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L(1405) since 1961

• Well-known lightest Hyperon Resonance w/ a 
negative parity, sitting just below the KbarN
mass threshold
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PRL 6, 698(1961)

𝐾−𝑝 → Σ+ + 2𝜋− + 𝜋+

𝐾−𝑝 → Σ− + 2𝜋+ + 𝜋−



L(1116), 1/2+

L(1405), 1/2-

L(1520), 3/2-

S*(1385), 3/2+

S(1192), 1/2+

KN(1432)

-27 MeV

Λ(1405) : 1405.1+1.3
-0.9 MeV (PDG in 2020)

JP = ½-, I = 0,  ML(1405)< MKbarN , lightest in neg. parity baryons

J. Esmaili et al: pS IM Spec. of 
Stopped K- on 4He 

R.H. Dalitz et al: pS IM Spec. 
in K-p→ππΣ w/ M-matrix

M. Hassanvand et al: pS IM 
Spec. of pp→K+pS



L(1116), 1/2+

L(1405), 1/2-

L(1520), 3/2-

S*(1385), 3/2+

S(1192), 1/2+

KN(1432)

-27 MeV

Λ(1405) : Double pole?
JP = ½-, I = 0,  ML(1405)< MKbarN , lightest in neg. parity baryons

ＫＮ
pS

Chiral Unitary Model: 
D. Jido et al., NPA725(03)181
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Pole Structure of the Lambda(1405) Region
PDG Reviews:  Ulf-G. Meissner and T. Hyodo (Nov. 2015)

Λ(1405) : 1405.1+1.3
-1.0 MeV (Part. Listing in ‘20)

JP = ½-, I = 0,  ML(1405)< MKbarN , lightest in neg. parity baryons

J. Esmaili et al: pS IM Spec. of 
Stopped K- on 4He 

R.H. Dalitz et al: pS IM Spec. 
in K-p→ππΣ w/ M-matrix

M. Hassanvand et al: pS IM 
Spec. of pp→K+pS



6

Pole Structure of the Lambda(1405) Region
PDG Reviews:  Ulf-G. Meissner and T. Hyodo (Nov. 2015)

Λ(1405) : 1405.1+1.3
-1.0 MeV (Part. Listing in ‘20)

JP = ½-, I = 0,  ML(1405)< MKbarN , lightest in neg. parity baryons

J. Esmaili et al: pS IM Spec. of 
Stopped K- on 4He 

R.H. Dalitz et al: pS IM Spec. 
in K-p→ππΣ w/ M-matrix

M. Hassanvand et al: pS IM 
Spec. of pp→K+pS

O. Morimatsu and K. Yamada, RPC100, 025201(2019)



Questions on L(1405)
• KbarN int. and its pole position are still unclear.

– Basic information on Kaonic Nuclei
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Important to study Low Energy KbarN scattering 

p p

K
 –

E15 Collaboration

Physics Letters B 789 (2019) 620–625

Phys. Rev. C102, 044002 (2020).
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Experimental Setup for E31

S
p

p

CDC
T0

BHD
BLC2

BLC1

BPD
BPC

CDH



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

KbarN scattering below the KbarN thres. (J-PARC E31)

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

K-

d

n

ഥ𝑲 𝝅∓,𝟎

𝜮±,𝟎𝑵

𝑵

𝝅±𝚺∓ I=0, 1 L(1405) (I=0, S wave), non-resonant[I=0/1]
(S(1385) (I=1, P wave) to be suppressed)

𝝅−𝚺𝟎

[𝝅−𝚲]
I=1 non-resonant (S(1385) to be suppressed)

d(K-,p)p-S0 [p-L]

𝝅𝟎𝜮𝟎 I=0 L(1405) (I=0, S wave), non-resonant



Event topology of 𝑑 𝐾−, 𝑛 𝑋𝜋±Σ∓
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𝑑 𝐾−, 𝑛𝜋+𝜋− 𝑛𝑚𝑖𝑠𝑠𝑖𝑛𝑔
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Gated
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𝑑 𝐾−, 𝑛𝜋+𝜋− "𝑛“ samples contain…
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Event topology of 𝑑 𝐾−, 𝑛 𝑋𝜋0Σ0
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BG Process: 𝑑 𝐾−, 𝑛 𝑋𝜋0Λ, 𝑑 𝐾−, 𝑛 𝑋𝜋0𝜋0Λ, 
𝑑 𝐾−, 𝑛 𝑋𝝅−𝚺+, 𝑑 𝐾−, Σ−𝑝 𝑋



𝑑 𝐾−, 𝑛 𝜋0Σ0 vs 𝑑 𝐾−, 𝑛 𝜋−Σ+

𝜮+

𝚲
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𝑑 𝐾−, 𝑛 𝜋0Σ0 vs 𝑑 𝐾−, 𝑛 𝜋−Σ+

𝜮+

𝚲

π0γ𝚲 π−pπ0
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𝑑 𝐾−, 𝑛 𝜋0Σ0 vs 𝑑 𝐾−, 𝑛 𝜋−Σ+

