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This Chinese poem by 李白 (701 – 762), describing the Yellow Crane  
Tower （黄鶴楼） here at Wuhan, is learned at every high school in Japan, 
so that many Japanese people know this place.  Thank you for giving me a 
chance to come this famous place, and discuss hadron physics. 
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J-PARC Facility 

(KEK/JAEA） 

Bird’s eye photo in January of 2016 
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Experimental 
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Neutrino Beams 
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JFY2009 Beams 

Hadron Exp. 
Facility 

Materials and Life 
Experimental Facility 

  JFY2008 Beams 

3 GeV 
Synchrotron 

JFY2007 Beams 

Linac 
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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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Hadron Experimental Facility (Current Layout) 

Hadron Hall 

50GeV Synchrotron 

Beam Dump 

50GeV Tunnel 

Ｔ１ Target 
(30/50% Loss) 

Test BL 

Hi-P BL 

Extension 
SM1 

(2% Loss) 
T0 

0.1% Loss) 

Switchyard 
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K1.8 

KL 

SKS 

K1.8BR 

Beam 
Lines 

Secondary particles Max. Mom. Max. Intensity 

K1.8 π, K, p (2 separators) < 2.0 GeV/c ~106 /spill for K- 

K1.8BR π, K, p (1 separator) < 1.1 GeV/c ~105 /spill for K- 

KL Neutral Kaon ~ 2.1 GeV/c ~107 /spill 

Intense Kaon Beam in the momentum range of ~ 1 GeV/c  

Jan.2009 

Oct.2009 

Oct.2009 

K1.1(plan) 

Hadron Experimental Facility (HEF) 



 experiments in Hadron Hall 

 
 

Beam  
Dump 

K1.8 

K1.8BR 

  30 GeV  
  primary beam 

Production 
target (T1) 

KL 
phi meson mass  
in nuclei 

K-pp bound states 
K- atomic X rays 

COMET: µ-e conversion search 

Ξ hypernuclei 
ΛΛ hypernuclei 
Ξ-atomic X-rays 
Λ hypernuclear γ rays 
Neutron-rich Λ hypern. 
Pentaquark Θ+ search 
K-pp bound state 
… 

K0
L rare decays 

K- 

p p 
Ξ p 

n 



Number of Users/Institutions (as of 2015) 

K1.8 
70 users/10 Inst. 
+ 35 users/38 Inst. KL 

37 users/7 Inst. 
+ 32 users/9 Inst. K1.8BR 

30 users/9 Inst. 
+ 10 users/9 Inst. 

K1.1BR 
16 users/4 Inst. 
+ 18 users/9 Inst. 

K1.1 
12 users/6 Inst. 
+ 20 users/5 Inst. 

High-p 
30 users/9 Inst.. 

COMET 
54 users/8 Inst. 
+ 95 users/25 Inst. 

domestic 
abroad 

Total 
249 users/53 Inst. 
+ 210 users/95 Inst. 
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ρ 

T 
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by gravity 
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Hadron 
Baryon Meson 

“Liquid  
(Liquid drop)” 

Origin and evolution of 
（quark）matter in Universe 

（Phase diagram) 

Normal nuclei        High-density mtter 

Stars Neutron starts 

重力圧縮 
P.T. Quark stars* 

quark matter 

Cooling by  

Phase transition 

Nucleosynthesis 

→ Fluid 

Big Bang 

s quark 

Strangeness Physics   
（J-PARC） 

Hadron Physics 
（J-PARC） 

H, He→ Fe 

Supernova  Fe→ U 

hadronization 
hadron mass, 
confinement 

High-density nuclear matter 
Generalized nuclear force 
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Nuclear/Hadron Physics at HEF 
• Unified understanding of baryon-baryon forces 

• Meson exchange picture / quark pictures 
• Origins of short-range nuclear forces 
• Test lattice QCD calculations   

• Structure of various hypernuclei 
• γ-ray spectroscopy(E13), double-strangeness system(E03/E05/E07/E42) 

• YN scattering experiments (E40) 
• YN, YY, KbarN interactions in nuclear matter 

• High density matter in neutron stars 
• Baryon properties in nuclei   

• Structure of various hypernuclei (E10) 
• Kaonic nuclear bound states (E15/E17/E27/E31) 
• Hyperon properties in nuclei  

• Hadrons in vacuum and medium 
• Exotic hadrons (E19) 
• In-medium property of hadrons  

→ Chiral Symmetry Breaking (CSB) 
• meson-mass spectroscopy (E16) 

• Charmed baryon spectroscopy (E50) 
 
 Blue: performed or on-going 

Red: plan 

Λ 

n 
p 
Λ 

Ξ 

K- 

p 
p 



Results (1) 

• E19:Search for Θ+ by π−+p→K−X 
• No peak was observed 
- U.L. of cross section : 0.28µb/sr 
- U.L. of Θ+ width: 0.36 (1.9) MeV for ½ + (½−) 

