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Bird’s eye photo
in July 2009

Bird’s eye photo
in July 2009
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Goals at J-PARC
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Need to have high-power

proton beams Materials & Life Sciences at 3 GeV
Nuclear & Particle Physics at 50 GeV —
— MW-class proton accelerator L R&D toward Transmutation at 0.6 GeV

(current frontier is about 0.1 MW)

Power Capability of J-PARC

Slow Extraction; 99.6% efficiency for 5kW was achieved!
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Neutrino Oscillation (T2K)
Experiment

(295km)

T TR E e e e e e o e

J-PARC

—
Super 40m ] Electron Neutrino Mu Neutrino .
Kamiokande 5 i HIT BB

(I B2 IR ) (ZRHWR)
Atmospheric Neutrino ; i
Acceleratlor Neumuno Electron neutrinos Mu neutrinos

Kamioka, @ 0,3 " Mixing between the 1st and 3rd generation

K2K,

MINOS, . . .

efc. Already 500 non-Japanese joined this experiment !!!

KamLAND, SNO L
(Japanese participants are only 70)

Solar Neutrino
Reactor Neutrino . .
Goal is to measure sin?26,; down to 0.01

Competition with Diya Bay, FNAL, etc.
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Hyper-Kamiokande (Mt WC)

P S o Next Step Far Detector

Aiming for Neutrino
CP Violation!

100kt-Lig. Ar TPC

Nuclear, Hadron, & Particle Physics at Hadron Hall

CP-Violation
2 (o) Ko,— vy
I High Density Nuclear Matter, Nucelar Force I 4 0 ~ L
e ©
00

| Origin of Mass

/ % Free quarke Bound quarks
Why are bound quarks heavier ?
Mass without Mass Puzzle

Implantation of
Kaon and the
nuclear shrinkag

High Density
Nuclear Matter,
Nucelar Force

( ) = T-Viola
Kaonic atom Kaonic nucleus

Beam line

u-e conversion
p +A2)>e +(AZ)

Xray

e
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NFOVHAR—)LTOHRBIHTREIEE: SKSEKOTO

Missing mass spectroscopy

K- 3He Kpp

Reactlon
o + +

A ‘ Decay

\ \ Decay particle measurement

[ ‘ ‘ I("pp search with
P

ICpp search with
O TOF measurement of

exclusive decay particle
measurement

Aerogel
Cherenkol

Beam

e ————————
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Liquid “He inside
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‘Side view

K it | i L 1
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Helium target and peripheral apparatus are
clearly seen!

® Cylindrical Drift Chamber (CDS) and Liqui

&
&

Results in February test run!

1F

d He Target are ready_!
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® K-pp experiment is ready ! (start in coming June/August run)
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Big News In
January 2013/

* Japanese Government approved the construction
of New Primary Proton Beam Line!

* Then High-p/COMET beam will be ready in mid
2015.

~2013

Hadron Physics

KI%1BR [‘ .
Test Exp. & ‘
Lepton Universality

’ Proton Beam Intensity > 10~20kW

Improvement of Time Structure
Slide by Hadron group — Experiments with K beam can start

13.4.15



~2015

beam line

toward >100kW

better than KEK-PS

Compiletion of the new primary

Proton beam intensity

Beam quality toward that

Hadron Physics

a2
PY

35{8FM~35MD
2 years Project /

> N

| Strangeness Nuclear

Physics

7] Kaon Rare Decay

/‘ ”'

DhAaco
u to e conversion

(

Experiments at High-p/COMET

Neutrino-less muon
nuclear capture B
(=p-e conversigi
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High Mom. w-beam

Traditional RCNP technology:

J-PARC 30 GeV High resolution beam line via

proton beam 15 kW target momentum dispersion matching!

