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J-Parc

* Joint (hetween KEK and JAEA)
* Proton Accelerator Research Complex



Where is it?
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Pesign Spec.

* 30-506GeV
* 3E14 protons/2.9sec

* Fast extraction for
neutrino experiment

* Slow extraction for

Kaon, nuclear physics,

hadron physics
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Linac

* Nov. 20th 2006 : 50keV—>3 MeV by RFQ
* Jan. 24 2007 : 18 1MeV beaw at the end of Linac
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3GeV Synchrotron

* 29Hz cycle
* Qct. 31, 2007: Accelerated up to 3GeV!

RCS 3GeVil#EmkIh

20075108318 14K503423%

BREE—LEHR | . . Y HLFyh—
(ring-DCCT) (KM-DCCT)

A!‘f l:'—.“lxl i‘/f&” K Y
(I-BPM) y
\ /&//
BEE SNBTE—Lil
um
A4t HRYHL p-CT)




506GeV Ring

* March 2007: All magnets were installed.
* Startdryrunin Dec. 2007
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Plane view of Hadron Beamline

NP-HALL
SomiL) < 60m(W)

50-GeV PS

T1 target
(30% Loss)

Beam Dump
750kW




Hadron Hal

_)'40420”/ 0t}

15



Official Schedule

50GeV-Ring will
— start Dry Run in Dec, 2007.
— accept beam from 3GeV-Ring in April ~ July, 2008.
— install extraction magnets for Hadron bl. during summer shutdown in 2008.

Hadron beamline will
— accept first beam in Dec. 2008.
— start beam tuning - until end of March, 20009.

vcHadron Experimental Hall will be available in Summer, 2007.

Neutrino beamline will accept first beam on April 1st, 2009, and will start
T2K experiment.
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Multi-purpose
accelerator complex

* Material and Life (nevtrons and muons)

* High energy physics (neutrinos and Kaons)
* Nuclear physics (Kaons and protons)

* R&D for transmutation
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Material & Life
Experimental Facility
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Mercury target for
heutron source




Beamlines

July 19,2007




2 .
o’ Tentatively Approved Instruments

J-PARC
[ S D e e N OOO0

Versatile powder IBARAKI Biological Crystal

- diffractometer '
Llfe _ Diffractometer
) JAEA LT — Ibaraki Prefecture
SClence Super High Resolution
Powder Diffractometer
- (SHRPD) - KEK
\ "M | \\\'\—

Protein Dynamics
Analysis Instrument

Diffractometer for
Biological X’ tallography

(DIANA) (BIX-PN) - JAEA
- JAEA \
%
i 4d Space Access Neutron
I nd u Strlal Spectrometer(4SEASONS)
. —Grant=in—Aid for Speciall
Con Sortl um —P:ggo’lgd IResc:arar(E.)P(la,cl:/ellEg,(T,
was formed

High—intensity Versatile
Neutron Total Diffractometer
- KEK

Materials el
- IBARAKI Materials
SCIence Design Diffractometer
— Ibaraki Prefecture
[ 4
High—intensity SANS (HI-
SANS) - JAEA Neutron Resonance Spin Echo
Neutron Reflectometer with spectrometers .
Horizontal-Sample Geometry — KUR, Kyoto University

- KEK
22



A doorway to
New Physics



Nevtrino Oscillation
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How to make v,

. — Super-K
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Bend protons hard
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The Arc Superconducting
bending magnet
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Target Station

1/16, 2007 - A
Final Focusing Section / ARC /m

Target Station

Ti-alloy Beam Window
with pillow-seal

i Helium-Cooled Graphite

Target in the 15t Horn

26mm¢ x 900mm

- \ H Y
Supported by CCLRC/RAL and o o wmw
BARTOSZEK ENGINEERING | —
KEKTCOZ7: KEK Topical Conference, February 2007 26

IshidaeKEKTC07



1r—->uv Vecay volume

Hay

30



,t

Far Detector=50kton

g Bk oy
o M0

“n
By taes

Y L

"*_’j l"“? i’i :ﬂ

SAFE . )
r:::“;_jfi.‘ iy ‘_i“ 2

t_,if{i‘f"“

Ao L L te

W #w e

i i i




Am? [eV?)
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Sensitivity t0 922

A l{.zK ilnall ‘resultl L
5 Statistics x100 T2K 5x1021 POT (Stat. only)
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it 013#0, CP
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tion?

