final construction of the phase I facilities at J-PARC, as
well as presentations by the leader of the Material and Life Science group (Dr. Y. Ikeda), and by the
leader of the Muon facility at J-PARC (Dr. Y. Miyake).

The funding level for FY 2006 has been substantially increased to a level of 279 OKU Yen and if
maintained in FY 2007 will allow completion of the phase I projects within 6 months of the original
schedule. There is great progress on many fronts, and the morale of the troupes is very high. The
present forecast for first beam commissioning of the 3 GeV ring is for December 2007. However,
there are some severe financial constraints that will affect the ability to complete the muon source
and its initial beamline. Even with supplementary funding afforded by KEK to implement an initial
set of experiments by moving equipment from the KEK 12 GeV proton-synchrotron (PS) to Tokai,
contingency funding for unanticipated infrastructure components and for cost escalation are threat-

ening this delicate balance.

The recommendations of the M-TAC panel, which reviewed the technical facilities in December
2004, have been scrupulously followed and the committee is very appreciative of this response. At
this stage, we foresee no showstopper that would require extensive technical development and af-

fect start up.

A great deal of effort is being put on the target area and the proton beam transport to meet the
commissioning schedule of the 3 GeV accelerator. That part is in good shape. The committee heard
a presentation by Y. Yamazaki on the accelerators and the commissioning plans. During this pre-
sentation, it was revealed that the proton beam pulse width would be as large as 140 ns in order to
optimize the proton intensity to the neutron target and that reducing this pulse width to sub 100 ns
could lead to severe neutron flux reduction in the most pessimistic scenario due to space charge
limitations. Although the statements made cannot be backed up by detailed simulation, in the worst
case scenario, flux and width would scale proportionally. The committee reacted strongly to this
statement and recommended that every effort be made to keep the proton pulse width below 100 ns
since the timing resolution scales with the width, and a 140 ns pulse width severely limits the fre-
quency range of any pulsed-uSR experiment. The accelerator group is aware of this requirement
and will study the problem as part of the commissioning of the 3 GeV machine. It was noted that

the initial linac energy is not the main contributor to this problem.



A concern was also raised about the reliability of the current RF cavity design, which may limit
the proton intensities initially until a cure is developed for the corrosion process sustained at high

power levels.

It is clear that the resources for optimizing the muon beam capability from the single graphite
target are not there and compromises are being made to achieve a first operational beam at minimal
cost. The presentation of Dr. Shimomura and Dr. Doornbos made it clear that larger acceptance
quadrupole magnets would significantly improve the surface muon fluxes available from the decay
channel. The recycled magnets from the KEK facility are going to be used initially. This is accept-
able for T=0, but plans are made for future upgrades to the PS beam elements to recover this miss-
ing acceptance at a later stage. As long as the front-end elements close to the production target are

not the limiting factor, this can be done without major shutdowns and investments.

In the same vein, it is highly advisable to install as many of the front-end magnets (up to the first
bending element) in as many channels as possible before the proton beam turns on, since the en-
vironment will be most challenging after proton beam commissioning and long shutdowns will be

required.

The committee was very pleased by the major announcement of the formation of the J-PARC
Centre which will go a long way towards establishing the identity of the project and providing a

strong user support infrastructure.

Recommendations :

*  Must keep focused on proton beam delivery systems to both muon and neutron targets.
*  Must have an initial muon decay channel ready at turn on.

e Must work with the accelerator group to minimize proton pulse width



Evaluation of Letters of Intent :

As of January 31st 2006, 24 Letters of Intent had been received by the J-PARC director’s office.
They are listed in appendix C.

A tabulation of all the Lols and their requirements was provided to the committee by the KEK-
IMS directorate, but the committee only heard oral presentations on a selected set of Lols due to
time limitation. However,the committee decided to comment on each Lol and offer initial reactions

to help the process move along.

The Lols were distributed in several categories: Beamline development letters, Apparatus driven
letters, Program driven letters. Also, some were proposing to contribute as Core projects to J-PARC
(according to the definition adopted at the last IAC meeting of March 2005) and for which external
(to J-PARC) funding had already been requested.

Several areas of science are covered by the Lols from “pure” uSR experiments aimed at studying
magnetism in novel materials, long-range correlations, muon catalyzed fusion, to industrial applica-

tions and chemistry.

The committee decided to focus its evaluation partially on scientific merits but also on the impact
the Lols would have on the J-PARC muon facilities in general and on the muon channels and muon

experimental area capabilities in particular.

Before going into the specific comments, the general consensus was that a number of proposals
would be accommodated by a general purpose decay channel as proposed in phase I as long as it
could provide reasonable surface muon capability as well. More exciting opportunities are pro-
posed around a dedicated high flux surface muon channel with pulse switching electrostatic kickers,
which could service four ports, and from a high acceptance surface channel, which could feed an
ultra slow muon facility for which a high demand is predicted. This high acceptance channel could

also serve as an injector for new innovative pencil-beams proposals in the future.

New innovative instruments are proposed to match the unprecedented pulsed muon fluxes ex-
pected at J-PARC when full beam power will be achieved. Finally, new areas of science will be ex-

plored by attracting the chemistry community and industrial potential users.



The committee recommends that all efforts be made to have one decay channel in place and op-
erational as soon as the 3 GeV beam is available. The committee strongly supports proposals for
core external funding to augment this capability even before any phase II funding is available at
J-PARC. The committee also strongly advises the J-PARC management to invest in and facilitate
innovative beam and detector development by supporting the groups that are seeking external fund-

ing for it; this will place J-PARC at the forefront of the field of muon science.

The committee is proposing that this initial evaluation by MuSAC be communicated to the
spokesperson after review by the J-PARC management, that a process to move to a more com-
prehensive description at a proposal level be initiated for some of the most advanced Lols while
encouraging further exploration for others at the more formative stage. For those users that could
run in phase I, the committee is recommending that the full proposal evaluation towards physics
approval and beam time assignment by a dedicated Program Advisory Committee be targeted for
within a year of the initial beam operation for users. The process of submission of Lol and devel-

opment of proposals should be continued at regular intervals.

