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RIKEN Nishina Center for Accelerator-Based Science

(RNC)

-

1. Inaugurated in April 2007

2. Mission

1) Promotion of Accelrator-related Science
Nuclear Physics, Particle Physics, Applications

2) Operation of Rl Beam Factory (RIBF)

* Most powerful low-energy HI accelerator
» Operation started two years ago
* Open to the users world-wide

3) International Collaboration

Wako Japan

(with 80 years of history)

Kaonic Atoms/Nuclei @ J-PARC | DA®NE
Muon Science @ RIKEN-RAL /| J-PARC ?

Pionic Atoms @ RIBF
In beamm Mossbauer @ RIBF

o

 RIKEN-BNL Research Center "ok g
Spin physics @ RHIC polarized proton collider &g "y Ba
* RIKEN RAL Branch l RIKEN BNL Research Center |

a'¥

Promotion of muon science

Radio Isotope Beam Factory (RIBF) . _ e e

Cold Muon Generation RIKEN /| UT | TITech /| KEK | TRIUMF |/ Tohoku U./ TMU / JAXA
Pulse-Laser driven uSR Yamanashi U./ KEK /| UCR /| RAL /| RIKEN

)
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‘%}Advanced Meson Science Laboratory

nuclear physics
mesonic atoms (atomic physics / nuclear physics)
mesons in nuclei  (nuctear physics)

A in nuclei (nuclear physics)

muohn science

u C F s Mmuon catalyzed fusion (chemistry / atomic physics / nuclear physics)

HSR : muon spin rotation / resonance ...

(condensed matter physics)

HA® : muonic atoms (nuciear physics)

cold-{ : muon magnetic microscope / muon g-2

(particle physics / atomic physics / condensed matter physics)

Mossbauer

in-beam M : RI-beam Mossbauer spectroscopy

(condensed matter physics)
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Advanced Meson Science Laboratory
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=% Background - Present

KEK KpX E228
kaonic hydrogen atom

Lucite
Cerenkov

)| Carbon
Degrader || ¥SSiii s

enthusiastic promoter
K. Nakai

Water Cerenkov

funded 2M$ at age 33!
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‘é‘j nuclear physics (pre-history)

K. Yazaki’s question:
“Why you cannot resolve kaonic hydrogen puzzle?”

> 400 [ T T T T I T T T T I l‘: T T T I T T T T I T T l' T ]
® - it : Attractive ]
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L'\'gj kaonic hydrogen puzzle

PuysicaL REviEw D

VOLUME 50
1 AUGUST 1994

THE A(1405) by R.H. Dalitz, Oxford University

The present status of the A(1405) thus depends heavily 1000 E\ T O 1O ol Seatotng Lo

on theoretical arguments, a somewhat unsatisfactory basis for _He&Land;g;/’v‘:‘eit N 85I : Ef;“tﬂﬁaﬁtr‘zs' Model_

a four-star rating. Nevertheless, there is no known reason to a0l \ ! Const%ue%% Quark ol |

doubt its existence or quantum numbers. A measurement of \E w\s\?\z\uh 02 % 7

the energy-level shifts and widths for the atomic levels of _ /D //Siege,&Saghai:;;\\. / %g

kaonic hydrogen (and deuterium) would give a valuable check < 600} W o—f—./ O Contoy e % EZ |

on analysis of the (27, NK) amplitudes, since the energy of = oo 8 §1R°Ss; 0 / fﬁ

the K p atom lies roughly midway between those for the two g ool & B.Zﬁfﬁ?;ﬁé 69 / ‘ ]

sets of data. The three measurement of (AE-i'/2) for kaonic [ cattores e o0 | |

hydrogen are inconsistent with one another and require that : oo stat 55 8 X\ :
__the sign of Re(A;_, + A_,) be opposite that deduced from 200 |- %g xg\ 1

NK reaction data (see BATTY 89). Accurate measurements ' “§ %E\

of (AE-iI'/2) values for kaonic hydrogen are badly needed, . L ESEL N 5 o

but may not be possible until the KAON factory becomes -500 0 500

operational.

— Kaonic Hydrogen Puzzle!
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J"gj kaonic hydrogen formation

Kaonic Atom Formation

1) Initial Capture
(n~{M/me ~ 25 o

) e
M=K p W Auger Electron

2) Cascade

X ray emission

\/ X-ray

'-

stvong tek

|

¢

captures process

b

L

2
a=n'Qy

{

"internal” Auger process

v

meta-stable states

- : AE,_: Shift
St -interact 1s 2p
(Strong-interaction) 15 |—_— s Width

absorption

(Coulomb-only) 18 = = = —

nuclear absorption
(s- or p-orbit)

Stark-mixing process

AN

"external” Auger process\A

S é internal Auger trapsition
T = é )/
Strong Interaction z 4% é O
3) Energy Shift & Width  4) Absorption Reaction P ¥ < > ——> —>
Reaction Cohegnnel & 3 Z
To be observed Kp+Zn etc & é A%

v Stark mixing
Background ! JAF 14 Z
7
é
Atomic orbits of %

2p omic orbits o n -::::::::::::::::::::

Kaon % ................

[ 2p > 1s X-rays ] Jexternal:.. /.

el

molecular ion formation

7 j. . | -|-:
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L'\'ij nuclear physics (pre-history)

How to approach kaonic hydrogen puzzie?

Reaction Produced Branching w/p/e Multiplicity -~ Multiplicity

° B ac kg rou nd Free Particles Ratio (> 150 MeV/c)
. . Free Decay of K~
final state tagging v wv 635 % i 0
T m° T2y 21.2 % 1 2
AT nTnTwnT 5.59 % 0 0
¢ Gas Ta rg et e~ v e 2y 4.82 % 1 2
T w2y 3.18 % 1 2
Stark Free ror° w4y 1.73 % 0 4
- ay = K~ p Reaction
* Si(Li) in Hydrogen Gas S r 2w 10% i 2
St 7 mtn 10 % 2 0
St wtrn 46 % 2 0
3,072 737D 18 % 0 3
20 Hyn 10 % 0 5
Am® T 29p 4% 0 2
An® 4vn 2% 0 4
15 I T
logmn plot
Lucite E 10 Target chamber =
Cerenkov = ! Teflon plate
Carbon 2 Vacuum : (La%i degrag
- chamber .
Degrader | o s ! N
E ' )
o %
oy
m 0 ‘ -
Back wall
"""" ‘- In-flight decay/reaction
5 | 1 | | | \ 1
-300 -200  -100 0 100 200 300 400 500
Water Cerenkov Vertex z (mm)
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Léaj nuclear physics (pre-history)

The European Physical Journal C

Volume 15 - Number 1-4 - 2000

THE A(1405)
Revised March 1998 by R.H. Dalitz, Oxford University

From the measurement of 2p —4ls x rays from kaonic-
hydrogen, the energy-level shift*AE and width I' of its Is
state can give us two further constraints on the (2, NK)
system, at an energy roughly midway between those from the
low-energy hydrogen bubbléchamber studies and those from

gR(Zm) observations bélew pK™ threshold. IWASAKI 97
have reported the fir§f’eonvincing observation of this x ray,
with a good initial eSfimate:

AE — iT/2 =(873 + 63+ 11) - i(204 £ 104 + 50) eV. (2)

the errors hete encompass about half of the predictions made
following®\drious analyses and/or models for the in-flight

K'p andis8ub-threshold qR(Zm) data. Better measurements
will beneeded to discriminate between the analyses and pre-
dicfigns. ..., perhaps from the DA®NE storage ring at Frascati,
inf®rmation vital for our quantitative understanding of the
(2, NK) system in this region. .....

—
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3 Kmes | / ey
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Dose KN interaction repulsive?

