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Kaonic nucleus

Bound state of 𝑲 and Nucleus

►Result from strongly attractive 𝑲 𝑵 interaction

𝑲 𝑵𝑵 system

► The simplest kaonic nucleus
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Y.Akaishi & T.Yamazaki, PLB535, 70(2002).
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Recent status of 𝑲 𝑵𝑵

There are many Theoretical/Experimental results.

►𝑲 𝑵𝑵 bound state is still unclear…
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FINUDA (stopped 𝑲−, 𝚲𝐩)

DISTO 𝒑𝒑 → 𝚲𝒑𝑲+

J-PARC E27 𝒅 𝝅+, 𝑲+ 𝑿, 𝟐𝒑 coinsidence

OBELIX 𝒑 𝑯𝒆𝟒 → 𝚲𝒑𝒏𝑲𝟎𝑿

LEPS 𝜸𝒅 → 𝑲+𝝅−𝑿

HADES 𝒑𝒑 → 𝚲𝒑𝑲+

●/〇 E-dependent Potential

▲/△ E-independent potential

Theoretical calculation

Experimental measurement

Null result
  ・LEPS
・HADES
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J-PARC E15 experiment

2015.09.27
4

Beam spectrometer

Beam sweeping magnet

Neutron counter
Charge veto counter

𝑲− 𝐇𝐞𝟑 neutron"𝑲−𝒑𝒑"

Search for K-pp bound state via the in−flight 𝑲−, 𝒏 reaction

CDS

JPS meeting
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J-PARC E15 experiment
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CDS

Formation channel

► 𝑯𝒆𝟑 𝑲−, 𝒏 "𝑿“ missing mass spectroscopy

Decay channel

►Λp invariant mass spectroscopy

p

𝚲

𝑲−𝒑𝒑

n

p 𝝅−

Neutron counter
Charge veto counter

JPS meeting

T. Hashimoto, et al, PTEP, 2015, 061D01

Will be 
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Result of E15-1st :: Formation channel 

 Semi-Inclusive 𝑯𝒆𝟑 𝑲−, 𝒏 𝑿 missing mass spectrum
► Sub-threshold excess is observed

► NO structure is observed in deeply-bound region 
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■At least one charged track in CDS is required.
■ CDS acceptance (𝐀𝐂𝐃𝐒) is not corrected.

BG(Σ-decay)

BG(cell)
BG(neutral)

BG(accidental)

T. Hashimoto, et al, PTEP, 2015, 061D01
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Result of E15-1st :: Decay channel

 𝚲𝒑 invariant mass spectrum in 𝚲𝒑"𝒏“ final state
► Structure is observed below K-pp threshold.

• 𝑺 = −𝟏 di-baryon state?
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■Missing neutron is selected in 𝑴𝑴(𝚲𝒑).

The result will be fixed quite soon.
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H2/D2 data analysis

To investigate a contribution of elementary process
• 𝒑(𝑲−, 𝒏)

• 𝒏(𝑲−, 𝒏)

►Comparison of the H2, D2 and 3He data

To determined NC detection efficiency

►𝒑 + 𝑲− → 𝒏+𝑲𝟎 reaction

2015.09.27

JPS meeting
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𝑲− 𝒑 𝑲𝟎

𝝅+

𝝅−

𝒏

Today’s talk
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H2/D2 data analysis

 Semi-inclusive 𝒑/𝒅(𝑲−, 𝒏)“𝑿” missing mass spectrum
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Semi-Inclusive
𝐊𝐬
𝟎-tag (scaled)

𝚺𝒇-tag

Semi-Inclusive
𝐊𝐬
𝟎-tag (scaled)

𝚺𝒇-tag

 𝒑(𝑲−, 𝒏)“𝑿”

► Charge-exchange process is 
clearly observed.

 𝒅(𝑲−, 𝒏)“𝑿”

► Excess below the 𝑲−𝒑
threshold is observed.

► 𝚺 𝟏𝟑𝟖𝟓 /𝚲 𝟏𝟒𝟎𝟓
contribution
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Comparison of the H2/D2 and 3He data

 Semi-inclusive neutron missing mass spectrum
► Sub-threshold excess in 3He is similar to that in D2.

• 𝒀∗ production may contribute to the excess below  the threshold.
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3He(K-,n)X

JPS meeting

BG(Σ-decay)

BG(cell)

BG(neutral)

BG(accidental)

Semi-Inclusive
𝐊𝐬
𝟎-tag (scaled)

𝚺𝒇-tag

Semi-Inclusive
𝐊𝐬
𝟎-tag (scaled)

𝚺𝒇-tag

Exclusive analysis is desired.



T. Yamaga

Summary

E15-1st  result
► Excess below the threshold is observed in 

Formation/Decay channel analysis.

