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A01:Ultra Slow Muon Microscopy & Microbeam (Y. Miyake)

A02:Spin Transport and Reaction at Interface (E. Torikai)

A03:Heterogeneous correlation of electrons over the
boundary region between bulk and surface (R. Kadono)

A04:Ultra Cold Muon beam (M. Iwasaki)




Grants-in-Aid; Frontier of Materials, Life and Elementary Particle Science
Explored by Ultra Slow Muon Microscope Lead by Prof. E. Torikai

A02:Spin Conduction at interface AOS:Heterogeneous correlation at sub-surface & interface
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A01:Ultra Slow Muon Microscopy A04:Cooling and sharpening
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A(Q1 : Microbeam: Muon Microscopy
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A01 : Microbeam: Muon Microscopy, requiring only ug to ng sample

Beam is scraped away
Ordinary muon beam by beam slit or collimeter.
Beam size >a few cm.
Beam intensity is reduced.

Slit, collimetor So far, requires 1 g sample

ultra-slow muon Beam Focusing
0y

reduction of
beam intensity!

X 1-10pmdo
SA| | Reduction of
of g RF accelerator .

1 A A beam size
o " without any
il ||

requiring only ug to ng sample
Beam size ->~070mm Minimum beam size -> ~®1pm
Depth resolution -> a few nm Depth resolution -> order of pm

Realization of muon microscope



A02 Spin Transport and Reaction at Interface

Spin direction of the Ultra Slow Muon can be easily controlled by Spin Rotator
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AQ03: “Heterogeneous electronic correlation at sub-surface & interface”
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Remarkable difference in the electronic
property between surface and bulk

e Breakdown of inversion (mirror)
symmetry at surface/interface —
“Recovery of orbital angular momentum’
near the surface

e Spatial constraint over the motion of
electrons — “Enhancement of quasi-
two-dimensional character and
associated change in the electronic state

)

...Novel electronic property (“hetero-
geneous electronic correlation”) may be
realized on the hetero-structure
composed of transition metal
compounds that are subject to strong
electronic correlation.

PaN

Ultraslow muon serves as a unique tool to
probe the electronic state of subsurface

and interface in the real space.




A04 Ultra cold muon beam for muon g-2

Laser Sytem!

proposal P34 at J-PARC for precision study of muon g-2

fw

3 GeV proton beam
(333 uA)

" Graphite target
% (20 mm)

Surface muon beam 66 cm diameter
(28 MeV/c, 4x108/s)

Super Precision Magnetic Field
(3T, ~1ppm local precision)

Resonant Laser lonization of
Muonium (~108 u*/s)

New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam




Depth and Beam Size Scanned by
Itra Slow Muon Microscope

with Development Scenario
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Mu Target



Surface u* stopping on W

Beam size and focal length
Dependence of current density of the last coil

Beam profile at the final

o = 18 mm, Focal length 460 mm focusing point(700mm)
o=25 mm, Focal Iength 700 mm 100y g X[ T T T T T T
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o o Dist(;nce from ISa[:(t)solenoi:(/K:m o o W Target (70 X 40 mmz)

Intensity: 2 x 108 p*/s, on W (70 x 40 mm?2) (@1 MW)

Intensity: 1.2 x10¢ (0.5 x 10° ) u*ls, on W (40 x 35 mm?) @RIKEN-RAL
1.2 x10%/s is surface u* arriving at Port3, could be less than 0.5 x 105/s stopping on W



Hot Tungsten (W) Target Size 40 x 70 mm?

W target _y
(2000 K) :

Laser |
Area
Surface muon Beam Size : 65 mm¢ (20)

Laser Area : Center = (0, 0, 3 mm)
Lx 100 mm, Ly 4 mm, Lz 2 mm

Target Dimensions
Wx 70mm, Wy : parameter
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Laser beam size designed to be 40 x 2 mm? on W

cyl. Schematic Diagram

VUV damp
chamber // Target

\Beam separati

X-controi \g\
7

40x2 mm
beam

champe

r U

Ll )

°Mu

- J U J 40x2 mm Tilt or X- /
beam control _ Differential ﬂ+
| fr?m outside oumping
k=5 ks aperture
:’tj; l | o — iﬁmiﬁ ——— LB.’:"T...

m

. i s '"':"4:" [‘j
] Ljﬁnst GHOE [

SRR T

- f_,_"j__

Drawing



Target studies

Hydrogen solution in metals

Extensive studies have been done for the
solubility of hydrogen in metals.

