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= Overview of J-PARC

= Particle physics program

= Nuclear physics program
= Program of other sciences



Project overview
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J-PARC is a high-intensity proton accelerator complex in Japan
now under construction consisting of:

1. 600 MeV linac

2. 3 GeV rapid cycling synchrotron
3. 50 GeV main synchrotron

4. Experimental facilities

Joint project of High Energy Accelerator Research
Organization (KEK) and Japan Atomic Energy Research
Institute (JAERI)

Construction started in 2001 at the JAERI Tokai site and
completion will be in 2007.

A variety of sciences ranging from particle physics to materials
and life sciences will be carried out.



Configuration of the accelerators
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Bird's-eye view of J-PARC
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« Japan Atomic Energy Research Institute (JAERI) Tokai Site

=i ks e S | ife & Material Science
Nuclear Transmutation [ Th - _' ' &= 50 GeV Synchrotron



Physics at J-PARC
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Muon Science

Various secondary beams produced VSF. i e gty ouSR
wiith higih-intensity proton beaim o Muon@A
Production of high-intensity pulsed muon beams
n from pion degay

Target Nucleus O =

Proton (p) © Neutring (v) -Oscillation

Neutron (n)

O m——p

Proton (p)
3 GeV, 50 GeV

b Highi-intensity pulsgd spallation neutron source

Radioactive Nuclei prgduced with 3-GeV 333-pA proton beam
Separation and acceleration

of various radioactive nuclei -Scattering
produced with 3-GeVproton Magnetism, Fractals, Polymers, <Diffraction
beam Structual Biolggy -Radiography

Beams of Short-Lived Nuclei

Nuclear astrophysics, Super-heavy
element,

Materials & Life Sciences at 3 GeV
® Nuclear & Particle Physics at 50 GeV
® R&D for Transmutation at 0.6 GeV



Proton accelerators in the world
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Phase 1 and Phase 2 (as of today)

memssssss Phase 1

= Phase 2

R&D for Nuclear
Transmutation

Linac
(Supe rconductin\t_f])

Linac
(Normal Conducting)

Energy is 200 MeV in the beginning.

3 GeV PS
(25Hz)

1

3 GeV PS

{0 |

Neutrinos to

SuperKamiokande

Experimental Area
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50 GeV PS
Experimental Area

50 GeV PS
40 GeV

— Phase 1 + Phase 2 = 189 billion Yen (= $1.89 billion if $1 = 100 Yen).
— Phase 1 =151 billion Yen for 7 years.
— Construction budget does not include salaries.



Machine parameters (as of September 2004)
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Beam energy Beam current (power)
Phase-1 Phase-2 Phase-1 Phase-2
Linac 181 MeV 400 MeV***
! 600 MeV
400 MeV**
3-GeV RCS 3 GeV 3 GeV ~ 200 A 333 uA
(~0.6 MW) (1 MW)
!
333 pA*
(1MW)
50-GeV PS 40 GeV 50 GeV ___f_a§t____§I9\iv_______iaf,t_____s_lgv!___
(h=9)# (h=9) 10pA 9 A 15 nA 15 LA
R U (0.40 MW) (0.26 MW7) (0.75 MW) (0.75MW)
(h=18)* 17 nA 14 uA
(0.69 MW) (0.43 MW")
( h=9) 17 pA*™ 15 pA**
(0.67 MW) (0.44 MW)

* The energy of slow extraction beam is 30 GeV. **Reds are after the linac energy upgrade. ***400 MeV
to the 3-GeV RCS and 600 MeV to the ADS test facility. #/=9 has 8 bunches and /#=18 has15 bunches.



