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12C(K-, K+) reaction to study 
the Ξ-nucleus interaction at J-PARC
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Contents: Experiments using 12C(K-, K+) reaction at J-PARC
E05: Inclusive 12C(K-, K+)
with SKS (8MeV (FWHM))

E42: Exclusive 12C(K-, K+Ξ-), 12C(K-, K+ΛΛ) 
with HypTPC (35 MeV (FWHM))

E70: Inclusive 12C(K-, K+)
with S-2S (4(2) MeV (FWHM))
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Yudai Ichikawa et al., PTEP 2024 9, 091D01 (2024). WooSeung Jung et al., PTEP 2025 9, ptaf064 (2025).

E05: Inclusive 12C(K-, K+) E42: Exclusive 12C(K-, K+)

Oct 1, PM 5:05~ Wooseung Jung (Kobayashi-hall)
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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 4(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+

Yudai Ichikawa et al., 
PTEP 2024 9, 091D01 (2024).
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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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Model Assumption for Spectrum fitting

Model Function Assumption
(a) QF(Γ = 0) + 1 Gaus 1 state with visible ΓΞN→ΛΛ

(b) QF(Γ = 0 ) + 2 Gaus 2 states with negligible ΓΞN→ΛΛ

(c) QF(Γ ≠ 0 ) + 1 BW 1 state with visible ΓΞN→ΛΛ

(d) QF(Γ = 0) Null hypothesis with negligible ΓΞN→ΛΛ

(e) QF(Γ ≠ 0) Null hypothesis with visible ΓΞN→ΛΛ
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Results with Null hypothesis
Model Function Assumption

(a) QF(Γ = 0) + 1 Gaus 1 state with negligible ΓΞN→ΛΛ

(b) QF(Γ = 0 ) + 2 Gaus 2 states with negligible ΓΞN→ΛΛ

(c) QF(Γ ≠ 0 ) + 1 BW 1 state with visible ΓΞN→ΛΛ

(d) QF(Γ = 0) Null hypothesis with negligible ΓΞN→ΛΛ

(e) QF(Γ ≠ 0) Null hypothesis with visible ΓΞN→ΛΛ

− Fit total

Null hypothesis
(ΓΞN→ΛΛ ≠ 0)

− Fit total

Null hypothesis
(ΓΞN→ΛΛ = 0)

QF function
Convoluted by Gaus (Γ = 0)

K- K＋

Ξ-
p

p

Convoluted by Voigt (Γ ≠ 0)

Λ

Λ
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− Fit total

Null hypothesis
(ΓΞN→ΛΛ ≠ 0)

− Fit total

Null hypothesis
(ΓΞN→ΛΛ = 0)

QF function
Convoluted by Gaus (Γ = 0)

K- K＋

Ξ-
p

p

Convoluted by Voigt (Γ ≠ 0)

Λ

Λ

K. Sasaki et al., NPA 998, 121737 (2020).

HAL QCD Almost 0 except for short range part 
→ ΞN-ΛΛ coupling is weak at low energy
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Results with Ξ-hypernucleus (1 state)
Model Function Assumption

(a) QF(Γ = 0) + 1 Gaus 1 state with negligible ΓΞN→ΛΛ

(b) QF(Γ = 0 ) + 2 Gaus 2 states with negligible ΓΞN→ΛΛ

(c) QF(Γ ≠ 0 ) + 1 BW 1 state with visible ΓΞN→ΛΛ

(d) QF(Γ = 0) Null hypothesis with negligible ΓΞN→ΛΛ

(e) QF(Γ ≠ 0) Null hypothesis with visible ΓΞN→ΛΛ

QF function
Convoluted by Gaus (Γ = 0)

K- K＋

Ξ-
p

p

Convoluted by Voigt (Γ ≠ 0)

Λ

Λ

− Fit total
--- QF Ξ
--- Ξ nucleus 

− Fit total
--- QF Ξ
--- Ξ nucleus 
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Results with Ξ-hypernucleus (2 states)
Model Function Assumption

(a) QF(Γ = 0) + 1 Gaus 1 state with negligible ΓΞN→ΛΛ

(b) QF(Γ = 0 ) + 2 Gaus 2 states with negligible ΓΞN→ΛΛ

(c) QF(Γ ≠ 0 ) + 1 BW 1 state with visible ΓΞN→ΛΛ

(d) QF(Γ = 0) Null hypothesis with negligible ΓΞN→ΛΛ

(e) QF(Γ ≠ 0) Null hypothesis with visible ΓΞN→ΛΛ

T.Motoba and S.Sugimoto, NPA835 223 (2019).

2 or 3 states are 
predicted due to core 11B 
excitation and 
spin-spin (Ξ-11B) 
interaction.

