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Executive summary:

The KEK-MSL review committee was charged to review the activities of the MSL
group in terms of quality and productivity in the context of the closure of the Booster
synchrotron in March 2006, the construction of the MUSE facilities at J-PARC and
the enhanced participation in overseas facilities during the period 2004-2007. The
committee met at KEK on Jan 17" 2008 to hear presentations from the senior staff
members and to review the material submitted ahead of the review. The committee
thanks the organizers for a very effective organization which helped the committee in
its deliberations.

The committee found that the MSL group is scientifically very strong and that,
despite taking on an enormous task of constructing the new MUSE facilities at
J-PARC, it was able to maintain a scientific program of its own while at the same time,
supporting Japanese University groups in accessing foreign facilities.

The program on magnetism and exotic superconductivity continues to be innovative,
opening new avenues like in chiral molecular magnets for example, and using the uSR
techniques were most appropriate. The semiconductor work is also world class like the
study of novel materials like GaN. The Muon catalyzed fusion program is refining our
understanding of the complex atomic physics at play in these reactions. MCF opens a
new avenue to energetically economical ways of producing fast (14 MeV) neutrons.

The development of ultra slow muon capability tailored to the pulse structure at
J-PARC promises to deliver unprecedented intensities of these muons which will open
a new area of studies of thin films, surface and nanostructures in the future.

Overall the group has a key role in nurturing Muon science in Japan and in paving
the way to an excellent scientific program at J-PARC. Key to this will be the re-
organization of the group to provide University user support at the MUSE facility while
delivering on their operational responsibilities at J-PARC and maintaining a science
program of their own, a challenge for sure.

The committee is of the opinion that the present group has the strength, talent and

motivation to do so.



Introduction:

The director of KEK called for a review of the Muon Science Laboratory (KEK-
MSL) asking to evaluated the performance of the laboratory over the last three years
since the last scientific review which was conducted in June 2004.

This is part of the regular evaluations of the performance of the laboratory which
have been conducted over the 25 years of operation of this institution.

Prof. O. Shimomura, IMSS director, briefed the committee at the beginning of
its deliberations. The charge and the composition of the committee are described in
appendices A and B.

The review was based upon written material submitted in advance to the committee
and on a series of oral presentations at KEK on Jan 17" 2008. The written material
included: the KEK-MSL annual reports for the last three years, contributions to the
KEK annual report for 2004, 2005, and 2006, a compendium of all the publications
from the group for the last three years and a white paper on the research activities of
the laboratory. The oral presentations were given in an open session in the morning of

Jan 17" 2008 according to the agenda described in appendix C.

The committee met during an in-camera session in the afternoon of January 17" to
formulate its findings and recommendations which have been included in this report.
A short preview of the recommendations was presented to Prof. O. Shimomura in a

close out session at the end of the presentation day.



Overview of the KEK-MSL group:

The group consists of 7 researchers, 2 post-doctoral fellows, 3 graduate students and
4 technical support staff. Their role is to carry out a research program of their own,
support a Inter-University program, based at the KEK-MSL facility until 2005 and at
overseas facilities, and to build the MUSE facility at J-PARC. The group has been
active for 25 years.

Since the previous review in June 2004, a major transition has occurred with the shut
down of the Muon beam facilities at the KEK PS and the construction of the new Muon
facility at the 3 GeV Rapid cycling synchrotron at J-PARC. This had the consequence
that no national facility existed for Japanese muon users after March 2006, and users
had to rely exclusively on foreign facilities (RIKEN-RAL, PSI and TRIUMF) with
the associate travel burden. However, the Japanese groups and the KEK-MSL group
in particular were very successful in getting beamtime at PSI and TRIUMF in a tough
competitive environment and made good use of the time available at the RIKEN-RAL
facility. It is vitally important that this continues until a viable muon program is in
place at J-PARC.

Even-though enormous amount of energy and effort were directed to the construction
of the MUSE facility at J-PARC, still a good number of refereed publications were
produced: (21, 34 and 26 in 2005, 2006 and 2007 respectively). This level of
publications is similar to those of European and North American groups and hardly
reflects the reduced time for research of the group due to the J-PARC commitments (a
time delay is to be expected for this effect after the shutdown of the KEK-PS).

The group is also characterized by excellent technological skills as demonstrated by
the development of experimental equipment (Dai-Omega beamline) and design and
development of the beamline elements for MUSE.

As for the quality of the published work, the committee agrees that it was in general

of a high caliber and has identified the highlights in the following sections.



Physics highlights:

Magnetism and High-7, Superconductivity

Recently, many new materials that exhibit exotic superconducting and/or magnetic
properties have been synthesized.

The KEK-MSL group obtains these materials and studies the superconducting and
magnetic properties by using uSR technique.