Add a t—beam option to high—p line
o High Intensity &t
o High resolution :Ap/p=0.1%

Large Solid-Angle Spectrometer (LAMPS)

o Charmed Baryons via ( 7,D™) reactions

o Production/decay of Charmed Baryons

BRFSNDF v —LN\JAVRARINL
((uD*)RIEDREBEEEARIEIL)

Signal: 1 nb/Yc* :~1000 events
BG: 1.8 mb (JAM)

3j ??
--i\JLZ.9_4_QL_- ---------------- D*N

Counts/3MeV

50

it R VOUR T TOOTE TP TP AR OO T
9233 243526272829 3 3.4 3.2
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High Intensity Beam Hadling

21

Downstream of T1 Target
How to solve 200kW Heat Problem?

Magnets — Upstream Collimator

Beam Ducts — Big Vacuum Chamber instead of Ducts

Vacuum | :
- D1(6.3kW) Q1(1.1kW
Chamber 3\\\\\4& \\s\\)\\\\w( =y )
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Concrete 1 30Days Operation/1Day Cooling
7.9 uSv/h Res I d u al Dose 1 Year Operation/Half Year Cooling

0.03 uSv/h Water Pipe (SUS)

Concrete 2 8.4 uSv/h

53 mSv/h ,,, Z 54hsum

1.6 uSv/h Service Space

Iron ——— —— -
.
h T
?(1) MSV;h %?/ %/ . Vacuum Duct

Tron wsv SUS 3.2 Sv/h
430 uSv/h Iron Nt . 1.2 Sv/h
160 uSv/h 1.1 mSv/h 5m Til.l Sv/h

460 mSv/h L > 97 mSv/h

Iron / -\v-“\ qiB
170 mSv/h ~ Beam ™~ -\ 110 mSv/h
460 mSv/h \ 49 mSv/h
T1 Vessel Trench Collimator
2.2 SV/h T1 Target 7 Zég mSV/h
850 mSv/h . mSv/h

650 Sv/h  Vacuum  Collimator Iron Base DI Q1
230Svh - Seal 380mSvhh 560 mSy/h 530 mSv/h
30Svh 100 mSv/h 62 mSv/h
v msv 210mSv/h 270 mSv/h 33 ;mSv/h

11 Sv/h

High Intensity Beam Handling

« Magnets etc. should be radiation/heat
resistant.

« Magnets etc. should be replaced easily
and quickly.

* High Intensity Handling should be
considered as a system.
— Power/water lines,
— Vacuum line,
— Daily operation/maintenance,
— Radiation shields,

13.4.15
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Chimney Magnet

Beam Transport Magnets
as a Beam Handling System.

Radiation Resistant Magnet

Radiation Resiatant Magnet System
Special Magnets near Target

Polyimide Insulation

Magnets
w
g 150 rnitial value (Zero Gy) //’/‘\'\.
: \
100} :
g
=3
@ SOF  Glass/Polyimide
[2 1 vV

10' 10210° 10* 10°10° 107 10® 10° 10'°

Absorbed dose [Gy]
Tensile strength of a cured BT resin
reinforced by Boron Free Glass Cloth.
o
I n N
P N—0—Ar—0—~\y—0—Ar
Yy
|

BT resin, ten times RR than Epoxy

Up to 4x108Gy

Magnets of
Mineral Insulation
Cable (MIC)

i T ey

Up to 101Gy

13.4.15
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HiL fEFEK
HITACHI Mineral Insulation Cable (MIC)

