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Situation of 𝑲−𝒑𝒑 bound state 
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E-dep. 

E-indep. 

Reports structure 
J-PARC E27 
 𝑑 𝜋+, 𝐾+ 𝑋 

DISTO 
 𝑝𝑝 → Λ𝑝𝐾+ 

FINUDA 
 (𝑠𝑡𝑜𝑝𝑝𝑒𝑑 𝐾−, Λ𝑝) 

/     NO structure 

HADES 
  𝑝𝑝 → Λ𝑝𝐾+ 

LEPS 
 𝑝 𝛾, 𝜋−𝐾+ 𝑋 

►Experiments 

►Theoretical calc. 
Bound state exists 

KbarN interaction model 
     E-dep. / E-indep. 
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Experimental studies on 𝑲−𝒑𝒑 cluster 

 J-PARC E15 experiment 
► Momentum transfer is smaller than other experiments. 

► 𝚲𝒑𝒏 final state is identified. 
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Experiment Reaction  Momentum transfer (𝐌𝐞𝐕/𝒄) 

FINUDA 𝐾𝑠𝑡𝑜𝑝𝑝𝑒𝑑
− , Λ𝑝  0 

KLOE 𝐾𝑠𝑡𝑜𝑝𝑝𝑒𝑑
− , Σ0𝑝  0 

DISTO 𝑝𝑝 → 𝐾+Λ𝑝 300 − 400 

HADES 𝑝𝑝 → 𝐾+Λ𝑝 500 − 700 

LEPS 𝑝 𝛾, 𝜋−𝐾+ 𝑋 300 − 600 

J-PARC E27 𝑑 𝜋+, 𝐾+ 𝑋Λ𝑝/Σ0𝑝 500 − 700 

J-PARC E15 𝐾𝑖𝑛−𝑓𝑙𝑖𝑔ℎ𝑡
− , Λ𝑝 𝑛 200 − 300 

2𝑁𝐴 background 

𝑁∗ → Λ𝐾+ decay 
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J-PARC E15 experiment 

𝑲−𝒑𝒑 search with 
(𝑲−, 𝒏) reaction 

►We have reported the 
structure around 𝑲−𝒑𝒑 
mass threshold in 

𝑯𝒆𝟑 𝑲−, 𝚲𝐩 𝐧 reaction 

Study with higher 
statistics data 
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Y. Sada et al. PTEP 2016, 051D01 
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J-PARC E15 Experiment 

Searching for 𝑲−𝒑𝒑 

► 𝑲−, 𝒏  reaction @ 1 GeV/c 
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𝑲− 𝐇𝐞𝟑  "𝑲−𝒑𝒑" 

𝝅− 

𝒑 

𝒑 

𝚲 

𝒏 𝒏 "𝑲−𝒑𝒑" 

Beam sweeping magnet 

Neutron counter 

CDS 

Beam spectrometer 
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𝐇𝐞𝟑 𝑲−, 𝚲𝒑 𝒏 Analysis 

Measurement 

► 𝐇𝐞𝟑 (𝑲−, 𝚲𝒑)"𝐗"  missing-mass 
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𝒏 𝒏 

Kinematicaly analyzed 

• 𝟎. 𝟖𝟓 − 𝟏. 𝟎𝟑 𝑮𝒆𝑽/𝒄𝟐 region is 
selected as neutron. 

“n”-window 
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Analysis for the 𝐇𝐞𝟑 𝑲−, 𝚲𝒑 𝒏 reaction 

Final spectrum of 𝚲𝒑 invariant-mass 
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• Continuum contribution 

• Peak structure around 
𝑲−𝒑𝒑 mass-threshold 

» Contribution from other 
material can not make 
the structure 

» The peak structure can 
not seen in “Mixed 
event analysis” 
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Results and Discussion 

Relation of cos 𝜽𝒏
𝑪𝑴 
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►Continuum contribution 
• Distributed widely 

►Peak structure 
• Only forward emission angle 

region 
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Results and Discussion 

Fitting the spectrum 

►Pickup the peak structure  
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Peak + Continuum Continuum 
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Results and Discussion 

Fitting the spectrum 

►Pickup the peak structure 

• Peak = 𝟎. 𝟕 < cos 𝜽𝒏
𝑪𝑴 < 𝟏. 𝟎 

− 𝟎. 𝟒𝟕 ⋅ 𝟎. 𝟎 < cos 𝜽𝒏
𝑪𝑴 < 𝟎. 𝟕   
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Results and Discussion 

Fitting the spectrum 

►Pickup the peak structure 

• Peak = 𝟎. 𝟕 < cos 𝜽𝒏
𝑪𝑴 < 𝟏. 𝟎 

− 𝟎. 𝟒𝟕 ⋅ 𝟎. 𝟎 < cos 𝜽𝒏
𝑪𝑴 < 𝟎. 𝟕   
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Fitting region 

subtracted 

Only peak structure 
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Results and Discussion 

 Fitting the spectrum 
including 𝚺𝟎𝐩𝐧 
► Solid : 𝚲𝐩𝐧 

► Dotted : 𝚺𝟎𝐩𝐧 

 

 Mass position and width 
» 𝑴 ~ 𝟐𝟑𝟑𝟎 𝑴𝒆𝑽/𝒄𝟐 

» 𝚪 ~ 𝟕𝟎 𝑴𝒆𝑽/𝒄𝟐 

► Mass position does not changed. 