The uSR is a unique method to study the magnetic chirality in magnets. The group
studied the local magnetic structure in an organic chiral magnet and clarified the
magnetic chirality in this magnet. This “magnetic chirality problem” has now opened
a new physics subfield related with the multiferroics, Berry phase and so on. This
experiment is the first case of direct evidence of the right-handed and left-handed
chiralities in an organic material.

The cobaltate, Na,CoO,*yH,0 attracted much attention because of the possible
unconventional superconductivity with a crystal structure similar to that of the high-T,
cuprates. The group found that the zero field muon spin relaxation rate is independent
of temperature, indicating that no static magnetic order appears in this compound.
Meanwhile, the muon Knight shift at 6T, which is proportional to the local spin
susceptibility, shows no obvious reduction below 7. These results do not exclude a
spin triplet superconductivity in this compound.

Li,Co0, is a possible material for a future Li-battery. The Toyota Motor Company
group has been working on this material to study the basic physical properties by
using USR technique, and the group extended the idea to K,CoO, and also to the spinel
compound, Li[LiMn,_]O,. These works impact research on re-chargeable batteries.
Such studies open to the new interdisciplinary physics between pure and applied
physics.

High-T, superconductivity is one of the most important problems in condensed
matter physics. USR has provided key information for the superconductivity such
as coherence length and penetration depth. In particular, the Koike group studied
systematically how Zn and Ni impurities enhance the stripe order in La,_Sr,Cu,_Zn O,
and La, Sr.Cu,_NiO,. This study was possible because uSR can detect the small

magnetic moment because of very good sensitivity for the magnetic order.



Semiconductor

The Muonium atom is an isotope of hydrogen. It is very important to get
information on the role of hydrogen impurities in semiconductor technology. Only
USR is able to provide such information. Dr. Shimomura’s work of uSR that revealed
the shallow donor states of muonium in ZnO (PRL 89, 255505, 2002) and GaN (PRL
92, 135505, 2004), has confirmed the importance of hydrogen impurities and explained
the reason why wide-gap semiconductors are n-type. It is a good contribution of uSR
to the semiconductor society. The proposal of the extension of uSR studies to wide-gap
semiconductors such as TiO, or diamond will give more scientific and technological
contributions to semiconductor studies. The use of laser techniques particularly well
suited to the pulsed nature of the J-PARC muon facility will open up new research area

of semiconductors.



Muon Catalyzed Fusion (MCF)

The program of Muon Catalyzed Fusion (uCF) is a traditional one for MSL and in
the past three years definite progress has been achieved. pCF is a process that involves
three very different fields of physics at different energy scales: Nuclear, particle and
molecular physics.

The MSL group was involved in:

e Everyday scientific activity, publication of papers, preparation of theses, etc.
using facilities at KEK until March 2006, but more recently at RIKEN-RAL and
TRIUMF

¢ Assembly of the muon channel at J-PARC facility;

¢ Preparation of proposals for the muon science program at J-PARC;

The KEK-MSL in conjunction with the RIKEN-RAL group has conducted the
most comprehensive studies of this process in solid, liquid and gas phases, studying
the density dependence of the process including the sticking and the reactivation
probabilities in the D-D and D-T systems. More recently the focus of their studies was
on the effect of the initial state on the D-D or D-T molecules on the muonic molecule
formation. An unique Tritium handling facility has been developed at RIKEN-RAL
for the D-T work, while the DC muon beams at TRIUMF were exploited for the D-D
work. For those studies specific new techniques were developed to enhance the initial
ortho- or para- molecular states of the gas and to monitor it using Raman spectroscopy.

This work has contributed a significant number of publications (amongst them two
Physics Letters) in the last two years as well as generated three theses.

Already it is shown that uCF is one of the ways to produce 14 MeV neutrons

effectively, and the technological implications of this possibility should be explored.



Industrial applications

The KEK-MSL group collaborates very well with researchers in universities but also
in companies and extended their research field from the basic physics of magnetism
and superconductivity to application such as battery materials and nano-particles.
Surfaces and interfaces studies will also be included as soon as the ultra-slow-muon

source becomes available at J-PARC.



Technology achievements:

Dai Omega and SuperOmega ultra-low-energy Muon Beams

The MSL/IMSS group has devoted considerable efforts in designing intense ultra-
low energy muon beams suitable for the study of material surfaces. The basic method
is to use axial focusing elements (solenoids) in order to catch surface pu* from the
production target in very much larger solid angles than conventional beamline elements
(quadrupole magnets) can achieve. A first attempt went into the design of the Dai
Omega beamline, a Ph.D thesis work by Miyadera. This beamline has an acceptance
of up to 1382 msr at the design momentum of 30 MeV/c and would be suitable for high
efficiency uSR experiments. At present there is no production target available where
Dai Omega could be implemented, but the basic ideas have been fully exploited in the
design of the SuperOmega Muon Beam.

