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Earthquake on MUSE!
D-Line

U-Line

S-Line

H-Line

Summary

Y. Miyake
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4-Muon Secondary Lines

S-Line: Surface Muon Beam
for “Materials Science”

D-Line(operating) H-Line
(Superconducting Solenoid Beam Channel)
H-Line
High Momentum Decay
Muon Beam
Possible candidate for

Highest Pulsed u*/u- Beams

“g-2” or DeeMe
O

S-Line(Surface Muon) (Phase 2) m |

- ine
(S1-S4 Port) _
Highest Intensity pulsed 4MeV u* e Mo

At 2010, started D-Line(operating)
H-Line(High Momentum Muon Beam Decay/Surface Muon Bea
or “g-2” Muon Line (Phase 2) w1 107/s 4MeV-55MeV
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Press release

[The world-most intense pulsed muon beam achieved at J-PARC MUSE]
At the J-PARC Muon Facility (MUSE), the intensity of the pulsed surface muon beam
was recorded to be 1.8 x 106/s on November 2009, which was produced by a primary
proton beam at a corresponding power of 120 kW delivered from the Rapid Cycle
Synchrotron (RCS). The figure surpassed that obtained at the Muon facility of Rutherford
Appleton Laboratory in the UK, pushing MUSE to the world frontier of muon science. It
also means that the unprecedentedly high muon flux of 1.5 x 107/s (surface muons) will be

achieved at MUSE when the RCS proton beam power reaches the designed value of 1
MW within a few years.

We achieved World strongest pulsed
surface muon beam at J-PARC MUSE
D1&D2 area even with 120 kW intensity.

Now, 200 kW, ~ 4 x 10%/s
= @D-Li
on November,10th 2009 — Eﬂ%ﬁ' LA —




[p-Line]  Studies explored at MUSE D-Line

Either Surface muon (u*) or Decay muon (u*/u"up to 120 MeV/c) available!

1. Solid State Physics (Magnetism*Superconductor)
1. uSR Study of Organic Antiferromagnet pB'-(BEDT-TTF),IBrCl
2. USR in Ironpnictide superconducto Phys. Rev. Lett. 103 027002« The first PRL @J-PARC
3. uSR evidence for magnetic ordering in CeRu,Al,yJ. Phys. Soc. Jpn. At May, 2010
4. novel phase transition in f-electron system - high-order “multipole” ordering
Phys.Rev. B 82, 014420 (2010)
1. Ba,IrO,: A novel spin-orbit Mott insulating quasi-2D antiferromagnet,
Phys.Rev. B83, 155118 (2011)
2. Material Science (Li Batteries. Alloy. Voids)
1. Li CoO,(Toyota) Phys.Rev. B 82,224412 (2010), Phys.Rev. B84 054430 (2011 )
2. CaFe,O,~type NaMn,O, and LiMn,0O,

3. Li Diffusion in Li ion conductor
4. Pre-martensitic phenomena of thermo elastic martensitic transformation in NiTi alloys studied by muon

5. uSR in Finemet
3. Physical CHemistry
1. Investigation of molecular effect in the formation process of muonic atom
2. Mu(p*e™) formation mechanism in condensed matters
4. Particle Physics
1. p +A(ZN) — e +A(ZN) rare decay
9. Non-destructive analysis, Radiography
1. Koban, Old coin J. Phys.: Conf. Ser.s 225 (2010) 012040
2. Muon Radiography
6. Beam Development
1. Slicer J. Phys.: Conf. Ser. 225 012012(2010)
2. Ultra Slow Muon



Beam Kicker

To separate double
bunched beam to
single, to D1 and D2
area at the same time! ,

Muon pulse

| \

EEHGE— LSS LF2(E(Z

—

“—>

>100ns

(a)

time structure of muon
pulse before kicker

87

T
LAl

> Time
Fast raising B- (b)
field which is
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Time structure of muon
pulse after Kicker

Single Pulse can be
obtained.

> Time
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U-Line

Dedicated to Ultra Slow Muon
more than 10 times intense than D-Line

First goal of U-Line:
Surface muon source that produce Ultra Slow muon
( E= 0.05 eV — 30 keV) with high intensity and
high luminosity.




to obtain Intense Ultra Slow n* Beam

1 Surface Muon (4 MeV, Range ~0.1mm) for BULK
?IIIIIII' IIIIIII| UL I I II%
10° <L ==-========="- ® ]

T
Y
(I ——
0 Q"UItra Slow Muon
10 “? ¢o° (0.05-30 keV, Range
1 i 1nmto ~100 n

Energy [keV]

Ultra Slow pu* ( >10°/s) is cooled from the intense surface muon (4x108/s) by
Laser Resonant lonization of Muonium



Concept of ultra slow u* generation by laser resonant
ionization of thermal Mu from hot tungsten
Can be realized by synchronizing intense pulsed muon and pulsed laser

J-PARC MUSE (pulsed muon source) CAN MAKE IT !