* Super-->Hyper Kamiokande

54m

50ktons --> 540ktong

* 2nd detector in Kored?

T Outer Detector Plat form
P Inner Detector Opaque Sheet
I Access Drift Liner Vater Purification
IR
LA
9@
N

Height 54m

L ingtm |

Width 48m




Ki-> 1lvy
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Ki->1mlvvin
Standard Model

s w- V* d
Z° vV

K; — 7TOV7) X Via — Vi
* BR=(2.8204)x 10!
(w/eurrently known

CKM parameters)
* 1 - 2% theoretical error

7

KL—>7T

0

13
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New Physics adds extra
- amplitude

S S
Zoé El/ + ﬂé EV
1% v

DK
* Still the same 127
theoretical error!

* Compare with B
results




probe New Physics

2
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0

30

60

90

120

150 SM events

e

‘4th generation Grossman-Nir Limit from E949

SUSY w/R (LFV)
Extra vector quarks -
Discovery
Enhanced Z-Penguins = -
VSSM Region (50)

\ \» MFV
NcommmmeooTT —————— Isosinglet d quark
T e e e e Extra dimensio
11 Standard Model
3 x 10 “_'SM —_— - T T T T
- - -
/

based on Bryman-Buras-Isidori-Littenberg, hep-ph/050517]|
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" Step by Step

]0—6 {4
* KTeV/Nakaya

]0—7 T
Gh} IO—S \ .
imit '
107 = * KEK PS E291a lweek/Sakashita

* KleV/Hanagaki: T0->eey

///

Y - * KEK PS E39 12
11 _
s ———x% J-Parc Step 1: beyond GN limit,
1012 1st observation

101 =% J-Pare Step 2: 5100 SM events
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Step 0-KEK E391a
w/12GeV

E391a Detector

Csl - calorimeter

Main barrel
Vacuum vessel

Front barrel
C il

/ Back Anti

40
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E391a status

* Had Runs 1, 2 and 3

* Published BR<2.1x107 (90% CL) based on
107 of Run 1

* Analyzing 1/3 of Run 2. N
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J-Parc E14 Step 1

* Modified E3QIa detector at KO beamline

[}
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3.5 m
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Step 1 Detector

* fine granularity calorimeter

* Herwmetic veto system w/high detection
efficiency

* Wavetorm digitization

CC01 FB CC0Z2 MB BCv CV CsI CCO3 CCO4 CCOS5 CCO6 BHCV BHPV
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Fine granvlarity

calorimete

* photon isolation -
* X8 bkq redueti "
* energy resolution-

% suppress n bkg -—ER e R
| ' JWW w/o fusion cpts

91a fusion cut
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Signal Sensitivity

* 2.6x1012 K, decays
w/ 2E14 protons X
3E7 sec

* Sensitivity
=8x10-12

3.9 SM evis
* Background = 2Zevts

=0.251
(= B

0.2}

100 200 300 400 500 600

Reconstructed Z (cm)



Step 1 status

* July 2006: Stage 1 approval

* July 2007: Stage 2 approval recommended
by PAC

* KEK is reviewing the experiment to
schedule beamline construction ete..
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Step 2

* Optimized beamline with 9deq angle for
* higher KL momentum <PK>=5.2GeV/e
* higher yield: 44€7/2usr /3E14pot

Example -

T T T T .
Hadron Hall Layout Plan g |—l A A W
B 52100k <
BRIV I \\\K1 .8-BR
B % ~
| ‘\g
Test line <<

12 16 20 o
T L Q ’
<m)
s




| Pt vs. Z (After Veto) | 3

Step 2

* Longer(15wm) and larger
o"?%lefec?orr sifise

* |onger decay voluwme: 67
decay in 1 lm

-2
200 400 600 800 1000 1200 1400 10

* hiqher KL mome"fum | Pt vs. Z (After Veto) | R,
* higher acceptance £ 210 bkg

PT

* 133 SM events/ 3E14x =}
3E7sec

* §/N =48
* ]9 2pi0 bkg 0.05: AT
* 8 1r+1r—1r0 bkg : 200 400 600 800 1000 1200 1400 10"

Reconstructed Z (cm)




T-violation
experiment

Thanks to Jun ImazatoeKEK



Pr =

Pr

Transverse muon

polarization in Ku3
0y - (Pro X Pp) K_l_ Ssis WOM_I_

Do X P

t= -t

p—=-p
¢ jamndn ]