One of the Lols is a proposal for industrial use from a Toyota group, one of the world’s largest au-
tomobile companies. This research is to develop good thermo-electric materials, good batteries and
good fuel cells through uSR measurements. These play essential roles on “Ecology on Wheels”,
and widely contribute to bettering human life. Recently, Monbushou (MEXT)’ recommended sup-
port for the industrial use of large facilities, such as J-PARC, which can provide quantum beams of
neutron, muon, photon, and so on. One reason is their usefulness in developing new novel materi-
als; the other one is the accountability to “tax payers” who provide money for their construction
as well as operation. This proposal is a good and typical example of industrial use. Since the con-
struction cost of uSR instruments and beamlines is very expensive, J-PARC or KEK should provide
a realistic plan to fund a new channel based on a partnership which could include some companies
and KEK.



Specific evaluations :

Lol #1.

Lol #2.

Fleming, D.G.

“Studies of Muonium Reactivity with Pulsed Laser Systems”

This is a proposal to try and bring in other areas of science to the MUSE facility at J-PARC.
Pulsed lasers coupled with muonium reactivity studies could provide a unique niche on the
world scene for the chemical reaction dynamics community in Japan. A strong theoretical sup-
port will be required. A possible follow up on this letter would be to initiate a workshop to de-
scribe this opportunity to possible interested parties. In terms of MUSE facility requirements,

the ultra slow muon source and a strong laser infrastructure would make this possible.

Higemoto, W., and Heffner, R.H.
“Microscopic Study of 4f- and 5f-electron systems by means of muon spin rotation, relax-

ation and resonance methods”

This is a Letter of Intent submitted by the JAEA-ASRC group. The scientific objective is to
study materials based upon the rare earth and actinide series which, due to the special electronic
configuration of the 4f or 5f electrons, present a rich spectrum of novel and exotic properties.
Several examples were presented, and work is underway at several muon sources. This program
is very promising and can lead to original results in the first phase of exploitation of MUSE.

To bring this research to the J-PARC MUSE facility, they propose to join forces with the KEK—
MSL group and add to the decay muon channel by providing a second branch and a spectrometer.

This is a good example of established groups joining forces to provide an initial beam capa-
bility at J-PARC using new funding from JAEA in one case and transferring existing equipment
from KEK-MSL in the other. Moreover, the JAEA-ASRC group bring an integrated physics
capability by collaborating with their theory, NMR and neutron internal components. Collabo-
rations with University groups are also welcome.

This proposal will bring together resources to start the scientific program of MUSE in the ini-
tial phase. Although not all necessary funding is in place yet, a strong commitment of the group
is demonstrated.

The committee recommends supporting this proposal to establish the first Muon source at
J-PARC as soon as the first beams from the 3 GeV synchrotron become available and encourage

J-PARC management to facilitate this kind of cooperation.



Lol #3.

Lol #5.

Lol #10.

Lol #7.

Lol #4.

Ishida, K.

“Precision Measurement of Key Processes in Muon Catalyzed Fusion”

Kawamura, N.

“uCF ~resonant formation study”

K. Ishida and N. Kawamura presented Lols for experiments in Muon Catalyzed Fusion (uCF)
with the goal to study a number of important problems.

In pure deuterium, the problem of Ortho-Para states shall be investigated using laser stimula-
tion to excite vibrational states of the deuterium molecule. In deuterium-tritium mixtures, mu-
onic X-rays shall be measured with a bent crystal spectrometer to resolve existing discrepancies
of muon transfer from excited levels.

With an additional beam line, the sticking mu-alpha atoms emerging from d-mu-t fusion shall
be isolated to understand the reactivation (stripping) process leading to enhanced cycle rates.

All these experiments require intense pulsed negative muon beams and are, therefore, only
suited for phase II operation of J-PARC with high intensity muon beams.

The experimental team consists of strong groups from RIKEN, KEK and UC Riverside.

For the tritium part, a new facility needs to be installed with all safety precautions for tritium
handling. The financing of these experiments will be organized by the group using special
funds. For the tritium installations, support from J-PARC will be needed.

The study of muonic cascade and of stripping processes have interests beyond uCF as well.
The analysis of the expected data requires, in its complexity, the close collaboration with theory

experts.

Matsuzaki, T.

“Advanced muon catalyzed fusion research at J-PARC Muon Facility”

Koike, Y.

“uSR study of the mechanism of superconductivity in high-Tec cuprates”

Kadono, R.
“High precision local field mapping by uSR spectrometer of the 3rd generation”

We group these two letters together because they complement each other and because the two
groups have already a history of strong collaborations. The physics of high-7, superconduc-
tors is the main driving force of the program. The group is internationally recognized for their

strong contribution to the field. The program needs a good surface muon beam and conven-
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Lol #6.

Lol #8.

Lol #9.

Lol #11.

tional uSR techniques. They are currently making very good use of foreign facilities, and the
transition to MUSE will require getting a competitive flux of muons and a new spectrometer
matched to the high intensity of pulsed muon that will be available at J-PARC. A strong R and
D program will be needed to develop the high magnetic field spectrometer which is envisaged.
The participation of KEK detector experts is required. Many technical issues are still being
evaluated and MuSAC would like to have a progress report on the simulation and high field

read-out system considered.

Koda, A.

“uSR experiment under high pressure”

These experiments will require a new high pressure vessel and a beam kicker to remove the

second pulse in the beam.

Kubo, M.K.

“Chemical Analysis with Negative Muon”

This is a potentially interesting proposal which is compatible with the initial operation and

with minimal support. It is a potential service type program with industrial impact.

Matsuda, Y.
“Study of magnetism of thin films and multilayered systems using low-energy muon

beams generated by laser resonant ionization method”

This is a very important field of material research which would be opened by the availabil-
ity of high fluxes of ultra slow muons as proposed in Lol #11. Clearly this can only happen
in phase II, but the committee regards this proposal has being key to justifying phase II muon
channels funding. The group is encouraged to continue the development of the full proposal

and to initiate pilot studies at existing facilities including PSI and ISAC $-NMR sources

Miyake,Y., and Shimomura, K.
“Super Omega Beam Channel collecting muons with a large solid angle for the Ultra Slow

Muon and intense negative muon source”
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This channel is novel and extraordinary in every respect, collecting low energy muons (sur-
face u" and cloud w as well) within a very large solid angle (400 msr). It starts with two con-
ventional solenoids at the proton target and continues with a curved superconducting solenoid.
The beam extraction is accomplished with a “Dai Omega” type axial focusing channel and an
electrical separator. The project is very promising and would open competitive uSR surface re-
search of materials. Also many other frontier applications are possible.

