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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 2019)

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
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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



LQCD Evidence that L(1405) 
is a KbarN molecule

• Study of KbarN scattering below the KbarN thres. 
are important.
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PRL114, 132002(2015)

Magnetic Moment of s quark is vanished
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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 ‘19)

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



Questions on L(1405)

• KbarN int. and its pole position are still unclear.

– Basic information on Kaonic Nuclei

• Not yet demonstrated if it is a molecular state.

– To establish it as an exotic state

• Hadron Picture in excited states

• New question related to classification in CQM

– Formation probability in hadronization

• ExHIC (Phys.Rev. C84 (2011) 064910)
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Important to study Low Energy KbarN scattering 



 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.
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d
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𝝅𝟎𝜮𝟎 I=0 L(1405) (I=0, S wave), non-resonant
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Experimental Setup for E31
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Event topology of 𝑑 𝐾−, 𝑛 𝑋𝜋±Σ∓

13

𝚺−(𝚺+)

NC

CDS𝝅−(𝝅+)

𝐧
𝐊−

~15 m

CDC

CDC

n

BPD

T0

Solenoid mag.

𝝅+(𝝅−)



Event topology of 𝑑 𝐾−, 𝑝 𝑋𝜋−Σ0
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Event topology of 𝑑 𝐾−, 𝑛 𝑋𝜋0Σ0
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NC

CDS𝝅−

𝐧
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~15 m

CDC

CDC
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Solenoid mag.

pT0 L

BG Process: 𝑑 𝐾−, 𝑛 𝑋𝜋0Λ, 𝑑 𝐾−, 𝑛 𝑋𝜋0𝜋0Λ, 
𝑑 𝐾−, 𝑛 𝑋𝝅−𝚺+, 𝑑 𝐾−, Σ−𝑝 𝑋
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𝜋0Σ0(𝐼 = 0)𝜋±Σ∓/2 (𝐼 = 0, 1)
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Remarks

• We first measured a complete set of ഥ𝐾𝑁 → 𝜋Σ
data below and above the ഥ𝐾𝑁 threshold.

– We are very close to finalize the spectra. 

• Structures below and above the ഥ𝐾𝑁 threshold are 
observed in 𝑑 𝐾−, 𝑛 𝑋𝜋±Σ∓

– Interference btw I=0 and 1.

– I=0 amp. seems dominant in 𝜋±Σ∓ modes.

• From measured pure I=1 channel, 𝑑 𝐾−, 𝑝 𝑋𝜋−Σ0.
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Outlook
(instead of summary)
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Pole position?

• KbarN Scattering Amplitudes to be extracted

• How to decompose the I=0 and 1 amps. 

– Significant yield nearby the KbarN threshold but no 
clear peak structure

– A simple “BW + Some plausible function” seems too 
naïve to explain the spectra…
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To deduce ഥ𝐾𝑁 scattering amplitude
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L. Lensniak, arXiv:0804.3479v1(2008)



To deduce ഥ𝐾𝑁 scattering amplitude
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Form Factor of L(1405)?

• To resolve “Not yet demonstrated if it is a 
molecular state”…

• Angular Distribution may provide a hint…

…as is the case for “K-pp”

23