4MeV -> 0.2 eV (7 order cooling)

/



STEP4: Features of Ultra Slow Muon
by Laser Resonant lonization

KEK. #H[EFPEHIRAL THDER

1. Variable Implantation Depth (~nm resolution)
2. Small Beam Size () ~4 mm (Now) = ¢ 1 mm)

3. High Temporal Resolution (8.3 ns (Now we are
using ns laser system to ionize Mu.) = 1 ns)

4. Synchronized with pulsed perturbation
5. Very Low Bg. --> Very small Relaxation

But, only 20 slow muons/s at RIKEN-RAL->J-PARC U-Line




. 4.0 x 108 /s surface muons, 20 times more intense
U - LI n e than D-line which is the strongest at present!

Dedicated beam line to produce Ultra Slow muon
( E= 0.05 — 30 keV) with high intensity and high luminosity.

Be deliver

Be delivered March, 2012

Many thanks to Director General Prof. Suzuki, IMSS Director
Prof. Shimomura, and J-PARC Director Prof. Nagamiya
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Patrick Strasser

Ultra Slow Muon lon Optics

(1) Ultra-slow muon beamline layout

(2) Muon extraction/acceleration (SOA lens)
(a) static vs. pulsed extraction
(b) HV Setting: scaling problem!

(3) lon beam transport

30keV

2 x 10% pu'/s Accelleration
Surface Muon

FeedThru (ICF253) -

AN
:\l 1 | Laser @

St

Suﬁ?

0.6 x 10° u*/s
- Ultra Slow
E W Muon@1MW

W Target Chamber #ﬁ?’f‘f‘ﬁgf- »
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Dependence on VUV 122nm laser energy

’ y= 15.495x 1.3672 the: laser VUV? mirror removéd (laser intenisity halved) unbound
454 - single muon pulse (muon intensity halved) ? ?e
g [— S D 355nm
3.5 I 2 == = f~y R A R
-R’Ik (j: N | P
w3 — - - - - e R
< 2 :
= 1 cm |
.a 2.5 w/p/ Y < O
SR I N B
e 7 777777777 & strong focusing (5 Apt)
N 2 122.09nm (Mu)
< weak cylindrical focus (6 April)
054 o
Power (strong focusing (5 Apr))
0
0 0.5 1 1.5 2 2.5 3 M . 1S
VUV 122 nm energy (rel.u.) uonum
 We measured dependence of slow u* yield on VUV (122 nm) energy for 1S
- 2P transition. As expected the transition is far from saturation point.

VUV energy is currently in ud range. While one of the brightest Lyman-a
sources available there is still huge scope for improvement.



A0411 (FIGIE) ; Saito and Wada, Optical Green Technology Research Unit, ASI, RIKEN

100 pJ Lyman-a; RALD1004F

L—HY— XL 2012&88A%mTE

OMEGA 1, OMEGA 2, and Lyman-a Shifter

B OMEGA 1 : EH $H212.55 nmY AT L B Lyman-a 74—
T7A4I\— 7@7;'\_ LN Krypton#i X)L

IR =
FikE @ BIBSHRR gmo gsmmpRs Kr 4ps5p
n@u-» =D ¢ l b o

| @Lyman-a
Nd:GdVO,Laser Crystal @212.55 nm
Directly emitting 212(x5)nm
Much better efficiency(Wada)
B OMEGA 2: A% £815-850 nm> X7 L
ALERE Wy = 207 ~ wy
SHhmEE 100 mJ
FERL—F— @815-850 nm | Lyman-a. Intensity 100 times
a , o& I o \ 4
FINTARIYY  HNTGARI YD Ultra Slow Muon for sure 1034/s
FAEDR IR

Goal 6 x 10°/s



Expected Yield of Ultra Slow Muon

20 slow muons/second at RIKEN-RAL->J-PARC, MUSE

1) Repetition Rate
25 Hz (At RIKEN-RAL 50 Hz) factor 2 times

2) Surface Muon Yield by Super Omega Channel

4.0x108/s /1.2 x 106 /s (RIKEN-RAL) = 161 times

3) Lyman-a Intensity by Laser Development

-RAL) ~ 100 times

wM ield is

71 udlp /<1 up (RI
Our Goal of Ultra
20 /g X 2x161 x 100 = 0.6 x 10°%/s (Maximum)

Riken-RAL Slow Muon Intensity  Started with realistically, 10%%/s !
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Status of the laser beam transport and measuring system for ultra slow muon microscope
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Sciences to be explored

Sub-Surface/Boundary Magnetism

utilizing variable implantation depth
(1 nm to 300 nm)



Stopping Range of Ultra Slow u’

Generated by Laser Resonant Ionization of Mu

Dot : low energy u* (100 eV, 0500 eV)
Solid; Ultra Slow u* (o 13eV)
Implantation Energy(50,100,200,300,
500,1000eV)

You can control implantation depth
From 1 nm with 1nm width
to 300 nm on the any boundary.