The channel is expected to deliver 5¥10° surface u* (10" cloud mu-) per sec. Using ioniza-
tion by an intense laser (expected efficiency 2%107), an ultra slow muon beam (0-30 keV) with
10* u'/s and 10 ns time width can be directed onto the experimental target. This beamline is
foreseen for the phase II of J-PARC operation. There is hope that the channel can be funded in
fiscal year 2007.

Lol #12. Nagamine, K. (1)

“Advanced Life-Science-Related Molecular-Imaging Research with Intense Pencil-Muon Beam”

Lol #13. Nagamine, K. (2)

“Advanced Materials Science Research with Intense Muon Pencil-Beam”

Lol #14. Nagamine, K. (3)
“Advanced Studies on Materials Surfaces by Scattering and uSR of sub-ns Ultra Slow

Positive Muons”

These three Lols involve the development of two types of new positive muon beams: a 10
MeV beam with narrow energy and phase space spread and a slow muon beam which is sharply
pulsed in time. Both of these beams are in the conceptual design stage but seem promising for
full development. These facilities are planned for phase II and would be installed on the east
side of the muon experimental areas.

The 10 MeV beam would be produced by starting with an intense (10’ u*/s) surface muon
beam which is degraded, collimated using a polymer foil with capillaries 100 nm diameter and
10 um in length, and then reaccelerated from 20 keV to 500 keV with a radio-frequency quad-
rupole (RFQ) cavity which injects into a linear accelerator to achieve 10 MeV energy. The ap-
plications envisioned for such a beam include studies of the magnetic and biological behavior
of hemoglobin in vivo (brain function) and high pressure studies of materials (up to 15 GPa in
diamond anvil cells).

The second proposal is to develop a 10 keV beam with 100 ps time resolution using a large
acceptance surface muon channel (like Dai Omega), followed by laser ionization to achieve

high time resolution (similar to the proposal by Miyake-san) and then acceleration and bunch-
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Lol #15.

Lol #16.

ing to achieve sub-nanosecond time resolution. This beam is envisioned to be used for studies
of hydrogen dynamics using muon scattering, as well as uSR experiments in nano-materials.

These developments have attracted collaborative efforts both here in Japan and in the US, at
UC Riverside and at Los Alamos. Funding proposals have been submitted to both Japanese and

US funding agencies.

Muon Radiography - K. Nagamine

A third muon beam was also described by Prof. Nagamine, namely, a high-energy muon beam
(up to 1 GeV) for muon radiography studies. This would allow possible industrial applications
of muon radiography at J-PARC. Indeed, the PI has already demonstrated the feasibility of
muon radiography and has obtained industrial funding to pursue this research. The implemen-
tation of such high-energy beams would require significant modification to the muon building
on the east side of the experimental area, and is thus a long-term project.

The committee finds that all of these concepts are highly innovative with strong prospects
for facilitating new science, and, therefore, encourages the investigators to continue to move
toward full-scale demonstration of the feasibility of producing such beams, with the goal of

implementing them at J-PARC. The committee strongly endorses this development program.

Nishida, N.
“Studies of Superconductivity and magnetism at surface and interface by using Ultra slow

Muons”

This proposal requires the development of ultra slow muon beams which can only occur in
phase II. As for Lol #11, this will be a very preeminent research component of MUSE once
low energy muons become available. It also will require a clean room environment to prepare

samples in-situ.

Ohira, S.

“uSR study on organic conductors under pressure”

Organic materials are a very interesting class of new materials but present considerable ex-
perimental challenges for uSR experimentation due to their small sample size. The material
needs to be fully characterized by other bulk methods before committing to expensive muon
beam time. Most likely, dedicated pressure vessels and high luminosity pencil muon beams
will be required. The former is envisaged by the RIKEN collaboration, but pencil muon beams

at J-PARC will require full beam intensity, most likely in phase II.
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Lol #17.

Lol #18.

Lol #19.

Lol #20.

Shimomura, K. (1)

“Construction of the superconducting muon channel”

This proposal is key to getting a phase I muon program underway. Although recycling the
beamline elements from KEK will limit the ultimate flux of muon that could be obtained, it is
a minimal requirement for day one operation. However, this plan is threatened by a shortfall in
budget even after accounting for the supplementary funding produced by KEK for transferring
equipment from the KEK PS .

It is vital to have such a channel operational when beam is first delivered to the muon produc-

tion target.

Shimomura, K. (2)

“Construction of the surface muon channel”

Dr. Shimomura presented the plan for a multi-port surface muon facility which could accom-
modate up to four experiments simultaneously by using appropriate kickers. The committee
anticipates that the majority of the users would want such surface muon fluxes and strongly en-
dorses the concept. A good physics case should be documented to support the request for phase

II funding which should include funds for building this complex.

Shimomura, K. (3)

“uSR studies under laser illumination”

This is clearly a phase II project requiring a dedicated laser facility and high intensity nega-

tive muons beams.

Shinohara, A.

“Study of Chemical Properties of Muonic Atoms”

This will require a strong theoretical support to relate the observations in an unconventional
atom configuration (muonic atom) to the case of a stable atom. It is not clear to the committee
that pulsed muon beams present a significant advantage over DC beams. More detailed techni-

cal details would be needed to evaluate the potential of such a program.
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Lol #21.

Lol #22.

Strasser, P.

“Radioactive Muonic Atoms Study at J-PARC.”

This Letter of Intent is proposing to develop the capability of measuring muonic X-rays from
exotic muonic atoms using long-lived species implanted in a deuterium moderating layer.

Muonic X-rays energies and width provide a precision tool for determining the nuclear charge
distribution in an absolute way. In that sense, it complements other atomic techniques like col-
linear laser spectroscopy which can determine relative shifts from different isotopes.