R. Seki, Phys. Rev. C5 (1972) 1196
S. Baird et al., Nucl. Phys. A392 (1983) 297
C.J. Batty, Nucl. Phys. A508 (1990) 89¢c

(V+iW) xexp(r/r)/(r/n)

0 T
I

= ! —_—
]
A )

g > >
5 I
4 L W=0MeV |W=10MeVi

Kaonic Hydrogen Energy Level (keV)

O [ o o - ‘\ ———— — ————— — —— ——— - - — = - - -

-6 - ,
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_ /o
I V }
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=
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=
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Coulomb
repulsive shift!
nuclear K

+ Strong

No! strongly attractive!
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W . . S.Hirenzaki, Y.Okumura,
‘-j Kaonic helium puzzle H.Toki, E.Oset, and A.Ramos
d Phys. Rev. C 61 055205

Previous K-‘He measurements shifts and widths of kaon atomic levels
- Shift - - Width -
AFEy, (eV) Ty, (eV)
|
1971  —41 £33 - 10
1979 —35 4+ 12 30 £+ 30 |
1983 —50+12 100 =+ 40 1t
Avg. —43 + 8 55 + 34 >
=< 0.1
Experimental data: -
Very large shift (~40 eV)
5> contradict for long ! 0.001k
Optical Model values: [ 7=2
Very small shift (~0 eV)
02/14 S. Hirenzaki, Y. Okumura, H. Toki, E. Oset and A. Ramos Phys. Rev. C 61 (2000)

2010%F2H27H L EH 13




Coupled channel & data

large shift scenario
from coupled-channel
calculation

eV
0

Coupled channel

V,=-120 MeV

30

eV

«

Optical potential

private
30 W,=-60 MeV communication
Y. Akaishi
20
10
0 e
-100 =300y ey
-10

previous data

80 T T T T
S A I - _
] L Lo |
20+ i: : I : N
| ! |
0 1
10 15 20 25 30 35 40 45 A
" Eneray 0V C.E. Wiegand & R.H. Pehl,
¥ Phys. Rev. Lett. 27 (1971) 1410
1004 COUNTS }
/100 ev
:
3 E_ ,
o] 8 1
It
MMMM C.J. Batty et al.,
o 3 3 8 w o ok % 1§ 18 20 Nucl. Phys.Ai2§(1979) 455
KAONIC HELIUM ENERGY (keV) -
300 COUNTS/100ev l
B K=He
- 3-2 42 5,6-2
200 __ "
B i i T S. Baird et al.,
100 | }I Nucl. Phys. A392 (1983) 29
- ] - -2 .
- JiF
0 B It

2 4 6 8 10 12 1% 16 18 20
ENERGY keV
KAONIC HELIUM

X-ray spectrum measured with (2.3 1.2)x 107 kaons stapping in liquid helium.
AN A NN N e e NN
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L'\'ij Kaonic helium puzzle was resolved

Success in resolving Kaonic Helium-4

Puzzle by KEK E570
“03. |1500. _ .:2009 _ ?SOQ _ :.3000. _ ?509 _
" Ti Ka Ni Kq self trigger for -

calibration

electric K x-rays
Ni Kp '

7 8 9 10 11
Energy [keV]
200-_ll I T 1T 171 I L I T 1_TT I T 1T T T I T 17T | T LI L I LI I lt
i 3d-»2p |PAON PIIErIon
>
® 150 F :
o
Tp]
.
2100
2100
S I
e
O s0f

5 10 11

Z 5 6 7 B
Energy [keV]

AE,, [6V]

WG71: C. E. Wiegand, R. Pehl, PRL27, 1410 (1971)
BT79: C.J. Batty, et al., NPA326, 455 (1979)
BR83: S. Baird, et al., NPA392, 297 (1983)

20
[ BT90, HZ00, FR06 :
of e P
I /7~ |[E570
N AKO05 i
20 e -
-40 — T ‘It } Old Average —
N ng"L
_60 — —
[ BR83 i
_ap [ WG71 y
(" BT90: Global fitting A

C. J. Batty, NPA508, 89c (1990)

MHZOO: SU(3) Chiral unitary model

S. Hirenzaki et al,. PRC61. 055205 (2000)

[V FR06: Consideration for nonlinearly

density dependence (~0.4 ev
as the lowest)
E. Friedman, private communication (2006)

[ AK05: Coupled-Channel model

Y. Akaishi, EXAQ5 proceedings (2005)

J
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o\

=% The SIDDHARTA experiment

500

400

300 -

200 -

100 1

For the signal 8 Voigtians with

given gauss resolution and free identical
Lorentzian width are used for (2-1),.. (9-1)
The position pattern is fixed by the QED values
The intensities of (2-1),(3-1) and (4-1)

are free, those of the higher transitions are
coupled according to theoretical calculations

(cascade calculation, e.g. Koike)

Note: Kpgn energy (keV)
yield pattern

2010F2H27H LEH

16



‘éij Move to kaonic helium-3 : ]-PARC EI7

AE, v K4He — u K-3He
eV Y.Akaishi:EXAO5 | o ST L eoT 1 = 2
10 — ama‘:'ﬁve K"_3He T+ .(-69, 66) MeV ﬂ/ ..'.‘ o

5 -
-200 -200
0 : i ——— A« -
o‘o\= 4 ;
-5 K-%He /\ i
2+2(stat)+2(sys) eV 4
-10F = (KEK E570) 400
repulsive
-15 L 1 1 1 aA—> -500 7] N
100 200 300 ¢ Uo,MBV kaishi and T. Yamazaki Phys. Rev. C 65 044005 (2002)
[ By the potential difference,
| large difference expected between K-4He and K--*He

If it observed to be...
» Large shift m=) deeply-bound state exist
» Zero shift m) potential is shallow

Effective area: 100 mm?2
KETEK products
(http://www.ketek.net./)

New SDD & Preamp

a

v,

107

10

e2ch
offset

Kaarea
Ka tall
13il slope
Kb area

S5 Ko tail

50123
20

106.2
83731597
0227
0.3462 + 0.0005
5.823= 3474

EWHM(eV) 14T 2-08

39560404 + 204
0.02464 = 0.00167
6.829+0.812
73414 90.9

~\
SDD Housing Temp.
Preamp Temp.

chip : 246 K
cover : 160 K

0.1106 £ .

L4
Fitted with

Gauss-+tail for Ka. / Kf
(common s & tail slope

s 305 M S b Resolution:
: v, L ~150 eV )
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\ .
L‘gj What is mass?

o at eesdt

2
E = mc

Standard Model (Gauge Theory) is not end of the story,
Nanbu tells Local Gauge Invariance and Mass is related...

2010F2H27H LEH 18




. Higgs mechanism
“3} Why quarks do have masses? ® O O
U d S

--- Toward the origin of the Hadron Mass ---

compound mass = 1:Y atomic mass 5 MeV 10 MeV 100 MeV
< -10-% chemical energy uacuum & filled with higgs /

atomic mass = 1: nuclear mass
~ 104: electron mass
< -10-8: Coulomb energy

nuclear mass < 0.99 :Y_nucleon(hadron) mass

BUT, m, is not equal to
m, + m, +m,

~ -10-2:nuclear binding energy only few
hadron mass < 0.01 :Xquark mass
How quarks are confined? ~4() 99 : <gg> condensation?
spontaneous symmetry breaking?! there are

contribution from
sea quarks and
gluons

and
0 even strangeness

@ in it!

What then happens, if one embed a meson in nuclei?

2010%F2H27H L EH 19



R % why proton is heavy?

higgs mechanism give less than 2% of the proton mass
quark anti-quark pair condensation exist? = what is vacaum?
begun by Nanbu

200
T .
big bang 172 Quark-gluon plasma
= 150
[0}
= 125
. . (0]
higgs condensation % w!l X
T:~ 100GeV o)
75
Quark mass ~MeV g- Hadron phase
(0]
— 50
- . o5
gq pair condensation ‘ /
T:~200MeV 250 500 750 1000 1250 1500 1750 2000

Quark mass ~300MeV Baryon chemical potential [MeV]

Baryon formation
Baryon mass ~0 7

present universe (vacuum)
T:~0eV
Baryon mass ~1000 MeV

-

Y
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Big Bang

—

Phase Quark Gluon Plasma

Transition (QGP)
Cooling by expansion

Hadron

Baryon Meson

L3 “liquid

“Gas” -> “fluid”

2 Color Super
Conductivity

Nuclear ,
Synthesis (droplet)

Star Ni‘i:;o” Phase Quark
3‘4 3‘.{ Transition Star?
Compressed 49, @@ o° Compressed 8

| PR 0000066~

Supernova | ¢ S « | 066688 P
. D o7, quar

Fe— U Explosion LLLLLL

Normal Nuclear High density Quark Matter

Matter nuclear matter
2010F2827HLEH




Phase
Transition
Cooling hy.exg

Hadron

Meson

%

S~

(venpel LU N

Baryon
Precise Nuclear ?
Physics

IPI

|\1U|u

(dropl

High Energy
Heavy lon collisions
(RHIC@Brookhaven,

LHC@CERN)

“Gas” -> “fluid”

Hadron Physics
(J-PARC, RCNP-LEPS,

Jefferson Lab.
CERN, GSI, ...

