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Study of Ξ and Kaonic nuclear bound states using 
12C(K-, K+) and 12C(K-, p) reaction at J-PARC
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Contents
• 12C(K-, K+) reaction for Ξ hypernucleus (Ξ-A interaction)

• E05: Inclusive 12C(K-, K+) spectrum (Paper has been submitted)
• E42: Exclusive spectrum by tagging escape Ξ- and converted ΛΛ 

particles → Sensitive to imaginary part of Ξ-A interaction

• 12C(K-, p) reaction for Kaonic nucleus (!"-A interaction)
• E05 : Inclusive 12C(K-, p) spectrum (Paper is published)
• E42: Exclusive spectrum by requiring decay particles to suppress 

the QF backgrounds
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E05 papers
(K-, K+) paper has been submitted (K-, p) paper was published in 2020
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P. Khaustov et al., PRC 61 054603(2000).

12C(K-, K+) reaction @1.8 GeV/c

V0
Ξ ~ -14 MeV 

Resolution: 
14 MeV 
(FWHM)

Resolution: 
14 MeV 
(FWHM)

Introduction BNL E885 experiment
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Introduction BNL E885 experiment

P. Khaustov et al., PRC 61 054603(2000).

Resolution: 
14 MeV 
(FWHM)

Resolution: 
14 MeV 
(FWHM)

DWIA calculation before folding 
the experimental resolution

Maybe, they did not consider the imaginary part W0
Ξ

.
The width of peaks are considered.
However, resolution will be more effective than Γ. 

P. Khaustov Doctor thesis
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σΞ-p→ΛΛ ~ 4.3 mb (~0.5 GeV/c)
J.K. Ahn et al., PLB 663, 214 (2006) (ΓΞ ~ 3 MeV)

Theoretical study by Kohno
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BNL E885
W0 is assumed 

to be 0 MeV

Γ/2 is assumed to be 2 MeV

fss2 ~ (V0~0MeV)

M. Kohno and S. Hashimoto, PTP 123, 1 (2010).

V0
Ξ ~ -14 MeV 

V0
Ξ ~ 0 MeV can also reproduce the data 
Wide energy range and precise angle 

selection data is essential !!
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Recent theoretical study by Harada
T. Harada and Y. Hirabayashi, Phys. Rev. C 103, 024605 (2021).

W0Ξ = -5 MeV

V0
Ξ = -17±6 MeV (W0

Ξ is difficult to determine)
＊W0

Ξ = W0(Ξ-p → Ξ0n) + W0(Ξ-p → ΛΛ) 

Both V0
Ξ and W0

Ξ are varied

No sensitivity to Imaginary part from the inclusive analysis
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J-PARC E05 
EXPERIMENT

Experiment BNL
E885

J-PARC
E05

J-PARC
E70

Resolution
FWHM (MeV) 14 8 2

Momentum range 
(GeV/c) 0.8-1.4 0.8-2.2 1.2-1.5

Beam K- selection

Beam K−

1.8 GeV/c

Scat. K+
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Elementary cross-section p(K-, K+)Ξ-

ΔM = 5.8 MeV (FWHM)
→ ΔBΞ = 8.2 MeV (FWHM)

p(K-, K+)Ξ- spectrum
with CH2 target

dσ/dΩ of Ξ- production
at 1.8 GeV/c
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E05 12C(K-, K+) spectrum
（V0

Ξ, W0
Ξ）will be determined in high precision
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12C(K-, K+) spectrum near threshold
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Spectrum fitting
QF function

Convoluted by Gaus (Γ = 0)
Convoluted by Voigt (Γ ≠ 0)
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Result of spectrum fitting
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Comparison between E05(8.2 MeV) and E70(2 MeV)
QF(Γ=0)+1gaus QF(Γ=0)+2gaus

QF(Γ≠0)+1BW QF(Γ≠0)

-E05: 8.2 MeV(FWHM)
-E70: 2 MeV(FWHM)

-E05: 8.2 MeV(FWHM)
-E70: 2 MeV(FWHM)

-E05: 8.2 MeV(FWHM)
-E70: 2 MeV(FWHM)

-E05: 8.2 MeV(FWHM)
-E70: 2 MeV(FWHM)
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Simulated spectra with E05(8.2 MeV) condition
QF(Γ=0)+1gaus QF(Γ=0)+2gaus