Oy (_pwo X _p,u)
‘ — Do X _p,ui

= OF:
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KEK £E246 51
experiment - scevew (7 C

* PRD 73072005 (2006) N Lo memmmicun
* Pr=-00017:00023:0.0011_ \@iﬂﬂ
* Syst. errors fcmenkov = /Of S

| CsI(T1) Targe the:r
s K+ C1 |
* f1scattering 71E-4  — HL‘ %ﬁ e 1 |
Pz /T
BO/ g @[@ Ring Counter
* B‘ﬁeld rOt 5-3E'4- ——————— Muon Stopper

Degrader

/ \ |
* detector alignment 2.8E-4 . H
0 0.5 1.0 m | —
# (_\Qz Q@Ellfl:_"- Ml\mn Degrader
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T-violation exp. @ J-Pare

* J-Parc E04 aims dPr=10-*
* X 30 beawm intensity
* X 10 acceptance
* high analyzing power for polarization
* hetter misalignment measurewments
* correction of systematic effects
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Sensitivity

* Statistical error: 1.39¢E-4 w/
* |E7 sec running time
* 9uA proton beam on target

* IMHz K* beam

[
OI
(S
|

®
stage-2 |

* Systematic error: 1E-4

:: § s" E246
O 4 § 3| . J-PARC |
7.2E8 for analysis £ "T 1 1|y
* 7 events tor analysis £ | i :|:
< 10 —E E P stage-1
5

= =
£

| |
—

—
)
~
—)




Lepton Number
Violation?



Sensitivity to Different Muon Conversion Mechanisms //é

MECO

Supersymmetry
Predictions at 10-1°

Compositeness

A, = 3000 TeV

Heavy Neutrinos ) : B Second Higgs

. doublet
|U uN UeNI2 =

8 x 1013 gHue =0 gHuu

Heavy Z',
Anomalous Z
coupling

M, = 3000 TeV/c?
B(Z — ue) < 1017

112 2
3000 (A, ko)< TeVie After W. Marciano

W. Molzon, UC Irvine The MECO Experiment to Search for Coherent Conversion of Muons to Electrons September 27, 2002 3
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lI-e conversion in atom

* muon is captured in 1s state
* I+ N(A,Z) --> e + N(A,Z)

* Signal=105MeVe o ™. | o
* Packground —
* end point of p->evv decay 1

* beam related background Ee (MeV)



COMET = COherent Muon .

Pion Capture Section
rotons
A section to capture pions with a
large solid angle under a high
solenoidal magnetic field by super-

oduction conducting magnet.

10! muons/sec

PRIME




Backgrounds

* pion capture in atom (prompt)

* 17 HAZ) > (A -> vy + (A Z): y—oe'e

* Need <1E-9 proton extinction

0.07 s

41 | 0.7 us
1.07 ps (every others)

* muon decay in orbit

IExtinction

* Need accurate E and t measurements
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Pulsed Proton Beam (2) : Bunching Scheme @

J-PARC Accelerator Complex
MECO-like Scheme

e RCS : 1 bunch operation nes
e h=1 or h=2 w/ empty bucket _ -

e MR : Empty bucket Scheme ™™ )ﬂ %
e h=9 or h=8 n \x j o y

e Adiabatic dumping : small ot e
® 30 GeV = 8 GeV S ya
e Reduce RCS painting area S

e Smaller 3-50BT collimator
e 8§ GeV, 7 UA ; 56 kW to NP-Hall
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Electron Detection (preliminary)

Under a solenoidal Straw-tube Trackers to measure electron momentum.

magnetic field of 1 Tesla. eshould work in vacuum and under a magnetic field.
oA straw tube has 25um thick, 5 mm diameter.

In vacuum to reduce oOne plane has 2 views (x and y) with 2 layers per view.

multiple scattering. e[ive planes are placed with 48 cm distance.

e 250um position resolution.

Electron calorimeter to
measure electron energy and
make triggers.

e Candidate are GSO or
PbWO2.

Trigger Calorimeter e APD readout (no PMT).
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Sensitivity and
background

* 8E20 8GeV protons x 24E-3 muons/p

x 0.29 stopping eff = 6E17 stopping muons
* X 0.6 muon capture eff x 7% acceptance
* ==> BR<1E-16 (907ZCL)

* 0.34 bkg events (0.1 2 radiative pion
capture, 0.09 wmwuon decay in orbit, ...)