50 GeV-PS acceleration pattern
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181MeV Linac case
15batches/15bunches
3{](;'&‘; Slﬂ“"' EXl.rﬂCtiﬂn 40GE‘V fasl extract i“n

0.7s

1.9s (0.87s
0.61s

total 4.08s total 3.38s

beam current: f x 24uA beam current: f x 29uA
beam power: fx (0.73MW  beam power: fx1.17MW

*f~0.6 if beam loss by long injection is small
0.6 expected ratio of beam intensity per one bunch for 181MeV/400MeV cases



Construction schedule
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Construction Schedule ( as of Oct. 2004 )

FY2001|FY2002[FY2003|FY2004{FY2005|FY2006(FY2007|FY2008

Bldg. construction

Beam
Linac | | Equip. construction test

Bldg. construction Beam

3 GeV | |Equip. construction test

I | D
Bldg. construction Beam
50 GeV | | Equip. construction test

|
Bldg. construction Beam

Materials + Life | | Equip. construction | test

I I
Bldg. construction

Beam
Nuclear-Particle | Equip. construction test
Bldg. construction Beam
Neutrino (plan) Equip. construction test
Others Construction |

Arch;alogical st'udies stu'dy report

Salt Farms * T

?

Construction Start Now Beam
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Physics program at 50 GeV PS
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= WWorkshops
NPO1: December 2001
NPO02: October 2002
NPO04: August 2004
« Neutrino oscillation physics
« Kaon decay physics

« Strangeness nuclear physics

« Hadron physics

« Muon physics
http://www-ps.kek.jp/jhf-np/NP04/presentations/

= Letters of Intent
http://www-ps.kek.jp/jhf-np/LOIlist/LOIlist.html



m  Announce of Lol call : July 2002
m Thirty Lol's were submitted by early 2003

m 478 physicists with 2/3 from outside
Japan. Asian participation is still few.

m Committee meetings evaluated the Lol’s:

Letters of intent for 50 GeV
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Strangeness nuclear physics
Nuclear/hadron physics
Kaon decay physics

Muon physics

Neutrino physics

Future facilities

— March 22, 2003
— June 26-28, 2003

m The real proposals:
— Most likely, the call for the proposal will be made within this year.

6

Nuclear/Particle Facility LOI Authors

Total #
=478

North America
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Particle physics program

= Long baseline neutrino oscillation
= Kaon decays
= Muon decays



T2K (Tokai-to-Kamioka) neutrino experiment
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AERY
Super-K: 50 kton 1 Vi beam of ~1GeV
Water Cherenkov @ﬁiok¢rf’é - 1st Phase (x102 of K2K)
‘ AN
Super Kapgiokande’ Rl
-

b )
— ek JAERI

~Mt “Hyper b b O

LY ‘KEK&(Tokai-mura)
Kamiokande? oo s naimm | :

0.75 MW 50 GeV PS

-t

4MW 50GeV PS?

{c} Elll[l,E'gl'll o - 420.0 mi /6]

Physics motivations

= Discovery of v.sve appearance
= Precise measurement of disappearance vu-vx
= Discovery of CP violation (in the future)



preilm/nary S —
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-2
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o000 o0o0d0inv, disappearance
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sAllowed region from K2K

K2K-1 & K2K-II

@

S ——

. —
Am?=1.7~3.5 x 103 eV?

68%  @sin226=1.0
99%

O

0.2

0.4 0.6 0.8 1

sin(26)
sin?20

» Sensitivity at J-PARC

o(sin’26) ~ 0.01 ;
d(Am?) < 1X10*eV?; in 5 years

(130 days/year)

5(sin?20)

N

TeKOOOOOOO

OAB-2°

0.004  _ 0.006
Am? (eV?)



Sensitivity or &, >N,

appearance
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o 90% C.L. sensitivities
= 5 year run SEitias
with off-axis angle 2° o
u DiSCOVGFy of .O 9.8 % 10 B ASE e
with a sensitivity ~ T e
at Am>~3x107 eV? S M —
down to """""""""""""""""""""""""""""" AN
sin*2 6,5 ~0.006 0" E
(90% C.L.) OHFSyear
DN i N SO N R ¥ Vi
g Twenty times C! CHOOZ excluded e rrrrrr N
improvement over 10-410_3 i - L e L 1
the past experiments sin226,,