1. WimE~HiE R1(Z-254)R2(/-2/)- R3(HWiks)- R4 (BHER)

oc T2 oc T2
oB T oB J1
oA oA
3 FREAT 5T
- MIFC- | MIHC- | MIHC- | MIHC- | MIHC-
SEM(m) 1000A-S | 2000A- -H | 2500A-H | 3000A-+
@ fHE AL 140 18.0 19.8 3.8 8.0
v—2  mm Ti| o7 0.7 1.0 1.1 1.5
SR R1 1.2 1.2 20 3.0 4.0
mRrR__R2| 08 08 1.0 1.9 2.5
— @ AE B[ 126 6.6 7.8 216 250
45 T2 17 iz 17 18 2.5
€] nNE C 9.2 13.2 14.4 18 20.0
HiE WE D = = 10.0 10 10.0
mE T3] — — 22 4.0 5.0
s#Rr  R3| 26 26 25 4.0 3.0
mRr_ R4l — = 0.8 13 1.0
Wimm D 2 36.6 4738 72.6 95.3 150.6
(mm?) @ 4vab-4 79.4 106.6 | 1140 | 1532 | 227.4
@ Wik 78.8 168.4 101.4 208.8 293.1
& o 1948 | 3228 | 2881 | 4573 | e71.1
hEARMEN (mm?) - - 99.5 98.5 99.1
HE D 2 0.327 0.427 0.649 0.852 1.347
(kg/m) @ 4vab-5 0187 | 0250 | 0268 | 0.360 | 0.534
@ Wk 0.705 1.506 0.907 1.867 2621
P 1218 | 2183 | 1824 | 3078 | 4.502
BLEAMERE (m) 60 60 60 60 30
2. #® 3
s # B fesemsy
@D o—R C1220—0 | Cu 99.90%BLE
@ AvvaL—4 MgO MgO 98.0%klE = -
3 Bk €1020—0 Cu_ 99.96%%LLE | 40~50 | 10081 E
3. MATE  nEs1800BEDET T BE
HIMIC)IF, XEHPE BT HLF—MEBH HARH F—FR RTY
BIIEHARSE
i TEL:0298 426 FAX:029

+ Typical magnets for
J-PARC neutrino beam line

Q460 Q440MIC

Insulator Polyimide~108Gy | MgO~10"Gy

Bore diameter 20cm 20cm

Current 2500A 2500A

Weight 32ton 32ton
- S Voltage ~160V ~230V
-8-
B Length 3m 2m

* We have already
established the
technology of radiation-
resistant magnets

14



Radiation resistant magnet for J-PARC (Q440MIC)

Hadron Hall Systematization;
as High Power Beam Facility

Water/electric

Service circuits in S.S.
SpaCe \ | :
)4
1/
R.-R. T ‘|‘ |
Chimney 0
) Water
Magnet_______ & _ Cooled
_ HJ Bus_Duct

13.4.15
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Radiation Resistant Chimney Magne

‘511 i

t -

& B

Water Manifold &
Electric Connection
at Service Space Level

Completely Inorganic

Chimney

MIC Magnet

-rvm—s i
s VS N —
2

-

16



Chimney
magnets
aligned on line
at Hadron Hall

Service

WRENTTIT G AN

L IR Chimney

| e magnets
aligned on line
at Hadron Hall
with radiation

shields

Service
Space

13.4.15
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Water

Piping
Inorganic;
using steam
piping
technology
Electric

Circuits
Inorganic;

r-—v_\‘y!Z "l/'-' ~l"" “;,’f Suond
////” it
/ AL s {” v’;
)

b7, 0]

Bridges for Water & Electric Power;
Quick Disconnect System

13.4.15
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Water Connector
Metal sealed lever coupler

Normal operation with 2MPa

Normal operation temperature : 15~80°C
Two inch. Diameter E 3
Cu-ring annealing @750°C
Deficit depth > 0.2mm

Q.D. Electric Power Connecor

g g ~ -

20



Insulated by
polyimide resin

R |
win | ,M»:S; <
Epoxy resin for | | :
gir t?/ htness | Stainless-steel
: g, - B casing
borl Bt Ll
T P ‘
Lt 'lf‘ff‘ !ﬁ PS Station

Shield Penetrating Bus Duct;

Constructed as a part of Radiation Shield
No labyrinth Structure was necessary

Shield Penetrating Bus Duct (Outside)

., ===\ |
.,__.“..- < - — = . R :7 -‘,\:;A..'-‘

13.4.15
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Shield Penetrating Bus Duct (Inside)

= — ; “‘

Service Space near T1 Target

.y

22
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1

Nl B )

T

hd

Now, Leak rate is ~4x10-12Pa-m?3/s

Effective Dia. >50cm

bellows

a5

On dust....

