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Executive Summary

The meeting of the Muon Science Advisory Committee (MuSAC) was held at
J-PARC, Tokai on March 11" and 12", 2010.

In November 2009, MUSE became the world’s most intense pulsed muon beam
facility and demonstrated that unprecedented fluxes of 10’-10° surface muons per
second will be available when the ultimate design value of 1 MW beam power is
achieved.

The committee congratulates MSL and all of the people involved at MUSE for their
many achievements since the first successful extraction of beam in September 2008.

MuSAC was pleased to hear about the successes of the muon user program, which
include the first refereed journal publication from J-PARC (in Physical Review
Letters). This demonstrates that even under trying circumstances, the muon facility is
already capable of delivering world-class science. At this time the first muon beam line
and its spectrometer are currently being optimized in a collaborative effort by JAEA
and KEK to service a more versatile and competitive program.

The committee was charged to

1. Review the construction and development works of the J-PARC MUSE Facility
made by KEK-MSL in the past year (FY 2009). Evaluate quality and performance
in general.

2. Review the scientific outcomes achieved by the Muon Science Laboratory of
Institute of Materials Structure Science, KEK (KEK-MSL), based on the activities
under Inter-University Research Program utilizing Oversea Muon Facilities
(FY 2006~2008) and other scientific research activities (FY 2007-2009). Evaluate
quality and productivity in general.

3. Recommend the way how the scientific activities are to be continued after the
resumption of the Inter-University Research Program in J-PARC MUSE, and how
the construction and development works for the remaining beam lines are to be

continued.

The committee reinforces the support of the ultra slow muon beam line for uSR
as a top priority, and acknowledges the progress that has been made thus far in its
design. By far the highest priority should be to secure funding for fully developing this

beam line, as it promises to be a unique tool for novel experiments in nano-materials



research. The committee is convinced that this beam line has great potential even
at reduced power, and that it will attract users from around the globe. It is important
to involve the condensed matter physics and materials science communities in this
unique opportunity, (e.g. via workshops and in establishing the scientific case. A strong
synergy with the R/D program initiated by the g-2 collaboration is apparent. KEK and
RIKEN are developing a state of the art laser ionization system that will be ideally
suited for the J-PARC pulsed muon beam, and is expected to provide a two-order of
magnitude enhancement of the ultra-slow muon yield compared to what has been
demonstrated at ISIS by the RIKEN-RAL collaboration. The committee recognizes that
the g-2 experiment will have to build upon the success of the ultra slow muon beam
line. The expertise achieved in the development of the muon acceleration section for
g-2 will in turn be advantageous for realization of next generation muon beam lines,
such as the proposed muon micro beam.

In the long term, adding a couple of surface muon experimental stations on the S
line would allow the MUSE facility to service a larger user community, both nationally
and internationally. The remaining port (H-Line) could be reserved for a specialized,
very high acceptance beam line, which could service the g-2 experiment, very high
luminosity micro beams, negative muon based programs etc. There is an urgency to
reaching consensus on the kind of front end that should be installed for this port, as
this needs to be done before the activation in the target region makes the task too dose
intensive.

The committee was pleased to see the continuous progress made in the development
of the D-line, with improved performance provided by the ongoing development
of beam line elements (kicker, beam slicer, new separator and quadrupoles), and
benefiting from good cooperation between KEK and JAEA. The MUSE team has been
extremely successful in this regard. However, maintaining the present infrastructure
and completing the other beam lines while running a user program will be a challenge
for the personnel. To secure the operation of a strong user program on the existing D1
and D2 legs and to realize the construction of the new ultra slow muon beam line on a
short time scale, we recommend strengthening the research and technical staffs of the

Muon Science Section of the J-PARC Center.



Overview Session

In the first session, Prof. O. Shimomura and Prof. S. Nagamiya gave overviews of
the IMSS and J-PARC activities, and also detailed the charge of the review. Dr. Y. Ikeda
then gave a status report on the Material and Life Science experimental Facility, and
Prof. Y. Miyake reported on the Muon Science Facility (MUSE).

MuSAC was very interested in hearing about current activities and future plans
of the Institute of Material Structure Research from Prof. O. Shimomura. The goal
of the institute is to study multi-functional materials and investigate their structures
by a synergetic and comprehensive use of muons, neutrons, synchrotron radiation
and positrons. Several examples of recent research results in fundamental and
applied science were given. As far as the muon facility is concerned, the first priority
was specified to be the construction of the ultra slow muon beam line. As already
mentioned, this plan is fully endorsed by MuSAC.