H2/D2 data analysis
• Comparison of H2/D2 and 3He data

► Sub-threshold excess is observed in D2 data.
• 𝚺 𝟏𝟑𝟖𝟓 /𝚲 𝟏𝟒𝟎𝟓 contribution

► Excess in 3He comes from 𝒀∗𝑵 contribution?
• Exclusive analysis is desired.

• 𝚲𝐩𝐧, 𝝅𝚺𝐍𝐧

The E15-2nd physics run will start this October.
► Exclusive analysis results with higher statistical data

will be performed. (x10)

2015.09.27
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∼ The E15 collaboration ∼

Thank you for your attention

JPS meeting
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Deeply-bound region
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FINUDA
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Deeply-bound region
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DISTO
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Deeply-bound region
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J-PARC E27
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Semi-inclusive 𝑯𝒆𝟑 𝑲−, 𝒏 "𝑿“ spectrum
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Upper limit
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Dalitz plot
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Assuming a Breit-Wigner
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2-step reaction
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2-step reaction
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Semi-inclusive 𝑯𝒆𝟑 𝑲−, 𝒏 "𝑿“ spectrum
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■At least one charged track in CDS is required.
■ CDS acceptance (𝐀𝐂𝐃𝐒) is not corrected.

Charge-exchange/Quasi-elastic
𝐾− + 𝐻𝑒3 → 𝐾0 + 𝒏 + 𝑑𝑠𝑝𝑒𝑐
𝐾− + 𝐻𝑒3 → 𝐾− + 𝒏 + 2𝑝𝑠𝑝𝑒𝑐

Hyperon decay
   𝐾− + 𝐻𝑒3 → 𝑌 + 𝜋 + 2𝑁𝑠𝑝𝑒𝑐
  followed by 𝑌 → 𝜋 + 𝒏

Evaluate the Background

JPS meeting
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Semi-inclusive 𝑯𝒆𝟑 𝑲−, 𝒏 "𝑿“ spectrum
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Sub-threshold excess is observed.

Hyperon decay
𝚺± decay : ∼ 90% can be reconstructed

𝐾− + "N" → Σ± + 𝜋 → 𝒏 + 𝜋± + 𝜋
Λ decay : very small trigger acceptance

BG(Σ-decay)

BG(cell)

BG(neutral)

BG(accidental)

JPS meeting
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Comparison with other experiments

LEPS/SPring-8 and HADES/GSI also reported NO 
structure
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FINUDA/DISTO/J-PARC E27

JPS meeting

BG(Σ-decay)

BG(cell)

BG(neutral)

BG(accidental)
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𝚲𝒑 invariant mass spectrum in 𝑯𝒆𝟑 (𝑲−, 𝚲𝒑)“𝒏” reaction

2015.09.27
26

■Missing neutron is selected in 𝑴𝑴(𝚲𝒑).

CANNOT be explain by 3NA or 2NA 𝚲𝒑𝒏 final state

𝚲∗𝐩𝐬 → 𝚲𝐩 conversion? / 𝑺 = −𝟏 di-baryon state? 

The result will be fixed quite soon.

JPS meeting
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𝚲𝒑 invariant mass spectrum in 𝑯𝒆𝟑 (𝑲−, 𝚲𝒑)“𝒏” reaction
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■Missing neutron is selected in 𝑴𝑴(𝚲𝒑).

JPS meeting



T. Yamaga

Decay channel analysis

𝚲𝐩 invariant mass spectroscopy in 𝑯𝒆𝟑 (𝑲−, 𝚲𝒑)“𝒏”
reaction 

► Select missing neutron in 𝐌𝐌(𝚲𝐩)

2015.09.27
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𝝅−

proton

proton

𝚲

Missing neutron

JPS meeting
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𝚲𝒑 invariant mass spectrum in 𝑯𝒆𝟑 (𝑲−, 𝚲𝒑)“𝒏” reaction
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■Missing neutron is selected in 𝑴𝑴(𝚲𝒑).

CANNOT be explain by 3NA or 2NA 𝚲𝒑𝒏 final state

𝚲∗𝐩𝐬 → 𝚲𝐩 conversion? / 𝑺 = −𝟏 di-baryon state? 

The result will be fixed quite soon.

JPS meeting
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Summary

Formation channel

► 𝑯𝒆𝟑 𝑲−, 𝒏 "𝑿“ missing 
mass spectrum
• Excess below the 

threshold is observed.

• NO structure in deeply-
bound region

Decay channel

►𝚲𝐩 invariant mass 
spectrum
• Structure is observed 

below K-pp threshold.
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The experiment will resume this October.

JPS meeting
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Result of E15-1st

Formation channel

► 𝑯𝒆𝟑 𝑲−, 𝒏 "𝑿“ missing 
mass spectrum
• Excess below the 

threshold is observed.

• NO structure in deeply-
bound region

Decay channel

►𝚲𝐩 invariant mass 
spectrum
• Structure is observed 

below K-pp threshold.
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