The SuperOmega Muon Beamline will be placed at a backward angle of the J-PARC
muon target. It consists of four normal conducting solenoids capturing the surface
or cloud muons in a solid angle of about 400 msr. The main transport channel is a
superconducting solenoid with curved solenoids at the entrance and the exit to define
the accepted momentum band. The expected intensities at the solenoid exit are 4x10°
i (1x107 u7) at 1 MW RCS operation. The generation of an ultra low energy p1* beam
is done as follows: the surface u" are stopped in a hot W foil where they diffuse and
form Muonium (Mu) which evaporates into the vacuum, up to 1% of the initial muons.
The Mu is then ionized by laser shots and transported to the experimental target. This
method allows to define the muon pulse in time and time width by the laser pulse.

The expected performance of this SuperOmega beam is - based on measurements
at RIKEN-RAL - ~10* u'/s. This intensity is sufficient to perform p*SR experiments
on material surfaces. A special trick, namely to excite first the Mu with Lyman-o laser
light to the 2P state and then ionise with 355 nm light, may boost the ultra-low energy
beam to intensities of up to 10° u'/s which would be worldwide unique and greatly
expand the importance of "SR experiments. Advantages of the proposed beams are e.g.:

- high time resolutions (ns to ps)

- variable implantation depths

- small, adjustable beam sizes

Since the SuperOmega beam opens bright prospects for new and better uSR
experiments, its construction and implementation in phase 2 of the J-PARC project is

recommended with the highest priority.



MUSE facility at J-PARC:

The KEK-MSL group has been assigned the task of assembling the MUSE facility
at J-PARC which includes the construction of a high intensity production target in
the 3 GeV beam from the Rapid Cycling Synchrotron at J-PARC, the construction of
the primary proton beamline between the muon target and the neutron source and the
development of four high intensity muon channels. At present all the work in the main
proton beamline has been completed and is in the stage of commissioning without
beam. Later in 2008, the first protons will be delivered to the muon target station.

Of the four muon beamlines planned, only one will be initially operational due to
funding limitations. The KEK superconducting solenoid has been refurbished to act
as the main element of the muon decay and surface channel at J-PARC and was just
transferred to J-PARC for installation as the meeting took place.

During the review period an incredible amount of work has been performed by
the MSL team to bring the MUSE facility to the stage that it could be taking beam in
September 2008 within the tight specifications imposed by the extremely high radiation
environment which will be prevalent when a megawatt proton beam will be used and
to minimize the impact of the muon target on the neutron users. This is outstanding by

any measure.



Vision for the future:

The future of the muon program in Japan is predicated on the MUSE facility at
J-PARC which will ultimately be the best pulsed muon source in the world. The plans
call for four muon channels covering the needs of a wide range of users: Decay positive
and negative muon beams, positive surface muons and negative cloud muon beams, an
ultra slow positive muon beam and a high momentum beam.

They will provide first class facilities for Japanese and foreign muon users. The
opportunity to create the world’s most intense ultra slow muon beams will position
MUSE as the most attractive place for work on surfaces and nanostructures in the
future. This must be the highest priority project for the group and for Japanese muon
users. As mentioned above, the development of the ultra slow muon beam technology
using laser ionization of muonium is based on the pioneering work of the KEK-
MSL group first at KEK, then at the RIKEN-RAL facility. It is perfectly matched to
the pulse structure of the J-PARC accelerator and will allow unique techniques to be
developed using pulsed laser of high power. The review committee is unanimous in
recommending that the ultra slow muon facility at J-PARC be the centre piece of the

J-PARC MUSE facility and be the top priority for any request for new funding.
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Conclusions:

The committee rates the KEK-MSL group as a very good group which combines
superb scientific leadership with excellent technical abilities. While devoting a
tremendous effort to the construction of the MUSE facilities, the group has managed
to support a good user program using facilities at RIKEN-RAL, PSI and TRIUMF,
succeeding in getting beam time in very competitive environments.

The publication record over the review period is evaluated as good but must take
into account the enormous amount of time needed for the construction of the MUSE
facility at J-PARC. Even then the group has made significant scientific impact in
several fields. By providing key support for the Inter-University program in the
transition phase towards J-PARC operation of MUSE, an active Japanese community
has been nurtured and this must continue until MUSE can be fully operational. The
KEK-MSL group has a pivotal role to play in the development of the Japanese muon
science society and in providing first class instruments for their benefit. The committee
also noted that industrial researchers are making strong commitments towards MUSE
and that more will be taking advantage of the J-PARC facilities in the future.