Neutron
\star

Strangeness

Corpressed

ﬂ,

B‘oﬁs‘?‘.g Traniey
L o 5

uclear Physics |gf4
(J-PARC)

96660

Unstable Nuclei

(Rl.beam Factory
@RIKEN,...)

Supgrnova
-XplosiQn

NOH"
906660
NNMO

Normal Nucle
Matter
2010F2H27H HEH
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‘\i
4

.7 The first meson bound state attached to nuclei!

wave function
+V

d He
T atom
T T T T T
=l - in 207Pb
=Y ]
[14] - eff
= VrtN = Amg -
| I I | I | | | = - -
— = 0kh.-.-.--..
- 206Pp (d, 3He) - ,
E 15— — 8_ ________
g 7 in 15 : .Z B Coulomb + VTIZN
_g‘ n-hole: fy, or py, or g P = L . .
e 20— P v
a s VCoqumb o
5 -
m - " —
L # = \+ 15 ] A
E" 0.1} PureV » ( )
b -
[4Y]
L=

JIIIII

T in2p
n-hole: t;,, or pys, or Py,

o
—h

density: (4xr?1gl*) [fm]
o
o

| | I | I l |

130

PRL 88 (2002) 122301 Excitation Energy (MEV)

o
(=)

132 134 136 138

radius [fm]

2010%F2H27H L EH
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-\»;; K mesons in nuclei

Because KN s-wave interaction is strongly
attractive, something drastic may happen!

m,/m, innuclear matter =" ~100

1.5 . ___

fr Atomic States

1.0
°
= _—I | Nuclear States
&
1
0.5 e’
Tr—i=—
- | T/100 MeV |
0.0 i | i |
0 ~ i~ 3
i tomic states K at rest
. . 4tomic states atres
T. Waas, N. Kaiser & W. Weise, Phys. Lett. KN interaction at normal nuclear density
B379 (1996) 34.

E17: K-3He 3d - 2p x-ray

* KN interaction at higher nuclear density

2010F2H27H LEH 23




‘é;j Embedding K in nuclei?

U%(lucl Ulmd Ulmd
K K
MeV Me\x MeV
7 fm r fm A r fm
0 I I > 0 T > 0 I B
sof [ A(1405) - gl 50
S Eg =-2TMeVyn X X —— 4
= [rg-40Mev = 3 “H
=/ 1 :
An [ |Eg=-108Mev An- Eg =86 Me?
Ar LI ) o = 34 MeV
200 200 [ Tg=20MeV 50 K
-300 -300 -300
-400 -400 -4001
- K+ He (K 'He
soo| K+D 500} 500}

Y. Akaishi & T. Yamazaki : PRC 65 (2002) 044005

Deep!

~ 100 MeV

cf: By ~10 MeV

Narrow!
~ 20 MeV

= meta-stable

- Shrink!

= high density?

2010%F2H27H L EH
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A. Dote et al.

0 : . ]
L‘X Embedd"‘g K in nuclei? Phys. Rev. C 70 (2004) 044313

-1 BEX

—
a1

[ /1] A31suep

—
o

o
&)

I
@ Mono-energetic!

Atomic
Orbits . Nuclear T

> K Auger !
He clust -é P
. -0 Jr

yCc.m. n -

‘He @‘Radius Shrinks!

Neutron

Strongly Attractive!

hadron mass i R DR
astronomical study p+é€ — K~ +p+V ‘?
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P

&% EATI1 / E549 setu

M. Iwasaki ez al. : NIM A473 (2001) 286-301

K" injection

decay particle

/

iquid helium targ

Li

0

."”M :

Z -~ /

/

p,n detection

&

L
-

\\\\\\\

SN

A — |

_—————5

NC

K-meson detector

Y

w, p detector

26

2010F2H27H LEH



x1 03

0

21

=)
>t |
- = 200 S*(3140)
- ‘_f)"—‘-’ L
5 1 !
- § 150 = ) .
- o |
ook +J'++‘ .
- : 4
+t+ 1o .
- sof W s
- - .,(*1 g .
- - O:tf;ﬁ;&
N OMI R -
L 2950 3000 3050 3100 3150 3200 *
[ Missing Mass (MeV/c?)  a
: S+(3140:E471)1 .
L ANN NN eotTATNN 3NN
K NN—xN and
A KpN3An ‘T‘+:2tﬂe.r5, |
3000 3050 3100 3150 3200
M (MeV/c?)

L'\'ij ‘He(K", nX*) missing mass spectrum E471/E549/E570

-—-T=| 0 MeV/c?

10— ==T=p0 MeV/c’

S [| —-T=f0Mevic’

S I

8 [

—

2 |

Bk

S

” 102

& F

= L

E T

§'_ a T

SWE
- 3
3000 3050 3100 _ 3150 3200

M (MeV/c?)

D

no evidence

wide or week, if peak exist
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2% AN correlation observed in E549/E570 (KEK)

L . ‘g
E A - L H = AN AN
iy :Ap E " ! 183
e e g _ = . 2, -
1 & B o EHE 2, 18 o
A + =\ ‘S bt - o=, <. () L 12 §
Cp A 2 ?34, £ 2 3=2M(N»+M(n)§if Ch ‘*', _§ =
mH, E 7 S %, Z = mH, L g
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> |
2 . o | + 4
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£l bt y .
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E549/E570 (KEK) ...

02“20 2050 2100

Ap invariant mass (Me V/c?)

K- ‘NN’ s> AN

Suzuki

2150 2200 2250 2300 2380 2400 00D | 2050

2160 318D 2200 2280 2800 2360 2400
An invariant mass (MGVICZ)

if 2N abs. separated kinematically
“signal” may appear clearly

— in-flight kinematics
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Do not exist? : New data from Osaka group

in-flight (K-, n) reaction @ 1 GeV/c

T. Kishimoto et al., Prog. Theor. Phys. 118 (2007) 181

indicating very deep potential fit = Green’s function
2C(K-, n)
2000 e
1000 oy
> WS S
o v
- deep & wide KN pot. E : 2-150
Im(V) ~ 50 MeV 5 g0
500 -
- lower background 100
in-flight ensures ... 050 |
2N process suppressed -
kinematically separated el | TRy s
not seen in the Spectra -150 -100 -30 0 o0 100 -200 -180 -160 -140
-BE(MeV) Re(V) (MeV)
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‘\i
A

Deviation UNC/SIM (arb. scale)

. 40
Do not exist? : DISTO re-analysis - ;
38 F i COR
exclusive R a6 F .5
pp — K*Ap at T, = 2.85 GeV ‘:’9 e A
> 34 F
—— 0.3 02 0.1 0 01 @ :
- NN RN gS.Z'—
) B(Kpp) [GeV] « 30F 4
- o
M = 2.267 + 0.002 - et
r _0118+D.008‘ % 28 . *
201 ) : - ¢ E. Preliminary ~
i : : - .lllllllllllllllll:llllll
e I ! : 40 45 50 55 6.0
5t W[ | 5 MApY?  [(GeV/cd)2]
1.0 F by
- ! I : fo !
. ﬂ-h' § g; E’ 'rH_++JF p
o5l | I B LA + ‘COSQCM <0.6
- : e R
: AR S
ol = E":E| N T. Yamazaki P. Kienle K. Suzuki
2.0 2,1 2.2 2.3 2.4 2,5 2.6 ArXiv:0810.5182
M(pA) [GeV/c?] ' '

DISTO experiment:

6.5
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ﬁij Theoretical progress

SHe(K-,n) K3He->“ppK-”+n @1GeV/c

- bound state will be seen
- yield 5~ 40 ub / (sr MeV)
- resolution must < 20MeV

bound region unbound region
<+—— >

60 ||||‘||||‘||||‘||||‘||||
o~ [ —— K" Conversion ]
% ————— 1-body absorption deep pot_ 1
S r 2-body absorption 1
5 40 -
3 N
=

