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— Unigueness of our accelerator complex.

m Nuclear and Particle Physics Facility at J-PARC
m Construction Schedule and Status
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Accelerator Configuration
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m Cascaded Accelerator Complex:

Hadron Hall (Slow
_ Extracted Beams)

& Neutrino Beamline to
Super-Kamikande

Materials and Life
_Science Facilit

H -

—

Synchrotron
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m  J-PARC aims for the high

J-PARC: the High Intensity Frontier
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intensity frontier for W repeees & riucion O® i
. . . 10000
— materials/life sciences (3GeV), '|§ \ 5SS " Materials-Life
and B PE'M ;'_“'-Jll(','I‘.-_‘,L' 5
: : L (cwy T ¥SNS This Project. |
— nuclear/particle physics (50GeV) g\ \Asfe_v  Power |
m  High intensity proton beam leads 100 L q 1SS Nuclear-Pafticle
. . . — = 1YsICS
to high intensity secondary < = o N\ This Projec
= & 50 Ge |
(neutron, meson, ...) beam. E o\ B \Aés LY
— The power (= Energy x Current) 3 N ey :\E:ALM A vw
is a good measure. 1 REBgHS ol |
= 0.1 MW
m  Neutron: from 0.16MW (ISIS) to - KER\D - K
01
1MW Tevatro
m K meson:5to 10 times more A TR RRra R

intense than existing BNL-AGS.
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Phase 1 & 2
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m The budget for about 2/3 of the entire project has been approved
by the Japanese government from JFY2001 as Phase 1.

m Phase 1 (~151 billion Yen) consists of major accelerator
components and a part of experimental facilities.
Phase 1 50 GeV PS

Experimental Area
Phase 2 3 GeV PS
(25H2)

R&D for Nuclear 1

Transmutation 3 GeV PS

Experimental Area

i

Linac
(Superconducting)

Linac 50 GeV PS

(Normal Conducting)

Neutrinos to
SuperKamiokande
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Organization and Location
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m J-PARC is a joint project between KEK and JAEA
(Japan Atomic Energy Agency).

m J-PARC will be located at the Tokai campus of JAEA.

J—PARC Center

P -PARC 4
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Three Goals of J-PARC
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Muon Science

Various secondary beams produced IS A Toapatmrinns

with higih~intensity proton beam o Muon ()

Production of high-intensity pulsed muon beams

f iond
T from pion decay

Target Nucleus O i T
%O Neutrino

Proton (p)
Neutron (n)

Proton (p)
3 GeV, 50 GeV

b High-intgnsity pulsed spallation neutron source

Maghetism/Fractals, Polymers,
Styuctual Biclogy

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

Materials & Life Sciences at 3 GeV
Nuclear & Particle Physics at 50 GeV
R&D toward Transmutation at Linac
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Beams of Short-Lived Nuclei
Nuclear astrophysics, Super-heavy
element,
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m Nuclear and Particle Physics Facility at J-PARC
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Performance of the 50-GeV PS

. I & N § ¥ ¥ ywpuEn
Numbers in red are design values.
Numbers in parentheses are ones for the beginning of Phase 1.

Energy recovery of the linac to 400 MeV is planned just after the
completion of the Phase-1 construction in 20009.

m Beam Energy : 50G eV E i.c = 400MeV
(30GeV for Slow Beam) E = (180MeV)
(40GeV for Fast Beam)

Linac

m Repetition: 3.4 ~ 5-6s
m Flat Top Width : 0.7 ~ 2-3s
m Beam Intensity: 3.3x10%ppp, 15pA
(2x10'*ppp. IUA)
m Beam Power: 750kW
(270kW)
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L) Discussions on Physics at the 50-GeV PS
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m Workshops
— NPO1: December 2001
— NPO2: October 2002 — Discussions for Letters of Intent

— NPO4: August 2004 — Discussions for full proposals
Neutrino oscillation physics
Kaon decay physics
Strangeness nuclear physics
Hadron physics
Muon physics

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

m Letters of Intent
http://www-ps.kek.jp/jhf-np/LOIlist/LOllist.html
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m  Announce of Lol call : July 2002

m Thirty Lol’'s were submitted by early 2003
— Strangeness nuclear physics 6
— Nuclear/hadron physics
— Kaon decay physics
— Muon physics
— Neutrino physics

Future facilities 9
. 478 physicists with 2/3 from outside Japan.

m Committee meetings to evaluate the Lol’s:

oW A~

=» Feedback to the facility design

m The full proposals:
— The first deadline was April 28, 2006!

| etters of Intent for 50 GeV

_--------ID[I

Nuclear/Particle Facility LOI Authors

Total #
=478

North America

— 16 proposals and 4 Lols were submitted.
— The first PAC meeting will be held from June 30 through July 2.
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Slow Extraction Beamline (Phase 1)
E O

