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World’s Proton Accelerators
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The Spallation Neutron
Source (SNS)

1GeV 1.4MW Linac
Accum. ring

60Hz pulsed beam
Neutron science
Constructing (~20006)

World’s Future MW Proton Facilities

Front-End Systems Accumulator Ring

(Lawrence Berkeley) (Bro

Instrument Systems
(Argonne and Oak Ridge)

T.Kobayashi (KEK)

ookhaven)

Target
(Oak Ridge)

ESS - European Spallation
Source

1.33GeV 10MW LINAC
Compressor ring

2 target stations
Proposed.
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MW Proton Facilitiy in Japan
J-PARC
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Various Beams Obtained by p+A
Collisions

Muon Science

Various secondary beams produced o e
with high-intensity proton beam: . Muon ()

Dl ol odicn oFf
T

redeetien-efHigh-intensity pulsed muon beams
from pion decay

Target Nucleus .
Proton (p) 90 | Neutrino (v)

Neutron (n)

O =——p-

Proton (p)
3 GeV, 50 GeV

ﬂ K Nuclear/Particle Physics
j Hypernuclei, Mesons in Nuclear Matter,
Neutrino Oscillation, K Rare Decays
o Antimatter
op

) Nuclear Transmutation
b Neutron (n)

High-intensity pulsed spallation neutron source

Radioactive Nuclei produced with 3-GeV proton beam

Separation and acceleration
of various radioactive nuclei
produced with 3-GeVproton
beam

Neutron Science
Magnetism, Fractals, Polymers,
Structual Biology

Beams of Short-Lived Nuclei

Nuclear astrophysics, Super-heavy
element,



Neutron science highlight

B Solid state physics: Observation of quantum effect
(Understanding function and property of materials)

B Understanding precise atomic structure of materials
(Indispensable base of materials science)

B Biomolecular science (Understanding life)
B Structure and dynamics of surface and interface

B Neutron imaging for industrial application and versatile
researches

B High pressure and high temperature: Earth science



Element

Mass number

Light elements

Z dependence of sensitivity
compared with X ray

Atomic number
o

1 6 8 22 26 28 82

H C @) Ti Fe Ni Pb
Hydrogen Garbon Oxygen Titanium Iron  Nickel Lead

(inc) el Bkl Neutrons
e 7¢ 56 60 o
2@ 48@ 57 . 61 @
49 . 62 @
50 @

X-rays interact with electrons.
— X-rays see high-Z atoms.
Neutrons interact with nuclei.
— Neutrons see low-Z atoms.

An example:

Behavior of Li in Li battery

X rays

neutrons



Protein

Hen Egg-White Lysozyme

Water molecules
Observed with

® Hydrogen (H)
® Oxygen (O)

X-rays Neutrons
Protein
DNA
e
B Aprotein
molecule

From structure to function moving along
theDNAchain
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Quantum effect in spin excitation

C u G e O MAP01027_9CARDS_4_4TO1.SPE, c* perp k1, Ei=45 meV
3 u=[0 1 0], v=[0 0 1], Psi=(u,ki)=0
slice -1<h<1 , [=-1:0.01:1 , E=-1:0.5:36

® Spin dynamics of 357
low—dimension 5.
system
25¢
. . 130
® Magnetic scattering 356
£ 125
&
_ o 15+
® Similar study of (0 |

lattice dymanics 10}
electron dynamics
orbital dynamics

IZ> . -1 -0.5 0 0.5 1
understanding of G 10,0,1]in2159 A"

High T, SC etc.
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Muon science

Refer talks in WG4

Muon Muon catalized fusion

CM uon catalized fusion cyclein D2-T2 system)
Two charge states, +e and -&

Muon mass = (1/10)=(praton mass)
200=(electron mass)
Finate magnetic moment muon
muon
muon

Y, transfer

\ transfer l
T transfer &\ _ 108 s
. P resonant

muonic molecule

formation
~ 108 sec

muon
e slowing down
MNe Ll E ~102 sec

FOTON Fositive u—

.. T LICITT Electron

Muonic atom Muaniurm
i
MUON ~g— a-sticking
Radius is by /200 amaller than the loss

normal atomic size
normal alomic size. Xray Ly 12



4SR and ultra slow muon

uSR
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Muonium and Ultra Slow Muon

u*: 100% polarized
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Neutrino physics at J-PARC
Tokai-to-Kamioka (T2K) LBL 4 experlment
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Kaon decay physics

m High precision frontier using high—intensity beams
m [est of the Standard Model and search for new physics
m Complementary to B physics and to the energy frontier

CKM matrix determination and test of unitary triangle

! ! ' ®Usefullness of
FCNC decays

KY,— nlvv
K —rvv
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CP violation in K, —z%vv

Direct CP Violating Process Standard Model prediction

W } BR(K, = m°vV
\\/ \_J LiJ =6%K, Im(thVtS)zX (%))

W =1.94-10""’AX?

/\ /\ f—_* ~3 %101

E391a :10° —-10°10 KOPIO :10712 J-PARC : < 10713
(50 events) (1000 events)

Determination of 7
with 10% precision

Barrel Veto (Pb+Scin.

