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Nuclear 
Transmutation

(Phase 2)

Joint Project between KEK and JAEA 2

Materials and Life Science
Experimental Facility

Hadron Beam Facility
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Linac
(330m)

Neutrino to 
Kamiokande

J-PARC Facility

3 GeV Synchrotron
(25 Hz, 1MW) 50 GeV Synchrotron

(0.75 MW)

J-PARC = Japan Proton Accelerator Research Complex
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J-PARC Project: Phase 1&2

Phase 1:→ Total 1,500 Oku-Yen (56% JAEA, 44% KEK )！

181 MeV→ 400 MeV
30 GeV→ 50 GeV

0.3 MW→ 1 MW

Construction : 2001 ~ 2008



Goals at J-PARC

Need to have high-power
proton beams

→ MW-class proton accelerator
    (current frontier is about 0.1 MW) 

R&D toward Transmutation at 0.6 GeV
Nuclear & Particle Physics at 50 GeV
Materials & Life Sciences at 3 GeV
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Materials and Life Science
Experimental Facility

Facility similar to SNS in the US
and to ISIS in the UK
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Experimental 
Devices

Muon Experimental Area

Neutron Scattering Area

Materials & Life Science Experimental Facility

Neutron Beam Lines
 (23 total)

Neutron Beam Lines
 (23 total)

Target Station

Scattered
Neutrons

Proton Beam

Proton 
Beam

Number of Users: about 3,000
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TAKUMI (JAEA)

iBIX (Ibaraki Pref.)

NNRI （Tokyo Tech. U., JAEA, Hokkaido U.)

NOBORU (JAEA)

4SEASONS 
（JAEA, KEK, Tohoku U.）

NOP (KEK)

iMATERIA (Ibaraki Pref.)

OPERATION

OPERATION OPERATION

OPERATION
OPERATION

OPERATION

SHRPD (KEK)

OPERATION

December of 2008

HRC (KEK)

TAKUMI (JAEA)
Reflectometer (KEK)

iBIX (Ibaraki Pref.)

NNRI （Tokyo Tech. U., JAEA, Hokkaido U.)

NOBORU (JAEA)

4SEASONS 
（JAEA, KEK, Tohoku U.）

NOP (KEK)

iMATERIA (Ibaraki Pref.)

OPERATION

COMMISSIONIG
~Dec.,'08

COMMISSIONIG
~Dec.,'08

COMMISSIONIG
~Dec.,'08

OPERATION OPERATION

OPERATION
OPERATION

OPERATION

SHRPD (KEK)

OPERATION

COMMISSIONIG
~Dec.,'08

NOVA （NEDO, KEK）
December of 2008
Now 
Commissioning

HRC (KEK)

TAKUMI (JAEA)
Reflectometer (KEK)

iBIX (Ibaraki Pref.)

NNRI （Tokyo Tech. U., JAEA, Hokkaido U.)

Hi-SANS (JAEA)

AMATERAS (JAEA)

NOBORU (JAEA)

DNA(JAEA)

4SEASONS 
（JAEA, KEK, Tohoku U.）

NOP (KEK)

iMATERIA (Ibaraki Pref.)

OPERATION

COMMISSIONIG
~Dec.,'08

COMMISSIONIG
~Dec.,'08

COMMISSIONIG
~Dec.,'08

OPERATION OPERATION

OPERATION
OPERATION

OPERATION

FUNDED
~JFY'09

FUNDED
~JFY'09

UNDER　CONSTRUCTION

SHRPD (KEK)

OPERATION

High-Pressure Diffraction 
Station (U. of Tokyo, JAEA)

FUNDED
~JFY'09

COMMISSIONIG
~Dec.,'08

NOVA （NEDO, KEK）
December of 2008
Now 
Commissioning

Under Construction



Examples from MLF

Ion-Doped

Superconductor

(accepted to PRL)

Muon Spectrum

Axial dir.North bank

Inelasticscatteering
Harmonic 
Oscillator

試料：ダイヤモンド粉末
散乱角90度
測定時間：10分程度
加速器パワー：約17kW

Diamond

(battery development)

Muon for

Koban Gold

Data from Neutrons and Muons
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Neutrino Oscillation (T2K) Experiment

４０ｍ

４
１
．
４
ｍ

J-PARC

      Mu NeutrinoSuper
Kamiokande

Electron Neutrino

T2K Exp.

First measurements of mixing angles 
between 1st and 3rd neutrinos  

350 Non-Japanese Members
（60 Japaneses）

Signal of 
neutrino
production
(April 23. 2009)



11

Neutrino beamline
Graphite	  target

Primary	  proton	  beam	  line	  
completed

Electromagne5c	  horn
Neutrino	  monitor	  build.

UA1	  magnet	  donated	  from	  
CERN	  installed	  in	  Apr-‐Jun,	  
2008	  on	  schedule

Decay	  volume	  completed

Beam	  dump	  completed

13

Target station completed

Proton Beams

Production of πFocusing

π -> µ + ν 

Confirmation of
ν production

On-site detector

http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG
http://jnusrv00.kek.jp/jnu/photo/TS/090113_Yamada/IMG_5129.JPG
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Accelerator-Driven Transmutation (ADS)

Partition Transmutation

Phase 2 Project

102
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J-PARC

   One of Three major Neutron Sources in Material and Life Science
   Unique Kaon Factory, and One of Three Neutrino beam lines. Anti-
proton in GSI.