NP-HALL
56m(L)*60m(W)

Split Point T1 Target
TO Target Beam Dump

2% Loss 30% Loss
’ 0.5% Loss ’ 750k\W

Plan to extend the hall downstream (~50m)
In the Phase 2.
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Slow Extracted Beams at the Hadron Hall
I D D D D N N Ao
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Slow Extracted Beams at the Hadron Hall
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Fig.1l

m The building is being Brtass 411 Bt Hs
constructed so that L
phase-1 experiments T !%L )
(Lols) can be W) Y=
accommodated. T e
= K1.8(and K1.1) hasa T
higher priority for the 700 PP
day-1 exps.
— much higher K intensity T =
than existing facilities. l l \ﬂ i MJ
m  Major physics topics: 109 (L8 GeVIO
— Kaon decays 5 | (K-KY), S=-2
— Hypernuclear physics m K08 GeVd)
— Hadron phySICS g K* rare decay
. (K1), S=-1

KEK 12-GeV PS BNLAGS(23 GeV) 50-GeV PS

May 26, 2006 Shin'ya Sawada @ ICTP, Trieste 15



K1.8 beamline

I D DN D N N e EOn
m Most probable at Day-1 (the first day of the Phase 1)
— Some day in 2008 — 20009.
m High quality kaon beamline.

— Best suitable for hypernuclear study, especially of S=-2 systems,
using (1, K), (K, 1), and (K, K) reactions.

Fig.1 e
Hadron Hall Layout Plan || :

=
1
=

e —
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= Spectroscopy with (K",K¥)

expectation
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e B |

KEK-SKS (Superconducting Kaon Spectrometer) )

& 5
) Ts #
— inisimg f
Wil — P T - .__"'
F o= — B v
. - )
Wmo i MW e :
i
1

//‘\,,’ “f‘
& O
\§//\\ <
,A\‘/“; \N
s\/ <>
N

LUCI 0 > //‘\\\ |

ik N
\ J O K-

1m1.8 GeV/c

1200 MeV/c
BEAM

1100 MeV/c

AE~ 2 MeV (FWHM)
BL=6 Tm
~6 events/day/MeV for 50 msr, 2g/cm2-thick Pb=>» ~20 days
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K1.1/K0.8 beamline
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m  Another probable beamline at Day-1 (the first day of the Phase 1)

Hadron Hall Layout Plan |

May 26, 2006

m People are trying to get funding also from agencies other than KEK
(RIKEN, Korea, ...)

m High guality kaon beamline with lower momenta.
— Suitable for stopped kaon experiments as:nwell as K* decay experiments

18



counts/{5MeV/c?)

Theory by Y. Akaishi, et al.

4fm —»

K +%He - “K'pnn/p” + p/n @ KEK-PS

S ST

normal 3He
ppn
total B.E. = 6.0MeV

central density = 0.14 fr®
R, =1.59 fin

Peenter = ~ Po

3500

3000 I "semi-inclusive” condition

total B.E. = 118MeV
central density = 1.50 fm®
R, =0.72 fm

pcenter =~10 pO

2500

+  Data point
2000 — (werall function

— —  Signal 1
PO -~ Background ] T
' * Rmzo.wﬁ:]y '
1000 | = [P P 1 —
el - gk Peenter = ~20 Po
2 = lao L | g':'"ﬁ 7] .
500 | S i ,~ 212 "1 production of dense nuclear

-+ A
"

N N A T matter which can correspond to
250 S000 3050 J100 3150 3200
*He(K-stoppedy 0)X Missing Mass (Mev/c) neutron starts.=» Study of

dense matter will be continued

to J-PARC
May 26, 2006 Shin'ya Sawada @ ICTP, Trieste 19
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KO beamline
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m Beamline specifically designed for K° - 7vi .

m Shielding is designed so that this experiment can be
accommodated.

Fig.1 T
Hadron Hall Layout Plan ||
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; CP violation in K -»7Pvv
1 J B B J§ J |} Qmpsp

Most important rare decay channel in the = Experiments
e E391a :10°-10710 e KOPIO :1012 e J-PARC : <1013
J-PARC era (50 events) (1007? events)
T R e e, '( e e A s T P

= Direct CP violation in FCNC process

= Clean measurement of Im(V,,) ~ 77

= Clear test of the Standard Model

= Clue for new physics in comparison with B physics

Photon Detector (Csl Crystal)

Unitarity relation
V.V + ViogVep + VgV =0 = Standard Model prediction '}

10k
o -
: | ; BR (KL - TU"VV ) 5 2 102;*. Littenberg
=6K,; " Im(V V)X (x) =
1 td*t = ® E731 (e'e”
102 p 4y 2 10t .
= 1.94 10"%°A%X o ooy
10k
~3 X 10-11 10—6f_ ® KTev (1)
E ® KTeV {a'e™y)
Determination of 7 1wk
UOOO 10% precision —af
10 = Grossman—Nir limit
_gE fram E949 new results on K¥ ® E3S1a
10 &
—1f
18 E SM predicticn
Tod 1 1 i
B J—PARC (A)
_isE
10 F
p J—PARC (B)
10*‘45‘H..\H."...\HH\H..\‘
1890 1985 2000 2005 2010 2015
YEAR
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f High momentum beamline
! 1 B B J B |} Qepepe

Not day-1, but | (we) expect early realization.
Primary protons and high mom. 2ndary beams.
Foreign colleagues are interested in experiments at this beamline.