The future of Muon science in Japan is directly linked to the KEK-MSL group’s
ability to maintain a leadership role in this science. The committee has no doubt this
can be achieved. The committee recommends that plans be developed to optimize the

manpower and funding resources to fully exploit the MUSE facilities at J-PARC
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Appendices:

A) Charge to the committee:

Upon the shutdown of the Booster Synchrotron Facility (BSF, on Tsukuba campus)
on March 31* 2006, the Director General of High Energy Accelerator Research
Organization, Dr. Atsuto Suzuki, delivers the following charge to the External Review

Committee of the Muon Science Laboratory at the beginning of its deliberations:

1. Review scientific outcomes achieved at the Muon Science Laboratory of
Institute of Materials Structure Science, KEK (KEK-MSL), based on the
activities at Tsukuba campus under Inter-University Research Program, and
those achieved by KEK-MSL staff using oversea muon facilities. Evaluate
quality and productivity in general.

2. Recommend the way how the scientific activities are to be continued after

completion of the 1st phase of J-PARC facility construction in FY 2008.
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B) Committee membership:

J. Akimitsu Aoyama Gakuin University

S. Maekawa Institute for Materials Research, Tohoku University
N. Nishida Tokyo Institute of Technology

C. Petitjean PSI, Switzerland

L.I. Ponomarev Kurchatov Institute, Russia

J.-M. Poutissou TRIUMF, Canada (Chair)
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C) Agenda:

KEK-MSL REVIEW COMMITTEE
AGENDA

Date & Time Jan. 17 (Thu)

Place KEK, Bld4, 2" floor, Conf. Room 1
1. Charge of Review
9:30-9:40 IMSS Director Osamu Shimomura
2. Presentation
KEK-MSL Overview
9:40-10:20 K. Nishiyama
Recent high light of Scientific Activity (part 1)
10:20-11:00 R. Kadono
Recent high light of Scientific Activity (part II)
11:00-11:20 K. Nishiyama
Report of MUSE construction
11:20-11:40 Y. Miyake
------- Lunch -------
3. Closed session
13:00-16:40
4. Summary talk
16:40-17:00 J.-M. Poutissou

_ 14—



2 2 A VR AT R B e

RAHFFIABREN S oL F— N as o
Ve SR AT

200841 H 17 H BifE

= o ) Syl BV RIS U






B T B D) B oottt ettt ettt ettt e et et et eeen e 1
T o ettt ettt et et ettt e et et et e et et et et et eae e 2
ETES 2 A R RIIZEERHEIL T oottt 3
Rl DY a = A NG5, - SO U TSP 4
BEE & TR EEL ettt ee e s eenee e 4
MBI IR ettt s e e e eeenn 4
S T AT oottt ettt r et e e e s eeraees 5
2225312 OO O OO 5

R T I, & oot e e e e e e e e e e e s eere e 6

J-PARC D X 2 A VYRR (2= R) 1 e 7
FERIBEE & ettt 8
FERM © vveereeesesessssesesessssssesssesesssesesesessesesssese s s seae s et s e s s et e s st s RS e s st a ARt s AR A sttt et e sttt aesenes 9
A) FHBZREZZOTFG 1 oo 10
B) ZEEIEMEAL 1 oo 11

C) i ettt ettt enenan 12






EEFHEDEN !

2 2 A VR R AT R A 2SR S NITSIE PR 18 HE3 HD T — A 2 —
vrrubhuaAEiE, J-PARC X o F VEEREOMER. B X iR & O fReE
LEVS TR R T R 16 A5 19 FITHITTD I oA VilEak 7 )V— T OiEE &
R 2RI 2 2 & THB, UERARTPHK 2041 H 17T HicaGzRb, BHiRE
OFRZIERE UFaficiRH SN ERZHE Uz, FHMEERIE. T OREIAHEHEIC
Ko TExDMMimZERIcT T ENTE R,

MBRAROHADB LT AH, 22X VRIS ERE (MSL) 7))L — 713 T @O i
e 172K B, J-PARC IC BT 2 Hiftisk (MUSE) HE& W) KEXEZZRITLEND
H S OWFEEIZH#ERF L. D DRZAFEE Oy iiaR TOFERZ LR L TV 5,

Fid 1 R BB R E O LR TR BRI B et VT D . FI)V75E50
THREMEFRD X 5 %5 LW B Z2Fthd 575 £, uSR BREEMICTERH SN TV,
GaN ZHOFWEMRICH S NS K 91, FEROWIZEE X IMRNZLN)VICH %,
2 o & UfililiERL RS (WCF) BgEid. 2 2 THEU TV A EMAIR P OB
HHfRZ X OMEZEDICLDDH S, 72 uCF X 14 MeV O M+ 72 52 1IC
EHETZHLOTFRE L TORREEEZHELDDH %,

J-PARC /)l AMGEc b & N7 EEGH 2 2 A VAL ORFEIC K > T 16k
IR WVGREOBEE X 2 A4 MG 5N, FERICHE, Kim, 7/ MEEOH LList
TEEAD NS T EDBWIR T NS,

ik LT, TOTIIV—TIEARICB TSI 24 VRZOERK., & 51T J-PARC
BT B ENTZHRADEZR L TR EEZEEZ2HS> TV, T T TEERMIE,
J-PARC [ B\ B ffifHEE B2 Rz L. HS O Z#R: LDDE . MUSE Jfizzic
B2 RAHFERZE AR ETRS CENTEE LS. TOVNV—TEHEKT ST L
THH., THRENMCNEETRETH B,

WEREBEDERIF. COTINV—THNCOERZROEZ 26, YHE. BXUE
MzFi->TH5d, £95EDTH%,



.