1nm;EX[Z1nm S FEBE T

LLHBCEHVATEE



Sub-Surface/Boundary
Magnetism Scanning tunneling microscopy and

spectroscopy on the surface

—_— Bi,Sr,CaCu,0,

. STM/
H 50ev-30keV

' I
scanning ARPES /'
Resolution 1nm \ 1.54nm

Sub-surface region

r 3.07nm
. probe sub-surface region \l
Depth M
Variable scanning
(1-300 n J a few nm

According to Prof. Nishida



Surface/Sub-Surface H chemistry

H reaction on the nano Surface
quite different from bulk

-Surface H — Isomerization
*Adsorbed H— Hydrization

M. Wilde et al., ACIE 47 (2008) 1.

Chemical Evolution in Cosmic
May occur on the surface of ICE

Main Cast is H

N. Watanabe, A. Kouchi, PSS 83 (2008) 439

Clarify =Electronic state of H on the surface
Role of the surface H on Ice/Cluster

- Diffusion Constant of H

According to Prof. Fukutani




A01 : Microbeam: Muon Microscopy, requiring only ug to ng sample
Beam is scraped away

Orczizlzr!?rymu?:r:\:ﬁm by beam slit or collimator.

ToooITooITooooooo-ee . Beam size >a few cm.

_ . Beam intensity is reduced.
::::::::::::::::::. Slit, collimetor So far, requires 1 g sample
ultra-slow muon Beam Focusing
+20000 ¥ 2 0y olens 1-10umé
- ! .
A Reduction of
o _‘ RF accelerator

‘ p | | A . beam size
" j S - -\ ) without any
| ' reduction of
beam intensity!

BRNEE RN

4
etTe

XL

requiring only ug to ng sample

Beam size ->~P70mm —— Minimum beam size -> ~®1lum

Depth resolution -> a few nm Depth resolution -> order of um

Realization of muon microscope
by acceleration or capillary methods!




A01;Study of materials and life science by micro muon beam

3D mapping of magnetic

Particle property domain inside sample

change vs. non-
uniformity
*Non-uniform Li
diffusion in battery

*Non-uniformity in  \Mjcro-scale sample, Micro-size region (grain, domain)

permanent magnet ey rfymdeveloped scientificorengineering fielkd————————

domain

Examples: Trans-uranium compound (Novel Np, Am compound etc.. )
Life science (Electron transfer in DNA etc., )
Industrial application (Inhomogenity of reaction in Buttery compound etc., )
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S-Line
MUSE the Second Priority!

Dedicate beam line to extract
Surface muons (4 MeV)
for Materials Science



Surface Muon Channel Phase 2

Port 2
Port 1
Kicker3 sys o4
Port 3
icker1,2 SY1,2
SB1
SQ-1-3

Total Surface muon 1.6E7
Beam spot(at sample position) 20-25¢



S-Line (M2 tunnel N D ST #RFRE D 5RO
_I_ ;?\/I\&n %T%})

Dedicated for
extracting surface
muon(4MeV)

SQ5-6 Now
international
é bidding!

< SQ4 already

SQ1-3, SB1 ordered in 2010!

Already Installed! Thanks to Director
General Special
Budget

Planning to install Summer 2012
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H-Line



H-Line; Projects submitted to IMSS
1) “g-2"(30MeV/c)> Ultra Slow Muon

Precision Measurement of Anomalous Magnetic Moment

Muon Precision Experiment to search for New Physics

2) “u-e” Conversion(DEEME) (105MeV/c):

Search for Charged Lepton Flavor Mixing
Charged Lepton Flavor Mixing and Origin of Matter

3) Pencil Beam Production(30MeV/c)

4) uCF Under High Pressure and Temperature(120MeV/c).
For the experiments of wCF high pressure and high temperature.

{ Extracting muons Up to 120 MeV/c J

0) Mu Hyperfine precise measurement(30MeV/c)
IMSS Program by MUSE stuff, lead by Dr. Shimomura




H Line, Activity in the vicinity of Muon Target
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‘ FY2012 Budget Request; Muon Beam Line \
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Summary

Damage on MUSE by Earthquake was not too

serious. BRIDERZZE | +573 /S0,
D-Line, Operating very well! 11 X v t:[EF]F

U-Line, Constructing! + 3rffraEiAf%E
ZEHEE, fim. AV hr=7 AE~DRH

S-Line, Partially (k> JLA) fabricating!

H-Line, Designing & Partially fabricating (k> RJLA) !

g -

Please Join to J-PARC MUSE !