[

(NN

'OC I

o 20 —

© N

®

(N

-O ~._¢
0- 1'|||‘||||‘|||\|~|"1~|-1~.|".-'
750 700 650 600 550 50(

T, (MeV)

T. Koike, T. Harada, Phys. Lett. B652 (2007) 262

dzcr/d()ndEn (ub/(sr MeV))

inclusive

1-nucleon K- absorption

2-nucleon K- absorption

100 |-
80 -

60 |-

HKescape .
(a) bound ——= quasi—free _ (b)
SGM ~ YA

100 |
80 |-
60 —
s

20 |-

DHW

2 @
- FINUDA

—-150 —-100 -50

0 50 100 —-150 —-100 -50 0 50 100
E (MeV)
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ST P decay channel
can also be tagged

by i 7 tag
Chiral unitary

*He (K',n)
| | |

gt conversion

S art

é p _
E shallow pox.
o) N
=

uF 4 s state

< p state

G -
o d state

o

Al

©

|
700 600 500
T, (MeV)

J. Yamagata, S. Hirenzaki, H. Nagahiro, D. Jido, Mod.
Phys. Lett. A accepted. Proc. of Chiral07.

16

\ . . .
“X Theoretical progress Chiral unitary : shallow pot.

J. Yamagata-Sekihara, H. Nagahiro, D.
Jido, S. Hirenzaki, in preparation

—
N

[ub/sr MeV]

0]
oS
=

d2
dQdE

o

T2 !

700

Ofs o= o= o= == - o= o=

500

[ub/sr MeV]

(0)

d2
dQdE

-2+ |

600 500
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L'\'ij J-PARC: The Ist Experiment- Recoilless K scat.

J-PARC E1S5: *He(K-, n)
KN study by nuclear

bound states

K-3He ->“pp K-” +n

at 1 GeV/c by both

missing & invariant mass

x %// % y
{ 9
7

VAL b bl

L
7 L

/E:\; ii
r

- -_,A§Fi'i?ﬁ?’_a’3’ Beam

neutron counter

(NC)

¢ T TmEmEEEEm== ~ 4 \
I K- 3 ! - -
I K He | ! ! L
! f | Egoof-
1 ormai! EF e
" ‘ q : i I 1 > *‘ ;
: , | tion /! ; s Py |-
___________ / l 1 200F %
----------------- r K-
( \ 0
E 1GeV/e =
™ e -zoo:
-a00f- P
prOton | P S P Y st log pa ba ol -GOOEI PRI PR PR T T e F e e
600 -400 -200 200 400 600 -400 -300 -200 -100 0 100 200 300 400
x[mm] z[mm]
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‘\3; Search for multi-kaonic nucleus
(J-PARC Lol)

K-K-pp  -117 35
* The double-kaonic cIusters: P K-Kppn <221 37 17p,
expected much stronger binding energy
and higher density. A R ICE )
K-K-pppn  -230 6l 14p,

e Double-Strangeness production

is forbidden for stopped antiproton K-K-pppp  -109 -
PL,B587,167 (2004). & NP, A754, 391c (2005).

p+p—=K " +K"+K + K -98 MeV

if deep multi-kaonic nucleus exists, following channel will open! .. p. Kienle

g B.E.=117MeV\

p+°He— K" +K"+K K pp+B% —109MeV s iy
K K pp—=A+A

Anti-proton induced in the 3He and detect K*K% A A as final state
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v,

j Setup for multi-kaonic nucleus search

J-PARC E15 type detector

L*He
Target

Z-Vertex
Chamber

Hodoscope
Counter

— >

Solenoid
Magnet

Target
Chamber

~2m

Charge Veto
Counter

| sum (branch & yield corrected) |

— som

s =E
% :._l:'l
S g =
S = Nyccpp = 25
= 6 =
£ °E N, =6
= =
= SE
= =
= “4E
= =
= —
= 3E
= =
8 2
= =
=S =
=) —
1

Large acceptance dipole spectrometer

[ sum (branch & yield correctea; =

—_— sum

—— KKpp (B E =-200M=V)

— KK po (8 = =200MeV <3_ — —_—
——% ] <P —
= 14— —— aa
- 3 E N 24
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S 12 ar e
g - N, = 27
= 10— N,, =149
S =
£ 8—
= m
2 e
= =
= m
8 4
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25—
= e B - oy e ke N el _s
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@ -
S =
S e
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= 5
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a e e, 1 s i1 2 a_l_a FAFE iEAy
200 2300 2400 2500 2600 2700

2800
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-
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3
A

" 3 % mass shift of ¢ meson spectra

in p-A reaction has been reported 1.00
by KEK-PS E325 .l
QCD sum rule calculation tells us E oo
mass of the ¢ meson will be reduced ~3% i
\_ even in the normal nuclear matter densityy o el gttt

_-' T. Hatsuda, H. Shiomi and H. Kuwabara
T . Prog. Theor. Phys. 95(1996)1009
Strong indication ]

[ ' ' bar4-5 — ¢y will be
¢-N interaction must be attractive PP ¢ ]

ideal elementary process
Question:

for the ¢ mesonic nucleus formatlon

whether formation of ¢ meson bound state &7 _F ‘& m
in nuclei will be possible ? = F t ¢+ Pyt
S 3F +¢
k 1) as small background process % 2 : ; + ¢
as possible g E +
2) produced ® meson must have 1E & M s _
small momentum (~200 MeV/c) 3 T.ER

1.2 1.4 1.6 1 8 2
incident ™ ® momentum (GeV/c)
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‘éij Setup for ® meson nuclear state search

(" A K+ )
How to produce and detect ® mesonic nucleus? O 2L ‘ K
4 ) E’.N
( h ® mason fast oK
’ ‘ ® meson
Anti ‘ ~0.3GeV/c o= .
proton ~1GeV/C k (DmeSIC nUCIGUS )
Nucleus . .
q Missing mass using reconstructed
\_ J forward going ¢ coincidence

Momentum transfer

40—~V T T T ]
— [, P+ p—¢+¢
L momentum transfer |
= 300 . to the backward ¢ —
= o ]
5] i e .« 4
qg 200 k. P :04/@1 4
S <l ////////// 5 = 20 g L C o
= 727" Mo s ]
e s 7 4044@1//02 """""""" .
= Le=
$S 100 —
& i J
=S [

o [ \ AP B A

800 1000 1200 | 1400

incident momentum (MeV/c)

If we choose pPar momentum
=1.0-1.3 GeV/c

momentum of the ¢ will be 200 — 260 MeV/c

with K+ and A from target

Conceptual design
for the detector
Is in progress

CDC
ToF wall
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Advanced Meson Science Laboratory

) ¢ \s
wu 8—2m

beyond Standard Model
a new physics!

Muon Science

dtpu

can we make energy?

RIKEN-RAL Muon Facility (RRMF)
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‘-\»aj Foundation of SR method

Kubo-Toyabe Function

\T=285K) | T Yamazaki & R.S. Hayano
30 0¢ | @ TRIUMF PRB 20(1975) 850
—-éh§_%._%_.%__

K. Nagamine

5 on Facilities over the world
|
O é ﬁll GIS é (0]
TIME (usec)
- UTMSL (shutdown)
- RIKEN-RAL

- TRIUMF (donated)
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High intensity proton accelerator facility of
. Rutherford Appleton Laboratory in UK

Fig. 1 — An artis®’s ion of the *hree main cemponer:ts of
ISIS: the 800 MeV synchrotron, the he- vily-shielJod target-mode-
rator-reflector assembly, snd the expersmental hait.