 

 
 
 
 

• E10:Neutron-rich 6ΛH via the 6Li(π−,K+) 
• No peak was observed 
- U.L. of cross section :1.2nb/sr 
⇔ Observation of 3 candidates 
  by FINUDA ( PRL 108,04251(2012) ) 

2010, Jan.2012 

Dec.2012-Jan.201  

PRL 109, 132002(2012) 
PRC 90, 035205(2014) 

PLB 729, 39 (2014) 



Results (2) 

Analysis of inclusive spectrum was also 
published. 
   PTEP 2014, 101D03(2014) 

 ΣN-ΛN cusp  
 Shift of Y* bump 

Missing mass spectrum is obtained with two protons tag 
  Observation of “K−pp”-like structure  
   PTEP 2015, 021D01 (2015) 

Binding Energy        95     (stat.)      (syst.) MeV 
Width           162     (stat.)      (syst.) MeV  

+18 
−17 

+30 
−21 

+87 
−45 

+66 
−78 

20 

Λ(1405)+p K−+p+p 

Missing mass spectrum 

Experimental Method 
• E27: Search for K−pp bound states by 

the d(π+,K+) at Pπ=1.7GeV/c 

Jun. 2012  

A positive signature of K−pp bound state 
was obtained.  Comparison with other 
experiments and theoretical studies are 
necessary and important to establish K−

pp bound state. 



Results (3) 
• E15: Search for K−pp bound 

states by the 3He(K−,n)X→Λp 

1st- stage RUN with 1% of the proposal 

May 2013 

“semi”-inclusive 
∼10MeV/c2 resolution 

Contribution of Σ→nπ 
(No other contribution in a bound-region due to 
kinematical limitations)  

Significant enhancements were  
observed in a bound-region 

arXiv:1408.5637 [nucl-ex] 
PTEP (2015) 061D01 
PTEP (2016) 051D01 
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Restart of Hadron Beam Operation 

User operation restarted with 
the proton beam power of 24kW! 

(Almost 2 years after the accident) 
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Development of Beam Intensity 23 

Accumulated beam time and intensity for HD 
Feb, 2009 - May, 2013: 1.26x10^6 spills, 560 kW*days ←Before May, 2013 
Apr, 2015 - Dec, 2015: 1.05x10^6 spills, 2338 kW*days ←During 2015 
May, 2016 - Jun, 2016: 0.33x10^6 spills, 875 kW*days ←May – June, 2016 

24 kW 
@resumption 

42 kW 



Beam time used by experiments in 2015 
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この数字は割当時間なの
で、 
実際に使った時間に直す 

ホールの絵 

E14 KL->π0νν Experiment 1509 hours 
E36 Measurement of Γ(K+->e+ν)/Γ(K+->μ+ν) 1504 hours 

E15 search for deeply-bound kaonic 
nuclear states 708 hours 

E05 Spectroscopic Study of Ξ-
Hypernucleus 319 hours 

E07 
Systematic Study of Double 
Strangeness System with an 
Emulsion-Counter Hybrid Method  

42 hours 

E13 γ-ray spectroscopy of light 
hypernuclei 435 hours 

K1.8 

KL 

K1.8BR 

K1.1BR 



Hi-p/COMET 
construction 

KOTO 

E07 Ξ-hypernuclei with Emulsion 

E03 

JFY2016 
~50kW 

E57/E62:K-atom 

E31: Hyperon Resonance 

25 

E14 KOTO 

2016/7/27 
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K－ 

＊Z),(Z AA
Λ

−− πK

 Detect γ-rays from hypernuclei 

 Tag production of hypernuclei 

K1.8 Beamline  
Spectrormeter 

E13 setup at K1.8 

γ+→ Λ ZA π− 

Various 
PID counters 

(2.5 T) 

     
                  

Pion 
spectrometer
“SksMinus” 

4
ΛHe : liq.He target (2.5 g/cm2) 

    pK = 1.5 GeV/c 
19

ΛF : HF -> CF4 target (20 g/cm2) 
          pK = 1.8 GeV/c 

Ge array 
“Hyperball-J” 
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ΛF : HF -> CF4 target (20 g/cm2) 
          pK = 1.8 GeV/c 

Ge array 
“Hyperball-J” 

E13 setup at K1.8 



Ge cooled down to ~70K  
by a pulse-tube refrigerator 
(c.f. 92K w/LN2) to suppress 

radiation damage 
Fast background suppressor 

made of PWO 
 
 

Eff. = 5.4% @1 MeV  
with 28 Ge(re=60%) 

Hyperball-J 
A newly developed Ge array for hypernuclei 

∆E= 3.1(1) keV at 1.33 MeV 



(K-,π- ) 

Charge Symmetry Breaking puzzle in hypernuclei 

Old emulsion data 

Old NaI data 

4
ΛH 4

ΛHe 

4-body exact calc’s with Λ−Σ mixing 
using Nijmegen BB interaction models failed 
      => Long standing puzzle 

?? 