BTV F—NE R . S o 4 VR AR & TE T O G
16 4 6 I/ ENTz) LIFED 3ERNICH Tz o THiRDOWIFHEE 27 HMiidT 5 X 5. &
BRZHE L,

T OFMIE, @2 25 RIS I B filia o0 FIC B 2 78RR O 2551 DWW T
EHINCIT R DN TEIFHEDO—ETH %, ZmOFMICH Tz > T, VEHER A
ZEF D FHEEFTED 5 ZEBSZ\OBSFHIAN I TN, ZEEOfid L MEKIZEL AL
BXOMEBICHENTWVS,

AFME, 7 > TERESICRBEINIER &K 20 41 A 17 Hicfrhb iz 8
HRICHEH DT rbN e, BRE LU TIEHHRZE 3 FRD I o 4 U IifSEfiaFif & KEK
D 2 2 A VR BEE Y. 3 RO T ORI OEk, 38 X OWFEIEE)
IKOWTDOHETH S, HEHFERIT. (Tl CICRIHE S Nzig HFIEEICHED TR 20
1 H 17 HOFFiHIC A TIrb Nz,

1 A 17T HOFRICEARIZIERFHO R THTA GIERS) L ZimL. T
DFFRD T OWMEFICND 5NTVD, HEROITONTHDORERIC, ARE)TE ORI
HY PBEATRICHR S E Nz,



S 1A URFRRRERBIE -

MERE DMK BIE 7 % DS, 2 X O LR, 3 HORERE. 4 % OFHE
BTbhbb, TONRMKEDRENIHHOMEZEIT L, FR 17 FEE TOHFD
& CORPHEFFH B & T2 NLEOMEN R T OHFRIFIH O L2170, J-PARC
DI a4 VRPERBERR MUSE: R 2 —X) ZHERTZTETH B, fiakld 25 FIC
blzoTiEE LT X7z,

R 16 4 6 A OB OFHILARE, & T x> > 7 bu Uisk (PS i) O
{21 & J-PARC D 3GeVRCS (T ¥y Ry v mbhny) OFI o4 ViR DERIC
XoT, RERZMIIER I Nz, THUCKD ., PR 1843 AL, HADI 2
A URHBERZENORERZ RT3, eRAHEOMiR (FERFRAL, R—)Lby 55—
SR, b5 A7 L7585 IKikfF L. 2Rl BEoAa#HEZmVN N5 Z ki
Bolze UM UHARDTIV—T", KT I 24 VHakbseE 3 S A0 d & ThR—
W 2 T—WEIR T AT LTI DOE — L2 A L5 F AL, HiF RAL
THHATE2E—L2ALZIEHL TS, T OV ER TDWZEH I-PARC TD
2 2 A UIHSEDHEN S B E TRk S N D T EIREEINCEE TH %,

FERARIRIVF— L8571 J-PARC 2 2 — X DERICEREIN TV BICE N
bbb, ZLOMGRIDEGREZBRTREIN TV S, CERL 1T 4, 184, 19 4RI
21, 343, 26 ). T OMFEFREKRDOKEEIZ T —w Rk T )V —T Litkth ik
< J-PARC "\DZ [ D]z b DR DI D D BN KM E N T ERNE S I Z
%o (T PS sk DIF IO EITEN TN S & PRI NS,)

COT =T ERMICEN TS LWL bR > T3, 2D ki,
KAAHC—LT A VEBEEDRFEL, 22 —ADE—LT A YOG FFITR
TNTWV3,

HEMLDEICDOWTHEARIIEFTH S Lk, REELYZREICET 5,



MIEDZFEITNEMR

Wt & EREEE

RIS > TREGBIRE PN Z R T 2 S OFENEGR E N, &L b
2 2 A UREEISERR 7V — T E TS OYE 2 ATF L. uSR L2 F O CEIRESOR
PEICDOWT DG Z 175> T\ %o uUSR ISHIEADFZ VU T ¢ — 20259 % LTl
IBIDZNTFERTH 5, FT IV —T3HEF T IVHIMEARD Rt <G 2o L.
DWMHEARDFZ V) T 4 —ZIHEMC LTz, TOWKIIFT U T 4 —ORENS < ILF
TxuaA v 7. NU—tl, FLOHLOWYHEEENAN TS, TOFERE. G
BHICBIZETFREEFRDOFITV T 4 —IC OV TCHEBENGIZ R LU IZEHITH 5,