Specification:Energy 800 MeV, Current 300 pA,Repetition 50 H

- T X
= i 2 =
B 5 < # -
) « e
B N 15
i = K
= 1 7 > 4
] < 2 /
»
ws -
"

The RIKEN-RAL Muon
Facility
'he highest pulsed muon

z, double pulses

beam facility in the world)
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~% RIKEN-RAL Muon Facility (RRMF) @ 2008

.l E .
_W—Q_%U_J— A HH
800MeV Proton

Production

Beam

Port 3
(Low Energy

Muon)

| Laser Room

DAC
Room

XL~ _-Solenoid
\\ /5\/

" ey i /

\ N - < (&)
—|— \""l p. // \\\ /’// /\)V/ v = I ! 0 [
— B AP e ///‘,’ASuperconductmg ‘

1L

Laser Room

\ B \ N ~ \J "
" -;\ 3 / | b \\ " R
N USSR . 2% X
rI g E\\"‘, . \ X
to Port 2 | 5 U, w7
N = : A4 ; )
I s ﬂ‘
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‘éij Muon Catalyzed Fusion

Enhancing uCF cycle towards break-even (~300 fusions/muon)
MCF at high density/high temperature solid (liquid, gas)

IT

120 -
— MO ||CF cycling rate E
w 100 —
2 E E
< QF E
P E |
0.9 =
F 08F : i
= 07E Muon loss g -
- probability I B T -
0'6:111]1111[1111[1111|1111|1111%—-\\\? 30K
10 Ly __
Temperature [K] new high pressure solid D/T target
0.33% level for ey >
break-even
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"\'ij introduction to Muon Spin Rotation (USR)

- a unique and sensitive probe for the magnetic property

e - N
u-e decay

Lifetime WT:'

T, =2.2US
L u u e+

High sensitivity to the magnetic field

Different time scale from that of NMR

Measurement in zero applied field is possible

J
+ :
e ® ® ® &  Muonin
m paramagnetic

® © @. ® state

100% »p ® S ©
spin-polarized u* ample
Forward Backward b F & ¢ 4
counter counter v /. Muonin
N Ng ¢/ v ¢ v antiferro-
4 4 magnetic

aNg(t)—Ng(t)

Asymmetry A(l) = 20

' "= state
A A
¢ :
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"}ij Example of USR studies on organic material

X[Pd(dmit),], with
spin frustration
Distorted triangular

lattice
[Pd(dmit),],

e O dimer

ayer @ @ @ St wm
Insulating Q QQ A at

X | a)/er | ’) frustration

[Pd(dmit),]

[Pd(dmlt)2]2
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L'\'aj magnetism of 2D distorted triangular lattice by uSR

Frustrated «—

iIsotropic

) T S —— 1
& A a =]
D A &
S 0 S S—— SR RS SR S 1=
= | A s s
> 9 7 &
2 | PoA < o B
. - 2 40 b e O S— —— Koo
= | H A z
-+ Eom : 2 F
v A ° ° " n - i o .
< : 20 Lo O @ | L !
o °a . ‘ a e
: 3l . 0% |S o0 8§ 365K T
0.00 LT e g : Py LN
o || 0 i i !

0 10 20 30 40
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A

As a Center of Excellence for muon science

Hokkaido U
Muroran Inst. Tech.

Akita National College of Tech.

Niigata U.
Kanazawa U.

Fukui U.
Kyoto Inst. Tech.
Kyoto U. - ICR
Osaka U.
Kobe U.
JASRI - SPring8
Hiroshima U.
Ehime U.

Kyushu U » ‘g\

Nagoya U
Daido U.

Toyota Centra

R&D Labs.
Toyota Co. Ltd!

U. Electro-Communications
Tokyo Mumen's Medical U.

Yamanashi U]
U. of Tokyo

Kagoshima U7

RIKEN-RAL domestic
collaboration

Iwate Medical U.
Tohoku U. - IMR

¢ KEK
JAERI
AIST
NIMS
RIKEN

Saitama U.
Tokyo U. Science

Toho U.

Chiba U.

Tokyo Denki U.
Ochanomizu U.

Tokyo Inst. Tech.
Tokyo Metropolitan U.
Sophia U.

Aoyama Gakuin U.
Gakushuin U.

Tokyo Kasei-Gakuin U.
Stanley Electric Co. Ltd.
International Christian U.

v' Collaboration
expanding in many
universities and
research institutes.

v" more than 300
proposals over last
10yrs

120 papers over
last Syrs
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RIKEN-RAL Toward 3rd Term

2010%F2H27H L EH
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=% RRMF-AC Meeting

name iinstitute job title
Andrew Taylor RAL / United Kingdom ISIS Director
Stephen J. Blundell University of Oxford / United Kingdom Professor

Department Head of

. PSI / Switzerland

KurtN. Clausen witzer Neutrons and Muons
Jun Imazato KEK / Japan Professor
Jean-Michel Poutissou |TRIUMF / Canada Associate Director

Eiko Torikai

University of Yamanashi / Japan

Professor

Nov. 26-27, 2007 / Nov. 4-5, 2008

A. Taylor, the Chair, visiting
President R.Noyori

2010F2H27H LEH
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&'}aj Review System and Schedule for RNC

RAC

(RIKEN Advisory Council)
April 22-25 2009 (twice in 5 years)

RNCAC
(Nishina Center Advisory Council)
January 15-17 2009
Report Report
RBRC-SRC RRMF-AC

Review Review Review

Nov, 17-18 2008 Nov. 26-27 2007
Nov. 4-5 2008

RIBF and other activities

v v
RBRC RRMF

RRMF: RIKEN-RAL Muon
Facility (RIKEN-RAL)

2010F2H27H LEH
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"}ij NCAC Meeting Jan 15-17,2009
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. held in Jan 15-17, 2009
‘-j NCAC Executive Report

* NCAC endorses the recommendation of the RIKEN-RAL IAC that
Condensed Matter and Molecular Science and Ultra-Slow Muon
Source Development be prioritized as the first of two central pillars
of the future RIKEN-RAL facility programme, and given sufficient
resources to enable its continued development. The NCAC further
supports the IAC recommendation for an extension of the RIKEN-
RAL agreement beyond 2010 by at least another 7% years to 2018.

* NCAC sees future opportunities at J-PARC and suggests that the
interested parties explore the establishment of a RIKEN J-PARC
Center.

|

- starting from hadron physics -

S.Gales RIKE opa—
& b, murHEA BERLERF
Chair of NCAC T CHNERH RS —
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‘-\nij RIKEN-RAL Beyond 2nd Term

/Recent focus toward 3rd term

(1) High intensity laser system for slow py* beam production (Port-3)

New muon g-2 measurement / surface ygSR = 2~4 kHz slow muon @ RIKEN-RAL

100 times higher intensity (50~100 pJ) of VUV (122 nm) light
Search for efficient muonium-producing target materials

(2) Laser pSR experiments (Port-2)

The laser system under collaboration of Yamanashi U., KEK, UCR, RIKEN-RAL.

“Spinstronics”: R-331,R-361 (K.Nagamine), R-327(E. Torikai), “Muonium chemical reaction”: R-317(D. Fleming)
“Molecular state”: RB-810980(F.L.Pratt), “Muonium state”: RB-810217(S.Giblin)

(3) New pSR spectrometer (Port-4)

New multi-segmented (600 ch.) p-e counters

(4) High pressure cell for pSR (Port-2)
Uniqueness of RIKEN-RAL (vs. J-PARC)
\ due to required high-momentum muon beam (thanks to ISIS shorter double pulse time separation)

(5) Remote uSR experiment on demand concept

2010%F2H27H L EH
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RRMF Present & Near Future

N SR Il
{ = AHY
800MeV Proton

Beam

[\
oY

Port 3
(Low Energy

|gh RPressure. MCFE

¢} utilizing;RIKEN director. fund
\ A

ﬁportz | Port1 ﬂ“
(2, 4) Lasér-and Pressure-(a8R— cp

Spectn
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v,

j (5) RRMF Remote ISR on demand?

key issues:

- make it like domestic facility
to all over the world

Muroran Inst. Tec

= concerns Kanaza\'l\lv:gSTa a
How can we maintain uSR ot Bst%g“h'.”'
yoto U. -

specialist? Osava
Hiroshir:na In98

Kyushu U!Ehlme V.

B

Nagoya U/
_ Daido U.
£ Toyota Central

R&D Labs.
Toyota Co. Ltd!

amanashi U

Kagoshima U

Talan Miiman

/ Internet Connections

Fire Wall
RIKEN Staff

Hokkaido U

Akita National College of Tech.

“‘r : 4 ;“‘

U. of Tokyo

U. Electro-Communications
'e Madiral I'l

Fire Wall
Video Conf.