The committee was very pleased to hear that the user muon program can now rely on
operation with 3 GeV and 120 kW beam power. Even with this preliminary low beam
power, MUSE has already succeeded in producing the world’s most intense pulsed
muon beam line.

The committee expresses its congratulations to the J-PARC and MSL teams for
achieving these milestones, and believes that the foundation has now been laid for
a bright scientific future. However, the committee has been made aware of relevant
budgetary issues, which have adversely affected the ability to purchase some of the
necessary muon equipment. At the moment only one muon beam line is operational,
and the committee strongly encourages a concerted effort in devising a new strategy
for securing the funding needed to complete and operate the other proposed muon
beam lines. In discussing the charge of the review, Prof. S. Nagamiya stressed the
importance of defining the best possible way to produce excellent scientific results
from the J-PARC muon activities. Installation of state-of-the-art instrumentation at
the end of existing and future muon beam lines is essential to fully exploit the beam
intensity available now and in the future. In this respect we suggest to work out a
common strategy with the entire user community to identify external funding sources

for providing such instrumentation (spectrometers, sample environment).



Prof. Nagamiya presented a revised time scale for beam power availability in the
upcoming years. According to the new plan, the 1 MW level for 3 GeV will be reached
by the end of FY 2014.

Dr. Ikeda reviewed the activities at MLF. Several neutron instruments were newly
funded in FY 2009, so that now 18 of them are available. Selected examples of
scientific results obtained from muon and neutron experiments with 20 kW and 120 kW
beam power were given. This early stage operation brought important new lessons and
both neutron and muon sources worked very well with 120 kW, and even with 300 kW.
Especially important and satisfying is that the temperature rise at the mercury target
vessel at 100 and 300 kW is well within the design value. As a consequence of a failure
at the accumulator of the low temperature hydrogen circulation loop at the neutron
source, about 21 days of user time had to be canceled in FY 2009. However, urgent
action has been taken and a recovery plan has been worked out to restart user operation

at the beginning of May 2010 and to compensate the losses in user time.

Prof. Miyake presented detailed status and plans of J-PARC MUSE, along with the
construction history of the M2 proton tunnel, muon target and secondary muon beam
line. The completion of phase 1 of J-PARC MUSE represented the culmination of an
enormous amount of work by the small muon group in MLF. The achievements are
particularly remarkable in view of the fact that user runs have taken place in 2009 and
at the beginning of 2010. The committee wants to congratulate all the people involved
for this outstanding performance.

Over the past year a mock-up test exchange of the radioactive muon target was
successfully performed, a 30-year old superconducting solenoid from KEK was
installed in the decay section of the muon D-line, and repairs to the solenoid’s
cryogenic system were made. A rotating target system that will be necessary when the
power is increased to 1 MW is currently under development. In addition, the committee
was informed about two key upgrades of the secondary D-line that have resulted in a
world-class muon beam line for uSR applications. The old 100 mm-gap DC separator
brought in from KEK was replaced with a new 200 mm-gap DC separator to allow
more muons to pass through. The wider gap has greatly increased the muon intensity,
and in 2009 the world’s most intense muon beam was achieved. Further increases

in intensity are anticipated in 2010, with the installation of a new power supply for



the separator and large aperture quadrupoles. The committee also learned that a fast
beam slicer was developed by Dr. W. Higemoto as a JAEA-ASRC funded project and
installed on the D1-leg. A narrow 37 ns muon pulse has been produced by the slicer,
resulting in a major improvement in the timing resolution and hence utility of the D1
beamline. Here the committee would like to point out the benefit of a shorter pulse

width for the 3 GeV proton beam, which would make beam slicing more effective.

The committee was also told about the development of a kicker device that will
enable the simultaneous operation of the D1 and D2 legs of the D-line. At present only
the D1 leg is equipped with a spectrometer and instrumentation for uSR experiments.
Under the current plan the kicker device will be installed early in 2011. To realize
the full scientific potential of the D-line, it is essential that this happen on time. The
development of the D-line, whose operational D1 leg has already produced the first
scientific results published by J-PARC, has been very impressive. It is commendable
that the construction of the D-line has been achieved by reusing elements from the old
KEK muon beam lines, and under very tight budgetary constraints. The Committee

considers this a tribute to the hard work and dedication of the muon personnel.



