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Experimental Setup for E31 at J-PARC K1.8BR
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ഥ𝐾𝑁 scattering below the ഥ𝐾𝑁 mass threshold (J-PARC E31)

 measuring an S-wave ഥ𝑲𝑵 → 𝝅𝜮 scattering below the ഥ𝐾𝑁
threshold in the d(K-,n) reactions at a forward angle of N.

 ID’s all the final states to decompose the I=0 and 1 ampl’s.

1 GeV/c K-

d

N

ഥ𝑲 𝝅

𝚺𝑵

𝑵

Fwd N 𝝅𝚺 mode Isospin Expected resonance

𝑛 𝜋±𝛴∓ 0, 1 Λ 1405
interference btw I=0 and 1 ampl’s.

𝑝 𝜋−𝛴0 1 P-wave 𝛴∗(1385) to be suppressed

𝑛 𝜋0𝛴0 0 Λ 1405

← forward

← backward, 
relative S-wave dominant

{
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What we measured: missing 𝜋Σ/𝜋Λ mass spectra

• 𝑑 𝐾−, 𝑛 𝑋𝜋±Σ∓

• 𝑑 𝐾−, 𝑛 𝑋𝜋0Σ0

• 𝑑 𝐾−, 𝑝 𝑋𝜋−Σ0

• 𝑑 𝐾−, 𝑝 𝑋𝜋−Λ

• 𝑑 𝐾−, 𝑛 𝑋𝜋0Λ
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𝜋0Σ0(𝐼′ = 0)𝜋+Σ−/𝜋−Σ+

(𝐼′ = 0, 1)
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5Interference btw 𝐼′ = 0 and 1 is clearly observed.

← predominant
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[𝜋±Σ∓ − 𝜋−Σ0]/2 vs 𝜋0Σ0(𝐼′ = 0)

≈

Isospin relations seem to be satisfied well.
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What we measured: missing 𝜋Σ/𝜋Λ mass spectra

• 𝑑 𝐾−, 𝑛 𝑋𝜋±Σ∓

• 𝑑 𝐾−, 𝑛 𝑋𝜋0Σ0

• 𝑑 𝐾−, 𝑝 𝑋𝜋−Σ0

• 𝑑 𝐾−, 𝑝 𝑋𝜋−Λ

• 𝑑 𝐾−, 𝑛 𝑋𝜋0Λ
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Extracting Scattering Amplitude

• 2-step process

𝑑𝜎

𝑑𝑀𝜋Σ
ቚ
𝜃𝑛=3

∘
~| 𝑛𝜋Σ 𝑇2

𝐼′ ഥ𝐾𝑁2 → 𝜋Σ 𝐺0𝑇1
𝐼(𝐾−𝑁1 → ഥ𝐾𝑛) 𝐾−Φ𝑑 |2

~ 𝑇2
𝐼′(ഥ𝐾𝑁 → 𝜋Σ)

2
𝐹res(𝑀𝜋Σ)

K-

d

n
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𝑇1
𝐼

𝑇2
𝐼′

Factorization Approximation

𝐹res 𝑀𝜋Σ ~ න
0

∞

𝑑𝑞𝑁2
3 𝑇1

𝐼
1

𝐸ഥ𝐾 − 𝐸ഥ𝐾 𝑞ഥ𝐾 + 𝑖𝜖
Φ𝑑(𝑞𝑁2)

2

, 𝑞ഥ𝐾 + 𝑞𝑁2 = 𝑞𝜋Σ
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E31: Response Function, 𝐹res 𝑀𝜋Σ

• 𝐹res 𝑀𝜋Σ = 𝐺0 𝑞2, 𝑞1 𝑇1Φ𝑑(𝑞2) 𝑑
3𝑞2

2

– 𝐺0 𝑞2, 𝑞1 =
1

𝑞0
2−𝑞′2+𝑖𝜀

𝑓 𝑞0, 𝑞
′

𝑃𝜋Σ
2 +𝑀𝜋Σ

2 + 𝑃𝜋Σ
2 +𝑊 𝑞′ 2

𝑀𝜋Σ+𝑊 𝑞′
, 

𝑓 𝑞0, 𝑞
′ −1 = [𝐸1 𝑞0 + 𝐸1(𝑞

′)]−1 + [𝐸2 𝑞0 + 𝐸2(𝑞
′)]−1

Miyagawa and Haidenbauer, PRC85, 065201(2012)

– 𝑇1: 𝐾
−𝑛 → 𝐾−𝑛 𝐼 = 1 , 𝐾−𝑝 → ഥ𝐾0𝑛 𝐼 = 0,1 amplitude,

Gopal et al., NPB119, 362(1977)