Large (positive) solution enthalpy means the
work function for hydrogen (muonium) to
escape from metal is small.

But the depth of adsorption energy could
play a role, as well as the height of surface
barrier energy.

—> Needs experimental studies!

Matsushita et al. studied muonium
production from Iridium(Ir)?, Platinum(Pt)?)
and Renium(Re)?, and obtained a promising
result for Iridium.

Ruthenium(Ru) and Molybdenum(Mo) also
seem promising.

Our system is a very sensitive muonium
detector!

1) A. Matsushita et al. Hyp. Int. 106 (1997) 283
2) A. Matsushita et al. Phys. Lett. A 244 (1998) 174
3) A. Matsushita et al. unpublished
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solution enthalpy AH

adsorption energy Eabs

AH(eV/atom) Melt point (C)
\WY% 0.22 3387
Mo 0.53 2610
Ru 0.56 2250
Rh 0.28 1963
Ta -0.37 2996
Nb -0.37 2468
Ti -0.47 1675
V -0.32 1890




Target studies
-

* Increasing conversion efficiency from S .
incident muons to thermal muoniums is o o f5% e
a straight-forward way to increase slow p o
muon yield. ‘ : 1

« Micro-fabricating cryogenic sh% :
moderator increased slow muon LR VLS Y
yield at PSI by 30% PO HEL

8

Increasing surface area... , o
) . tungsten surface drilled by pulsed laser irradiation
* Etching by chemicals (by Mr. David Wall, * Ltd.)

 Laser micro-fabrication : 20%
increase of surface area expected.

(u.nder dISCL.JSSI(.)n with Ltfj.) 7 : e
 Micro-fabrication by a diamond cutter : LN N N AR A
50% increase of surface area VNN NN NN
expected. 1 , .
: . - g 10 15 20
(under discussion with * Lab.) AFEE, am

Example of micro-fabrication by a diamont cutter
(from pictures on *)



Mu- evaporation Experiments at J-PARC

Alkali Metal coating on W surface

- Lower the W-foil temperature of Mu production in vacuum
Increase Mu production rate = Mu evaporation at RT

S ;&&‘,_ ‘._
..JJ
-

- Na (Cs) dispenser W foill

' Inserting Na dispenser
Vacuum chamber for mvestlgatmg Mu in front of W foil

production rate from W foll



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 (1.5)

Channel
-RAL) = 161 times (400)

2) Surface Muon Yield by Super Ome
20x108/s /1.2 x 106 /s (RIK

3) Lyman-a Intensity by Laser Development

71 udlp /<1 ukp (RIKEN-RAL) ~ 100 times
Our Goal of Ultra Stow M ield is
20 /g X 2x161 x 100 = 0.6 x 10°%/s (Maximum)

Riken-RAL Slow Muon Intensity  Started with realistically, 10%%/s !



Polarization



Asymmetry (%)

Muon spin rotation S|gnal

F-B Asymmetry (Ag, TF4OG 9. OkeV muon, 0. 25Mev)

| Asym= 6.04 (+— 0. 28)
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Muonium spin precession signal in SiO,
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Recovery of muonium polarization

* Currently muonium are
generated under no magnetic 6
field, resulting loss of
polarization due to triplet states
are mixed up.

Energy [GHZ]

* Applying magnetic field to
muonium would resolve
degenerated levels.

— less depolarization of muonium & ——-— 2 ————
at triplet state Magnetic Field [kG]

— 100% polarization of muonium
(Overcoming our weak side)

* Needs careful study for beam
transportation, though.

— we have to cut a fringing field
of 3kG in order to extract!