739V MEGY) Na,CoO, « yH,0 (&, sl SRty & oM SMEIC e §
759 IR DB E DO W REMED B BN e N T E T M7V — 7 L uliih I o
A A ERMNREREE 2R 2R 0 T & B T OEAEY Tl R AR T D B
NenwlezR LI, =75, 6 TATDHHBDO R TOIaAY - FA T (B
FTAY VEEIC T 2) BBIREHE R (TOLL R THRA LA, bl ehb,
COEEMEIAE Y =HEDOMIEE TH 2 REMNH %,

Li,CoO, (FFRDV F v LBEMICHHEERYETH 2, FIXHBHHEIIL—T
USR 77 FHIWW T C OYrE O EYITEZ 2t L TE D T DEER ET K,Co0, A
ExIUEEY) LilLiMn, JO, ZW2E LTz, TN 5 OFFEE ~REMBIZEIC K X I8
5 Z . SEINEE LGRS O 7Z2 D 28 LWPIEZ Y D T B,

ST EAY I OR € BEERMEO—DTH %, uSR I XK > THRIZEDH
L7525 —L VAR, WHRARZEOEHRMEENS, FHT/NITI)L—T1E, i
P = VDTN & 5 T La,, Sr,Cuy,Zn O, % La, Sr,Cu, NiO, DA+ T A1 TFF
Mgt I N B T &R RBNCHIZE Uz, T ORIZENAIRE L o 72Dk, BEE RIS &
J&JE T B ZHUC uSR MDA RER 2 Ml TE % C LICK > TV,

FEAK

22 A=Y LMIKEDFNIATH % AHEREAIC IV COKEAMI OREIZHI %
CEWRIFFICEHEETH S, USROAC K> TZDX IR ERZEHTENTE S,
k1D uSR DHEEIC & > T ZnO (PRL 89, 255505, 2002) & GaN (PRL 92, 135505,
2004) FEHFOERNI 24 = LD R F—IRENHSMMIE D TOFZRIC K > TK
AR OBREELEE] Fv v TOIROAEAD n 2R HIBDFHHE Nz, Th
(& SR HALE(RD P EFREFUCHTL > TWVWB T AR LTS, uSR fifige7% TiO, %
ZAVEY FIZEDF v v TOIROEERICHER T UL, BRI A E T
LA Z L 25T H S, L—H—DfHIE J-PARC X 24 VDIV A
DORICEHLTE O, PFEEMIICH TR Z T O h< 725 5,

_4_



S 14 VAERES

2 2 UMIERELEPTSE (WCF) &2 a4 ViR Tk L CiThbn T h, #E3
T E TR 72 DR B > oo uCF 13 3 DO XIVF—HIDES L ik Tz
YD 2 G LWEFETH %, MIBEFEYE, K. 27T 5,

2 o F VR TV — T IERD K 5 IR T LT o TH,

- FRR 18 4 3 A XTImO Z VT, ZORIGHE RAL® N1 7
LT W5e 72 - T HE RS, GRsCREE, A0SR 7 £

« J-PARC filig& D I a4 >V F ¥ RV DR

« J-PARC IC 813 % R 2 F  EERHERAD U f

5 TR S 2 A RIS 7V — T, HEIWE RAL Z)L— 7 & A U C R,
WM, SHICBT 2 2 24 VAR B O alFE 7272, D-D %, D-T RICHIF
B AR, (SR EM LR 2 B TR O 217 - 1z D-T RERDTz8IC
PERF RAL ICRERID & U F 7 LEO O HER D R SN, DD EBETE NS AT LT
DEFIKI a4 VRV BNTz, KD T-DOA IV IRERD /ST IRAEZ e % ik &
T itk HOTEIT 28 LW EN R S iz,

COWIRIC K > Tl L 2 FRICE K DI RENZEN QRO T 4TIy I A - L
R—Te &) Fiz 3D RS NI,

F 72 o2 A VMRS EEINC 14 MeV OHWWEF 2155 751E0—DTH D . Hifli
AT REME 2 Bk Lz nuid s 57a0,

EEZEF

BTN R o A VR ERR VL — T REEIRE LI LT B, D
WreE L &1 L. B BIRE OB S B RS F K E OIS NS A
ELTWS, REPRmOMIEE ., BIKEI 24 A J-PARC THEEIC7R D KBRS
ENBTHA9,



FRATHIRLR |

AKAATER—IN—F A HBERI 24V E— L

R oA UREEISRR 7V — T E. PRI E U 7R O OB GE = 2
VU — LRI EREEL TV, TOFEOER., RN S DOXH S o
Z 2 2RO EMEERA IS < BNKIAMA THRD S LD TE 2R A (VL
JAR) Z#HWAZ LICH D, FIDTDME LTRA AT E—LT A VDREIDMT
b, BFROE LR R, TOYV—LTA Id 30 MeVic DiFHETIERIC
WTC 1382msr (RYVRTIIT7 V) OUEENRf (77T 22 X)) ZHiH, uSR HE
B SIRINCATO DISH L TV 5, BIHED L TAKA R ERET ST LDTESE
BAEENE IR DS, T DOFRARIEIZ A —/S—F AH I a4V — LOREHENEN
TINEE SR,