QF(Γ≠0)+1BW QF(Γ≠0)
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Simulated spectra with E70(2 MeV) condition
Same statistic is assumed

QF(Γ=0)+1gaus QF(Γ=0)+2gaus

QF(Γ≠0)+1BW QF(Γ≠0)

Peak structure should be prominent!!
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J-PARC E42 experiment
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K1.8 Beam line spectrometer Hyperon
Spectrometer

HypTPC
KURAMA

K⁻ beam K+

SimulationH-dibaryon

σΔM ~ 1 MeV
6.2×103 ΛΛ events

J-PARC E42（H-dibaryon search）

12C(K-, K+) 
reaction

K- + “pp”→H K+, H → ΛΛ, Λpπ-, Ξ- p (Invariant-mass spectroscopy)
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p(K-, K+) missing-mass analysis with CH2 target

Very Preliminary
Very Preliminary

Invariant mass MΛπ- [GeV/c2] Invariant mass Mpπ- [GeV/c2]

Ξ- Λ

- p(K-, K+) inclusive
- p(K-, K+)Ξ-

- p(K-, K+)Λ

Missing mass of p(K-, K+)X reaction [GeV/c2]

Very Preliminary

Inclusive Coin with Ξ- Coin with Λ

Yield (C(QF) + H) 4022 events 1076 events 1770 events

Yield (H) 1591 events 556 events 742 events

Coincidence 
Prob. (H)

0.34
(CoinΞ- / Inclusive)

0.47
(CoinΛ / Inclusive)

Br×Acceptance
(Ξ→Λπ-, Λ→pπ-)

0.64×0.87
=0.56

0.64×0.92
=0.59

Ξ-

Ξ* 



E42 byproduct: Ξ-A potential determination

K1.8 Beam line 
spectrometer

Hyperon
Spectrometer

KURAMA

K⁻ beam

K+

12C(K-, K+) inclusive spectrum

Inclusive spectrum

QFΞ-

QFΞ*-

QFΞ-: K- “p”→ Ξ- K+

QFΞ*: K- “p”→Ξ*(1535) K+

K- “p”→Ξ π K+

Ξ- escape 
spectrum

Ξ-p→ΛΛ 
conversion
spectrum

E42 can decompose 12C(K-, K+) inclusive spectrum 
to Ξ- escape/Ξ-p→ΛΛ conversion spectra

→ Sensitive to W0
Ξ (Im) !!
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Very Preliminary



Exclusive Binding-energy Spectra for Ξ-A Potential Study
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Very Preliminary

− 12C(K-, K+)
inclusive

− 12C(K-, K+)Ξ-

− 12C(K-, K+)ΛΛ

Yield ratio (Ξ- escape / Ξ-p→ΛΛ conversion)
→ Sensitive to W0

Ξ (Im)

Ξ-p→ΛΛ 
conversion
spectrum

Ξ- escape 
spectrum

QFΞ-

QFΞ*-

2step ΛΛ



22

Exclusive Binding-energy Spectra for Ξ-A Potential Study
Coincidence probability = N(coin.)/N(Inclusive)

Very Preliminary

− 12C(K-, K+)
inclusive

− 12C(K-, K+)Ξ-

− 12C(K-, K+)ΛΛ

Ξ-p→ΛΛ 
conversion
spectrum

Ξ- escape 
spectrum

Yield ratio (Ξ- escape / Ξ-p→ΛΛ conversion)
→ Sensitive to W0

Ξ (Im)

Acceptance correction of HypTPC
is necessary and on going.

QFΞ-

QFΞ*-

2step ΛΛ
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12C(K-, p) spectrum with J-PARC E05

0 3 m

Q13

Q12

D4

BH2
BAC

BC4
BC3

Q11
Q10

MS2

Q9

BFT

BH1

SKS

SDC1
SDC2

SD
C3SD

C4TO
FACLC

Target

Beam K−

1.8 GeV/c

Scat. protonΞ-

K+

Main：Ξhypernucleus search

Byprodut：!"-A interaction



(V0, W0) determination from 12C(K-, p) spectrum
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12C

Y. Ichikawa et al., PTEP 2020, 123D01(2020)

BK [MeV]

11B

K--11B interaction potential

Parameters

(V0, W0) = (-80, -40) MeV!

