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HQ=200T — £=1.3nm(Cohrence Length)

SEESEEEETN RIVAILAIE
(14.5T. 42K) 50pmZE[E S REE — 0.03 I 0.28[nS]

E=2.5-3nm — H ,=40-50T ? K. Matsuba et al:
HBIEESAY FTEIAHBFREEHEHRTEE(2nm~200nm)  JPSJ 76 (2007) 063704
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HOy,.. + (H" +e7) = H,0

Free energy (eV)
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—
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Oxygen reduction Pt(111)

AO1-4

TRILF—ZA{L

2x1.23 eV

- U=0.T8 V
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\
AN
A
\ 2(H* +e)+0"
N
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N\ e
Y+HO*
\ f0=0.5 H reiHO
™ )——\\
e AN

U=1.23Vv |

N\ H,0

Reaction coordinate

J. Phys. Chem. B 2004, 108, 17886—17892
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HBEERI AV, RE-FE-BROERS /YA I RCEFHZDHIZHT,

Intense Slow ptat J-PARC will be realized!
— Short Implantation Depth
— Short Pulse Width ( ns (Now) --> ps, fs (Future))
— Microbeam (¢ ~5 mm (Now) --> < ¢ 1mm)
e Since start with 0.2 eV (2000 degree)
e Small emittance

1)Surface Magnetism

2)Surface Chemistry

3)Precise QED Measurement

4)lon Source for futher Acceleration
(to be used for u* p collider)
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uSR Study of Organic Antiferromagnet

B'-(BEDT-TTF ),IBrCl
K.Satoh (Saitama), W.Higemoto(JAEA) et al.

0.04[P-g_0GPa |

Strong competition between

superconductivity and magnetism
was suggested from bulk
measurement .

Microscopic study by using uSR
to investigate a nature of the

Present result at MUSE-D1

0.25

0.1

< }"!;. (BEDT-'I_I'F)QIBrCI ZF
3 w o’ | Preliminary
i 0.2 % 2 25.5K J
g -
£ 0, 20 7 '%‘h
<oz} = |

%050 ne T 1% 50 oo I 200 250 400 ; # 19.5K %‘P

& 015 5 ]['"

Time(us)

Spontaneous Muon Spin Precession was observed

!

magnetic state. Evidence of Antiferromagnetic State

below 20K.




MSR in Ironpnictide superconductor
(Takeshita et al. PR 103 027002 )
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‘7L TOYOTA CRDL, INC.
uSR experiment on Li-battery materials

schematic concept of Li-battery Past work for D;; measurements

load NIVIR- electrochemical
L ] 107 — ; . .
4 [1]

solid electrolyte e e Dl T
— : KPR ; 2

interface (SEI) ; SRR e B 1y

~ '5 tt"
2 10—11 [ 1 O y ]
Q o i + 7 1

LiCoO, 107}
LiNiO, o ] 10 ; : ; i
LigsNiO, 0 A 0.0 0.2 04 0.6 0.8 1.0

,000" 7 5 P x in Li,CoO,

electrolyte 1000/ T (1/K)
liquid or solid predicted curve for D;;. D, strongly depends on

Co or Ni spins affect T,. how to measure it.

MSR 10'8—40'0KI /" N\

cathode anode k|
LiC002 graphite \ Ly Y | calc
LiNiO, LiTi,O, 7™ w
. . 1 "300K
LIMn204 v 7 .| calc
In order to know the Li diffusion (D,;) in each I o 300K, N“ﬁiiv\
component, we need a technique to measure T e
D, . for the materials including magnetic ions P mlicen,
and for the interface with 10-20 nm thickness. D, obtained by uSR is in good agreement with
_ _ D, 3 predicted by a first principle calculation.
wSR, using surface and ultra-slow muons, is We are, thus, measuring D, for the Li-battery

the only technique to provide such information. materials in order to make a database of D, .