A—IN—F A —LIF J-PARC = 2 F VBN S% GG IICENMM %, 4 HD
WIEEY L /A RTHEEREIN, R a4 XIET7TT R 24 2728 400 msr DT
AATHDIAL, TREET v VGBEEY L/ A4 R T, AD&ogshy L/
A RIEHES>TED, WOARI aF VDE—RA VR LDEZERD S, V1 /A RO
1D AR IZ RCS Y I MW B DORF U T R 4x10° i (W T 1x107 {#]) o BEEH S =
AV E—LDOEBIIROFRIC LTIHFEND - RS a4 d@iRx > 7 A7 Vit
F0. LTI aA =T L x> TRENDEERICHERT S, HAEHDI a4 =
TLEIRADI A D1L % bixd, 2 aA T LEFL—Y—REIC K> TAA
L URBEMN E THE S NS, COHFEICE > T a4 270 ZAORER, g L—
P—ll KXo THEET NS,

A—=I8—=F A A= LOFHIMEREX, HFF RAL TOHEICHED T IXEH ~10° o
W TH5, TOMEFYIEENTWSR EEZITS DIC T3 TH 5, Feoklarmidk, A
BEIaA T LZTAX Y o L—Y =T 2P JREEICNEE L 355 nm DY TA A 1k
THTLICK->T, BEES 24 E—LEER 10° o u" OfEgIchacE, i
FUCHMICHINE L, WSREROFEEENGEETHA5, TOE—LDOEFTIILL
TOFHIRTH %,

- mR R fRRE (S /BB EaR)
- I[ZDFTBIARGFEE
- WO — LY AR

A=IN—F AHFE—LF, FeHmLD K0 uSR FZEDIHZ WIERIELEZ 75T
DTH Y. J-PARC 55 2 T Thy m OEICIAN 2+ > Tt - RiE T NETNE7E
YA



J-PARC D = 1 4 VRIFRBMR (T 1—X)

1o TR 2 2 A VU RPE SRR 7V — T 1& J-PARC D X o 4 EER sk O HER A
YT %, TOFEFIIRCSNED 3 GeV [ E—L7ZdH THEMENER, a4
R — R O — R T — LT A VR, AARDEBREI a4 Y E—LTA
YORFEEZ G T VS, BIERGTFE—LT A 2 O/RIIE 7 L E—LRiOFR%EE - Gl
MTHN TS, T 20 FORICERAI DN FE— LMW oA VENICHE I N5,

FHEDESNT NS0, GHEENTVE 4ADE—LTA VDI BET | ADH
DB 2GRS 5, BT MEICH 2 HBEEY L/ A Fid J-PARC DOfitE - i 24
VF X R)VDOFBHARE LTHEBEE N, TOZMOERIC, REDTZDICH & 5 Ll
KENLTATH->Tz, TOFMMEERFMPICE I oA U RPEWS IR 7V — T
EIERINEEZITIR > THED . 22— a2z F 20 9 HO B — L2 ANz n]
BERIRREICL K S L LTWB, AHT Y hDORGTFE—LZFIHT S T LICfE S it
BRI & X 2 A AR O FRPE RIS NI SR8 e i N & % 4 Dt LW EEll Rk 7z
WizZ52L L TW0Wa, T, EOXSIGBHEENSATEENTVWAREEZ %,



FREE

HARICET 2 I 24 VIEORERIE. BEINCIEMHAREO/ VAR 24 Ve &
%T®H? 9 J-PARC = 12— iR hh > T3, FIFHZEDILINEER A 729 Al
ARDI 2FVF v RIVHGTHENTNS, HIGIEAI 2 VDY —L T 1 2,
EIaAVDORMIaAVEAI A VDIV TITRIaAVERTE—LTA Y, HE
HIEI 24 Y E—LTF1 Y, GEIEE—LT71 > Thb,

INSDE—LTAVIE, HRIZEBAADZ ENEDOFIHHZFIC L > TE D
REBTBEAS, MATREBEOHVEINE 24 VY E—LAELNE T EIC K-
T 22— R@FR, £l T / HEEDOWIZIC & > T INEMRR L 5%, D
FHEA R 2 A VRPEIZE SRR 7V — I e > TE HADFHHEIC L > TE R BILE
MEWIESTTH %, filcibNzL o1, T 242 T LD L —Y— 14 {bikid KEK
T2 oA UREEMTERR 7 )V — T K o THFUT BT Tirb ., HWF RAL TRkt
INTWVB, TDOJiklE J-PARC NEER D L A DR HESE L 52 2ICEE L TED,
KBEI VAL =T —ZHO A MG R TFTEZHWS T ENAEL 5%, dHMiZAER
B~ L T, J-PARC O I 2 4 VA I a4 VEEBRIROE L R0, #Hiizic
BRI ZIRICRELLE T2 X 581D %,