R&D for Future Projects

1. The Super Omega Project:

MuSAC was extremely interested to hear of the developments associated with the
Super Omega Project by Dr. K. Shimomura (KEK-MSL). Conceptually the Super
Omega Beam line can potentially offer the most intense pulsed surface u* beam in the
world (4x10%/s), whilst also having the option of delivering intense beams of cloud u~
muons (1x107/s). Even more significantly, when coupled with efficient muon ionization
technology, it will enable J-PARC develop a uniquely powerful pulsed ultra slow muon
facility with muon energies in the range 0.05-30 keV, pulse widths of the order of 8 ns
and rates of 10*-10%s. Such a facility will undoubtedly lead to major breakthroughs
in the exploration and understanding of key surface phenomena in solid state physics,
chemistry and materials science.

In order to achieve the highest ultra slow muon intensities, the development and
installation of the beam line must be accompanied by the development of laser facilities
with the appropriate characteristics. Particular challenges include generation of pulsed
high intensity laser beams with optimized bandwidths and reduced jitter relative to the
external timing triggers. Such laser beam developments are of significance to other
muon beam projects at J-PARC and should therefore be addressed.

MuSAC learned that the Super Omega Beam line will consist of three sections; a
normal conducting capture solenoid (which is already installed), a superconducting
transport solenoid (which is now reaching the final design stage) and an axial focusing
magnet (which is still under design). The beam line is therefore extremely complex
and represents a major undertaking in both design and construction. MuSAC therefore
acknowledges the significant progress that has been achieved over the past financial
year, and warmly encourages continuation and completion of the Super Omega project

at the very highest priority.

2. The Superconducting Curved Solenoid for Super Omega:

In the presentation of Dr. K. Makida MuSAC was given a more detailed overview

of the superconducting curved solenoidal component of Super Omega. The solenoid



consists of a 6m long straight section, bounded at each end by sections set at 45° to the
straight section. The field within the solenoid will be of the order of 1.2 T, enabling the
economical use of Nb-Ti filamentary wire (providing a maximum field of 3 T). The
field profile along the solenoid must be within a 5% tolerance of the calculated value in
order to achieve a transport efficiency of greater than 80%. Selection of the muon beam
polarity will be facilitated by meter long dipoles providing a vertical magnetic field of
0.1 T just after the first 45° bend, and just before the second bend.

It was noted that the first section of the solenoid and the first meter of the straight
section will be subject to high radiation fields. Consequently research is underway
to establish whether the resin used in the coil windings can adequately sustain these
radiation levels.

The construction of the Super Omega Solenoid is currently out to tender, with a view
to placing the contract by May 2010, and taking delivery and installing on the beam

line in the summer of 2011.

3. U-Line Shield Design and Possible Scenario to Extract u" and u~
Simultaneously:

An overview of the experimental muon beam area associated with the (existing) D
and (planned) U beam lines was presented Dr. P. Strasser. MuSAC noted that with both
the D and U lines in operation (the latter housing the super omega facility) space will
be at a premium in the experimental area. The simultaneous delivery and utilization of
u” and u~ beams will therefore be extremely challenging.

Nevertheless, MuSAC was shown how this challenge could be met through an
extension to the Super Omega beam line, consisting of two large quadrupole triplets
followed by a bending magnet delivering beam into two legs each consisting of further
quadrupole triplets. One leg would deliver u* and the other u".

This assembly would take the U beam line beyond the D1 area, and would provide
two separate experimental ports for (a) the Ultra Slow Muon Facility and (b) the u~
muonic atom facility.

MuSAC welcomed the design study, whilst also recognizing that there is still much
work to be done. Nevertheless, the time scale for delivery and commissioning of Super

Omega should allow this design study to be brought to completion.



Letters of Intent

1. g-2 Program: muon anomalous g-factor:

The goal of this new proposal to J-PARC is to determine the anomalous magnetic
moment of the muon to a precision level of 10”. This is sufficient to establish with
confidence whether or not there is a discrepancy with the Standard model prediction,
as hinted by the recent measurement of E821 at BNL (where a 3.7 sigma difference
was reported). If proven to be true, this would be a benchmark constraint on possible
extensions of the Standard model of particle physics, of which there are many.
However, this by itself will not identify which model is most promising.