W0 = -40 MeV
（optimum）



12C(K-, p) spectrum by varying (V0, W0)
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12C

χ2 distribution

Optimum: (V0, W0) = (-80, -40) MeV!
Corresponding to shallow potential

DWIA: Calculated by J. Yamagata-Sekihara.

N(QF)/N(Threshold)
determines the χ2

QF peak

Threshold



Suggestion of Y*-nucleus state
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Semi-Log plot

Excess!!

Y. Ichikawa et al., PTEP 2020, 123D01(2020)

BK [MeV]

Add the 
BW contribution
（Y*-nucleus）

Unintroduced 
reaction diagram

BK [MeV]

BK 〜100 MeV
Γ〜 100 MeV

Y*

＋ Data
-- V0 = -80 MeV
■ BW(Y*nucleus)
− Fit total
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E42 Kp Coincidence measurement

E05Kp: 12C(K-, p) Inclusive E42Kp: 12C(K-, p)Λp Exclusive

Exp
ecte

d
Coincidence 
by HypTPC

E05 Kp: Inclusive 12C(K-, p) measurement
E42 Kp: Exclusive 12C(K-, p) Λp measurement

We can improve S/N ratio!!



28

Summary
• 12C(K-, K+) reaction to study Ξ-hypernucleus and Ξ-A interaction

• E05 (K-, K+) paper has been submitted.
• We showed the wide energy-range spectrum (Carbon graphite target). 
• We have performed spectrum fitting around the threshold region.

• (b) QF(Γ=0) + 2Gaus and (c) QF(Γ≠0) + 1BW are likely. 
• The peak structures will be prominent with E70’s resolution, 2MeV. 

• E42 can decompose the inclusive spectrum to escape and conversion one. 
→ Good sensitivity to determine the W0

Ξ. 
• 12C(K-, p) reaction to study !"-A interaction

• (V0, W0) = (-80, -40) MeV, shallow potential, well reproduced the spectrum.
• We found the significant event excess (Y*-nucleus state?), around BK ~ 100 MeV.
• E42 exclusive study will conclude the existence of event excess.



Back up
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Introduction
• H-dibaryon: 

Six-quark state consisting of uuddss quarks due to color magnetic force.
• History of H-dibaryon search
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K1.8 Beam line 
spectrometer

Hyperon
Spectrometer

KURAMA

K⁻ beam

K+
Analysis of KURAMA spectrometer
for the forward scattered particles

K- π- π+ K+ p
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Analysis of Hyperon spectrometer (HypTPC)
for the decay particles

K1.8 Beam line 
spectrometer

Hyperon
Spectrometer

KURAMA

K⁻ beam

K+

HypTPC+HTOF
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Particle ID with 
Mom and TPC dE/dx

Particle ID with
Mom and TOF

K-

π- π+
K+ p

d

π- π+ p

d
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p(K-, K+) missing-mass analysis with CH2 target
- p(K-, K+) inclusive
- p(K-, K+)Ξ-

- p(K-, K+)Λ

Missing mass of p(K-, K+)X reaction [GeV/c2]

Very Preliminary

p(K-, K+) inclusive p(K-, K+) Ξ- p(K-, K+) Λ

Very Preliminary
Very Preliminary

Very Preliminary

Inclusive Coin with Ξ- Coin with Λ

Yield (C(QF) + H) 4022 events 1076 events 1770 events

Yield (H) 1591 events 556 events 742 events

Coincidence 
Prob. (H)

0.34
(CoinΞ- / Inclusive)

0.47
(CoinΛ / Inclusive)

Br×Acceptance
(Ξ→Λπ-, Λ→pπ-)