iNoam -

AZERE. BTN o4 U REAIIERE 7V — T DIEEICENTE D, %t
BN TTIES LW =R —y TR Z L &I, BOEINNEES] & & Mol
ZATWVBERDEZEDTH S, I a—Aisgk DERICHN B L REHINCE D5
9. DT I—=TRHP RAL, R—)L¥ = T —W5%. b T4 7 L7 WSRO ik
ZRIA LT ZR20 T LTED, B LWETFOHTHLDE—LA
A L7Z2EE L TWVa,

FHB O G & 75> TV A HIC BT 228 HEKIEE TR ThHEHMN, WREREHD
J-PARC = 1 —AJiiRERICHETHZ L EEBERBIXRETH A5, THUCEIID
59 DT I—TIEN L DOHDE TRIPEINC K E IR D H M5t 2175 120 J-PARC
2 2 — AKERIC B 2 DR K 2 X TOMPEIC, RELEFMHZ ZE TS ki
X o TIHEEI R HAR NI EEFDHERF SN TORIEN, 2 2 — AN LICKET % %
T T OXZEHRR S NN RS 0,

o T S 2 oA URPEI R ERR UV — Tk, HARD I a A VR BORE, B
KUZ D= D DRk 72 Fefitd % Tz DICHRI AR E ZH> T\ b, ZEZORR
W3 ETATIE, EEROMFEEL I 2 —AWRICSML LS L LTED, FkI-
PARC ffigzZZiEH L &9 & LT3,

HARICB T2 I 24 UREORSRIE, @ xS o 4 U REASEER 7V — 7
CONFICBNTY—Z o —y TEFFE LRI Z DN TEE0E S DIChh> TV
%o AREZITNHWEBHEINZ LELREDTH B, AERERIXI-PARCOI 21—
Ahiad e i RGN I 72, NBE Bzt LIzgHHD IR I N5 & Z2fs
ERAE



A) FHBEEZE = DT :

SERRIBFEIH3IHO T —AX—v > 7a ha YO (D < IFHIX O BSFICE L.
BRIV F—NERITEEE GIREANE L) (/NPRMEZE B U CiEbafE
W > T RO K S Itz 5 2 7

1. Yk S o 4 R ERR OFFANZERIC B 251 © D < IFHIXIC I %
RFFEEFFNCIED < M L Rk IC X 294 2 o 4 Vs 381 % 30
B L BIZDW T ORI,

2. J-PARC O— MY 20 FFEICHE T L7tk WIS U TSGRk E N BN
Eh s,

_ 10—



B) ZE 18

ot Hl AR

IIE=bGi FACR E B BRI

PEHIE 2= B TR K

C. Petitjean PSI #ff5%if. A1 A

L.I. Ponomarev Kurchatov W25, 17

J.-M. Poutissou TRIUMF %%, A% (ZEE)

_ 1l -



C) =FERE -

TR < o A VR AR R B =

I

B M H @ 20084E1 H 17 H (K)
FAMESSHT © KEK 4 SAH B 55—l =

1. A& = A

9:30-9:40 ViRt A B
2. [IgE¥ER

LS 2 oo R AT R R

9:40-10:20 Pl fEAE
BRI ORFET REHIERR (2D D)

10:20-11:00 Py R
R DR XZWZLEER (2D 1D

11:00-11:20 vail A
2 o — R

11:20-11:40 =% R

B

3. JENFHEE
13:00-16:40
4. BHOERIFER
16:40-17:00 J.-M. Poutissou

_]2_



	Cover
	Report of Muon Science Laboratory Review Committee
	Contents
	Executive summary:
	Introduction:
	Overview of the KEK-MSL group:
	Physics highlights:
	Magnetism and High-Tc Superconductivity
	Semiconductor
	Muon CatalyZed Fusion
	Industrial applications

	Technology achievemens:
	Dai Omega and SuperOmega ultra-low-energy Muon Beams

	MUSE facility at J-PARC:
	Vision for the future:
	Conclusions:
	Appendices:
	A) Charge to the committee:
	B9 Committee membership:
	C) Agenda:


	ミュオン科学研究施設評価委員会報告
	目次
	重要事項の要約：
	序：
	ミュオン科学研究施設概要：
	物理の注目すべき成果：
	磁性と高温超伝導
	半導体
	ミュオン触媒核融合
	産業利用

	技術的成果：
	大オメガとスーバーオメガ超低速ミュオンビーム

	J-PARCのミュオン科学実験施設（ミューズ）
	将来展望：
	結論：
	A) 評価委員会の任務：
	B) 委員会構成：
	C) 委員会次第：