Experimental confirmation of 
CSB is necessary 

1.09±0.02 
1.15±0.04 

0 3He + Λ 3H + Λ 

M. Juric et al. NPB 52 (1973) 1 

Bedjidian et al. 
PLB 62 (1976) 467 
PLB 83 (1979) 252 

no systematic errors given 

4He + π− 

Measured at Maniz 
A. Esser et al.,  

PRL 114 (2015) 12501   

2.12±0.01±0.09 

3H / 3He binding energy  
difference due to strong int.   
      ~60 keV 

BΛ diff. in 4ΛH / 4ΛHe of 
350 keV is too large. 

p n 

Λ 

Measure  
with Ge 

detectors 
=> E13 



3H + Λ 3He + Λ 0 

Present data 

Bedjidian et al. 
PLB 83 (1979) 252 

Results 

=> Large spin dependence in CSB found 

Combining with  
emulsion data, 

∆BΛ(1+) :  0.03±0.05 MeV 
∆BΛ(0+) :  0.35±0.05 MeV 

=> Existence of  a large CSB effect     
     confirmed only by γ -ray data 

         CSB is sensitive to Σ mixing. 
         ΛΝ–ΣΝ coupling force in the existing   
        BB int models should be modified. 

=> 

π 

π 

Σ 
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New Primary Proton Beam Line 
35 

COMET 

High-p Separation 

 High-momentum Beam Line 
– Primary protons (~1010 – 1012pps) 

• E16 (phi meson) is considered to be 
the first experiment. 

– Unseparated secondary particles (pi, …) 
• High-resolution secondary beam by 

adding several quadrupole and 
sextupole magnets.  

 COMET 
– Search for µ to e conversion 
– 8 GeV, 50 kW protons 
– Branch from the high-momentum BL 
– Annex building is being built at the 

south side. 

• New primary Proton Beam Line 
= High-momentum BL + COMET BL = 
has been funded and the construction 
started. 



Thin production target! 

Secondary beams 



Unseparated Secondary Beam 
37 
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“GPD” and “Transition GPD” 
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, Kπ

,p n , , ,N ∆ Λ Σ

*γ



GPD with pion beams at J-PARC 
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J-PARC E50 Spectrometer + MuID 
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π− 

LH2-target 

Ring Image 
Cherenkov 
Counter 

Internal DC 

FM magnet 

πs
− 

Κ+ 

Fiber tracker 

Beam GC 

Internal TOF 

Internal TOF 
DC 

TOF wall 

2m 

Decay p(π+) 

20 GeV/c 
Beam π− 

Acceptance: ~ 60% for D*,  ~80% for decay π+  
Resolution: ∆p/p~0.2% at ~5 GeV/c （Rigidity： ~2.1 Tm) 

||<60 

Scintillator Muon 
trigger device 

µ+

µ−



GPD with pion beams at J-PARC 

41 

Experimental conditions: 
4g/cm2 H2 target, 1.83/1.58/1.00E7 p-/spill (for 10/15/20 GeV beam), 50-day 
beam time. 



GPD with pion beams at J-PARC 

42 



GPD with pion beams at J-PARC 

43 

Letter of Intent to J-PARC being prepared. 
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Hadron Hall Extension 
• Extend the Hadron Hall for ~105m. 
• Construct 2 production targets with beam lines. 

45 

Single strangeness 
experiments to explore 
generalized baryon-baryon 
interaction 

Spectroscopy of multi-
strangeness and charm 
systems 

From discovery to 
measurement of K0 rare 
decay 



Hadron Hall Extension 
• Hadron Hall extension has been proposed to the Science Council of 

Japan for their recommendation as a next big project, and selected as 
one of the 27 important big projects. 

• A review committee at MEXT selected the J-PARC future project 
including the Hadron Hall extension as one of the 11 major projects 
on its roadmap. 

• The Institute of Particle and Nuclear Studies, KEK has made the 
discussion for future projects (ILC, neutrino, and Hadron extension) at 
the research program committee, and they have concluded that the 
Hadron extension should be promoted, as well as other projects. 

• At the discussion of the KEK Project Implementation Plan, the Hadron 
Hall Extension was assigned a priority to realize. 
 
 

46 



• The beam operation at the Hadron Facility restarted from April, 2015. 
• The beam power at the restart was 24kW, and then improved gradually to 

42kW.  The Hadron Experimental Facility is now in the era of K-induced 
experiments. 

• The high-momentum beam line is under construction, and will be available in 
a few years, for hadron phsics experiments. 

• An experiment to measure nucleon GPDs with pion beams is being planned. 
• The extension of the Hadron Hall has been proposed, and got a good 

message from initial reviews. 

47 

Summary 

April 28, 2015 
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