   Top runner in ADS.

ISIS

SNS

Neutron Centers

FNAL

CERN

Neutrino Centers

GSI

Anti-p

International Research Center



Nuclear Physics 
at Hadron Experimental Hall



60m x 56m
Completed in June, 2007Hadron Exp. Hall
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T1 target

K1.8

K1.8BR

K1.1

KL

K1.1BR  30~50 GeV 
  Primary Beam

Production
target (T1)

Plan View: Hadron Experimental Hall

Strangeness Nuclear 
Physics on Day-1 Baryons in Nuclei

Mesons in Nuclei

Beam Dump
（Movable on the Rail)

Rare Decay

Mesons mass/ 
Time reversal

  High Momentum 

Beam Line 
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Hadron Area in
the Fall of 2009

K1.8BR

KL Area

�K1.8 Area; SKS

KL
 B
ea
m

Primary Beam

K1.8



Recent beam status
At Hadron Hall

Double-stage electro-
static separator works very 
well

Good K/π ratio !

Intensity & Time structure 
should be improved.



Nuclear Physics 
at J-PARC

Strangeness Nuclear Physics

Modern view of Baryon-Baryon interactions

New form of Hadron many-body systems

Role of strangeness in Dense matter

Hadron Physics

Confinement of quarks: exotic hadrons

Medium modification of hadron properties

High-Density
QCD



Spectroscopic Study of 
Ξ-Hypernucleus, 12

ΞBe, via the 12C(K-,K+) Reaction
E05

T. Nagae et al.
Discovery of Ξ-hypernuclei

Measurement of Ξ-nucleus potential depth and width 
of 12

ΞBe 

395A
2.7 T

S=-1         S=-2 
(Multi-Strangeness System)



Gamma-ray Spectroscopy
of Light Hypernuclei

Spin-flip B(M1) measurement for gΛ in nuclei
7Li(K-,π-γ)7ΛLi at 1.5 GeV/c: M1:3/2+→1/2+

ΛN interaction in p-shell hypernuclei
10ΛB  and 11ΛB

Radial dependence of ΛN interaction in sd-shell hypernuclei
19ΛF : easiest in sd-shell

Charge-Symmetry Breaking in ΛN interaction, and Spin-flip 

excitation in (K-,π-) reaction
4ΛHe(M1:1+→0+)

E13
H. Tamura et al.

Hyperball-J

Ge Detector           PWO

Pulse-
tube 
ref.
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K- + 3He →n + (K-pp)

(K-pp)→Λ+p

FIG. 1: The calculated inclusive spectra of the 3He(in-flight K−,n) reaction at pK− = 1.0 GeV/c

and θn = 0◦ as a function of the neutron momentum, using the YA optical potential with (V0,

W0)=(−300 MeV, −70 MeV). The vertical dashed line indicates the corresponding neutron mo-

mentum of pn = 1224 MeV/c at the K− emitted threshold. The contributions of partial-wave

angular momentum states with L = 0, 1 and 2 are also drawn.
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A Search for deeply-bound kaonic nuclear 
states by in-flight 3He(K-,n) reaction 

E15
M. Iwasaki, T. Nagae et al.



Mesons in Nuclear Medium:
E16 Yokkaichi et al.

Mass modification 
observed in KEK E325

J-PARC E16

X 100 better statistics

Velocity dependence etc.

φ → e+e− 
    Cu
 βγ <1.25

PRL98(07)042501 

ω → e+e-
PRL96(06)092301

KEK E325
p + Cu → e+ e-  X

  30/50 GeV
 primary beam 

  GEM Tracker  

 EM calorimeter  

 Cherenkov
    (HBD)

 Nuclear Target  

5m

Need High-momentum beam line
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Power Capability (revised)
J-

PA
RC

 P
ow

er
 E

xp
ec

ta
ti

on
　

[M
W

]

JFY2008  JFY2009   JFY2010   JFY2011  JFY2012   JFY2013  JFY2014

Linac Energy Recovery

For short
period

Training

120 kW steady

300 kW 1 hour

Previous
Estimate

Nov. 2003 Present
Estimate
for 3 GeV

Present
Estimate 
for MR

at 30 GeV



ハドロンホール拡張とビームライン （案） 

T2

T1

K1.8BR K1.8

K1.1

K0.8 KL

High-Resolution π line

Primary (High momentum) line

K0.8 or K1.1,
KL, µ-e, g-2, …

test

Hadron Hall in Phase 2

~50 M$ for Hall Extension, T2, Primary Line
(New Secondary Beam Lines, Spectrometers, ...)



Summary

J-PARC Construction: 2001 ~ 2008 (completed)

Beam commissioning: LINAC( Oct., 06), RCS( Oct., 07), MR( May, 08)

Beam intensity & quality to be improved

Day-1 Experiments; ready for accepting beam

Ξ hypernuclei
Deeply-bound Kaonic nuclei

Hypernuclear gamma-ray spectroscopy

Search for penta-quark

etc.