with =0, no matter, 6,;=n/4



Off-axis beam
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Super-K.
Horn
~ Tar etl- Decay Pipe 0 y QSC. Prob.=sin?(1.27Am?L/E )
1] g
= WBB with an intentionally misaligned o A Am?=3x10-3gV/2
beam line from the detector axis 04 FHl ;‘:5 \\_& =295km
==> Quasi monochromatic beam B OO U O O oo e S
with higher Intensity than NBB ¥‘“35°°/ a2
S (/) 3000 o
' B o OAO
€2l A2
= 12 @25000
'E > 2000 -
08 [ 2
05 £ = 115°°’ 0A2.5°
0a [ — > 1000
- eqre | o
2 el OA3
ol b b b b b b v b oy +
L R R R 07" 05 1 15 2 25 3 35 4
p. (GeV/c) Gev

Off-Axis beam E Vv



Neutrino facility
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Primary proton
beam line

=5 ';,{}{ Extraction point
L)

/ .=t3  function magnets
. L[l =] @ variable off-axis angle between
—0. .8 2-3degrees

® 130m long decay section

® a near detector at 280 m

® another detector planned at 2km

Near detector
(BT 4 i 35)

X=436,000



CP violation in K, »z%vv
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Most important rare decay channel in the J-PARC era
= Direct CP violation in FCNC process

= Clean measurement of Im(V,y) ~ 7

» Clear test of the Standard Model

= Clue for new physics in comparison with B physics

Unitarity relation
VidViw * VeaVop + VigViy =0

7 4 K+—>7r+vﬁ




KEK E391a extension at J-PARC

I 1 § ¥ I° [ I Is[sgkf
= Standard Model prediction

d

\\w/ w { tf BR(K—>7: vV)

61, - Im(V,,V,)’X(x,

/\ /\ ﬁ—* =1.94 - 10""°A'X?

~3 x 10-1

Determination of n
LD 10% precision

= Experiments
® E391a :10°-10-10 e KOPIO :10-12 e J-PARC : <1013
(50 events) (1000 events)




1999

T violation in K*—7%u*v decay
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= Muon transverse polarization P KEK-E246
p@ P,=-0.0017 % 0.0023(stat)
v £0.0011(sys?)

(1P,| < 0.0050 : 90% C.L.)

PRL 93 (2004) 131601

Su Hpn % py)
Pr=

| Pr X pll| 0.2 - \ =
T-o0dd correlation 0.15 ?evatrzrgonnesm =
. 01 ;7 BNL KEK 7;
P *“(Final State I nteraction) ~ 10 (Zhitnitskii, 1980) 005 I ‘ K KEK 1
v, - L ]
. E/ 0 E_ ................... T+ .................. +‘_E
m Search for new physics beyond the SM 005 | [ | P E
® Multi-Higgs doublet model 01 -
-0.15 —
® |eptoquark model o, ‘ | N

® R -parity violating SUSY etc. 1960 1980 2000

Year

= Prin K- u vy OLlalso measured. ® 5P, ~ 10 at J-PARC



Muon physics
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m Lepton flavor violation

.M—)G —
conversion ¢ ¢

o u—eee

LA—eA

Y Kg__)/ue §

W H(AZ) - v, +(AZ-) > B K bme

1018 at J-rAru \{
sensitive to SUSY-GUT efc. i >

® ey j O ;
® -3 :
H—>o€ : N

® Mu-Mu conversion | °8 " i
[ . E

m Precise measurements
j O

® g2, EDM ol —eq
® Michel parameters Y Kuno :

= High intensity muon source
— PRISM collaboration



High intensity muon source
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PRISM with FFAG

ProbucTtion TARGET

Ry ProTon *z‘“\= %D m Phase Rotated Intense Slow Muon
—Pulsed proton beam

3 CAPTURE . . .
Marame B | Souenoi —Pion capture by solenoid field
CTION LENOID 1 . .
5= —Pion decay section
= : :
| —Phase rotation section
/\
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i
)
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=/
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174

Solenoid Pion Pion Decay Phase Rotation Section
Capture Section Section

not in scale

auaunn
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Nuclear physics program