T

flat...

e TN

Differenttal
Pumping

On non-

_

Pillow Seal for Vacuum Connection

Effective Dia. = 30cm, Leak rate ~10-8Pa-m3/s

Our first one (1989) for KEK-PS

!

N
N
SN

illow Seal for Vacuum Connection

P

///////////////Am?/////////////%

\

23




Special Magnets for T1 Area

T1 Target Ve

13.4.15
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K1.8D1 Collimator Drift Space

Solid MIC with Indirect Water Cooling

SC-MIC  Copper Tube |:> No water Leak
18x18-12x12 #$10XH.0 |n the Magnet
__ssneececes

P P g g

s sessees

\

_

— i —

\!

N\

-

L

\

Sn

« SC-MIC is sandwiched by cooling tubes.
* Whole coil is impregnated by tin.

13.4.15
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Super Radiation Hard Magnet: K1.8Q1

Central
Vacuum
@ Chamber

13.4.15
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T1 Target
Area

Conclusions 1

» Primary proton beam line of J-PARC
Hadron Experimental Hall was constructed
as Radiation Resistant Magnet System.

* R.-R. Magnet with Chimney was a key
technology of the R.-R. Magnet System.

(This is important, however, insufficient!)
« All the peripherals were re-designed and

constructed as a part of true R.-R. Magnet
System.

» For this purpose, Service Space was
prepared within the radiation shield.

13.4.15
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Conclusions 2

Electric Power Distribution Circuits in S.S. were
assembled by Copper Bus Bars. No cables
were inside.

Water Distribution Circuits in S.S. were
constructed as inorganic piping system by using
steam piping technology.

Shield Penetrating Water Cooled Bus Duct was
initially installed as a part of radiation Shield. No
labyrinth Structure was necessary.

Bridges between Chimney and S. S. circuits
were made with quick disconnect devices.

Beam Dump

13.4.15
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Beam Dump - Heat analysis by MARS & ANSYS

K. Agari (calculated by A. TOYODA & M. MINAKAWA)
Water cooling at Surface 060((\6\ i
A
1000W/m?2-K e
SN =3D.3n';n Q > 3000 3m—2m
SMX =202.001 /77
I1000mm
OFC
— pF8.9[g/cm?]
— Thermal
S trance Conductivity
B90 [W/m/K
Pr D 350mm [Wim/K]
be
Proton bear — = e
50GeV-15uA 30.309 81.817 133.324 202.001

56.063 107.571 159.078
(750kW) dump710-3 kdump_cucore64-2 (Cu-Fe) @ 50Gev-3.0eldppp @ Cu-1000W/n2/K @ Fe-10W/n2/

We have to reduce the volume of Cu...

750kW Full Beam Dump

T8 By L W .

|
&

Structure of BD

Cooling
Paths

> Proton

% Y Beam _ : f

' ~ = — - e

10 4 ‘ - . _ Fe 006\((\
A=\ 2000mm ~ g 4000mm o

* Manufacture of Copper core (2m x 2m x 5m)

* 250 mm thick Copper plates

¢ 1/3 in FY 2006, 2/3 in FY 2007, set in FY2008

* 100% of Iron Blocks were purchased in 2006

*Concrete blocks will be transferred from Tsukuba in 2008.

Conical hole and Temp.
analysis with % model

13.4.15
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Structure of traveling devices

20 2000

n=-wyk

B2 (AT 5 R - joo 1000 000 600 000 10860 000
roRYVT YIS - |
q‘u.ll. Y o BT Y Ll Lokt I L I Ly I Y = ns Fort -
/ / | /
4500 / | 6700
/ 11200
s/ s /s |

An “Inchworm” Method.
Complete remote operation with just LAN Cable!