• 𝑇1 𝐾−𝑛 → 𝐾−𝑛 = 𝑓 𝐼 = 1

• 𝑇1 𝐾−𝑝 → ഥ𝐾0𝑛 = [𝑓 𝐼 = 1 − 𝑓(𝐼 = 0)]/2

– Φ𝑑(𝑞2): deuteron wave function, PRC63, 024001(2001)

Off-shell treatment :See eq.(17) in PRC94, 065205 
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𝐹res 𝑀𝜋Σ ~𝑝𝜋
𝑐𝑚𝑝𝑛

2/| 𝐸𝐾− +𝑚𝑑 𝛽𝑛 − 𝑝𝐾− cos 𝜃 | ×

𝑑Ω𝜋
𝑐𝑚𝐸𝜋𝐸Σ 𝑞2𝑇1

𝐼 𝑝𝐾− , 𝑞𝑁, 𝑝𝑛, 𝑞ഥ𝐾 , cos 𝜃𝑛ഥ𝐾 ; 𝑀𝜋Σ 𝐺0 𝑞2, 𝑞1 Φ𝑑(𝑞2) 𝑑
3𝑞2
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E31: Response Function, 𝐹res 𝑀𝜋Σ

𝐾−𝑁 → ഥ𝐾𝑛
𝑓𝐼=1 + 0.5(𝑓𝐼=1 − 𝑓𝐼=0)

Elementary Cross Section for 𝑇1
𝐼

Gopal et al., NPB119, 362(1977)

ഥ𝐾0𝑛



11

Demonstration of the 𝑇1
𝐼 amplitude

• 1-step process

𝑑𝜎

𝑑𝑀𝜋Σ
ቚ
𝜃𝑛=3

∘
~| 𝑛𝐾0𝑛 𝑇1

𝐼(𝐾−𝑝 → 𝐾0𝑛) 𝐾−Φ𝑑 |2
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Demonstration for fitting data with the 1-step 
𝐾−𝑑 → 𝑛𝐾0"𝑛" reaction calculation

𝒅
𝟐
𝝈

𝒅
𝛀
𝒅
𝑴

𝑲
𝟎
"𝒏
"

[𝝁
𝒃
/𝒔
𝒓
]

𝑴𝐊𝟎"𝐧" [𝐌𝐞𝐕/𝒄
𝟐]

Exp. Resolution
was convoluted

• Data: 𝑑 𝐾−, 𝑛 ഥ𝐾0𝑛 Ks/KL, BR(Ks->pi+-) corrected (K. Inoue)

ഥ𝐾
0𝑛



ഥ𝐾𝑁 Scattering Amplitude

• 𝑇2
𝐼′(ഥ𝐾𝑁 → ഥ𝐾𝑁) =

𝐴

1−𝑖𝐴𝑘2+
1

2
𝐴𝑅𝑘2

2

• 𝑇2
𝐼′(ഥ𝐾𝑁 → 𝜋Σ) =

1

𝑘1
𝑒𝑖𝛿0

𝐼𝑚𝐴−
1

2
𝐴 2𝐼𝑚𝑅𝑘2

2

1−𝑖𝐴𝑘2+
1

2
𝐴𝑅𝑘2

2

• 𝑇2
𝐼′(𝜋Σ → 𝜋Σ)

=
𝑒𝑖𝛿0

𝑘1

sin 𝛿0+𝑖𝐼𝑚 𝑒
−𝑖𝛿0𝐴 𝑘2−

1

2
𝐼𝑚 𝑒−𝑖𝛿0𝐴𝑅 𝑘2

2

1−𝑖𝐴𝑘2+
1

2
𝐴𝑅𝑘2

2

• 5 real number parameters (effective range expansion)
– A: scattering length, R: effective range, δ0: phase

L. Lensniak, arXiv:0804.3479v1(2008)
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𝑇11 = 𝑘2𝑇2
𝐼′ ഥ𝐾𝑁 → ഥ𝐾𝑁 ,

𝑇12 = 𝑘1𝑘2𝑇2
𝐼′ ഥ𝐾𝑁 → ഥ𝐾𝑁 ,

𝑇11
2 + 𝑇12

2 = 𝐼𝑚𝑇11,
𝑺 = 𝑰 + 2𝑖𝑻,



Fit the spectra to deduce ഥ𝐾𝑁 scattering amplitude
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Best fit ഥ𝐾𝑁 scattering amplitude
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Two-pole structure of Λ(1405) in Meson-Baryon dynamics
(theoretical analyses constraint by ഥ𝐾𝑁 scat., Kaonic X-ray data, etc.) 

E31 result → Phys. Lett. B837(2023)137637
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What’s next?

• Similar analysis for I=1 channel, K-d→pΣ-0

• Line shape analysis for K-pp->Lambda p

– Two-channel model: K-”pp” → K-”pp” and K-”pp” → Lambda p

– Local Potential analysis as is the case with the Sigma-Nucleus 
potential? 