= Hyper-nuclear spectroscopy
= Hadrons in nuclear matter
= Hadron spectroscopy



Strangeness

Doublg-A Hypernuclei

A = Hyfernuclei deep nUCIear matter

Hyper-nuclear spectroscopy
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= Hyperon imbedded in

Three-Dimensional Nuclear (-

no Pauli blocking
=7/ ® hyperon potential, property
® YN interaction

= Spectroscopy with
® reactions such as (w,K)
® v-transition

- Ord/éry nuclei - o
“Neutron number Only poor data until now

m Qualitative data improvements expected at J-PARC :

high resolution spectroscopy of A nuclei -> core excitation, decay width, etc.
y—ray spectroscopy in A nuclei -> YN interaction, B(E2), B(M1), efc.
spectroscopy of S=-2 system with (K-, K*) reaction -> =-nucleus efc.
deeply-bound kaonic nuclear states -> cold &dense nuclear matter



S=-2 nuclear systems
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®m ='hypernuclei and AAdouble hypernuclei
® AA double hypernuclear spectroscopy :
only several events reported until now.
® S hypernuclear spectroscopy :
discovery of a Z’hypernucleus expected.

® mixed states of 5, AA and H states ?
K. Ikeda et al., Prog. Theor. Phys. 91 (1994) 747

B (K, K*) reaction at 1.8 GeV/c needs high beam intensity
® Small cross section
® e.g. 2Pb(K,K*) with 2g/cm? thick target
~6 events/MeV/day
B =p (S=-2) scattering
— YN interaction for S=-2
- For S=-1 (A+p, Z*+p, X-+p) : data are also very poor.



= spectroscopy with (K", K")
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expectation
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counts (per 10 MeVic)

50

Strange meson implantation
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Theory by Y. Akaishi, et al.

K +4%He - “K'ppn”+n @ KEK-PS

150 |

lyy meutron g

W Bl

I Pl
| +++ ++++ Hﬂ’ﬁ :’ ++++IH+ 5 {1 |3ng _ E”E |5 ;;ﬂm;

% ‘%ﬂ%ﬂl{] Y
] %ﬁﬁ T M‘"‘*"-'n-.- 0
- %ﬁﬁwﬁ
T,

neutron momentum (MeV/c)

Experiment by M. lwasaki, et al.

E(K) =

4fm ——

110 MeV

normal 3He

ppn

total B.E. = 6.0MeV
central density = 0.14 fm?®

R,.=1.59 fin

& Pcenter = ~ Po

ppnK-

total B.E. = 118MeV
entral density = 1.50 fim?
R,,M 0.72 fm

pcenter ~10 pO
p— pan‘K" [
total B.E. =221 MeV
central density = 3.01 fm®
R~ 0.69 fm
p center 20 p 0

production of dense matter



Possible secondary lines in Phase 1
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Fig.9 VI VR VO N I

HadronHall.ayoutPlan
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® Plan made by the beamline working group
® Presented to 3rd NPFC in Feb.2004




Expected secondary beam intensity
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_ *K-(1.8 GeV/c)
_— (K-!K+)’ S=-2
' *K*(0.8 GeV/c)

K* rare decay

(K-,1), S=-1
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Program of other sciences

= Material and life science facility
1. Spallation neutron source
2. Muon source

= Test facility for
accelerator driven nuclear transmutation
(Phase 2)
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Neutron science program

m Solid state physics:
e.g. Observation of quantum effects

m  Materials structure sciences:
Understanding precise atomic structure of materials

m | ife science: _ _
Structure and dynamics of bio-molecule

m Surface and interface :
Structure and dynamics

= Radio tthy: o _
Industrial application and versatile researches

m  QOther industrial applications



Material and life science facility
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= More than 20 beamlines with diffractometers efc.

itlﬁrisﬁilil(arl{%%(#l)ﬂract(}]rgeter J SNS Powder diffractometer (versatile)
o TR T.Ishigaki (Muroran Inst Tech)