The J-PARC experiment will be based upon an entirely new method, which will use
low energy muons (300 MeV), as compared to 3 GeV muons for the BNL experiment.
This will have the advantage of avoiding some of the most challenging corrections
and the dominant systematic errors associated with them. However, the requirements
for the muon beam emittance are pushing what is currently achievable, making the
proposal somewhat risky. Nevertheless, no absolute show stoppers have been identified
yet.

The proposal is original, and will produce a result with entirely different systematic
uncertainties than those of the BNL experiment, while its successor at Fermilab will
reuse the BNL technique with an improved 3 GeV beam intensity.

There are four areas of R/D that need to be pursued actively:

- Laser ionization development

- Cold muonium source

- Accelerator

- Storage magnet and detector systems

The ultra slow muon source is based upon development of muonium laser ionization
over the past ten years at the RIKEN-RAL facility in collaboration with KEK-MSL,
which has resulted in the production of 20 ultra cold muons per sec at ISIS. The
expertise of the RIKEN laboratory in the use of powerful pulsed UV lasers is critical
here, and a solid collaboration with the expert group of Dr. Wada has been established.

A factor of 100 improvement in ionization efficiency is required. If achieved, this can



be tested and implemented at the RIKEN-RAL facility and would already provide a
very interesting pulsed ultra slow muon beam for condensed matter physics studies that
will be competitive and complementary to the PSI DC low-energy muon source.

The other requirement of low transverse and longitudinal emittance can be realized
if sufficient muonium can be produced from a cold surface (rather than the hot foil
used at RIKEN-RAL). This development is the responsibility of Dr. Iwasaki’s group,
who again are making use of the group’s expertise in muon beams, nano-material
technologies available at RIKEN, and in several other Japanese materials science
groups. The responsibilities of the group are well matched to their abilities and they
have engaged in multi-institutional collaborations to foster the development. The group
is well organized and has refocused several of their other programs to support the
demanding R/D effort. The leadership of Dr. Iwasaki in pushing the g-2 experiment
is well recognized in the international collaboration, which is growing around the
g-2 program at J-PARC. These muon source developments are of great interest to the
materials science community using uSR techniques. The committee recognizes that the
g-2 experiment will have to build upon the success of the ultra slow muon beam line.
The expertise achieved in the development of the muon acceleration section for g-2
will in turn be advantageous for the realization of next generation muon beam lines,

such as the proposed muon micro beam.

2. uN-eN rare process:

The committee heard a presentation by Prof. Aoki on a letter of intent to use a novel
method to identify the flavor violating process: u to electron conversion. The idea is to
use negative muons decaying in the surface layer of the production target itself and to
identify delay 105 MeV electrons by a beam line and an electron detector. The concept
is novel and some preliminary tests have confirmed that delayed electrons can be
identified with reasonable background levels. The concept may work but it is difficult
to assess the sensitivity of the proposed detection scheme. Further simulations and
validation of the background levels are necessary here. For example, the acceptance of
the system is not very well understood. The level of sensitivity discussed in the letter

is an order of magnitude improvement over the PSI measurement, but this is based



on a back-of-the-envelope calculation with very large uncertainties. It is not yet clear
whether sufficient gain can be achieved to make the proposal viable. Interference with
COMET must also be taken into account, as the same people will be involved in both
projects. COMET is a much more mature proposal that would suffer delays if the

proposed method is chosen to do an intermediate sensitivity test.

3. Micro-beam factory:

Prof. Nagamine presented a letter of intent about a pulsed muon beam in the 10-
100 MeV energy range. The idea is to accelerate a degraded muon beam (positive or
negative charge) to 10 MeV by RFQ and a Linac. Since the normalized emittance is
conserved in the acceleration, a beam spot size at the sample position of < 1 mm’ may
be obtained. Subsequent acceleration to higher energies is possible and the range of
applications is broad. For instance, in condensed matter physics such a beam may be
used to perform high pressure experiments well in excess of the present limit of 1-2
GPa. Muon spin imaging and radiography in life and applied industrial sciences, and
muon catalyzed fusion studies would also profit from the availability of this beam. The
time scale for developing this next generation beam is not yet defined, and a detailed
simulation would be very useful at this point to define all of the relevant parameters
of the beam and fully assess its potential. Even so, the committee finds the idea
intriguing, and sees synergies with the muon accelerator scheme proposed by the g-2

project that should be exploited.
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Inter-University Research Program using Oversea Muon Facilities

Highlights of Scientific Activity

Prof. Kadono gave an overview of the Inter-University Research program using
Oversea Muon Facilities (IURP-OMF) and an activity report of the Muon Science
Laboratory for FY 2007-2009.