► Width is slightly changed to 
smaller value. 
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Results and Discussion 

Fitting for sliced spectra 
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𝟎. 𝟕 <  𝐜𝐨𝐬 𝜽𝒏
𝑪𝑴 < 𝟏. 𝟎 

Applying the fitting for, 
𝟎. 𝟗𝟓 <  𝒄𝒐𝒔 𝜽𝒏

𝑪𝑴 < 𝟏. 𝟎𝟎 
𝟎. 𝟗𝟎 <  𝒄𝒐𝒔 𝜽𝒏

𝑪𝑴 < 𝟎. 𝟗𝟓 
𝟎. 𝟖𝟓 <  𝒄𝒐𝒔 𝜽𝒏

𝑪𝑴 < 𝟎. 𝟗𝟎 
𝟎. 𝟖𝟎 <  𝒄𝒐𝒔 𝜽𝒏

𝑪𝑴 < 𝟎. 𝟖𝟓 
𝟎. 𝟕𝟓 <  𝒄𝒐𝒔 𝜽𝒏

𝑪𝑴 < 𝟎. 𝟖𝟎 
 
To check the peak position and width of 
peaks below and above the threshold 



T. Yamaga 

Results and Discussion 
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𝟎. 𝟗𝟓 <  𝒄𝒐𝒔 𝜽𝒏
𝑪𝑴 < 𝟏. 𝟎𝟎 𝟎. 𝟗𝟎 <  𝒄𝒐𝒔 𝜽𝒏

𝑪𝑴 < 𝟎. 𝟗𝟓 𝟎. 𝟖𝟓 <  𝒄𝒐𝒔 𝜽𝒏
𝑪𝑴 < 𝟎. 𝟗𝟎 

𝟎. 𝟖𝟎 <  𝒄𝒐𝒔 𝜽𝒏
𝑪𝑴 < 𝟎. 𝟖𝟓 𝟎. 𝟕𝟓 <  𝒄𝒐𝒔 𝜽𝒏

𝑪𝑴 < 𝟎. 𝟖𝟎 
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Results and Discussion 
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~2450 𝑀𝑒𝑉/𝑐2 
𝜒2/ 𝑛𝑑𝑓 = 24.7/4 

~2330 𝑀𝑒𝑉/𝑐2 
𝜒2/ 𝑛𝑑𝑓 = 3.71/4 

Constant 

NOT constant 
∝ cos 𝜽𝒏

𝑪𝑴 

Peak positions 
► Lower peak (Breit-Wigner) : constant 

► Higher peak (Gaussian) : depends on cos 𝜽𝒏
𝑪𝑴 
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Results and Discussion 

Assuming 

►The “QF” peak position can 
be estimated by, 

• 𝑴𝑸𝑭 = 𝟐𝑴𝒑 + 𝑴𝑲− +
𝒒𝟐

𝟐𝑴𝑲−
 

» 𝒒 : momentum transfer 

» 𝑴𝑲−
  : mass of Kaon 
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n K 

At first, 𝑛 𝐾−, 𝑛 𝐾− 

Second, 𝑝𝑝𝐾− → Λ𝑝 conversion 

Λ 
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Results and Discussion 
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Peak positions 

► Higher peak 
• Peak position moves. 

• “QF” process 

 

 

► Lower peak 
• Peak position does not move 

• Could be resonant state 
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Results and Discussion 

𝑲−𝒑𝒑 bound system 

►Quantum number 

• Strangeness : 𝑺 = −𝟏 

• Baryon number : 𝑩 = 𝟐 

 

►The lower peak could 
be 𝑲−𝒑𝒑 bound state 
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Comparison with previous experimental results 

Deep (B.E.:100 MeV) state is not observed. 

Peak position and width close to theoretical works. 
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This work 
Other 
works 
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Comparison with theoretical calculation 

 Spectrum shape is similar. 

Peak position is slightly deep in the Exp. 

2017.03.20 

JPS Meeting @ Osaka University 

21 

E15 result Theoretical calc. (Chiral)  
T. Sekihara et. al. PTEP 2016, 123D03 
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Summary 

 𝑰𝑴(𝚲𝐩) spectrum in the 𝑯𝒆𝟑 𝑲−, 𝚲𝐩 𝐧 reaction has 
two peaks below and above the Kpp threshold. 

 

 The peaks can be fitted by Breit-Wigner and Gaussian 
distribution. 
► Assuming that the Breit-Wigner resonance for the lower peak, 

the mass and width are found to be… 
» Mass : ~𝟐𝟑𝟑𝟎 𝑴𝒆𝑽/𝒄𝟐 

» Width : ~𝟕𝟎 𝑴𝒆𝑽/𝒄𝟐 
▪ These values will be finalized in near future. 
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Future plan of E15 

Higher statistics 

► 𝑱𝝅 study 

 

Neutron detection 

►𝑲−𝒑𝒑𝒏 cluster study  

 

Gamma ray detection 

►𝝅𝚺𝐍 decay mode study 
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