J-Pare future



JFY starts in April

J-PARC Construction Schedule

Feb. 27 2006

Year

Items

JFY2004

JFY2005

JFY2006 | JFY2007

JFY2008

2009 ~

Linac

3GeV RCS

50GeV MR

MLF

(Materials & Life)

Hadron

Neutrino

Infrastructure

Salt Farm Assets

JFY2001

JFY2002

Building Deian

Eggigmént iDe

JFY2003

iiding Construction

E:Power F P
HI Teeq- Inst

Building Design

Building Coristruction

Beam Commiissioning

v

Ope

ration

' ; i
' 1
i
1
i

Equipment Desjgn

Bui’lding‘ De’sigr

E

Equibmeht Ijlesi

n

Buiiding‘ De’s‘gr

Design |

i E—
Bundihg [Ses'g’n

Building Construction |

Equipment

Drawing, Fabrication, Installation

braWing

Fabrication; Installation:

-
]
1

|

!
1
1
1

Beam

Beam

Construction

Start

A

Time when this
schedule was created

Facility
Obperation



JFY starts in April
J-PARC Construction Schedule Feb. 27 2006

Items

Year JFY2001 | JFY2002 | JFY2003 | JFY2004 | JFY2005 | JFY2006 | JFY2007 | JFY2008 | 2009 ~
SEEEEE SERERE SERERE EPoWer%eejié mlnst Be:%lm;Co%miss;ion;ingé Ope

rétion
i V E

' ; i
' 1
i i
' i
' i
1 i
i i

Building Deian

iiding Construction

Linac Eggigmﬁent De

|

Buiding Design| | Building Corlstruction
3GeV RCS  [Equipment 'Designg | e Eat

Bui’lding‘ De’sigr

1B
B
&
E

50GeV MR

[ f SRR B Beam

MLF T
(Materials & Life)| =

Equibmeht D'esi n

Buiiding‘ De’s‘gr

Hadron

i — — — ;

H : : | : ' | : : H ' : 1
i o gt : ! i i I | i i i i i i
i Building Design A P ’ AN B
5 H: S— ¢+ B Building Construction: = |

Neutrino : : : : =]
Equipment Drawing, Fabrication, Installation AN Beam

iDesliqni
Infrastructure| =~ | |

Drawing| Fabrication; Installation:

-
]
1

|

!
1
1
1

Salt Farm Assets

Time when this NOW |
_ schedule was created .
Construction Facility

Start Obperation
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oo’ Phase 1 and Phase 2

J-PARC
I D N D N N B o
s Phase 1 KEK Portion Hadron Experimental
: : Facility
Phase 2 8 GeV Synchrotron Materials and Life
JAEA Portion (25Hz) Experimental Facility
Nuclear
Transmutation

Linac
(Superconducting)

Linac
(Normal Conducting)

1
O

Synchrotron

Neutrinos to
SuperKamiokande

— Phase 1 + Phase 2 = 1,890 Oku Yen (= $1.89 billions if $1 = 100 Yen).

— Phase 1 =1,527 Oku Yen (= $1.5 billions) for ~8 years.
— JAEA: 860 Oku Yen (56%), KEK: 667 Oku Yen (44%).
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4
R Commissioning & Linac Energy Recovery

J-PARC
. § | § F §F 5} poammmm
MW
1.0 e S e
Expected Beam Power at 3 GeV i
0.8 |- /N -
400 MeV instgllation
in 2008-201(
' on Day 1 ¢ ~
\‘, il
’
‘?
A
02 M ' (B 200MeV u
1= e on Day 1
0.0 =y , , - , .
KEK PS / JFY2007 f JFY2008 % JFY2009 | JFY2010 | JFY2011 [ JFY2012 Construction
Power _ | : | | needs to start
Completion of Completion ,
200MeV Linac | | of T2K s | ; ; from JFY2008 or
Teemem—=  JFr2om
i : r ; = = hopefully for 3
3 GeV S : .
Construction : Beam Test Usage for Experiments
Houton and Mor ; ' years, as shown
Nuclear - Particle Construction Usage for Exp(:zriments | n th | S fl g ure.
T 2 K Experiment Construction E Usage for Experiment
TRIVEE FR205E | FR2IEE | FM22EE PR23EE FH24EE
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@
o’ Upgrade Plans for 50 GeV

J-PARC
[ S D e e N OOO0

= Power beyond 1 MW (neutrinos to study CP violation in the
leptonic sector)

— Design study was advanced to 1.3 MW.
— Possibility up to 2.7 MW is in progress by the Accelerator group.
— Users want up to 4 MW.
® Muon Storage Ring (LFV, muon g-2, etc.)
— Need additional extraction beam line.
— Exit was already prepared.
— Anti-protons together with muons?
= Polarized Protons
— Study group was formed.
— Installation of Siberian snakes seems possible.
® Heavy lon Acceleration

— Interest exists among users.
— Need technical studies.