IURP-OMF ran from 2006-2008 with the goal to preserve the activities of the Muon
Science Laboratory at KEK during the construction phase of J-PARC MUSE. The
number of approved proposals within this program was about 30 per year, a number
just slightly below the level reached at the previous BOOM facility in Tsukuba. This
shows that one of the main purposes of the program, namely to maintain a vigorous
scientific activity during a transition phase, was well fulfilled. The researchers made a
balanced use of overseas facilities such as TRIUMF, PSI and RIKEN-RAL. Also the
fields of research and the distribution of research participants demonstrate the broad

use throughout the Japanese research institutions of this program.

The committee was shown examples of results obtained in various fields. ySR
is a unique probe to study magnetic and superconducting materials and more than
70% of the activities were concerned with these two fields. In the field of high-T,
superconductors the Tohoku, Riken groups studied how magnetic (Ni) or non-magnetic
impurities (Zn) affect the Cu spin correlations in the 214 cuprate compound. The
results indicate that the magnetic moment of Ni is not relevant in the suppression of
high-T7, superconductivity in the CuO planes.

Muon spin rotation is very sensitive to local and disordered magnetic order. This
feature has been used by the Toyota Motor company group to clarify the absence of
magnetic order on the CoO, triangular lattice of Li,CoO,. The results, which have
been published in Physical Review Letters, indicate paramagnetism and metallic
behavior for all the samples with x below 1/3 in spite of theoretical predictions of a
Mott insulating ground state. These materials are very interesting candidates for re-
chargeable batteries and the research establishes new and useful links between applied
and fundamental physical studies.

The detection of a spontaneous peculiar muon spin precession in the PrPb; system,

which has a non magnetic ground state, lead to the discovery of the formation of a
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three spin system involving the muon and the two Pr ions with a dipolar coupling
between the muon spin and the hyperfine enhanced Pr nuclear magnetic moment. Also
this work led to several publications, including in Physical Review Letters. These and
the many other results presented show that the [URP-OMF program was completed
with significant scientific outcome and has fulfilled the task of maintaining a vigorous
Muon Science program during J-PARC construction. This is demonstrated by the
number of publications (23 journal papers and 31 proceeding papers) and the number
of Ph.D. theses (4) and M.Sc. theses (4) awarded during FY 2007-2009.

Highlights of Scientific Activity — R. Kadono:

In the second part of his talk Prof. Kadono specifically presented highlights of
research involving the MSL group. The group engaged in a variety of muon-based
projects in the 2007-2009 period that included studies of multi-gap superconductivity
(e.g. in the sesquicarbides compounds La,C; and Y,C;, which have relatively high
critical temperatures), the new iron-based high-temperature superconductors, and the
role of hydrogen-bonding in the kinetics of a potential hydrogen-storage material.

This work resulted in a significant number of peer-reviewed publications (32 in
total), including 3 in Physical Review Letters, which traditionally has been the top
pure physics journal. One of these papers is a uSR study of a recently discovered Co-
doped iron pnictide compound that establishes macroscopic phase separation between
superconducting and magnetic phases. CaFeAsF is magnetic at low temperatures
but becomes superconducting when about 10% of the iron is substituted with cobalt.
Substitution in CaFeAsF superconductors leads to insular superconductivity around the
Co atoms (an effect opposite to Zn and Ni substitution in cuprates), which leads to the
formation of superconducting regions in the magnetic sea.

This is very timely work on a family of iron-based superconductors that has sparked
a flurry of worldwide activity. The paper on this work was highlighted by Nature Asia
Materials, and is apparently the first in a refereed journal that includes measurements
performed at J-PARC. In general, the research carried out by this group over the past
3 years has focused on topics of great current interest to the condensed matter physics
and other scientific communities. Furthermore, the level of scientific output over this

time period is comparable to that of the top uSR researchers in the world.

