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J-PARC : Proton synchrotron

RIKEN

J-PARC

100 km



J-PARC 
(Japan Proton Accelerator Research Complex)

Tokai, Japan

50 (30) GeV 
Synchrotron (15 µA)

400 MeV Linac 
(350m)

3 GeV Synchrotron 
(333 µA)

Material and Biological 
Science Facility

World-highest beam intensity : ~1 MW  
x10 of BNL-AGS,  x100 of KEK-PS

Neutrino Facility

Hadron Hall
60m x 56m
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Beam Lines at J-PARC

K1.8K1.8BR

• One production target for secondary beam
   (π±, K±, p, p )
• Three secondary beamlines (max. momentum)
    K1.8BR : up to 1.1 GeV/c 
    K1.8    : up to 2.0 GeV/c 
    K1.1 : up to 1.1 GeV/c

K1.1
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Hadron physics 
at J-PARC
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Table of Meson, Baryon
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~ 180 mesons ~ 137 baryons

How those mesons/baryons are generated
by QCD?

Structure of inside hadron? / mass of hadron? 
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Goal for hadron physics at J-PARC

Rich phenomena induced or governed by QCD
at Low energy

Symmetry of QCD

Color symmetry  
 - gauge symmetry
Color confinement 

Chiral symmetry  
 - hidden symmetry

Hadron mass 

Exotic hadron
Hadron spectraHadron in nuclei
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Meson in nuclei

• Create meson in nucleus
• Observing energy spectra
• Compare with the spectra

 in vacuum    

Interaction between
 Meson and nuclei

Quark condensate 
<qq>

Pionic-atom
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Systematic study of 
dynamical chiral symmetry 

breaking and partial restoration 
• Mesic-nuclei factory (meson-nucleus bound state!) 

≫ Strangeness in nuclei

≫Ｋaonic Nucleus（K-pp...) J-PARC E15

≫double Kaonic nucleus(K-K-pp) J-PARC LoI

≫ Vector meson in nuclei

≫ω-mesic nucleus J-PARC E26

≫Φ-mesin nucleus J-PARC E29

≫ Chiral symmetry of baryon : nucleon-N(1535)　

≫η-mesic nucleus J-PARC LoI

≫ UA(1) amonaly

≫η'-mesic nucleus 　　　
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Search for Kaonic nuclei
K-pp bound state

• J-PARC E15: 3He(K-,n)
K-3He → “ppK-” + n
   using 1 GeV/c K-

Missing mass (using neutron)
Invariant mass reconstruction (Λ+p)

Full kinematics reconstruction 
formation & decay 
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Search for φ meson bound state 
φp

p φ

K+

K-

φ absorbed 
by nucleon 

K+

Λnucleus

ToF wall
+Cherenkov

CDC

Main spectrometer

K-
K
+

Using p(p,φ)φ reaction  

antiproton beam with 
1.0 – 1.1 GeV/c

Large acceptance for
forward going φ meson
(for missing mass analysis)

Large solid angle for the 
decay particles, K+ / Λ,
from φ mesic nucleus



ω meson in nucleus
• J-PARC E26 experiment

• Producing w meson using (π−,n) reaction

• ω meson will be produce 
at rest ( zero momentum respect to nucleus)
to choosing incident pion momentum

• ω line shape in nucleus evaluated 
via π0 γ decay channel of ω   
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φ mesons in normal nuclear media

• Invariant mass spectra for φ meson
 in heavy nucleus shows 
     3.4% mass shift
     3.6 times width broadening
when only the slowly moving phi 
mesons with respect to the target 
nuclei were selected (βγφ<1.25) 

δmφ  = -35 MeV @ ρ=ρ0

J-PARC E16 
High statistics

Systematic study
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Goal for hadron physics at J-PARC

Rich phenomena induced or governed by QCD
at Low energy

Symmetry of QCD

Color symmetry  
 - gauge symmetry
Color confinement 

Chiral symmetry  
 - hidden symmetry

Hadron mass 

Exotic hadron
Hadron spectraHadron in nuclei
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Exotic hadron
• Penta-quark state???