First Step has been funded!

We should go to the NEXT STEP

13.4.15
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~2015

Completion of the new primary
beam line

Hadron Physics

KI¥8!

]

- N\ P

> N

35{&f~35MD
2 years, Pr_oject !

Proton beam intensity
toward >100kW
Beam quality toward that
better than KEK-PS

‘@/@‘R/AHQ( ‘BMNGY;[;: |

u to e conversion

Next Step: Hadron Hall Extension

3
-;-\\\ww\\\\\\w\

13.4.15
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Next Step: Hadron Hall Extension

Elucidate the origin of matter with Hypernucleus Microscope
investigation of the Nuclear Force and a
search for a new law of physics!

HIHR: Very Precise spectroscopy with high—
\
Hypemucleus Factory (S=—1, —2)

and —2 hypernuclei with
intensity Kaon beams

KL: Measurement of 100 CP
l violating events to tackle a
"@ m quest on the matter—dominated

universe
Multi<Strangeness / Charmed Nucleus

K10: Nuclear matter with an extreme condition
with high—-momentum separated secondary
beams (Kaons and Antiprotons)

\\ Discovery of Lepton Flavor Violation

G@MET il COMET: Search for u—e conversion with

the world-best precision of less than 10716

K10 Beam Line * Delivers well-separated charged
secondary beams with p < 10 GeV/c

Designed by H. Takahashi * 2 options of particle separation

Primary beam line — Electrostatic(ES) separator

— RF separator

’ 3 ES separators ‘

Front-end
section

| HF1 slit | IF siit |

ES option Separation

section
* total length: 82.8m
* ESseparator: 75kV/cm, 27m(9mx3)

i i i Beam-
Intensity and purity (with 25kW-loss target) spectrometer
section
»Slit conditions are
4GeV/c K~ 0.33 1.9E6 1.1:1 varied to achieve

moderate purity for
4GeV/c pbar 1.2 1.7E7 81:1 each case.

»decay w and cloud
6GeV/c pbar 0.55 8.5E6 1:34 are not included.

13.4.15
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Program at K10 Line

K%, n%, p*°r < 10 GeV/c (id: K*< 4 GeV/c, P**'< 6 GeV/c)

K N->Z* K, Q*K*K,... [KPorKber] K+
B =% Q* Spectroscopy -> How to understand excited hadrons

B A3 23 AE, 3E interactions -> Complete Octet-Octet force
B Q nucleus -> Decouplet-Octet force
[ |

Multi K mesons in nuclei -> high density nuclear matter

p* p ->J/y, n, DDbar, YYbar, glueball,...
B Charmonium Spectroscopy -> g-g* potential

B Charmonium in nuclei -> Color Van der Waals force

B D mesons in nuclei -> Chiral symmetry restoration

HiHR; /\1/\—}Z Ea 4
RCNPD B R ETHLEHEN B HMERIT,
M EDRKBEE—LIZKS. IMTEDIRIILT—0EEEIZEIE
HIHRE —ALS1>
B ke E
ARG OA—A

x* - N~
A Nh O L
FBRFRE /A7 > : ~9x108 pion/pulse
(1.2 GeV/c, 56 m, 1msr*%,
270kW, 6s spill, Ni 54mm)

34
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INTIN—FZEEEE oz aiE—smmse

ZHEDOMHE (REFERL) EREZEFESIN TV
—SRFERORENONEBETEATHIADE—HFIRILF—EFMITAIEL.
BHMEDHEITES T

89y (n*,K¥) 89AY
250 N
KEK E369 (SKS) f\ ”
200 i |
AE =1.64 MeV (FWHM) “UUM
3 nr
= 150 A
&
o
@ 100
c
3
O
50

