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Hadron Experimental Facility (Current Layout) 
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K1.8 

KL 

SKS 

K1.8BR 

Beam 
Lines 

Experiment Secondary particles Max. Mom. Max. Intensity 

K1.8 Hypernuclei,  
Hadron Physics with S  

π, K, p (2 separators) < 2.0 GeV/c ~105 Hz for K+ 

K1.8BR Hadron Physics with S π, K, p (1 separator) < 1.0 GeV/c ~104 Hz for K+ 

K1.1BR Lepton Flavor violation π, K, p (1 separator) < 1.1 GeV/c ~104 Hz for K+ 

KL Neutral K rare decay Neural Kaon ~ 2 GeV/c ~106 Hz 

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

Jan.2009 

Oct.2009 

Oct.2009 

K1.1(plan) 

Hadron Experimental Facility (HEF) 
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Nuclear/Hadron Physics at HEF 
• Modern picture of nuclear force based on QCD 

• Hypernuclear spectroscopy → YN/YY int. ⇔ lattice-QCD 
• γ-ray spectroscopy(E13), double-strangeness system(E03/E05/E07/E42) 

• YN scattering (E40) 
• Hadrons in vacuum and medium 

• Exotic hadrons (E19) 
• In-medium property of hadrons  

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

• ΛNN three-body force  
• Phase diagram and Equation Of State (EOS) of quark (hadron) 

matter  
• low-T high-ρ region   － Strangeness physics 

• n-rich Λ-nuclei (E10), multi-strangeness, KbarN interaction (E15/E17/E27/E31) 
• Hadronization phase － Hadron physics 

• exotic hadrons (E19) , charmed baryon spectroscopy (E50) 
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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  
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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] 
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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 13 

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 



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 

15 

E14 KOTO 

2016/7/27 



Press-released from Tohoku U., KEK, JAEA, J-PARC 
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New Primary Proton Beam Line 
18 

COMET 

High-p Separatio
n 

 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 
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“GPD” and “Transition GPD” 
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GPD with pion beams at J-PARC 
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J-PARC E50 Spectrometer + MuID 
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GPD with pion beams at J-PARC 
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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 
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GPD with pion beams at J-PARC 
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Letter of Intent to J-PARC being prepared. 



Contents 

• J-PARC and Hadron Experimental Facility (Hadron Hall) 
• Physics overview and fruits so far obtained 
• High-momentum beam line 
• Extension 
• Summary 

27 



Hadron Hall Extension 
• Extend the Hadron Hall for ~105m. 
• Construct 2 production targets with beam lines. 

28 

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. 
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• 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 in December. 
• The high-momentum beam line is under construction, and will be available in 

a few years. 
• 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. 

30 

Summary 

April 28, 2015 
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