A pilot program at the RIKEN-RAL facility has demonstrated the feasibility of this method
for long-lived isotopes and further optimization of the method is envisaged.

To be competitive, it requires a very intense negative muon beam, which could be developed
at J-PARC using the Super Omega project. Ultimately the combination of very intense muon
beams and intense exotic beams will be required to reach the most interesting exotic nuclear
properties, for example, the very neutron rich nuclei involved in baryo-genesis.

As described by the proponent, this is a dream facility for the J-PARC, which would match
the capability of the most intense source of muon. However, the nuclear physic community is
making very good progress in the development of the competing atomic methods and the case
should be made for unique opportunities in this competitive field

The committee supports a long-term targeted R & D effort along those line.

The simultaneous extraction of both positive and negative high intensity beams from the Su-

per Omega channel is very interesting.

Sugiyama, J.

“uSR experiments on materials potentially applicable for automobiles”

This group is proposing three WSR applications related to automobile in terms of 1) Thermo-
electrics, 2) Proton conducting materials, and 3) Lithium base battery materials. As the develop-
ment of high performance power system is of high interests and recognized as one of top prior-
ity. The comments are given as follows in terms of four criteria:.

1) Scientific merit: From the scientific merit as well as industrial application promotion point of
view, the final goal shown in the Lol meets the J-PARC objectives.

2) Feasibility/requirements: The experimental approach seems realistic. The experiments, some
of which have already been done, demonstrate technical feasibility. However, development
of peripheral equipment dedicated to the specific experiments is still required. Instrumentation

concept at this stage is adequate.
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3) Team effort: This is an ambitious program and it is not clear that they have enough man-
power at present to use 14 weeks of beam time per year. Also, the initial beam operation will
be restricted in time and proton intensities for the first few years. This nevertheless indicates a
very strong commitment towards using J-PARC. The request that MuSAC play an active role in
fostering collaborations is well taken but should be directed at the users’ office of J-PARC Cen-
tre. The J-PARC Centre should support any effort by users to bring new resources to the MUSE
facility and experimental program.
4) Funding: It is desirable that a time schedule with a funding scheme be shown even though it
is would be very preliminary at this stage. The MuSAC would like to hear an overall strategy
for how the proposed plan will be realized. In terms of beam channel specification the experi-
ments can run with both surface and decay muon beams

Experimental equipment required: Pulse slicer, Spin rotator (Polarizer), Helmholtz magnet, 10

atm hydrogen pressurized cell, lithium cell for charge/discharge

Lol #23. Tanaka, H.

Lol #24.

“Study of a high-temperature electrical conduction mechanism in the lower mantle phase

with muon spin probes”
This is an interesting new proposal which requires more details to test its feasibility. A pre-

sentation outlining the methodology envisaged and the linkages between experimental uSR data

and interpretation of the mantle properties would be required.

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

This is an interesting proposal which would require a presentation of more details at a subse-

quent meeting.
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Conclusions :

Enormous progress has been made on the facility development, and a dedicated commitment of
the KEK construction team is evident. A delicate phase is approaching: when with the shutdown
of the uSR program at KEK a significant gap in physics capability exists. University users will
have to rely on sources abroad to keep an active physics program for their students. On the other
hand, installation tasks are very demanding as well and could use more manpower. It is important
to identify the real timing for restoration of a physics program in Japan to allow concrete planning.
This is especially important for university groups and industrial groups relying on muon sources.
At the moment, the shortage of funds for installation, and the uncertainty on the realization of the
first muon beam at t=0 doesn’t allow for clear statements to be made. This is most unfortunate and

should be addressed so that a firm commitment can be given to users.

The committee was impressed by the initial response to the call for Letters of Intent. An initial
evaluation was made, and several letters were identified for further expansion into full-fledged pro-
posals. This exercise served well its purpose of identifying an eager Muon user community and its

demands on the facilities being constructed.
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Appendix B :

MUSAC #4 Agenda

February 25th

0) Closed session

1) Experimental program at J-PARC: Presentation of Lols:

13:00 USR (JAEA). ... R.H. Heftner / W. Higemoto
13:30 UCE. K. Ishida / N. Kawamura
14:00 Advanced muon beam and application.................. K. Nagamine
14:40 Ultra slow muon beam and application ................. Y. Matsuda / Y. Miyake
15:40 Industrial applications ..............ccooeviiiiiiiin... J. Sugiyama
16:00 USR spectrometer.............oooeviiiiiiiiiiiiii R. Kadono
16:20 uSR study of High-T, superconductors ................. Y. Koike
16:40 Radioactive muonic atoms study ........................ P. Strasser
February 26th
2) Status of J-PARC construction:
10:00 Status of J-PARC construction ........................... S. Nagamiya
10:20 Status of 3 GeV synchrotron construction ............. Y. Yamazaki
10:35 Status of MLF construction ...................cooeeeenen. Y Ikeda

3) Status of Muon Science Experimental Facility construction:

11:00 (0 1S5 % Y. Miyake

11:20 Primary beamline ...................coo N. Kawamura

11:35 Muon beamlines phase I ..............cooiiiiil, J. Doornbos / K. Shimomura
4) Reportabout Lol ........oooiiiii K. Nishiyama

5) Closed session
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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
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MuSAC ZE A2 [ 25 . 26 HIC KEK TR X N, J-PARC = = 7 M fili% DR O 71,
WIS RAER R L— P — 7 BRI E N7z 24 10D Lol IS 5 I A Y b AVR E Ntz Hffi sl
RTRWEBHERNRZT i, BICRMNEA A YT 2 b % RIS DOV TO
2004 4 12 H OFAEEMZE R 20 5 OIS AREBUCKE EN TV D, IRHIIHIC D 72 2 Bk iR
BEE Nz, X2 FEROBZAHFREO N L DOFEFZEIC B A T 1 R FHnE R TIC 2 X2 a
F 2T v 2V OuEY) R EZ AIREIC T & HOIFFICRENTT T4 Y AV OJFIENEAE
NTV3s,

I RE—LTA VOFEGMRERTH 2 I 24 VERENT 2 NN—K5TIC 24 VT
MAFETEE N, L L. B rE—LT A Y ORBEEO TENHHICHRENTE 5T, W
LWTRDSEAED THERER SR, —&HFOMREIL, KEK OBHEHEI 24 F v &
IVRRRUGE U, FMINOFEBR— ST A7 (CRERR) FHCRIET 24D THEDFAYTE
LZMEINTH%,

