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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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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 (58 kW*days).
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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)
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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

"𝑛𝜋+𝜋−" data sample

𝐾0(𝐼𝑀𝜋+𝜋−), Σ
±(𝐼𝑀𝑛𝜋±)

excluded

Missing Mass of 𝒅 𝑲−, 𝒏𝝅+𝝅− [𝐆𝐞𝐕/𝒄𝟐]



Missing  Σ∓ in 𝑑 𝐾−, 𝑛𝜋± 𝑋𝜋∓𝑛
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𝑛𝜋+ Missing Mass [GeV/c2]

𝑛𝜋− Missing Mass [GeV/c2]
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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.

– To be identify π±Σ∓ separately

– Analysis of  π0Σ0 in progress
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π±Σ∓ mode ID
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Request

• We request beam time allocation at the earliest 
occasion.
– We could accumulate ~19 times more statistics for 

the proposed beam time of 154 kW*week (~27 
days, 40 kW ).

• We expect: 

– 𝜋±Σ∓ mode ID separately for >5 days(*)

– 𝜋0Σ0 yield to be confirmed for >10 days(*)

– Line shape for the  𝜋0Σ0 mode for >20 days(*)
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(*) A primary beam power of 40 kW is assumed.  
BT allocation should be multiply 1.1 for beam availability and add 1 day for start-up.
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𝐵𝑎𝑐𝑘𝑢𝑝



Beam Time Request for E31

Power
(Beam
Time)*

Yield
(1.4~1.43 GeV/c2)

Experimental
Achievement 
expectedπ±Σ∓

mode
π0Σ0

mode

May, 2015 (run#62) 26.5 kW
2.2 days

250 TBA
180 was expected in 
the π±Σ∓ modes

Autumn, 2015
Case I

40 kW
5 days 870 30

π±Σ∓ mode ID 

separately

Autumn, 2015~
Case II

40 kW
10 days 1700 60

Yield of the π0Σ0

mode be confirmed

Autumn, 2015~
Case III

40 kW
20 days 3400 130

π0Σ0 mode line 

shape?

Autumn, 2015~
Case IV

40 kW
27 days 4700 180 Proposed beam time
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※E31 requests beam time allocation at the earliest opportunity, even if it is intermittently 
because E31 is always ready to run when the D2 TGT is placed.   

* BT allocation should be multiply 1.1 for beam availability and add 1 day for start-up.
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Angular Distribution/Acceptance
d(K-, n π-/+) (“Σ+/-”) cosθ in πΣ CM Frame

Black : Data

Red : MC Brit-Wigner (1.405 GeV/c2)

Blue: MC Flat (1.34~1.60 GeV/c2)



Faddeev Cal. (AGS)
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Dominant at qn=0



π0Σ0 mode ID (in progress)

• BPD(p)+CDS(p-)
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Blue: Σ-

Red: Σ＋
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p -

n

S -

n
K -

p +

L(1520)

L(1405) ?

π±Σ∓ invariant mass

in 𝑑 (𝐾−, π±Σ∓)𝑛𝑚𝑖𝑠𝑠𝑖𝑛𝑔

• Different analysis option covering wide Y* production angle
is also available. 