Iwate Mgdical U.

ohuU.-IMR AnalySiS
platform

Admin.\

h.

3

Saitama U.

Tokyo U. Science
ToNno U.

Chiba U.

Tokyo Denki U.
Ochanomizu U.

Tokyo Inst. Tech.
Tokyo Metropolitan U.
Sophia U.

Aoyama Gakuin U.
Gakushuin U.

Tokyo Kasei-Gakuin U.
Stanley Electric Co. Ltd.
International Christian U.

Network
Fire Wall
1Vide Conf.

2010F2H27H LEH
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L'\'aj (2) pulse laser driven USR

New laser system for laser-uSR (Port-2)

key issues:

- new collaboration framework
U.Yamanashi - KEK - UCR - RRMF - ISIS

- application to spintronics, chemical reaction study, etc

Low-Temperature
Dedicative Lasers Condition

(down to 2 K)

new laser (.yamanashi | KEK) laser bridge

implgyeld

' temp RGOl CIN

2010%F2H27H L EH
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=% (2) Muons for Spintronics:

New Muonium Method Detecting

Conduction Electron Spin Polarization
(CESP) in n-type GaAs

BACK [~ [FRONT laser pulse
<8
{ : p— | <
i LCP ( 04)
pulsed muon beam m=-1/
i=-
18 I'.'I.”'I”(?-ajfsv:af?r..l‘ ' [t Prof. Nagamine, Prof. Tom, Prof.
Kawakami, Mr. Yokoyama (UC
- -l}F—-p‘.liRS:(kG _ ﬁ +{ # * Riverside), Dr. Shimomura (KEK),
i = 32 Dr. Pratt (ISIS). Dr. Matsuda and Dr.
ail Laser 1.3 mJ/pulse < a%ﬁﬂgfm-ﬂ+*- - H«} ~ i Bakule (RIKEN-RAL) showing their
s at831nm Q'. ++ { first result of the laser irradiation
al_el .| ; pSR: '
& (16 February 2008)
E‘ an '] Z =1
£ LT .
§~ 13 b ' ; ‘iii i
0 - ¢ ’ I 1] '
; W, ity s
21 @ Laser OFF $ % - { I #: T { ! { ]
i Spin configuration i Ei {I %‘ : |
e Parnllel } . F !
- @ Antiparallel * | (a)
ol e 1) | 1 s b a o 1 1.4 o
0 1 2 3 - 5 6 7 B 9 10
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‘.\.j@) expanding USR capability @ RRMF
A

New uSR spectrometer at Port-4

key issues:
- highly segmented direction sensitive detector array

- enhance S/N with Fly-Path operation
- new DAQ and temperature/field control system

supported by “Molecular an ensemble” program
headed by R. Kato

sample

i BWD/FWD p-e counters
(total: 600 channels)

fine-segmented
direction-sensitive
counters viewing the sample

2010F2H27H LEH
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L'\'ij (3) Spectrometer components

half-unit of the ue decay counters

2007.03.22

2007.03.22

readout fiber connectors and MA-PMT attachment

spectrometer magnet

2010%F2H27H L EH
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(]

‘-‘»j (3) Spectrometer installation

[ - - (i
. 2 oy ~—
5 B . “‘l- F, | -|
& | |
Y- 3
- gy = -
. 1 ,[*. £hS
|

4

- ==

— ] :
;-

L Taf

:

Advanced 2nd Spectrometer ’

2 V‘ !
///
g /

——
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"}aj (4) High Pressure USR cell

--- try and error for HP-uSR

key issues:
- intensive work and collaboration RRMF-ISIS

- keep try and error
to expand capability of available HP region

Higher Pressure
than 7 kbar

10 kbar

L (1 GPa)

2010F2H27H LEH
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L'\'ij (1) ultra-slow Y generation (Port-3)
New laser scheme for g-2 muon source
spot size : 30 x 30 ym? x 10 nm
target size : few g — few 10t ng!
2~3 kHz slow-u realization at RRMF

key issues:

- realization of first practical (~100uJ) VUV pulse laser
muonium laser ionization

- realization of low temperature muonium generator

lower momentum dispersion:
realization of zero emittance beam (g-2)

better energy matching by avoiding Doppler effect

localized, higher density muonium in vacuum
better special overlapping with laser

- interdisciplinary contribution
surface (material interface) physics by slow muon,
laser chemistry, etc.

2010F2H27H LEH
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\)
L‘gj (1) From “slow muon” to “cold” muon

Previous “slow muon” R&D concept :

o T00K— cooling from 35x10°K — 2100K
: psenn - stop muon in 2100K tungsten foil
e > oo slow mu°n?,\ - evaporate muonium
P e = & \ - ionize by laser
— o \u-beam - re-accelerate and inject to target

-‘?“"QSten film , A
e Rserlight T ol

laser light

~Ix Mungsten fim  collaboration with
slow p beam KEK group

MCP detector _,
% at RIKEN-RAL

(sample chamber)

”"f’-“' \ magnetic bend .
e (mass analyzer) Wish to enhance the

activity ...

realize cold muon — 300 — 10K
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L'}ij (1) Present “slow” muon beam quality

Laser ionizing Ultra-Slow muon beam

Short pulse
Sharp spot (~10mm?) P
IR s
) Z
e e i
BN S o) “ 10nsec
Y ‘= > -«
i =
; IAJ S C 5 10 15 (mm —rr,—l—L l“
- = - ]
{ N e — ,
% ’| ‘H, Z ‘2ch n+SR spectrum (Preliminary) {
‘g tr] ,r’ . |, 9keV u+ 2keV u+ :‘%— | //\\ /,\ N /\ l
Good S/N rafio = = eV W/ J/ AR e l
4 & | |
40 v © |
asf_ Al (40nm) | i . 20 : ‘ya
_30f \_  LE-muon at RIKEN-RAI time [usec]
K \\\ (S/N 250 X
g, ‘ :. \"\-_\. - Sio2 - /r_,.Z | ekeV n+sSR spectrum (Prelminary) '
2 Tﬂ \\\\ {4 3 1
§ 10! \w_\“ \ é 0: o AT R S U '
& . E r |
s I l
° 50 16,0 50 Thin implantation depth-{s40nm) |
Time (ysec) _200 2 4 8
time [usec])
spatial, timing, and depth resolution, S/N
= P. Bakule et al, NIM B 266 (Jan 2008) 335
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‘-‘.,j (1) VUV Laser & Muonium Target development
A

New Laser with Wada solid state laser Lab.
- Difficulty
optical damage:
phase matching loss in non-linear optics:

shallow focus, gas jet Kr cell (avoid window),
pressure control, impurity insertion

= challenge: muonium polarization recovery
Nakajima (Kyoto U.) : laser pumping
Muonium generator development

- Cold Muonium generator (room temperature)

= nano-structured material Esashi (Tohoku U.)
- Further muon beam focus onto muonium generator
= capillary focusing

- Improvement of slow muon optics
= electron microscope technology

= Geant4 modeling with PSI package

- Aiming Time Schedule
basic laser construction in RIKEN-ASI 2009~2010
dedicative slow muon generation R&D using RRMF 2010 ~
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‘é‘y Beyond Standard Model by Muon

L ¢ <
u me

Let’s listen to the whispering of muon / nature

2010%F2H27H L EH 65




.«
&K Why muon g-2?

2 ﬁ magnetic moment
u=gl—1Is s : spin
2m g . gyromagnetic ratio
=1+ a)(ﬁ)
m
2
082 _ 1(3) —0.3248(3) .
2 2 T 7T QEDHIE
Ad" ™ = Aai,™ - Aal™ = (295 + 88) x 107"

beyond standard model ?