L9 —DOHEIZ, T aAUNEDERTHS 100 F /OG- — LD )V A7z e
¥, WETOI—PF I EI N2 C—LMENRAKTEL K3 LWV ZinkEiEn5a]
REMEDYD B LWV MBI TH %, 100 7/ BZ#EA 5 X 5 &G FE— LDV AROHLIE,
iR RAEDB T, IRTDOI a Ay a—P—IlcfbliiERE2 L7256 L, #HlZ1E, ISIS-RAL
DI aAVPEHART, JFPARCOI 2 A VFEDELHAHD L7 DEE->TLES, DT L
BHIESRF— LI K> TSN LE3HZDT, TOXI EHbEE 5 TEMERDE
ZWEL, a3y yaZryJofic, ALTERMSE2HNEETDH 5,

ZERIF, T2 Lol DWW DO ZEHEE LT, IO —LF ¥ xIVDOERICTHGT S
CEbhsary 7 adey M e#E Lz, BELDOTTUT I LET AT VKT KEK h BT
BHEI 2 A VT v RIVEHOEHENTE S, —J7 T, J-PARCICEBWVTDHAHE L 7% 5 i {EH
At VLRV VIV =L EDORHNGET AT 7 bIREI N, chic ko TEM -
SURPIERNG N 0 - s & OIEFICHEE MM E NG C LIdk 5, BERIZ.
NS DOREMEFHEN, J-PARC X o A VIRDHAL S CICHRNZ I 2 =7 rlca=—
D isEEE M T YR 525 ENTELTHAI LEZ D,

o, ZEARER. RPCEBZEIH LW IL—T7L 0Dt aIa =T 4 5D T )V—
TREBILFEERDOL—P =5 EN S OSBRI ZRD I,
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ik DFAFEISIEFICHER L TH D, KEK DR TF— LOEE IEZHHATH %, KEK TOD uSR
FKELEFRHOY v v b AT K> TR Z1TS T EDREEIC R > TE & WV IRUIC
20 DDH B RKFEDIA—P—IFPEDBICEIEHGERBR T 0T T L2 iFid 5 2ICHED I 2
F VRS B 2050, — . REICHEDZFEEEEZE. FTEIICLLIAD, HixbT Y
INT—DWREEL IR B THAHD. HARTI o4 U YHSER 2 i T & % OMMAIRHC 72 5 72 BT
ICHET 2 FDEARNZGEZ L CAHDICEETH S, TOHIE, FRCI 24 VFEZHEDIC
LTCWBRZETIN—TMRIC EXERD TN =TI > TEETH S, RIEDHBDTHEADRNEL,
TAT BT ZI 24V E—LOEBANMESENTVREIE., HEEHSNTERL, Th
BIEEICARERCETHY., PHEICI—P—IC M TE 2 RDICE COMERRRENE TN
755750,
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2006 42 A 25 ~ 26 HD 2 HREIC @& T3V F— NIRRT 2 2 4 R R
FZEEZ (MuSAC) WBEE NIz, MuSAC KRG IS REEIE RS AL {6 B ICEE T

J-PARC NEaRER & 2 a4 VI B U T s O @ IR O RN T Nz, J-PARC
ARG TR 2006 FFICIEHTE & NIRRT N, @RT— LORSKUAH D EE -
T3, %I 24 EORRRICIT THERICEA TV 5,

1 H 31 HiYI 0 TRZEET NIz 24 38D Lol DWW DO EFHIET % A1 1 HRIZZE) TH > 72h,
EEHOFEZE 2T ORN AN >72D T, BERL LTEERINEN > T2RICTDONTIE
8RR > M b RBICH K %,

FZAZOPF R HE THM SNz IAC THEEI NI, TOMBEHFON | IR IC BT
BB EBE DN, RETRZITE - 7z Lol ICBAT 2T R 2R %,

ufll

HESRIRBLDH & . MuSAC-3 B SA\DHIG -

BICETENTHEETH S J-PARC L Z—DY V2 —EKERK, BXUWEEmEI7EE
Bk D) — X —THAHMHK, I a4 VFEEERD ) — X —Th 5 =FKh 5 J-PARC 5—
AR D TERIC AL T OERIRINO AN H - 72,

2006 FEED J-PARC 2RI FHEIZHIC R Z 2 1Z EHn L 279 SO & 75> THEH 2007
B HER TE N LD TED B HELPNTE—HHEHH N TER T %, £ O CTHEENE D
MR F— LOBEZOARIIEFITE V. 5D ET A 3GeV U VIO E — LOTE 1 2007 4E
DRHATHB. LI LEND I aA VHENT—RE—LT A VENZRAREICT 2B NDH %
Jik UWE B HIBRD D 5. PS TOIREZ 5% L IO FERAEMIC AU T 57D KEK N5 5
ZENZEMNZESNDHZICLTE, TELI ORGSR O 2 DR E >, Y E7 D20
BRIRFEL F 0N C O I a1 2 1 5 2N 03 dp % o

Fiffit) 7z ik D el 217 - 72 M-TAC OB S8 D RN SGEEN R E Nz, MuSAC ZERIZ T
DI ISZ ZWVICFHIT %, 5D E TAFMMEAEZET 52X REF 2RISR
SIERZT S5 NE0,

RN N O 7 € — LEEIC B U C 3 GeV IEZR D B — LB T EICHICE S K22 KD
BHPEINTVDS, TOHETEI ELfToT05,

ZEETRINBFED S InH#gs & ©— LiBRIC OV TORER MW 2, O MRd EEN X
R CIEZERI BRI RO AT EFREN TO Y — LB # RKICT % 413G+ E— LSV AIE
M140 ns 12720, 100 ns L ROV ANEIC T 2 EHETDT F v 7 AW k> T LU E 5 algeEMt:
W5 EWVWS TENHLMITE S Tz,
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COERIZVIaAL—ya ik 3EMTDN VTN ES  REOLHICIE T I v I AL E—
L HEHIBIRICZR 20 E La, BRARE L TR TORSICH LIRS EEL, BrE—L4
D7V ANEZ 100 F /LTI T 54550 58N EENENETH 5, ils 5 R 77 fig
ARl VIV RTRTIRE O 79V A uSR FERD 7B T Z 2 AR AR OIRZHD T L X 95,
NEER 7 )V —TE T OERZHID . 3 GeV il D — LD —f & LT OMEICH D FH
LEMTHD, 7z LINAC DL R)VF—DREDFK TIdaWn e Nz,