• Search for the Lambda(1380) resonance pole

– Could be found in Sigma-pi scattering

– Sigma-pi+ -> Sigma0pi0 is the golden channel
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特定領域：ストレンジネスで探るクォーク多体系
Hadron and Nuclear Physics with Virtual and Real Hadron Beam

Hiroyuki Noumi, RCNP

秋保大滝 26/Nov/2007



○Λ(1405）の構造研究とK-原子核分光

Reaction： 3He（K-,d)(1405)

P(K-)＝1 GeV/c

P(d)=1.5GeV/c

Physics Motivation:

(1405)の構造の検証：
K-p →(1405)→-+ or +- scattering process using virtual K- beam

(c.f.  p → K+(1405)    or   K-p → (1405))

K-

d

“p”3He

pi-

+

(1405)

K-“d”

P((1405))~-0.5 GeV/c

Extra Arm for d-spectrometer can be added to the E15 setup.

trigger:



•
𝑑2𝜎

𝑑Ω𝑑𝐸
= 𝛽 ⋅

𝑑𝜎

𝑑Ω
| 𝑒𝑙𝑒𝑚 ⋅ 𝑆 𝐸

• 𝑆 𝐸 = −
1

𝜋
Imσ𝛼𝛼′  𝑑𝑟𝑑𝑟

′ 𝑓𝛼
† 𝑟′ 𝐺𝛼𝛼′ 𝐸; 𝑟

′, 𝑟 𝑓𝛼′ 𝑟

• 𝑓𝛼 𝑟 = 𝜒 − ∗ 𝑅 𝜒 + ∗ 𝑅 𝛼 𝜓Σ(𝑟) 𝑖 , 𝑅 =
𝑀𝑐

𝑀ℎ𝑦
𝑟

• 𝐺𝛼𝛼′ 𝐸; 𝑟
′, 𝑟 = 𝛼 𝜓Σ 𝑟

1

𝐸−𝐻+𝑖𝜂
𝜓Σ
†(𝑟′) 𝛼′

ℏ2

2𝜇
Δ + 𝐸 − 𝑈Σ 𝐺𝛼𝛼′ 𝐸; 𝑟

′, 𝑟 = −𝛿(𝑟′ − 𝑟)

20/37

Sigma Hypernuclei

Σ-
Σ-

Λ

Σ-

Σ

Σ-

++ …
A

π- K+

X

U = V + i W

P. K. Saha, Phys. Rev. C70, 044613(2004)

H. Noumi, Phys. Rev. Lett. 89 (2002) 072301



•
𝑑2𝜎

𝑑Ω𝑑𝐸
= 𝛽 ⋅

𝑑𝜎

𝑑Ω
| 𝑒𝑙𝑒𝑚 ⋅ 𝑆 𝐸

• 𝑆 𝐸 = −
1

𝜋
Imσ𝛼𝛼′  𝑑𝑟𝑑𝑟

′ 𝑓𝛼
† 𝑟′ 𝐺𝛼𝛼′ 𝐸; 𝑟

′, 𝑟 𝑓𝛼′ 𝑟

• 𝑓𝛼 𝑟 = 𝜒 − ∗ 𝑅 𝜒 + ∗ 𝑅 𝛼 𝜓Σ(𝑟) 𝑖 , 𝑅 =
𝑀𝑐

𝑀ℎ𝑦
𝑟

• 𝐺𝛼𝛼′ 𝐸; 𝑟
′, 𝑟 = 𝛼 𝜓Σ 𝑟

1

𝐸−𝐻+𝑖𝜂
𝜓Σ
†(𝑟′) 𝛼′

ℏ2

2𝜇
Δ + 𝐸 − 𝑈Σ 𝐺𝛼𝛼′ 𝐸; 𝑟

′, 𝑟 = −𝛿(𝑟′ − 𝑟)
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Sigma Hypernuclei
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++ …
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π- K+
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U = V + i W

P. K. Saha, Phys. Rev. C70, 044613(2004)

H. Noumi, Phys. Rev. Lett. 89 (2002) 072301
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L(1405): a picture of KN-bound system → potential
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Very Rough Sketch of Σ−𝑝 Scat. Exp.

• ~1.3 GeV/c Σ− Beam via 𝐾−𝑝 → Σ−𝜋+

– Σ−𝑝 → Σ+𝜋−𝑛, Σ−𝜋+𝑛, Σ−𝜋0𝑝,
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Very Rough Sketch of Σ−𝑝 Scat. Exp.

• 1.3 GeV/c Σ− Beam via 𝐾−𝑝 → Σ−𝜋+

– Σ−𝑝 → Σ+𝜋−𝑛, Σ−𝜋+𝑛, Σ−𝜋0𝑝,
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