Issues:
— Budget.
— Development of equipments at the separation point.
— Utilities (electric power and cooling water).

Fig.1 ‘
Hadron Hall Layout Plan

May 26, 2006 22




Wy Hadron Physics: Sea Quark at Large Xg;
_-------IIDI]

m Direct investigation of quark-gluon
multibody system

m  Proton beams (50 GeV)
+hydrogen/deuterium target+dimuon (&
Drell-Yan process) spectrometer

— dbar/ubar (flavor asymmetry) at large x

— Anti quark PDF in A
— Quark energy loss in A

— PDFin large x
. . . ¢ E866 Data 800 GeV
— Future: Drell-Yan and J/y with polarized T . 1
Rina-I : 0 & Main Injector 120 GeV 7]
beam ing-Imaging ~ ]
Cherenkov Counter 4 1l # JHF 50 GeV
Muon a ot 9 +
Detectors §1.1 Lo % P om oW + 5
Lig
N T Y
-;_o.g - .
S L
=} L
| Station 2 Hadronic OB B
15 Calorimeter r
— " Hadron Station 3 07
800 GeV Absorber Electromagnetic
Protons SM12 Analyzing SM3 Analyzing Calorimeter
Magnet Magnet

SMo
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300 Me)

T
Temperature

KEK-PS E325:

In nuclear medium.

i ium:
o o mucienr densty  oants|/ 10MeV/o?]

15005 & © | —fitresul
b b = - PRL 96 (2006) 092301
1000F
Y 7500 “ﬁ """" bl events[0 MeVic’] events[H10 MeVic’]
500; }Wﬂig 1200F (a) C : ool (B) Cu
o ,f w5 T 1000 [wih oo - [win
wnﬂf ®Cu | —fitrosu 800 mﬁicaﬂon — it resiu!t UE mg?fica:inn — it res:ul_'t
12500 oo 3 --p—eE | soof - poe'e
10008 | -_-_-_Le;ei eoaE- 1| — w—se's E = e e
T ==L “oF
500F /M'\ 200F 200f |
2s0f f i E E M
i‘fbg i fﬁ»e? E;q 0.7 GE‘. ";. Eg"“:i"';@'“'HQ
invariant mass [GeV/c’1 = i.n N rm.u |Il3;1.-'.-'c§' - “i' _ rrlass |S;U.':E|
Improve KEK-PS E325
— thintarget / primary beam (10° ~101° ppp)/ slowly moving
mesons u
Main goal : collect 104 ~105 @ - ee for each target in 100
shifts
- 10-100 times as large as E325
velocity dependence of 'modified’ component -
new nuclear targets : proton (CH, -C subtract), Pb
—  narrow width -> sensitive to modification
—  free from w—p interference
w, p and J/Y can be collected at the same time
— higher statistics of w, p than E325 with different A targets
— 100-1000 J/y are expected in 50GeV operation |
Normal nuclear density (p+A)
—  but also high matter density (A+A, ~20GeV/u) in the future -

=2 Vector Meson Modification in Nuclear Matter
- I 1 §F ¥ I 'l [=slsh

Bean

SO

Wil

Il

arghkov

Tracker

Electron Pair Spectrometer

Tracking Device
—  Drift Chamber

— GEM(Gas electron multiplier): strip
readout

Two-stage Electron ID

— Gas Cherenkov:
PMT+2 mirrors
GEM+Csl photocathode: pad readout

— Leadglass EMC
~30K Readout Channels (in 20 units)
—  E325: 3.6K, PHENIX:~300K
Cost : ~$5M (including $2M electronics)



Neutrino Facllity
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280m

Primary proton
beam line \ =TT

Extraction point

o (ARt L )
QJAK\
5=
|t i *'tgift station .
& 1l5g ® inward beam extraction
i ® proton line with SC combined-
|12 function magnets
G o iy I ® variable off-axis angle between
W e BT w0 273 degrees |
\ - emm—a - - 51 @ 130m long decay section
e, R ® a near detector at 280 m
N Near datactor ® another detector planned at 2km
NN vada @ ICTP, Trieste 25