DERCT & e UTEMEINIZONBIED RF v BT« OXGHOE#EETH B, KBEHTE
T BEEICH A RS S NRT N, BT E—LEEiE EA S R0,

—EHDI 24 VD SEGED X 2 A V= L 2{ 5 DESMN I D IZVDIEHLNTH O,
BND A R THEHNGZRIDE — LZIEKT B 2D%GMDHREL TS, MKRE FR YRR
[ROBENSHLEMNMCIR ST X ICKRERT VT 2 ADEHAIC K > THIETF v 2V TR
S5NBHEIH I 2 A4 > O5EIE#E LMY %, H4)ld KEK fiigk THW b Nz 72 BRI S
BTVECDHD. WANIMETTDIRODIERINCTY 72 T2V AZEETES K SICE—LTA
Wi E R 2 UGE DT T BTN D %, FRNICH LICERANTRREDTHH EAITN
. MO —LT A VHREREO I K E G E— MEILP R ELRER LICATRETH %,

AERIC LT (FICXART). TEAHRFIZLDE—LTF ¥ )T TEBREIFZ < DIRFADER
i (BAIDRMERAXETEDTC) ZE—LPNHLXTICRET S L 2D, TH5LTEH
WV e — LIRS BEHRRO 2 WD E T, REDHBICIEEVWE— LME LD HE
L%,

ZAREHB O TR Z AL U, 587 MHH SR DR 28X % 7 IM~\HED J-PARC &
R—DEALENTc L DREZENT 5,

c 2 aAVEEPEFRICEH Y- LGS 5 U AT LR ZE G DR TR 2k L
ANDE Q1= CALST AN

c P E— LS & RO I 24 VT v 2V OEEfEZE 7 LTI NE
AGSPAY RN

» B — LV AR RIS B\ nEEs 7V —T7 £ L AT USR5 7,
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I A 31 HE Tl J-PARC #EERIC 24 OREEMEM E Nz, [MFICIEEY R FADRT
5%,

& & ZDORETRFAMN DR A R DOED KEK-MSL #HITH K D Bl S N7zAh KICBR D A
BB TDFERNENTHBIBEO AR LI BT Ao e, ZEE TR A DIERTES 2 7
LESIC—HED 2 BICHiRICER 2RI 5 & & Lz,

FEMRZII VW O OMBEHICHETE %, E— L1 VERIER, WEICESVHER, #E
B S LM DWARERDH 5,

F 720 < OO DOFERIE 2005 4F 3 HICHIfE S NizwiRID IAC TOEFICHES 7z I-PARC D7
NPz e LTHETZ 2R L THD BUTHERE S J-PARC IS D) ZHIEEL TV 25,

FERIERICH NI R0 E & U T ar Y E O 2 B 59 /7% uSR S50 Rk
Bp. R oA ViEELS . TRICH. (LEENETE NS,

BAR L LU TR ANREZ BRI O NS &9 50, J-PARC X 2 A Uik MIZ T 82
DEML, %kkﬁﬁzni/%%zw&%%lU/k&i?%%ké%%%wfﬁﬁbko

4 DaRXy M ABAIc—RNICEREI NI, WHEI 24 v F vy 3 ouicB0T
NIEREI 24 VIMELNZWOICBENTE L OREEBZNHF ¥ 2V TEITTESLT
HB, o LTS LVEROLOF v 2L LT, EEEOEREMNF v 2LV Z#HE
T EHEEFY =N 4EBER— M E—LE MR TE5F v )b, KA OREF v *
IWTEZIHHELNZEBIEHS 24 VEBERIFHICZ S ORENDATFNLE T v 2IVE END
2o

KAEAOERM R 24 > F v 2VIEFEROEHT 72X )V E— LAERDO AfEEEE LTEH
WHNBATRENENH 5,

J-PARC TV E SN — LEREERDBICIS O NS RKEHG DI IVA I o4 VLI E S #iT
IREEDRR SN, &ZIC, LR TEFAHOBENRIHEZFZ DT 5 LIicX>TH L
WEPEDEIC LD > TV L,

ZHEIE 3 GeV E— LMD & ZITE—AROFHET v FIVDER L TN T, I ICEZBIR
BRI > TWVWABDH LD 585173 5K 5 ICBIET %,

Ael 75 % J-PARC 2 HIGTEIDFED 5N 5 & D L HiIC Z ORREMEZ T A4lc. ZERIE a7 A
BREZWINCSRFT %, BZEEE J-PARC BUTERICHTH 75 € — L0 HH 8RB FE D 4 D HVER
BEELTVE TN =T ET ST LICk > TE— LM REL BE K5, 78<
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#MH%, TS5 LU TIPARCIF I a4 VR DRIEEICIT TS D72,

T @ MuSAC DFHMIZR A J-PARC DHITERD L ¥ 1 —F k71, HEEICHESND XS HEET
%o mBEATRSICHL TEE > L affiyizidhz U BRI RICE TR> T &, ftho
FREICDOWVTIEE > LIERDE S TZEBEIC R > THIRHT 2 X5 1Ic#iH 5, HB—IIcEzZBROH
KBFHZFICE U TR, YrB g @ sil & M OMERREBEERICK D E— L2 1 Lkl E
SLFEIFIHBABORT 1 ELANIC TET 5 2 EARERDE TH %,