QED Ist order correction

412

QED

[ =0=
0.7 ppm E821 u* |l =

a (EXP=SM) ~ (30 £ 9) X 10710

40, (EXP-SM) ~ (30 + 9) X 10°° ]

1.3 ppm E821 u*

=y
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Muon g-2 measurement at BNL E821

B storage muon at magic momentum, and observe forward decay
positron by calorimeter

electron time spectrum (2001)

)
s Rt
§ o flash!
< Ea. &
magic g [V Rl 32 -100 ps
momentum :  3.1GeVic g 14 A n
‘ : S g 3 %1100 - 200 ps
i e — (& 18 u C
—_— i Wg = ——4 B + y — D 5 -1 {\
U=V line a m, T _m;,, (' It ,),254) - /é 10" Y /| 200 - 300 WS
= = B
VD3 = NV v| 300 - 400 s
VD4 ; EAAAA A © E R YA
V line VY Y NS B AAA = A A | V|400-300 ps
. i ~ VYV VIS AN A A
Pion Production Target i 2~3 GeV electron CYVVVYYAN 500 - 600 ps
g g P s F F 5§ & F & Fof5 §

o T
8
8

60 80 100
Time modulo 100pus [us]

Pion Decay Channel

Momentum —=

- Beam Stop

Inflector

g-2 ring (E821)
3.1 GeV/c
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BNL E821 Experimental Technique: fill ring, count

until all muons are gone; do it again

25ns bunch of 5 X 102
protons from AGS

Pions

p=3.16eV/c

Target 6~12 bunch / 0.37 Hz

* Muon polarization
* Muon storage ring

» focus with Electric Quadrupoles
- 24 electron calorimeters

(& —
B— a,B
m

(thanks to Q. Peng)
20105 2H27H L EH

X.® 77 mm
B # 10 mrad
B-dl # 0.1 Tm

InﬂeCTor' (B:]. 45T)

Kick
icker .
Modules

R=711.2cm




o

‘-‘»j BNL g-2 experiment E821
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(T =4 MeV)

=% Cold y for g-2 @ J-PARC P34 Wy e

ultra slow muon

. NO CBO (fOCUSing field Off!) muon beam ‘ /ﬁ\,
muon motion is static S5 4= — Tk Py
= e By e 1 8 x|E g a=J
W = ——a‘u — a’fJ' — 222 tu.ngsteen ﬁln;seri
m, T m, ) (o g s

B hadron background free
muon re-acceleration

Ultra Cold
=» Muon Beam
(u* ~10%/sec)

Proton beam I
(3 GeV, 1MW ) Surface Muon

N StatiStiCS VS. piIeUP (~4 MeV, 4x108/s)
high intensity / stable VUV laser

Muon Linac (200 MeV)

F-3
——
B [oss cancel by positron asymmetry F+B
WK left- handdecay __I JI right- Iumddecay ) : ]
100 —— : et e ) R IANNN
[ positron in Lab. frame =81 . /H; =07- 1V R ¢ 4 & A\
F 4 02 Y T / N/ \_\ W\ T
(’ ‘c“ ';’ muon central orbit / l \‘ ," ‘mmm central orbit "v,‘ ‘ ".
g it 1AL |}
//xv___ﬁ"',-()Od [ 1]
é:: | I “‘ \‘\ l}'z;:::“ 6[()) de?l 0 // 7 /’,"‘ lll )‘)n“ \= f{ f gl 0 “,"‘ /," / [ |
\\ N\ \ \ 4 / /I \l \ v //‘/ 4 .,. f
, N/ \ - / Dipole for _«
forward/backward asymmetry | 8 el i Sl ] UItI’ﬂ-COld H Beam
-100 0....100....200.‘..300 . ) . . . . |
p, (MeVic) -0.2 0 0.2 (m) -0.2 0 0.2 (m)
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g

‘X A) Muon Source at Room Temp.

Question: How to minimize emittance Ax * A0y?

Ans.: Reduce temperature!

Test experiment will be submitted to TRIUMF with A. Olin efc.

o%e o .
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=% B) Laser intensity & stability

“ Vi

injection /

SiO, target

€ EFLE
SiAG SEI  5.BKY x100,000 100rm WD1Smm

configuration
Chirped Laser

100 times in yield

muonium time evolution in

horizontal direction

1 D 1 2 L] Ll Ll l L T T i l
L laser
injection
I region
08 1 lIIII g
(| I t=0 nsec
\ __~t=20nsec
-~ 06 Lf _—~t=40nsec
-9' - I} Ik"l‘*l" V
— | N t=100 nsec
o
)
= 04
0.2
0

o

T=300K

O = 20 nsec 1

displacement (mm)

sharp laser (Azp, =1 mm)
neighbor upon target (0.25 mm apart)

2100K — 300K
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L'\'ij B) Laser intensity & stability

collaboration with Wada
group (RIKEN, ASI)

Schematic VUV Laser Diagram

B Pump laser 1:2-photon resonance at 212.55 nm

LD pump Nd:GdVO4

Multiamp
Fiber 9ot 100 mJ
RERD We(on @1062.55 nm QLI pex

B Pump laser 2: tunable from 815-850 nm

100 mJ
@~815-850 nm

DFB-LD
LD pump Cr:LiSAF

Multistage-amp. system
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5
u o l
) @

I)L Y01
1215
L ~122.2 nm
21255 nm Lyman 1
Kr 4p®

Ly = s

Nd: 0.5%

. | Yor
A-axis ey
= Nd: 1.0%
m

h_,’ {1 | Nd:2.0%

=
fI-.‘

||||F|r|F| I1I1T

I
14 15

i}

wv'"m'lw ...,|.| """ “1n|!|muwnmnmmm
14

16 - A7 S
Kr 4p®5p
By o Nd:YAG Nd:YVO, | Nd:GdVO,
815
» 212.55 nm - 8sonm * Thermal f @
conductivity

a-axis @
c-axis O

a-axis @
c-axis O

Emission cross-
section

Lifetime of

O | O

upper state

X000 |0

Crystal A @
growth
Highly i E @
doping

Wavelength 1064 1064 1063

Fifth harmonics of Kr
1062.75 nm is 212.55 nm!
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Léij C) Electron Microscope Technology Application

\ \%/ capillary
A | '
\(\(\\é\(\g o) focusing

prnany initial test @ 3 keV

spot size : 30 x 30 ym? x 10 nm
target size : few g — few 10t ng!
2~3 kHz slow-u realization at RRMF
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~% D) g-2 initial acceleration
A

static
VgV () extraction @ 100 keV
fleld GND
primary muon |4 Il n 0 af]
/ Eﬂ—.—ﬂ " u[ju o
capillary focus V +V, aberration
target| +V, _
vertical compensator
laser dispersion electric
matching bend (n=2)
oty o aberration ==
plze vertical compensator |
comr:%;ésatlon E‘:;‘
u” 1 GND
- D } — -
muonium ; +V, TV,
generator [ j +V +V a=l=
einzel to static
v, Wy, lens 2 extraction ZB
field =3
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Advanced Meson Science Laboratory

Mossbauer spectroscopy

57Mn
(26 MeV/u collimator
5x10° cps) = 1%"
57Mn
W 57Co / Il\‘JJTH:L
i RIPS  ppac ::!I%SSD |

B & 272d
a0
A . Be target CdZnTe

)

N EC y-detector
N

RING
*’Fe cyclotron LINAC

5”Mn_implantation Mdssbauer
spectrometer at RIKEN-RIBF

%8Fe?l (63 MeV/u, 40pnA)
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‘-‘.,j Mossbauer spectroscopy at RIKEN-RIBF
A

f (1) °’Mn implantation Mdssbauer spectroscopy
(a) metastable states induced by nuclear decays

(b) atomic jump process of localized atoms in Si

(2) ’Ru, °'Ni, and ®°Kr Madssbauer studies
- (a) *°Ru Mossbauer and mSR studies of CaRuO,

(b) magnetic studies of Skutterudites RRu,P,,
(c) catalytic property of NiO

(a) neutron capture reaction
(b) negative muon capture process

! (4) Conventional °>’Fe Méssbauer spectroscopy
(a) proton-coupled intramolecular electron transfer

(b) oxidizing intermediates in nonheme Fe enzymes

(c) mixed-valence states and spin crossover phenomena

| (5) Applications of B-NMR to materials science

i (3) On-line Méssbauer studies using nuclear reactions

2010%F2H27H L EH
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‘-‘.,j Mossbauer spectroscopy at RIKEN-RIBF
A

(1) °’"Mn implantation Méssbauer spectroscopy
(a) metastable states induced by nuclear decays
(b) atomic jump process of localized atoms in Si