Multi
Quark
Search

(]
| il £ ji=1
Study éfJOrigin

of Mass

University
Cooperation
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) o o Vi
d ow’

v
rare déacay 0
K; — vy
BR
10° _{
Csl CV Back
-6
Io ] = \ccos ccos D —_—
107 { I
KEK
8 |4 A
108 {7 E391a - : ,
Grossmdn-Nir bound e
I 0_9 New Csl Crystals (KTeV)
Phyics
| O-IO
< =0 FY 12009 2011 20132014 2016 2018
10" _{i< Step |
KOTO | imcmon > > | 00kW
10- 12 start up—> long data taking
-13
10 < Step 2 -Step2 R&D E::Vm line / detector
Branching Ratio  construction | | physics,
measuremenrt run
(>100 events)

8GeV, 7uA 7

N
Plon production target  Radlation shield|

First 90-Degree
Bending Solenoid

Staging Approach
phase-1: ~10-14
phase-Il : ~10-16

\ Matching solenoid " §
COMET Capture Solenoid
... (Supplemental budget) ...

for ¢
versi

ofa beam transport sol

COMET
Phase‘\l
Detector. 4

\ing particle tagger

Beamcollimator  Muon stopping target  Beam blocker

13.4.15
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Muon g-2/EDM Exp
@J-PARC MLF H-line

v' Ultra-Cold Muon Beam and Super Precision

Field
v" Muon storage w/o focusing field
v’ Simultaneous Measurement of g-2 and EDM
* g-2:0.1 ppm (x 5 improvement)
e EDM: le-21 e cm (x 100 improvement)

o em
o=~ lo (oo L. 3055,

c 2 ¢ /] “Out-of-plane
107 i Precession”
d, = 2.0E-20 e.cm

u* 1E+13 events

m

“In-plane Precession”

Simulated “Wiggle Plot” for This Experim

E P.=100% N, = 1.5x10%
Aw,/w,=0.1 ppm

-0.1

fit:d,=(2.1= 0.1)E-20 e.c

¥3/ndf=1.05

L TSI B i I A ol L L L Lol 1o
15 20 25 30 5 10 15 20 25 30
Time modulo 5y“1 (33 [usec]) sec

-0.2

Up-down asymmetry

1 | | L. x10® 0.3

J-PARC-KEK: High Intensity Frontier

Time Schedule (2013-2022)

EREHE H24 H25 H26 H27 H28 H29 H30 H31 H32 H33 H34
“ (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2022)
Accelerator | Completion up to 750kW | Higher Intensity Beam Acceleration

Upgrade

T T I T T
Neutrino | ‘ ‘ ’ | Next Generation Neutrino Exp.
Experiment /.Li\

taton | e

| Experiment \
Experiment /
N D
g-2(FNAL) viu2e
(~2016) (2021)

As a package,
we have submitted (~2018)

A Next-Big-Project Proposal
to Science Council of Japan

37
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Summary

* Now in the Hadron Experimental Hall, slow
beam experiments such as Hypernuclear
Spectroscopy and KOTO are running and/or
ready.

* The first step of the Roadmap has been funded!’

— High—p/COMET beam will be ready in mid 2015
since Japanese Government approved the project.

Next Step is Hadron Hall Extension.

* Two more target stations, more unique secondary
beam lines, wider space for experiments, efficient
beam time usage--**-* )

* KEK decided to submit a new Next—Big—Project
Proposal to Science Council of Japan, combining
Hadron Hall Extension including KOTO step Il and
COMET with g-2/uEDM performed at MLF.

* We would like to start this Next—Big—Project
immediately after the completion of High—-p/COMET
construction.
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Projectile fragmentation Data
from Bevatron
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Projectile fragmentation Data
from Bevatron
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Fig. 3. Ammonia print of a cut at constant range showing the bands for several moderately neutron-poor nuclides.
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