FERE S TE L R OERITEMITHE S R UE R 5K,

Lol D—DRRRAKOHBHEHTHZ NI X TIN—Th o DEENHOIRETH S, T
AU uSR FEERIC K - TEVEMARL, HEM., MEEMZHET A TH L. TNH5OMIRIET
JHBFEICEEREEZRIL, K0 RBWARERICIASHRT %, ol XREETEFI 2
FUNF R EDRFE —LEFEEES J-PARC O X 3 S E Kiisk O ENHZHEE L T 5,
C ORRBEFEFHO BN HITH 5, uSR HEEPE— LT 1 VERIEZZHODEH Z
WE LT DT, J-PARC 7213 KEK 3V DHhDRFE L KEK Z 5T HBRICHE D H Ly
FHIRREL TR 2B A T NETH %,

Specific evaluations

Lol-1 D.G. Fleming
DV AL—Y =P AT LI &K D 2 24 =9 LTk, |
C DFEZRIE J-PARC O MUSE ICHT T 5 R E 2B AL K5 &35 A TH %,
POVAL—H =72 Wi 2 24 =0 LSO WIZEE HARDAE S SOS AR HT T IR s i
W5 M) 252 %, MR I ETH 5, TORBICHINT. OS2I 758
MZRDOANRICRT, V=7 aTZzfEdT 52 LHAEENS, MUSE i \OER E LTI,
HEH S 2 A VPR E 875 L — P — RO ETH %,

Lol-2 ¥¢A<H. R.H.Heffner

TUSRIEICK B 4f — BXU 5f —d HROMBINIIZE
JE T ISR Sttt 7 ) — T X D FEH S NIz FiE S Th %,
WFE SR LT 7 FF A FRIZZGTEWEOWMRTH D, 4fE 7 SSE T2 RS
TIREERIC ZIGIC H 2 Hiai i BE N2> T b, HEORFICDOWTOREN T E N, HED
2 2 F ViR E RO THEEDM TONTWS, D% T LI K > T MUSE OFIFEIAD RN
Bl DR Z 1% T & %, I-PARC MUSE JiliZ% 1 35\ TS 2 kb 5 741 KEK-MSL & 12 &b HE T,
FAES 24V F v 2V 2 DR N LT F v 2 )V ERBEBZ ML IS & LTS, Th
ELoMb LI N—TW G0 TRT IO TEZ W, —7 T KEK-MSL DBifFd %
RlEZEERLUTIPARC DRYIDI a4 Y E—LEZHZ S LT 2RBWITH S, & 51T DI
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W27V — 73N O, NMR, 7O 70— el i UTHRAE LY EIT 5 C &
MWARETH %o TESN TV B RETIN—T L DHAEEHNITNETH S,

CORRICK > TEBERED T, FIHIO MUSE ORI RS 5N D, HEEETENDN
ZERTIERVWD, TOTIV—TOBNNT 2 BOERNRE Nz, BERIE 3GV >/ bn
VIE DY — LHMEZIEE BEHICHIEEIIC J-PARC DS 2 4 VIENERER S T O EZH L,
J-PARC HUTEA C OFD I )21t 2 K55 %,

Lol-3 {1HIsE
M3 2 F Ui S OB L 75 2 8P O RS S

Lol-5 Jr[ i 5

M3 a2 Ul R 380 % 10065 R KD WESE )
AHEKETMNKOREREZZ < OEEGMER 2T 540 I o 4 Vil G IO E T
%‘9 7,’:0

FIKER DAY NGRS % A EHKE D T OIREIMEN 2 ik d 2 L——ZH\ 2%,
HKE, 3HAKERGENTI 24 v X A2 MERD S K 0 JlE UEIREN S D I o
F BTG ERR E T EL T05 T L Z2fRIT %,

dp-t s KTz wo [T EDEEST 2 E— LA U RED, YA 7 )VREED S EEEE (u
—IFEWO) @Rz EEfRT 5,

INHLOREOENZESTEHEDRKRENVAI LAV E—LZREELTED KBEDI 24
YE—LMGENEE 2 OFEERE L THEL T2,

C OFEERF— LIFBEWF, KEK, AV 74 )V=7 RUN—H A RO SRZENIETIV—Th 55>
TW3,

3HEKRICHU T MY F U LD DL RIEE i A T L ORI TH B, T DFEER
DABDEMIFESZS I —TIC K> TR END A S, £ MU FULZEATSIC
I& J-PARC D 5 DR E L 7525,

2 aAYVOART— R EIF TR BEOMIZEE 2 2 AV ELEN S DA O 8 T & BIE A R 2
%o TeIZHEMIRRIRIR D TT — X DIRIRDAIIIBERR DG IR R TH %o

Lol-7 /iy —.

leni S HR LY OEIED uSR WFFE

Lol-4 '] K it

55 3 AR uSR 73 YEaRIC K B ke I Jm TR 3 A1 O JIE
COZDDRFIFAWVICHITET M THD. £/ D2 7)V—T3mW s 1R Z il T b,
EEE LS OY BN E RO (HEET) Ths, £ DV N—TREEMICE DN
TORRTELFHIENT VS, BEOXEME S 24> C— L EHEREID usP Hilinn B TH %,
SDLTAMNDI 2 A Uiiad7z 5 FHWTED . MUSENBATT BICIE R o4 VBN Hig
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TE LT D £72 J-PARC TORRED WV A R 2% VISHEE UTe usSP eesh sk Ly
NR7E550, DN TV @ D7 R 72 T 5 I IEFFREN DR ETH 5, 2 < ORIl

RESED T CTH O, I al—y a3V EFTEINTWVS &S TOM EaFiAH D 2EE O
HEREREZ L TE bWz,

Lol-6 “ZH &%
M&E FD uSR WF%E
HLOESERILVE 2 HZBHDIOVAERL F v AH—DRETH 5,

Lol-8 Aff{di%

M43 24 T & 1600
CTHUIE— LG S AEET, RIKROZETH A EKENES TH %,
TEIGHOEENDH %V —E ZARDEETH %,

Lol-9 IAHIA%:

ML —H— LG 1 4 AIEIC & 2 8IGE X 2 4 > &2 B0 72 S0 2 g I O REVEDESE |
SO EOEHGHR © — L  IERICHERYEMRO BT TH 5, THUIHE 2 A > THID
THREL 52 h0, B UARERIETORE TENE 2 HEHEAOEREZ 4L TE 28 L 552
SREARET, TOVIN—TICRREEIREZEFD X815 5 X5 1C#id D, £z PSIRISAC
B-NMR [zl &= & b 1= BIF 9 5 fifiat TOWIFMRZ D2 X5 #1d 5,