≫ Penta quark state is not forbidden in QCD

≫ But... why only a few candidates are observed? 

≫ What is the mechanism to forming hadrons

≫How dose color confinement works?   

Spring-8 : LEPS  

γd→K+K-pn 　
PR

C
 79 ,02521 0(2009 )

Very narrow width ~ 1 MeV
Negative results from High energy  
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Search for penta-quark at J-PARC
• J-PARC E19 experiment

• Pentaquark formation
using (π,K) reaction
   π- + p → K- +X

• Signal identified with
missing mass spectroscopy
using out going K-
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Exotic hadron
• Penta-quark state???

≫ Penta quark state is not forbidden in QCD

≫ But... why only a few candidates are observed? 

≫ What is the mechanism to forming hadrons

≫How dose color confinement works?   

Spring-8 : LEPS  

γd→K+K-pn 　
PR

C
 79 ,02521 0(2009 )

J-PARC : E19

p(π-,K-)

Direct Θ+ production experiment : K++n→Θ+→K0
sp（J-PARC　LOI）
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Direct Θ+ production 
experiment J-PARC (LoI) 
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Exotic hadron
• Λ(1405) :

≫The lightest excited baryon with JP=1/2-

≫Mass : 1406.5±4.0 MeV
( just bellow KN threshold)

≫Width : 50±2 MeV

≫Decay : 100 % Σπ 

≫normal baryon or KN bound state or penta?

KN

πΣ

1435 MeV

1331 MeV

Λ(1405)

Nature of Λ(1405) need to be understood 

Strongly couple to the KN interaction
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Future direction of 
Hadron physics 

at J-PARC
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Current situation
J-PARC :

- Construction of experimental hall is completed

- DAY-1 experiment ( penta quark search )
   has been performed

- Many new results will be available in a few years

- But, only 3 secondary beam lines are available 



Handron Hall

K1.8 
(Fall,2009~)

K1.8BR
(Jan.2009~)

KL

K1.1BR
  30  GeV 
  primary proton 
  b eam

Production 
target

Approved or proposed 
nuclear physics 
experiment

Ξ Hyper nucleus
ΛΛ hyper nucleus 
Ξ-atom X-ray
γ ray spectroscopy of Λ hyer nucleus
neutron rich Λ hyper nucleus
Search for penta-quark
πweak decay of Λ hyper nucleus
π Double charge exchange reaction 
ωmesic nucleus

Kaonic nucleus
Kaonic atom X-ray
η mesic nucleus

High p line

K1.1

φ mesic nucleus
Penta-quark formation
Λ hyper nucleus
YN scattering

Vector meson in nucleus
quark structure in nucleon



New physics topics 
at J-PARC

• Charm in nucleus?
≫30 GeV proton on nucleus 

   → more than charm production threshold

≫High intensity proton beam at J-PARC 
can be produce also high intensity anti-protons!  

Charmed meson 
bound state?

DN bound state, 
p3He → ηc

3H
Physics case 
under the discussion
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Current situation
J-PARC :

- Construction of experimental hall is completed

- DAY-1 experiment ( penta quark search )
   has been performed

- Many new results will be available in a few years

- But, only 3 secondary beam lines are available 

We need new movement to maximize 
performance of J-PARC facility
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J-PARC hadron hall extension
• RIKEN-JPARC cooperation center project

太平洋

Extention

• Extend hadron hall ( x 2 )

• Two more production targets
for secandary beam

• New beamline, spectrometers

Design started together 
with nuclear physics 

community 

~ $150 M project
We hope to start 2013

Complete 2017
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Summary• J-PARC : 
- contraction phase has been finished
- now get into (slowly but certainly) 
   “production of physics output” phase

• Many physics ideas are proposed and 
approved already, but we are facing lack of 
space (beam lines) to perform experiment   

New big project “Hadron hall extension
( or RIKEN-JPARC center)”

Is most urgent and important issue 
for nuclear/hadron physics at J-PARC   
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