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Lambda Baryons
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L(1116), 1/2+

L(1405), 1/2-
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𝛾𝑝 → 𝐾+𝜋−Σ+, 𝐾+𝜋0Σ0, 𝐾+ 𝜋+Σ−

𝑝𝑝 → 𝐾+𝑝𝜋−Σ+, 𝐾+ 𝑝𝜋+Σ−



 employs d(K-,n)pS reactions at qn~0 deg., which is 

expected to enhance an S-wave  𝐾𝑁 → πΣ scattering 

even below the  𝐾𝑁 threshold to form L(1405).

E31:

 aims to conclude if L(1405) appears at ~1405 MeV or 

~1420 MeV in a  𝐾𝑁 → πΣ scattering. 
 This provides basic information on a longstanding argument on a 

deeply bound kaonic nuclei.

 identifies all the final states to decompose the I=0 and 1 

amplitudes.
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Faddeev Cal. (AGS)

11

S. Ohnishi, Y. Ikeda, T. Hyodo, E. Hiyama, and W. Weise

Dominant at qn=0



Ushiwaka

CDS

D5

NC
PC

K-
n

d L(1405)

n

1 GeV/c ~1.25 GeV/c

~0.25 GeV/c

Cylindrical Detector System
(Solenoid Field 0.7T)     

K- Beam Spectrometer
(K1.8BR-D5)

Beam Sweeper
(Ushiwaka)

Neutron

Counter (NC)

TOF~15m

Proton
Counter (PC)

12

Experimental Setup for E31
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Run 62 (April-May, 2015)

• Beam time for E15 was allocated in order to take 
calibration data of elementary 𝐾−𝑝 → 𝐾0𝑛 and 
𝐾−𝑛 → 𝐾−𝑛 reactions using H2 and D2 targets.

• This provided a good opportunity to evaluate 
feasibility for E31.

• We demonstrate the d(K-,n)XpS spectrum, based 
on the D2 data for 2.2 days (26.5 kW).

→ >33kW from this Autumn?
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Event selection for the 𝐾−, 𝑛
reaction
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Kaon Beam Selection
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Neutron 1/b spectrum
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Reaction Vertex Selection
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π+ and π- detection in CDS
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K0 and Sdecay reconstructions
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Semi-inclusive d(K-,n)X spectra, 
K0 selected (x10) , and  Sdecay selected (x10)
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Semi-inclusive d(K-,n)X spectra, 
K0 selected (x10) , and  Sdecay selected (x10)

23

K-p
K0n



Event selection for 

exclusive 𝑑 𝐾−, 𝑛 𝜋±Σ∓ reactions
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𝑑 𝐾−, 𝑛𝜋+𝜋− 𝑛𝑚𝑖𝑠𝑠𝑖𝑛𝑔
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Gated
𝑛 𝑛𝜋0
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Missing  Σ∓ in 𝑑 𝐾−, 𝑛𝜋± 𝑋𝜋∓𝑛
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𝑑 𝐾−, 𝑛 𝜋±Σ∓



𝑑 𝐾−, 𝑛 𝑋𝜋±Σ∓ Spectrum
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Missing mass spectrum of the 𝑑 𝐾−, 𝑛 𝑋𝜋±Σ∓ reaction

K0 and Sdecay events have been excluded.

sresol. ~ 10 MeV
𝐾−𝑝



Remarks

• The 𝑑 𝐾−, 𝑛 𝑋𝜋±Σ∓ spectrum at qn=0 deg for 

the first time.

– provides a  𝐾𝑁 → πΣ scattering data below the  𝐾𝑁
threshold.

• A bump structure at ~1420 MeV has been 
observed.

– Yield excess of bound region

– Strength of unbound region
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Experimental Issue

• Separated spectra in the final states
Isospin decomposition
– π±Σ∓ identification separately to provide

• I=1/I=0, interference term
• S-wave Scattering? by Decay Angular Dist. (GJ frame)

– π0Σ0 (I=0) analysis in progress
• π0Λ (I=1), too.
• Need statistics  -> future beam time

– πΛ (I=1) mode : Σ∗ sensitive to p-wave contribution? 

• IM(π±Σ∓) analysis in event sample “π±𝜋∓𝑛”
– Angular distribution of Y* production

• Need statistics  -> future beam time
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π0Σ0 mode ID (in progress)

• BPD(p)+CDS(p-)
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Theoretical Analysis

• What is ambiguous?
– How tunable is the I=0/I=1 amplitude?

– P-wave contribution (should be small?)

• Full calculation?
– Faddeev?

• Higher L btwn pS ?  (Difficult)

• Validity of the S-wave  𝐾𝑁 → πΣ is important.

– Any other?
• Green’s Function Method … 

• Coupled channel
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Faddeev Cal. (AGS)
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What is next?

• E31 should provide conclusive data for the  𝐾𝑁
interaction/pole…

–  𝐾𝑁 → π±,0Σ∓,0, 𝜋0Λ

• How to conclude if double pole structure… 

– The pS pole? 

– How to approach?

– Different momentum (Dq) is helpful?  
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