0.64×0.87
=0.56

0.64×0.92
=0.59

Ξ-

Ξ* 



ΛΛ reconstruction using HypTPC
3,000 ΛΛ events are reconstructed

with 46% E42 data
→ 6,600 ΛΛ events with 100% data 

KEK E224 KEK E522
Beam K- p_(K-) = 1.65 GeV/c p_(K-) = 1.66 GeV/c

p_(K+) [GeV/c] 0.95<p_(K+) <1.3 0.9<p_(K+) <1.3
dσ/dΩC（ΛΛ） 7.6 μb/sr 12.8 μb/sr

ΛΛ yield 35 events 68 events

Summary of past experiments

Comparison with expected yield

E42 used p_(K-) = 1.8 GeV/c beam
Considering 1.5 times larger cross section of Ξ- production

p_(K+) [GeV/c] 0.95<p_(K+) <1.3 0.5 < p_(K+) 
Assumed dσ/dΩC(ΛΛ) 7.6 μb/sr 12.8 μb/sr

Expected ΛΛ yield 337 events 570 events
Expected scaled ΛΛ yield 520 events 880 events

Measured ΛΛ yield 1,390 events 3,030 events

Measured ΛΛ yield is larger than the expectation
34

Very Preliminary

*~46% of E42 data



Other physics topics of E42

• Ξ--nucleus interaction study (close relation with H-dibaryon)
• E42 is sensitive for the W0 (imaginary part) determination

• dσ/dΩ and PΞ measurement of K- p → K+ Ξ- / Ξ-(1535) reaction

• dσ/dΩ measurement of p(K-, p)K*(892) and 12C(K-, p)K*(892)X

• Kaonic nuclear search by 12C(K-, p) reaction 

4 Ph.D. students are analyzing the E42 data

H-dibaryon box will be opened after we perfectly confirm the analysis

Wooseung
(Korea Univ.)

Byungmin
(Korea Univ.)

Sungwook
(Korea Univ.)

F. Oura
(Tohoku Univ.)
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Experiments related to Ξ-A interaction study

Resolution: 
14 MeV 
(FWHM)

BNL E885

P. Khaustov et al., PRC 61, 054603 (2000)

12C(K-, K+) inclusive spectrum

→ V0
Ξ ~ -14 MeV by neglecting W0

Ξ J-PARC E05/E70

The 36th J-PARC PAC presentation T. Gogami et al., EPJ Web 
Conf. 271, 1102 (2022).

Resolution: 
8 MeV (FWHM)

12C(K-, K+) inclusive spectrum

with wide BΞ range is taken.

J-PARC 

E70

Best resolution 2 MeV 

will be achieved in E70

Ξ-A potential:
V0

Ξ(Re): Interaction strength of Ξ-A

W0
Ξ(Im): Absorption strength 

(Ξ-p→ΛΛ, Ξ-p→Ξ0n)
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Experiments related to Ξ-A interaction study

W0Ξ = -5 MeV

T. Harada and Y. Hirabayashi, Phys. Rev. C 103, 024605 (2021).

Reinvestigation using old BNL-E906 data by Harada and Hirabayashi
V0

Ξ = -17±6 MeV 
W0

Ξ is difficult to determine by the inclusive spectrum.

Ξ-A potential:
V0

Ξ(Re): Interaction strength of Ξ-A
W0

Ξ(Im): Absorption strength 
(Ξ-p→ΛΛ, Ξ-p→Ξ0N)
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Summary
• We have updated analysis code to improve the tracking efficiency and 

resolutions. 
• Ξ- and Λ reconstruction efficiency is improved and it is checked by the CH2

target data analysis. 
• 3,000 ΛΛ events are reconstructed using 46% dataset. 

Reconstructed ΛΛ yield is larger than the expectation. 
6,600 ΛΛ events are expected with 100% dataset. 

• We show preliminary result of the byproduct to study the Ξ-A interaction. 
We can decompose the inclusive 12C(K-, K+) spectrum to Ξ- escape and 
Ξ-p→ΛΛ conversion spectra. E42 is sensitive for the W0

Ξ determination. 
• We hope to open the H-dibaryon box soon. 
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Sensitivity of E42 experiment
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Raw histograms
All events 10764022 1770

556 7421591

Xi- coincidence prob. : 556/1591/0.639 = 0.55

L coincidence prob. : 742/1591/0.639 = 0.73

!(#$, #&)( events

All )$ reconstructed * reconstructed 
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Preliminary Λ / Ξ# reconstruction via the $%&((#, (*), reaction
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Very Preliminary

Very Preliminary
Very Preliminary
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K+ Momentum Spectrum with Exclusive Processes
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