− Fit total
--- QF Ξ
--- Ξ nucleus #1
--- Ξ nucleus #2
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Summary of the Spectrum Fitting
QF function

Convoluted by Gaus (Γ = 0)
Convoluted by Voigt (Γ ≠ 0)

− Fit total
--- QF Ξ
--- Ξ nucleus 

− Fit total
--- QF Ξ
--- Ξ nucleus #1
--- Ξ nucleus #2

− Fit total
--- QF Ξ
--- Ξ nucleus #1

− Fit total − Fit total

Null hypothesis
(ΓΞN→ΛΛ = 0)

Null hypothesis
(ΓΞN→ΛΛ ≠ 0)
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Summary of the Spectrum Fitting

BΞ
Theory = 8.4 MeV 

(Γ = 0.89 MeV)
E. Friedman and A. Gal, 
PLB 820, 136555 (2021).
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Further experiments of E05 at J-PARC
E05: Inclusive 12C(K-, K+)

with SKS (8 MeV (FWHM))

E42: Exclusive
12C(K-, K+Ξ-), 12C(K-, K+ΛΛ)
with HypTPC (35 MeV (FWHM))

E70: Inclusive 12C(K-, K+)
with S-2S (4(2) MeV (FWHM))

Decay particle 
measurement

Resolution improvement
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J-PARC E42 experiment

Exclusive 
12C(K-, K+Ξ-), 12C(K-, K+ΛΛ) 

Oct 1, PM 5:05~ 
Wooseung Jung (Kobayashi-hall)

WooSeung Jung et al., PTEP 2025 9, ptaf064 (2025).
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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)



E42 byproduct: 12C(K-, K+Ξ-), 12C(K-, K+ΛΛ) 

K1.8 Beam line 
spectrometer

Hyperon
Spectrometer

KURAMA

K⁻ beam

K+

12C(K-, K+) inclusive spectrum

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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Inclusive spectrum

QFΞ-

QFΞ*-



12C(K-, K+Ξ-): Escape Ξ-

Ξ- escape 
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Inclusive

Exclusive 
(Ξ- Escape)



12C(K-, K+ΛΛ): Ξ-p →ΛΛ conversion

ΛΛ conversion
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12C(K-, K+ΛΛ) spectrum

Ξ-p →ΛΛ

K-N→Λπ, 
πN→ΛK+
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Feedback to E05 result

E42
12C(K-, K+ΛΛ)
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Further experiments of E05 at J-PARC
E05: Inclusive 12C(K-, K+)

with SKS (8 MeV (FWHM))

E70: Inclusive 12C(K-, K+)
with S-2S (4(2) MeV (FWHM))

Resolution improvement
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E70: Inclusive 12C(K-, K+)with S-2S (4(2) MeV (FWHM))

Completed in May 2025

Missing Mass [GeV/c2]

p(K-, K+)Ξ-
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E05 Spectrum Fitting
QF function

Convoluted by Gaus (Γ = 0)
Convoluted by Voigt (Γ ≠ 0)

− Fit total
--- QF Ξ
--- Ξ nucleus 

− Fit total
--- QF Ξ
--- Ξ nucleus #1
--- Ξ nucleus #2

− Fit total
--- QF Ξ
--- Ξ nucleus #1

− Fit total − Fit total

Null hypothesis
(ΓΞN→ΛΛ = 0)

Null hypothesis
(ΓΞN→ΛΛ ≠ 0)
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Comparison between E05(8.2 MeV) and E70(4 MeV)
QF(Γ=0)+1gaus QF(Γ=0)+2gaus

QF(Γ≠0)+1BW QF(Γ≠0)

-E05: 8.2 MeV(FWHM)
-E70: 4 MeV(FWHM)

-E05: 8.2 MeV(FWHM)
-E70: 4 MeV(FWHM)

-E05: 8.2 MeV(FWHM)
-E70: 4 MeV(FWHM)

-E05: 8.2 MeV(FWHM)
-E70: 4 MeV(FWHM)
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Simulated spectra with E70(4 MeV) condition
Peak structure should be prominent!!

QF(Γ=0)+1gaus QF(Γ=0)+2gaus

QF(Γ≠0)+1BW QF(Γ≠0)
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Summary
• J-PARC E05: Inclusive 12C(K-, K+) with 8 MeV (FWHM) resolution 

• 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. 

• J-PARC E42: Exclusive 12C(K-, K+Ξ-) and 12C(K-, K+ΛΛ) with HypTPC
• We measured escape Ξ- and Ξ-p →ΛΛ conversion spectrum. 
• σ Ξ-p →ΛΛ≦ 2mb corresponds to ΓΞ ≦ 1 MeV. 
• This result favors (b) QF(Γ=0) + 2Gaus model in E05.

• J-PARC E70: Inclusive 12C(K-, K+) with 4(2) MeV (FWHM) resolution.
• With better E70 resolution we should clearly see the Ξ-nucleus peak structures.



Back up
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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)



S-2S analysis（E70）
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p(K-, K+)Ξ-

Basic detector performance
was checked by E70

However, the momentum resolution 
is worse than design value. 
(2 ‒ 3 times worse)
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1.2 GeV/c

1.4 GeV/c

1.5 GeV/c

Improved

We scale the calculated 
B-field map for the Runge-
Kutta analysis.

Inconsistency of calculated B-filed map 
will be the reason of worse resolution.

What is the reason of worse momentum resolution? 
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Plastic scintillator

Position difference due to the magnetic field at SS（Simulation）

→Inconsistency of calculated B-field map can be study with ON/OFF data

Calculated B-field adjustment to improve the momentum resolution
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We took only magnet off data
due to strong field around fine-mesh PMT.

→ Further test with MPPC in next beamtime. Plastic scintillator

Calculated B-field adjustment to improve the momentum resolution



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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