X=497
X=496,000



7 T2K (Tokai-to-Kamioka) Neutrino Experiment
./ § m &+ 0§ ¥ 0§ jwpmmm

m Status of v oscillation and | super-k: 50 kton ~iGeV V. beam J-PARC
neutrino mass: Water Cherenkov 1| (x100 of k2K). | | 0F5MWS0ceV PS
] ] a i v 7 Seinds =
— Atmospheric v experiments : £ ,,,,j ; o283 :
(SK...) discovered neutrino ¢ ; - | 3
. . — o
oscillation and thus finite Phascgl W T Phase2
masses of neutrinos. HyP s;u'-‘err:?ﬁmnd 295k ERI L AmMw?
= i
- K2K v, disappearance . | — Kﬁ‘&
experiment confirmed the N mﬁ? 4 “’""?@ :
existence of the neutrino gj& . '53 : }i jyfj‘{“
. . . 3 9lCa L. _n~ . y 5
oscillation with “man-made” ™ Q?*“f’i“*f 2
. _,--"""""' (]
neutrinos. {::}EIIJ[I,EEI'II ", - 420.0 mi /675.8 km axreoa

m  Motivations of T2K (Tokai to Kamioka):
B Precise measurement of disappearance v, to v,.

B Discovery of v, appearance: High flux of v, enables us to observe it.
Flux (v,) at the 50 GeV PS > 100 x Flux (v,) at KEK 12 GeV PS

m Future upgrade ... towards CP violation in the lepton sector
May 26, 2006 Shin'ya Sawada @ ICTP, Trieste 26
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e Drell-Yan, J/Psi production
- structure at large x

Hadron Physics

I §F F 1 I [ Isfshl
Hadron Physics

The Quest of QCD

Quark confinement and chiral symmetry breaking
« Neutrino scattering > As 1he foundation for nuclear physics
From where we are now to the early universe

\e@@on Spea @ 3‘

JYORS baryons
b 5 1ueba1|s Multiquark
states

EXPe“me Oa“heow Heavy quark hadremé Q\a“

astlc ggxlk models, ﬂt oscopy with 1
terln Ive Lagran
aDroductl ? T\‘Q bams

\ on re Chiral pertLg
Uc\ear Deep-inelastic scatterings @ Pe=r!
g

Heavy-ion collisions @Cavlce QCD
\bﬂ YN, YY interactions B\ ©aer :

Hypernuclei \\'
Nuclear Physics f‘aG\\ .‘: ;

e

e Hypernuclei formation via i, K beams

e i, K scattering . O(\()e

. theory via K decays
« Vector meson modification in matter
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m Construction Schedule and Status
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Construction Schedule & Commissioning (Phase-1)

7§ 1 J°  J° ey
Construction Schedule (as of Oct., 2005)

+|User
_Bccess

FY2001|FY20021F Y2003 FY 2004 FYEEIDd FY 2006 FY 2007 F"fEEIDBI
.......... Bdam
Linac #mm _________________
s3gev | | _____IEquip. cohstruction
............... Eh!lggﬂgﬁl____”___ Baam
eV (O N | Equib construl test
................ .' lasam I
Materials + Life | | ] “ﬂ‘m ______________ test acgess
............ "' Bea + Use
Nuclear-Particle] | | | et Eauipl construcon | ]
____________ mm e
Neutring Equip lonstructbn st
Others Construction
Archelogical studies EIUW repaort
* A
|
Construction Start Beam
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Scenes of Construction
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\{@, Scenes of Construction
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e
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From 3 GeV t6—
Materials-and-Life—

Extraction Poin

o
{ LN
oy Fo.alid

VINAHT A0 it

T

iNeutrino
- Tunnel , =

(BRI}

I*Jr/

unnel
Tour e
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\ 50 GeV Tunnel
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Upstream off. ‘
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Scenes of Construction
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Scenes of Construction
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m Linac Area m 3 GeV Area
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Scenes of Construction
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Scenes of Construction
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m Neutron source being prepared
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Scenes of Construction
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Scenes of Construction
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m 50 GeV Area
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Scenes of Construction
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Scenes of Construction
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\\ _ Scenes of Construction
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m Hadron Experimental Hall

"‘.'\;\

W
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Scenes of Construction
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m Hadron Experimental Hall

©
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WO Summary
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m J-PARC will be the highest intensity accelerator
complex of the GeV and ten-GeV energy regions in
the world.

m The major aims are materials and life sciences by the
3-GeV synchrotron, nuclear and particle physics by
the 50-GeV synchrotron, and R&D for nuclear
transmutation technology by the linear accelerator.

m The phase-1 construction began 2001, and will be
completed in 2008.

m There is a wide variety of physics possibilities.

— Hadron physics, including Drell-Yan and quarkonium
production, vector mesons etc. at the slow extracted facility.

— Neutrino beam
— Etc. etc.
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