Bio- molecular spectrometer] e N\ LA
IK.Shibata.. (JAERI o Do\ WA
v 7 i rgy chopper instrument
. ; B Nalgjima (JAERI)
Chopper Tn";it. ( high I;ESO.] .A'\. _-"}- i
S.Itoh( kLK) T‘I/F // i 4
F ] LL E L|I
SmallTangle diff.(high intensity ) ALY S .
T(.Aizaws;n&!s’xERT) [\ : Total Scattering Inst. { am hiouas)
S @ e - T.Otomo(KEK) "i
] N / ZZ IR B
L
simo0 1) it
M- | T i 3 Eag 3 1)
b E.A/,. - ) e |'|I|l!: \. 7
Reflectometer ( horizontal) Powder diffractometers (high resolution)

BN N.Torikai{KEK) T.Kamivama(KEK)



Element

Mass number

Light elements
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Z dependence of sensitivity

compared with X ray

Atomic number
.
1 6 8 22 26 28 82
® O o X-rays
H C @] Ti Fe Ni Pb

Hydrogen Carbon Oxygen Titanium Iron  Nickel Lead

1e

2@

¢ o - O O o

(inc)

Neutrons

469 54 ¢ 58
47 o 56. 60 o
8@ 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, too.

An example:
Behavior of Li in Li battery

Material for Li-battery seen by
X rays (left) and
Neutrons (right)



Neutron diffraction from protein
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Hen Egg-White Lysozyme

Water molecules
observed with

® Hydrogen (H)
® Oxygen (O)

Neutrons
Protein

.

From structure to function

DNA

A protein
molecule
moving along
theDNAchain




Quantum effect in spin excitation
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MAP01027_9CARDS_4 4TO1.SFE, c* k1, Ei=45 meV
CU GeO3 "~ u=[010], v=[0 0 1], Psi:(u?lfigzo e
. . | slicle -1<h<1,|1=-1:0.01:1 , E=-1:0.5:36 45
® Spin dynamics of 35 i
low-dimension 45 0
system B -
25¢
. . 130
® Magnetic scattering S
E 125
® Similar study of i 120
 lattice dymanics 10}

» electron dynamics
 orbital dynamics

. -1 -0.5 0 05 1
—> understanding of G (0,011 in2159 A"

High T, SC efc.



Magnetic Superconductivity
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m Typical example of uSR

PrOs,Sb,,

zero field ]

=
o

i : ]
A Y

A new superconductor
with the skutterudite
structure, PrOs,Sb,,

Corrected Asymmetry
5

=]

15

Weak magnetic field “associated with” super-
conducting state below 1.8K has been observed
by zero-field uSR.

Conventional ...evidence for a new type of
Cooper pair “magnetic” Cooper pairing | - o M 3]

Conventignal Superconductor

4 4/ )4
I' |

OR




Linac construction status
e

’ r 4
.- =4 ; - :
- o L= _
i\ 4 X — =
T -
’ . I ; !

Inside of
F drift tube
-/ linac

Beam test for
chopper was
- also done.

On October 30, 2003,a successful acceleration of 6 mA
at 20 MeV. On November 7, 30 mA was achieved.




3 GeV vacuum pipe and 50 GeV RF cavity
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Ceramics vacuume
beampipe for
3GeV RCS

Rectangular duct 557 : T el A
RF cavity for 50 GeV with finemet
50 kV/m attained.




50 GeV PS magnets construction
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Dipole magnets in
mass-production

Quadrupole
magnets



Summary
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m J-PARC is a unique facility in which all kinds of frontier

physics are carried out with the highest beam intensity.
— 3 GeV PS : materials and life sciences
— 50 GeV PS : particle and nuclear physics
— 600 MeV Linac : basic studies of ADS
m Construction status:
— Construction for both equipments and facilities: Almost on schedule.
— The completion of the 50GeV experimental hall will be in 2007
and the first beams is expected in 2008.
— Neutrino program from JFY2004 was approved caching up to other
Phase 1 facilities. Completion is expected in 2008.
m J-PARC aims for an international research center.
— Open to world-wide users.
— International cooperation in facility construction.
m |ssues at the moment
— Recovery of linac energy, Organization, operation scheme (operation
money elc.), ......
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