𝜮+

𝚲
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Event topology of 𝑑 𝐾−, 𝑝 𝑋𝜋−Σ0
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𝑑 𝐾−, 𝑝 𝑋𝜋−Σ0 Mode (𝐼 = 1)
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p -

pS 0
K -

p -

From 𝑑 𝐾−, 𝑝𝜋−𝜋− "𝑝𝛾" sample

𝑑 𝐾−, 𝑝 𝑋𝜋−𝜦

𝑑 𝐾−, 𝑝𝜋−𝜋− "𝒑"
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𝜋0Σ0(𝐼 = 0)𝜋+Σ−/𝜋−Σ+
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Description of the reaction

• 1-step process

• 2-step process

K-

d

n

ഥ𝑲 𝝅∓,𝟎

𝜮±,𝟎𝑵𝟐

𝑵𝟏

𝑇1

𝑇2
𝐼

K-

d
n

𝝅∓,𝟎

𝜮±,𝟎𝑵𝟏
𝑇𝐼
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Extracting Scattering Amplitude

• 2-step process

𝑑𝜎

𝑑𝑀𝜋Σ
ቚ
𝜃𝑛=0

~| 𝑛𝜋Σ 𝑇2
𝐼 ഥ𝐾𝑁 → 𝜋Σ 𝐺0𝑇1(𝐾

−𝑁 → ഥ𝐾𝑁) 𝐾−Φ𝑑 |2

~ 𝑇2
𝐼(ഥ𝐾𝑁 → 𝜋Σ)

2
𝐹res(𝑀𝜋Σ)

K-

d

n

ഥ𝑲 𝝅∓,𝟎

𝜮±,𝟎𝑵𝟐

𝑵𝟏

𝑇1

𝑇2
𝐼

Factorization Approximation

𝐹res 𝑀𝜋Σ ~ න
0

∞

𝑑𝑞𝑁2
3 𝑇1

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

K. Miyagawa and J. 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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Elementary Cross Section for T1
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𝐹res 𝑀𝜋Σ ~𝑝𝜋
𝑐𝑚𝑝𝑛

2/| 𝐸𝐾− +𝑚𝑑 𝛽𝑛 − 𝑝𝐾− cos 𝜃 | ×

𝑑Ω𝜋
𝑐𝑚𝐸𝜋𝐸Σ 𝑞2𝑇1 𝑝𝐾− , 𝑞𝑁, 𝑝𝑛, 𝑞ഥ𝐾 , cos 𝜃𝑛ഥ𝐾 ;𝑀𝜋Σ 𝐺0 𝑞2, 𝑞1 Φ𝑑(𝑞2) 𝑑

3𝑞2
2
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𝐹res 𝑀𝜋Σ

E31: Response Function, 𝐹res 𝑀𝜋Σ

𝐾−𝑁 → ഥ𝐾𝑛
𝑓𝐼=1 + 0.5(𝑓𝐼=1 − 𝑓𝐼=0)
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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

𝝅
𝚺
[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)



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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To deduce ഥ𝐾𝑁 scattering amplitude

28

𝑑𝜎

𝑑𝑀𝜋Σ
ቚ
𝜃𝑛=0

~ 𝑇2
𝐼 2
𝐹res(𝑀𝜋Σ)

K-

d

n
ഥ𝑲, 𝒒𝟏 𝝅∓,𝟎

𝜮±,𝟎𝑵, 𝒒𝟐

𝑵
𝑇1

𝑇2
𝐼

𝑻𝟐
𝑰 𝟐 𝑭𝐫𝐞𝐬(𝑴𝝅𝜮)



ഥ𝐾𝑁 scattering amplitude (charged+𝜋0Σ0)
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ഥ𝐾𝑁 scattering amplitude (charged+𝜋0Σ0)
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𝑑𝜎

𝑑𝑀𝜋Σ
ቚ
𝜃𝑛=0

~ 𝑇2
𝐼(ഥ𝐾𝑁 → 𝜋Σ)

2
𝐹res(𝑀𝜋Σ)

𝑻𝟐
𝑰=𝟎(ഥ𝐾𝑁 → 𝜋Σ)

𝟐

Scattering Length A(I=0) = -1.03(0.09) +i0.91(0.12) fm
Effective Range R(I=0) = -0.25(0.29) –i0.53(0.16) fm

Preliminary



ഥ𝐾𝑁 scattering amplitude (charged+𝜋0Σ0)
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𝑻𝟐
𝟎(ഥ𝑲𝑁 → ഥ𝑲𝑁)

𝜋Σ mass [MeV/c2]

𝑇 2
0
(
ഥ 𝐾
𝑁
→

ഥ 𝐾
𝑁
)

A pole at ~1416 MeV/c2

𝑇2
𝐼=0 ഥ𝐾𝑁 → ഥ𝐾𝑁

2
/ 𝑇2

𝐼=0 ഥ𝐾𝑁 → 𝜋Σ
2
~1.9

Im

Re
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SUMMARY

• Pole position of L(1405) seems consistent to 
those of the so-called higher pole suggested 
by the ChUM based calculations.

• The pole is likely to couple to the ഥ𝐾𝑁 state.
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