—12 =



Highlights of Scientific Activity — Y. Miyake:

Prof. Miyake reviewed the ultra-slow-muon beam project in progress at Port 3 of the
RIKEN-RAL muon facility in ISIS, including the first experimental results using this
beam line on the perovskite-type manganite Nd, ;Sr,sMnOj; thin film. The KEK-MSL
group in collaboration with RIKEN members, has already succeeded in generating
ultra slow muon beams by using their original technique of laser resonant ionization.
The advantages of this method are a high temporal resolution, a small beam size and a
variable-energy implantation of muons. They have achieved a FWHM pulse width of ~
9 ns, a beam size of ~ 3.3 x 4.1 mm” at the sample position (for 9.0 keV beam energy),
and an implantation energy range of 1-18 keV with 10 nm depth resolution. In addition,
the S/N ratio has now been improved by a factor of ~ 250. Using this experimental
setup they studied the successive phase transitions of a Nd, ;Sr,sMnO; thin film
having a thickness of 80 nm. They have found that the uSR spectra obtained at three
different temperatures corresponding to the paramagnetic insulating, ferromagnetic
metallic and charge-ordered insulating phases show significant changes in the initial
asymmetry. This exploratory experiment is quite successful despite the present limited
beam intensity of ~ 20 muons/s, and demonstrates the applicability of a pulsed ultra-
low energy muon beam in various fields if this system is installed at J-PARC with the

expected intensity of ~ 10° muons/s.

Highlights of Scientific Activity — K. Shimomura:

Dr. Shimomura and his group have been making interesting contributions to
semiconductor research by means of the uSR techniques. Information on the role of
hydrogen impurities is very important in semiconductor technology, and only uSR
provides such information. The measurements have revealed shallow donor states
of Mu in TiO, in addition to ZnO and GaN, and have confirmed the importance of
hydrogen impurities. The negative muon spin rotation (u SR) technique was also
applied to understand microscopically the role of nitrogen impurities as acceptor
centers in semiconductors. The use of muonic atoms (such as muonic oxygen) in these
studies provides fruitful and important information on impurities in semiconductors.
The use of laser techniques developed by the group are also opening up new research
avenues, such as the observation of a Mu spin dependent interaction with polarized

electrons in GaAs.
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Highlights of Scientific Activity — N. Kawamura:

Dr. Kawamura presented the case for a slow negative muon beam. At J-PARC
energies, the cross section for 5~ production (and therefore for u”) is larger than at
existing facilities. For the production of very low energy muon beams, schemes which
are applicable to the positive charge (cryogenic moderator method, laser ionization of
muonium) are not working. A possibility is to slow down negative muons in a cyclotron
trap (as has been demonstrated at PSI), and then extract and further cool the negative
muon beam by use of frictional cooling. At this moment the slow negative muon beam
project at J-PARC is in its infancy. Monte Carlo simulations for design of the beam line
are currently under way, and some preliminary test experiments making use of a gas
electron multiplier chamber (GEM) to determine the phase space of the incoming beam
have beam performed. The tests have shown that GEM can provide the required space
resolution. Dr. Kawamura stressed the importance of collaborating with the electronics

group at KEK for further development of this device.

Highlights of Scientific Activity — P. Strasser:

Dr. Strasser reported about muon transfer studies in solid deuterium with
implanted rare-earth and alkaline-earth ions. The final goal of this project is to form
muonic radioactive atoms. This would allow for instance to measure nuclear charge
distributions and deformation properties of unstable nuclei. Tests using stable ions were
performed at the RIKEN-RAL facility where muonic strontium transfer X-rays were
clearly observed with trace isotopes. The first experiments with radioactive ions may be
realized at RIKEN-RAL. The committee was interested in these results and thinks that
an application of the technique at J-PARC will depend on the outcome of the RIKEN-
RAL experiments.

Highlights of Scientific Activity — A. Koda:

MuSAC was presented with an overview of the design and implementation of the
data acquisition system for J-PARC first operational uSR spectrometer (which is
located on the D1 beam line), and of the performance of this system under operation
at a proton beam power of 300 kW. A report was also given on the deployment of

inexpensive, high gain and field insensitive multipixel photon counters (MPPC).
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MuSAC found the technical developments to be both innovative and successful.

The remaining part of the presentation focused upon uSR studies of spin dynamics
in the technologically important, and scientifically interesting class of materials known
as multiferroics, in which the magneto-electric effects require symmetry breaking
of both time-reversal and inversion symmetries. The particular multiferroic under
investigation was TbMnOj;, a material which undergoes a sequence of magnetic and
electronic transitions on cooling between 42 K, 27 K and 7 K.