Photon Detector (CsI Crystal)

I 1
In n 3n 4n Sm [13 n 8m 9n 10m
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K* =2 n*vv at J-PARC
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Strangeness Nuclear Physics

New Hadron Many-Body Systems with Strangeness

i

Strangeness

Ordinary nuclei

S=0 *
Neutron Number

T.Kobayashi (KEK)



Spectroscopy of S=-2 systems

Z'hypernuclei/ AA hypernuclei
— only a few events of A4 hypernuclei reported
—  Ehypernuclear spectroscopy ?

— mixed states of 5, A4, and H exist ?
» K. lkeda et al., Prog. Theor. Phys. 91 (1994) 747

need high intensity beams

ex. 298Pb(K-,K*) with 2 g/cm? thick target
— ~6 events/MeV/day

H dibaryon (ssuudd, |I=J=0)
— no evidence so far
— my>2223.7 MeV(~6 MeV below 2m )

S=-3 (2 nuclei, charm-hypernuclei efc.
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(K, K*) Ge detector system
spectroscopy qf S “HyperBall”
hypernuclei for y spectroscopy

KEK-SKS

AE~ 2 MeV(FWHM)
BI=6 Tm -------- \

7 S,

%
S/
CERE "/é/\t?{‘}ol/ \\
ol /\\\ (K-, K+)y:
K\ 1100 Mevic / e o<
0 1m 1.8 GeV/c hypernuclei

| 6 events/MeV/day for 1 MW | (excited sates)
beams 20




Hadrons in nuclear matter

B Methods to study the origin of hadron mass:
- Lattice QCD (theory)
- Implantation of a hadron in nuclear matter (J-PARC)

m Change of meson mass in nuclear matter due to
“partial restoration of chiral symmetry”.

4 |<a9>, 4] Baryon Implantation Meson Implantation

Normal Mt
Nucleus
Normal
H eron
Nucleus yP

300 Me Hypernucleus

Vector meson decay
+7-

Temperature p ¢, P, w—I"

Density

KEK E325 ; K. Ozawa, et al.,

®T.Hatsuda and S.H.Lee, Phys.Rev. C46, R34 (1992) Phys. Rev. Lett. 86, 5019 (2001)

®Muroya et al. , hep—lat/0208006
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Necessity of nuclear transmutation
1010¥ TN ]NO id B L |

Transmutation
/ |
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Accelerator-driven transmutation
(ADS)

Superconducting Proton Linac Fir:?" Goal
Proton Beam
Acceletrator About 1 GeV -

afew 10 mA

Power

:“:»j A few 10MW
M

&ED High-Level Waste Generation ¢ 7 -
Reprocessing - Egg:ation
Partitioning Dﬁ A LLEP g LZ?:C} with
Short-lived , MALLFP

Nuclei Subcritical- j.__;i__,;’
Core

Takes 102 yrs to reach

Final Geographical o
i the negligible level

Disposal

Nuclear transmutaion is an important issue for nuclear power
stations. This project will explore the technical feasibility.
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Summary

* High intensity hadron machines
— MW-class facilities being constructed.
— Multi-MW in the future.
* Provide powerful tool for extending our
knowledge in wide range of fields
— Industry (neutron,..)
— Materials & life science (neutron, muon,..)
— Fundamental science (n, u, v, K, p...)
— Nuclear power

* Unique facility in Japan covering all fields “J-
PARC”

— will soon be online in 2008
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J-PARC Phase 1 and Phase 2

messs——— Phase 1 50 GeV PS
Ph 5 3 GeV PS Experimental Area

(2sz) :

3 GeV PS
Experimental Area

R&D for Nuclear
Transmutation

Linac
(Superconducting)

Linac 50 GeV PS

(Normal Conducting)

Neutrinos to
SuperKamiokande

« Phase 1 + Phase 2 = 189 billion Yen (= $1.89
billion if $1 = 100 Yen).

* Phase 1
— 151 billion Yen for 7 years.

— Construction : Apr.2001~Mar.2008
— Neutrino included: Construction Apr.2004~Mar.2009
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T violation in K*— 7% v decay

m Muon transverse polarization P

v 4

o

Su- (Pr X Pu)
Pr= I
| Pre X Py | g
St
T-odd correlation  «w
P (Final State Interaction) ~ 10°6 (Zhitnitskii, 1980)

-3

10 |

. gearch for new physics beyond the
M

Multi-Higgs doublet model I

Leptoquark model
R -parity violating SUSY efc.

MP, in K=y vy [llJalso measured.

on

3?

L L L L L L L L L L L L L L L L L L
1985 1990 1995 2000 2005 2010
year

5P, ~10* at J-PARC
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3 Dimensional Movie for Industrial

Usage

Hyper- JSNS

>

10 MW allows 3-D studies

g

Real-time 3D Imaging of Bulky
Body Containing Light Elements
Elements Identification in Bulk

I

Industrial Application
Factory Product Testing
Aircraft, Aerospace Vehicle
Automobile

Y. Morii; et ak

Variation of Strain Distribution
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o Large Size Components
® In-situ Measurement in Operating

\..® Time-sliced Measurement
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