(2) *°Ru, ®!Ni, an
(a) ®*Ru Méssbauer 120
(b) magnetic studies

(c) catalytic propert 110
(3) On-line Massb
(a) neutron capture 100 | e
(b) negative muon ¢
(4) Conventional

(a) proton-coupled i
(b) oxidizing interm

(1-b) Fe in Si

Motional averaging
. = FeO
Fe*,, + vacancy = Fe®_

(c) mixed-valence st Fave
(5) Applications of £ "
8 ..' § 8y ¢
-y o
g |.oof ‘
2 Z.‘:‘ substitutional iz .
i % . e _JL L
-0 = L] ‘
E ~® .OI iy
5 il - 2T PR
o 0
P interstitial
0 1 2 3 4 5 6 7 8
Temperature /K

2 0 -1
Velocity / mms
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Advanced Meson Science Laboratory

The dreams/objectives are:
Origin of Matter Mass
Beyond Standard Model

also contribute to other field

by
H-science and Mossbauer

Thank you for your attention!
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Institute Laboratory Assessment Interim Review

Laboratory
Management

RIKEN Nishina Center

Advanced Meson Science Laboratory

M. lwasaki
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Organization of RIKEN Nishina Center

(established on April 1 2006)

President

Advisory Council

RRMF-AC

Accelerator Division
Accelerator Development Group
Accelerator Operation Group

Nuclear Physics Research Division
Heavy lon Nuclear Physics Laboratory
Theoretical Nuclear Physics Laboratory
Radioactive Isotope Physics Laboratory
Superheavy Element Laboratory

Center for Nuclear Study,
The university of Tokyo

RI Beam Factory (Wako-city) - : :
World's most intense exotic Rl beam SaemﬁcF Pl °|| 10y Cog:ﬂ':::ee
) Safety Review Committee
Machine Time Committee
Coordination Committee

L i

RIKEN RAL Muon Facility
World’s most intense pulsed muon beam

RIKEN BNL Research Center
World's first polarized proton beam collidifig
High- speed lattice QCD computing

Experimental Installations Development Group
Experimental Installations Operation Group

User Liaison and Support Division
User Liaison and Support Group

Sub Nuclear System Research Division

Advanced Meson Science Laborat:

Strangeness Nuclear Physics Laboratory

Accelerator Applications Research Division
Accelerator Applications Research Group

Safety Management Group

—U

RIKEN BNL Research Center
Theory Group
Experimental Group

I RIKeN Facility Office at RAL
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L"';j New Organization Scheme of RNC April 12009

President

Director

Theoretical Research Division
Theoretical Physics Laboratory
Theoretical Nuclear Physics Laboratory

Strangeness Nuclear Physics Laboratory

Deputy
Science Adviser

|

Scientific Policy Committee
Proaram Advisorv Committee
Safety Review Committee
Machine Time Committee
Coordination Committee

Advanced Meson Science Laborgto
RIKEN BNL Research Center
Theory Group

RIKEN Facility Office at RAL

RIBF Research Division
Heavy lon Nuclear Physics Laboratory
Radioactive Isotope Physics Laboratory
Superheavy Element Laboratory
Accelerator Group
Experimental Installations Development Group
Research Instruments Group
User Liaison and Industrial Cooperation Group
Accelerator Applications Research Group
Safety Management Group
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A'}aj Transparency to answer my “research philosophy”

I’ve never ever tried to compile | summarize my
“research philosophy”.
Research after research, just do it, because its fun!

If I shall make it in a word...

CURIOSITY ?

A proverb: Curiosity Killed the cat...
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‘,}j What | try to enforce me ...
A

Many of them are not my words, though.
And I’m just trying to be...

- Do something what people do not
- Challenge always

- Do not shame if you dont understand, should be shameful if you
dont try to understand

- Think hard, when you have trouble. It is a gift!
- Suspect yourself and even your supervisor, avoid self confident
- There should be a way to solve for any problems

- There is no fruitless effort nor pointless failure, what you
learn from that is really precious
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‘gy What I try to enforce me ... cont.
A

- Your limit comes only when you accept that

- Talk, Listen and Learn with/from others

- Time of adversity provides you true chance

- Accumulate ideas, time of chance is short
- Always be positive, believe that the dream come true

- Do not be obedient, unless you have reason to do so
at last

Even if I should pass away tomorrow, I wish I can tell me
“You did all your best, you are excellent!”
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_— NS

-

()

LA

)

./ Lab. Members

Al
Number Research Collaborative I'TO Atsuko
Research Staff Advisors 4 AKAISHI Yoshinori
{ permanent position ) YAMAZAKI Toshimitsu
KAMIMURA Masavasu
Visiting Researchers 9 YAGI Eiichi
9 NAGATOMO Takashi

Visiting
Researchers/Technicians 128
(Lab. Outside)
Junior Research Associates

Special/Foreign 3

Postdoctoral Researchers 3
Student Trainees

Research Staff 3 K0 \

( contract ) SATAKE Manami
Student Trainees 35

8 (Lab. Outside)
Assistants 9 SATO Junko
FUJITA Yoko
~____ hadron
- muon
laser

L misc.
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=% Budget status
d

Fiscal year 2002 2003 2004 2005 2006 2007 2008 2009
Laboratory 15,800 | 12,440 | 82,130 50,180 | 110,950 | 67,498 | 47,150| 55,150
G funding
overnent
. RIKEN -RAL
funding £ .
(thru RIKEN) unding 280,522 | 252,135 | 205,224 | 205,224 | 205,224 | 205,224 | 194,977 | 175,479
(annual operating
cost)
R;f;::h 4,650 | 18,800 | 31,600 | 31,000| 75,840 108,660 | 97.610| 23,500
Commissioned
research 420 0 0 0 0 0 0 300
funding
Others 0 0 0 0 0 4,545 0 0
303,394 | 285,378 | 320,958 | 288,409 | 394,020 | 387,934 | 341,745 | 256,438
B Others
400,000 ¢
O Commissioned
research funding
350,000 O Research grants
B RIKEN —RAL furding
(annual operating cost)
300,000 @ Laboratory funding
250,000 .
200,000
150,000
100,000
50,000 l I
] | I

2002

2003 2004 2005 2006 2007 2008 2009
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¥ Publications

140

[ Oral Presentation Domestic
[ Oral Presentation International

120 M Publication Domestic

O Publication International

100¢

80f

60[°

40¢

20f

2002 2003 2004 2005 2006 2007 2008 2009
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Thank you, now time for question!
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Pump Laser 1

[l DFB Diode Laser

Voltage Ramp [l All-Solid-State MultiAmplifier 1
Seed. Fiber Laser MOPA System Nd: GdVO4 o' Yb:YAG
BFg Pulse 0.1 mJ Amplifier Amplifier
iode

| Laser ——— A uuuu_jLuuuu

"H’\ ———1 A |

VU ——— ¥ | |
Current Driver 1062.75 nm # nnnn nnnn #

=
Telescope I:D::l

Ao =
B Nonlinear Frequency Conversion
Beam i
212.55 nm (5w) SPitter cLBO CLBO ¢ Lo o°
100 mJ —-—d—i }—l:l—+ —3
W+ 4w 2w+ 2w
4w 2w w+ w
WY 2w Y
Additional
DFB Laser System Cr:LiSAF Regenerative Amplifier Cr:LiSAF MultiAmplifier
Examination
Voltage Current cp M Single-pass
Ramp  Driver ] H Double-pass

Diode Laser

W Regenerative amplifier

—

100 mJ
@815-850 nm

Trigger Pulse W2

Thin Film
Polarizer (TFP)

i

Cr: L|SrAIFs (Cr:LiSAF)

Nd: 0.5%
A-axis t"!:‘]

Nd: 2.0%

qumww il

1 q!H'HHHHI[HHIIII'[ !H]IHI|IIIl|||l|]|||l|HH1Hlll
14 176 17 18_

Nd:YAG Nd:YVO, | Nd:GdVO,

Thermal
conductivity

Al O

a-axis @ a-axis @
c-axis O c-axis O

Emission cross-
section

Lifetime of

O | O

upper state

X000 |0

Crystal

growth A @

Highly

doping A @
Wavelength 1064 1064 1063

Fifth harmonics of Kr
1062.75 nm is 212.55 nm!
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