ST




What is primary order parameter in Phase |l "

—>electric Quadrupole or higher order multipole
ordering?

uSR — observation of magnetic state

The local magnetic state differs in the three phasesH

0.04

tial asvmmetry

0.03

0.02

o

A higher-order magnetic multipole (Octupole)
plays an important role in the phase 11?? 0

SmPb,

22

N
e

Integrated asymmetry
D
(e

1.9

0.05 -

_Magne Paran 1
tic(A 2gnetic
I ]
- ZF-u SR ]

01 -

20 25

Temperature (K)

30

35

First-order phase transition at 5K due to
_multipole (dipole, quadrupole, and octupole)??

uSR — Appearance of local magnetic field
The primary order parameter is magnetic
(dipole or octupole).
No clear evidence of the hysteresis in the
integrated asymmetry in ZF.



The formation process of muonic atom is strongly influenced by the muon
capturing molecule. This study aim to investigate the molecular effect in muonic
atom formation from muonic X-rayv spectroscopy using low pressure gas samples.

uN Lymanlines  un(3-1) 1O Lyman lines L
HN (2-1) HN (4_1) uO (3_1) uN(3-1)
10% uN (5-1) 1o (4-1)
: po (2-1) o (5-1)

Intensity
2

— NO
10290 l 1&0 l 1;0 l 180 NZO
Energy (keV)
Samples: NO, N,O (1 atm) X-ray structure in NO sample is different from
Muon beam: N,O sample (e.g. uN(3-1)/uN(2-1) ratio)

Negative, 19 MeV/c —> different initial states of captured muons



*LiMn,0O, : Cathode Material of Li-ion-battery

Electronic state Key issue for understanding
Sample dependence  f physical property

2o

7 [emu/mol Oe]

40 60
Temperature [K]

Magnetic Susceptibility
Long-Range Magnetic

Study of Spin state in Ground State
Frustrated magnetism in LiMn,O, and NaMn,O

Ordering at 13K?

0.6

—
—

0.5+

ak 4
&
A s, v,
0.3
i

0.2

o
o

&
A&
1 40K
0.0+, T T T T T T
0 20 40 60 80 100 120
Tempeareture [K]

Relaxation rate [106 s

ZF-uSR
Short-range ordering(?)
at 40K




APPLICATION OF IP TO MUONS

First muon e Most studies on MSR do

beam at J- not care the intensity
distribution within a muon

Red part 1s the beam.

strongest. e However, 2-dimensional or

3-dimensional difference in
a specimen can be studied
by use of IP (Imaging
Plates), up to 10umx10um.
 Muon and IP (Imaging

Plates) can be used to one

Transmission muon image of the non-destructive
of a plug. This can be used testing.

for non-destructive testing.




Search for w + A(Z,N) = ¢ +A(Z.,N)

Forbidden in the Standard Model of Particle Physics. W v, v,

REALLY EXCITING if this process is found: ﬁ, | 0 1 AL, =0
— Clear evidence of the physics beyond the Standard Model. L0 1 0 -1 AL=0
— Related to neutrino oscillation, physics in LHC etc. e e

e  Current Upper Limit (SINDRUM-II@PSI): BR <7 x 1013 ® wA—e A

* Theoretical Predictions: BR = 1014~10-16 L, 1.0 0 0 f?; .

Experimental Activities in the world
e MEG(PSI): BR[u—ey] < 1013 — ~2012 e o
e COMET(J-PARC MR): BR[p-€ conv.] < 1016 - 2016~ J-PARC MLF Muon Facility

DeeMe(J-PARC MLF): BR[u-€ conv.] <104 —~2015  Hjgh Momentum Decay Muon Port
— Simple, Fast, Low Cost

Electron Spectrometer

— Staging: DeeMe — COMET 'to detect 105 MeV/c e
Proton Muon Target "'
> DeeMe
T Pion Capture
) Pion -> Muon Kicker Manget

— | Muon Stop
Muonic Atom Formation: 10'9/s

Prompt BG
105 MeV/c /'

to reduce prompt backgrounds

Large Acceptance Beamline

-
>

\IIII IND I NN

Y Delayed

Electron to collect u-e electrons

low Momentum BG Kicker Spectrometer from the muon target area