Longitudinal field uSR experiments were carried out at TRIUMF during 2009, and
despite the clear transitions identified by other studies, spin dynamics were observed
over the entire temperature range; evolving essentially continuously through the
reported transitions and into the multiferroic phases. The spin fluctuation rate, which
has been followed over 3 orders of magnitude in frequency, exhibits an Arrhenius
behavior over most of the temperature range.

Although it remains to be seen how the observed dynamics can be reconciled with
the evolution of magneto-electric phases observed in bulk measurements, MuSAC
considered the experiments to be extremely interesting and believes that they could

provide new insight into the extremely topical subject of multiferroic behavior.

Comments of KEK-MSL research

The level of scientific output from the KEK-MSL, as measured by peer-reviewed
publications, appears to have been maintained during the construction of J-PARC
MUSE. The committee was particularly impressed with the diversity of research
carried out by a relatively small group, and the commitment to experiments on
materials with potential in future technological applications. Some of the group’s
research projects require the high-timing resolution of a DC muon source, and some
continued utilization of overseas facilities will be required to maintain these activities.
However, the preservation of research activity during the construction of J-PARC
MUSE should allow for seamless integration of much of the current research activity
into the new facility. We are confident that a large part of the scientific activities of the
groups involved in this program will profit from the increasing availability of muons
facilities at MUSE.

Overall the committee is impressed by the high quality and wide spectrum of the
scientific output, especially considering that some of the groups were simultaneously

involved in the construction of the MUSE facility.
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Appendices

A) Committee membership:

J. Akimitsu Aoyama-Gakuin University
H. Amitsuka Hokkaido University

R. Cywinski University of Huddersfield
E. Morenzoni PSI (Chair)

J.-M. Poutissou TRIUMF

A. Shinohara Osaka University

J. E. Sonier Simon Fraser University

E. Torikai Yamanashi University
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B) Agenda:

MuSAC-2009 Agenda

Date & Time  Mar. 11 (Thurs.) - 12 (Fri.)
Place KEK Tokai Campus
Ibaraki Quantum Beam Research Center Bldng. 2F Main Hall

March 11 (Thu.), 2010
9:00 -9:10 Greeting/Charge of Review O. Shimomura (IMSS)
9:15 -9:40 Closed Session

[J-PARC MUSE Activity]

1. Overview Session
9:40 - 9:55 MLF Overview Y. Ikeda
10:00-10:25  MUSE Overview Y. Miyake
10:30-10:50  J-PARC Overview/Charge of Review S. Nagamiya

10:55-11:10  Coffee Break

I1. MUSE Facility
11:10-11:25  Status of MUSE (M2 line &D-Line) = N. Kawamura
11:30-11:45  Muon Beam Slicer W. Higemoto
11:50-12:10  Kicker System K. Koseki

12:15-13:30  Lunch

II1. R&D for Future Project
13:30-13:50  SuperOmega Project and Concept of Radiation
K. Shimomura
13:55-14:15  Superconducting Curved Solenoid Y. Makida
14:20-14:40  Shield design and possible scenario to extract u” and u~ at the same time
P. Strasser

14:45-15:00  Coffee Break
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1V. Letters of Intent

15:00-15:25  Muon anomalous g-factor
15:30-15:55  uN-eN rare process
16:00-16:20  Micro-beam Factory
16:25-16:40  Updated “Roadmap” for MUSE
16:45-17:50
18:00-

March 12 (Fri.), 2010

N. Saito*
M. Aoki
K. Nagamine
R. Kadono
(*via video)
Closed Session

Welcome Party

[Inter-University Research Program using Oversea Muon Facilities (IURP-OMF)

and other activities/
V. KEK-MSL Review (2006-2009)

9:00 -9:15
9:20 -9:45
9:50 -10:05
10:10 -10:25
10:30 -10:45
10:50 -11:05
11:10 -11:25
11:30 -11:45

13:00 -14:40

14:40 -15:00

15:00 -17:00

Overview of IMSS

Review of [IURP-OMF Program
Highlights of Scientific Activity
Highlights of Scientific Activity
Highlights of Scientific Activity
Highlights of Scientific Activity
Highlights of Scientific Activity
Highlights of Scientific Activity

Closed Session

Summary Talk

J-PARC Tour
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