66
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J-PARC
[ S D e e N OOO0

= Power beyond 1 MW (neutrinos to study CP violation in the
leptonic sector)

— Design study was advanced to 1.3 MW.
— Possibility up to 2.7 MW is in progress by the Accelerator group.
— Users want up to 4 MW.
® Muon Storage Ring (LFV, muon g-2, etc.)
— Need additional extraction beam line.
— Exit was already prepared.
— Anti-protons together with muons?
= Polarized Protons
— Study group was formed.
— Installation of Siberian snakes seems possible.
® Heavy lon Acceleration

— Interest exists among users.
— Need technical studies.
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i Summary i

* - Parc is fhe Intensity Fron’rler in ’rhe world

* J-Pare covers wide scientific areas: life,
materials, nuclear and particle physics

* Gowming up soon!



Backup slides



Background M £

69

PRISM

Backgrounds Events Comments
Muon decay in orbit 0.05]1230 keV resolution
Radiative muon capture <0.001
(1) Muon capture with neutron emission <0.001
Muon capture with charged particle emission | <0.001
Radiative pion capture” 0.12|prompt
Radiative pion capture 0.002[late arriving pions

Muon decay in flight* <0.02

(2) [Pion decay in flight* <0.001
Beam electrons® 0.08
Neutron induced” 0.024|for high energy neutrons
Antiproton induced 0.007 [for 8 GeV protons

3) Cosmic-ray induced 0.04[10“ veto efficiency
Pattern recognition errors <0.001

Total

0.34




(% |
o’ Construction Budget

J-PARC
[ S D e e N OOO0

(%If(lﬂie?oe) Budget Profile 2 J:EEI?
200
180
160
140
120
100
80
60
40
20 M
0 . . . . | |

2000 2001 2002 2003 2004 2005 2006 2007 2008

f Budget Year : T
Construction Start J Phase 1 Completion

Neutrino Completion
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o’ Construction Budget

J-PARC
[ S D e e N OOO0

(%If(lﬂie?oe) Budget Profile 2 J:EEI?
200
180
160
140
120
100
80
60
40
20 M
0 . . . . | |

2000 2001 2002 2003 2004 2005 2006 2007 2008

f Budget Year : T
Construction Start J Phase 1 Completion

NeTJtrino Completion

Now



o’ Operational Cost of J-PAR

J-PARC

200 day data
taking

Outsourcing
manpower 19
Oku

Experiments1
1 Oku

Safety, Computer
12 Oku

Electric
Power &
Water

70 Oku

Maintenance
53 Oku

Total: 187 Oku Yen

(Other personnel's: About 30 Oku Yen)

Building
Maintenance8
Oku

Improvement
13 Oku

C

NN NN (NN N BN A OO

71
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J-PARC

200 day data
taking

Outsourcing
manpower 19
Oku

Experiments1
1 Oku

Safety, Computer
12 Oku

Electric
Power &
Water

70 Oku

Maintenance
53 Oku

Total: 187 Oku Yen

(Other personnel's: About 30 Oku Yen)

Building
Maintenance8
Oku

Improvement
13 Oku
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The Review Committee
understood the reason why this
budget is needed. However, an
effort to reduce the cost was
also recommended.
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o’ Operational Cost of J-PARC
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200 da_y data The Review Committee
taking understood the reason why this
Outsoursing budget is needed. However, an

manpower 19
Oku

Experiments1
1 Oku

Safety, Computer
12 Oku

Electric
Power &
Water

70 Oku

Maintenance
53 Oku

Total: 187 Oku Yen

(Other personnel's: About 30 Oku Yen)

Building
Maintenance8
Oku

Improvement
13 Oku

effort to reduce the cost was
also recommended.
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Request for JFY2008:

- All except neutrino start to run.
- 110day operation for neutrons.

Operational cost for JFY2008
KEK : 39 Oku Yen
JAEA: 53 Oku Yen
—fotal— 92 0kuYen
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Plane view of Hadron Experimental Hall

Experimental Area
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