Lol-11 =i, FAE—RE

EGES 24 Y E—LABXCAI 24V E—LDHD KV —LF v 2V =ZA—I3—F X Jj |
COF¥ 2IVEH L DO S RTHIKD TH %, Ktk (400 msr) IRA T KT3IV
F—DIaAy, Lt mu THEHERBEI AV EEEICITITVRAI LAV EITXTEDS,
At UENICH L TEINIZ 2 HOHEEY L /A R SthE o, EihLazEY L /A R
B o E—LD5[EHUEME TRA A AR OFICREIOF v 3 )L L BRI/ SL—2—"T
HOR T3, TOFHEOBEMARFE N, MDA ET R0 uSR RHEYIEMZED ATEEL 75 5,
F 7% < OIS D REL 5%,
CTDF v XV TRIFR S <10 HOELR S 24> 10HDO 7 T Ru 5N 5, 17/ VAL —
P2 KB A4 UMb GIROFAEIZ 2x107) Z VT OV ANE 10 ns LU FOMIGE L — L (0-30
KeV) DR 10° AR ERHICH 2%, TOV—LTA VIZ2WEIHTERENZ T ETH 5.
2007 FEICHNTERE HEEL TV 5,
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Lol-12 /st

MRS 7R 2V E— LT & B EMRPAC R U T2 T- O S 1 X — D Eikinfge)

Lol-13 skl

M )7 2V e — LI & B e Rl mise )

Lol-14 jcsiakt

[ 7 B FORD VA Z R OB KM R 2 4 2 BSLIC X 2R Liminfge)
COIRFE 2HEADH LVI a2 AV E—LF v RIVDHBEZZTA TS, §75D5 10 MeV D
T3V F—ig ENFHZEONE VW — L LR OV ADBIGEE — LD 2 D TH %, EBLHDE—
LAV E LSRG OBRRE TH 2 WEFMNKINT 5 RN D 2, TN D OREEITE 2 I TiE
TN, REEINDE LD I 2 A VEBRRRORMFEREICE,M NS,

10 MeV O E— L35 A KR I 24 > E— L (10" #) ZEE S EE 100 nm EX 10
mm OHIFLOH % 57 FE2E L Ta ) A— b UPUkEEREZER (RFQ) 1 X - T 20 KeV b
500 KeV FChIE L, SRIENEIRIC AS LT 10 MeV ETZ3IIVF—% EF B, COXHI%HE—
LOEMELTEZSNSEDIT RN TONE S T Y OREIN I & OCAEMZAIR S 580 (7
DOEHE) DIIZER (RAYEY RT7 VBRIV EHVT 15GPa £ TOEERBEND S,

552 OIS 1E 10 KeV, 100 ps ORI fiE% > 72 E— LD TH %, KA RAHD X S 75 Kzl
ATEMI a4V EED, L—P—AF UMb > T VAL CRROIES LRAKETHZH)
L. 7/BUTDOC—LEZEDZHINRENYF VT %S S, COY—LITE>TI a4 VL
IC X ZIKZDOFNHRS FENDOFIZER T/ YIE D uSR IRV 6N T EREZ SN TS,
CTNSDRFICIZAARD 7N —TELKE, UCR L0 AT T EAMGHFCSIML T\, B4
RO X HADOESIRIIFEEE & KE OB & i /7 ICHFEL T2,

KERICKBHEIDIaA Y E—LEIaA VIV TT T4 —DEOITXIVF—DEy (1
GeV £T) U—LTH%, COY—LIZIPARCICE TS TENT VAT 5T ¢+ —%A[HEICT %,
TS PINBEIaAVIIVFTITT 0 —DOERNZRL COWMAZZFRITT 2D TERNDS
BB ARG L, COXIBEEBIINF—DE—LEZRET SIIEHEBRZDORPIORED K
2L 2D TREMORKEIETH 5,

FEBRIINSOIEIXRTHH LUV TH O, HiLWERED TR S AEEMENAKTH S EE X,
IHICHREED T, TOXIBRE—LDWARETH ST LR L. EEHBEOFIERE TED,
J)PARCICERIET 5 C & ZHEECT B X 5815, T ORFMIRICH ERT %,

Lol-15 PYH{5 2

DB X 24 > ©— Lz o Fo i B i O B ERHETE O W5
HEHS 24— LR ZREE L, AIREL G5 DRHE 2 HTH 2, BEHI 24 E—1L
MIATHE & 75 5 Tz BEIC 1E MUSE O > TN & 75 %,
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k2Bl T (nsite) #Efid 2407V —2)b— LEBZREE T 5,

Lol-16 8¢

TH)) FIC BT 5 A EEAD uSR WL
ARPEIIHYE O T & IFFICHIR DR =N 2 YERETH % 0 uSR FERTIEZ DRIAVNE
FeDICIERICNEETH B0 FfliZn 2 24 Y E— L&A LESDHNCMO NIV 7 EE eI R
W ENTVEREND D, LDV EEHEEDORY VIV E— LR ETH A 9,
JENRIVIGE DI TTEEN TS, LAL JPARCDOXRY VIV a4 Y E— LK E—
LB R e 320 THE 2MICE> THREL E 5 THA 5,

Lol-17 A —EB

NEUREIE S 2 4 > F v 2V OHEE
CORBRE-MTI a4 VitHEESE 24D TH S, KEK NSO —LT 1 EHER HH
H3 25N 2 I a4 VisIcHIRZMNF 2 T Lickd M, E—L0HE & ZICHIRTE
% BORAKEOERTH %, KEK IZ K> THE N7z PS BITREZ ANTE2ARTEORLED
AT OFET SR L D0 E LW, IO —LH I 24 VEINIcHiz 22D X5 &
F ¥ RIVHHKTWB T DD TEETH S,

Lol-18 FHE—ER

MK 24 > F v RV
THEIFZL DR 2EOERAI 24 > F v X)VOGHHZ/R LTz, Z 2 Tl#EYRFy h—7%
HWT 4 il X TORBRDFEIFICATREL 5%, ZARBRZHONHFI OIS BERMI 24
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