Extraction



Extraction and acceleration of ultra slow muon
The SOA Lens

Radius Tcml
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Design and Fabrication of Mu chamber, Slow lon Optics

T4—KRRIL—T52% (ICF253)
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Design and Fabrication of

A

Mu chamber, Slow lon Optic_s
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Effect of Fringe Field of Focusing solenoid (Beam Spot at F1)

Target Field Cramp Field Cramp + Correction

W, Target
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By Strasser

Ultra-Slow Muon Beamline Layout
Target Chamber

Electric Quadrupole (EQ)

Electric Bend (EB)

Electric Bend (EB)
(static)
Electric Deflector (ED)




Optics Calculation : musrSim™ (based on GEANT4)
* developed by PSI group (K. Sedlak et al, http:/Imu.web.psi.ch/simulation/)
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Transmission Efficiency ~100 %

(except for u-e decays, r <2 mm and 6< 30 mrad at F1)




New Optics Calculation

by P. Strasser

EB —

U1A Area

XY =12 mm Der
AB=:30mrad |

Total Length = 7955 mm
TOF = 1361 ns (20keV) __

-l : T LS e G e e —

1112 ns (30keV)
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Ultra slow muon Beam Property

[ : 6x10°ut*/s, Beam size : ~ mma@

E = 30 keV % 29 eV by static field extraction

T-S10

f SOA

Static Pulsed
V (V) 200 2000
E (V/mm) 14.3 143
duration t (ns) static 8.2 Pulsed Voltage
between T and S;
vel. (mm/ns) | 0.49 - 0.54 1.0 U(T)-U(S1)
A
f-prciple 0
AE (eV) + 29 0
At (eV) 3.9 2.0
Laser
Development of Pulsed P

H.V. Extraction

200V
WTarget T 44 mm Sf
‘—_"
,
L
K W=2mm
N \
Laser /
lonization / /
Volume . |
Center 3mm  Sfatic -
E-Field
=14.3 V/mm
T 14 mm
< »,
hi i
% W va
> v
t (ns) .,
initial  final -




Pulsed HV Power supp|y Error on the initial muon energy:
Pulse: 2kV, 8ns = ~600eV py*

Amplitude: 0-2kV £0.1% (v = immins)
Pulse duration: 2 —20ns + 20ps
Rise Time (10-90%): < 2ns Amplitude: £ 0.1% = dE~1eV
Fall Time: < 2ns Duration: +0.1% = dE~1eV
After pulse: <+0.1% (x2 V)
Trigger Frequency: 25 Hz
Operation: > 5000 hours Othor oupples
| [ ]
7 ]
Example of Pulse Shape Output r 51 Sz 93 94
- —_ SOA
| | R R

N

S N |- R =
g ) ”,// i These must be short
E o 20ns10.1% Ly

) He ater ARV

A

2kV%0.1%

054

| ~ . After Pulse
O-I'J T ol T v‘ ''''''' '~. — .l Pulser D \‘\‘
0 4 8 12 16 20 24 28 20 ? &
tme ns * estimated output ed

el T L



Related Facility and Items
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Radiation evaluation by Kawamura T

requires 30cm thick concrete shielding area




Shielding area, and Water Manifolds were installed Feb., 2012

| E L— ¥ rE VR
| = AEARANE |

— . — o=
=

o

FETaY
(3

4 .
69 33

| B
Wi
= e $1] IR 2o
4




TE900mm

o

T
1T

700m

Area-U1A
(4000x4000)

&

N

rea-

Laser Cabin

‘
G vl
=] |
X |l
‘\
4,
K
|
+Rr
.
N\
N NE
S
@,
VL
kY

a
[

i | AanE

|

“ L I ;ﬁf*‘ﬁ“ﬁ i AT\_\. : : 7
i =
S| ! XY k; |
LBl b7+
FL7200 ) - Area-D2 x
“1i21000mm | /@ Juuo (25m*2) ‘
, @ Eﬁ @ @ i [ﬂE L
4 I L[ &+ § AR Ny
- [T TTT | |
RO 020-9.9 604 | L o
:: ; =—tr!
2N -H%:i url/

A
S

L

[

|

J BIRLF—IERFHTHEE E‘ T Y e —



Photo of U-line 2012 2.13 (E) ‘;?

Proton beam Graphite tar%g’t
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Road Map of Construction

Ultra Slow Muon Beam
Commissioning will start
from Jan. 2013
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Test Plan for Muon Llnac@u U line

. A few MeV cold muon beam is reqmred for

."*"' jcsd

. \-Shut ImpedaE:e is higher T Ac_celeratlon tGSt _
Construction is easier > % Yoshida, Toge,Hayashizaki

— comes in three pieces 1_ ' @201 2-2013




