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KbarN Interaction

Low E K-p scattering data suggest: Attractive（S=0)

K-p atomic X-ray shift : 
Repulsive Shift at 1s energy reg.

M.Iwasaki et al., PRL78 (1997) 3067

Suggests Strongly Attractive KbarN Int.
Is “True”１ｓ State deeply bound？

= Λ（1405）：S01？

If so, deeply bound Kaonic Nucleus…? 
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Y. Akaishi & T. Yamazaki, Phys. Rev. C65 (2002) 044005.

Deeply Bound K--Nucleus System ?

Y. Akaishi & T. Yamazaki, Phys. Lett. B535 (2002) 70.

Dote et al.



In PDG2007…

BW →

M-matrix→
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T. Hyodo:
presented in SNP04
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πΣ
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Evidence for the Two Pole structure of Λ(1405) !?
V.K. Magas, E. Oset, A. Ramos, PRL95, 052301(2005)

S. Prakhov et al.,
PRC70, 034605(’04)

D. W. Thomas et al.,
NPB56, 15(’73)

K-p →π0π0Σ0

K-p →π0π0Σ0

π-p →K0πΣn-pole term

p

K-

n
π0

π0

Σ0
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In PDG2009…

COSY-ANKE: pp→pK+Λ*(→π0Σ0)
I. Zychor et al. PLB660, 167(2008)

156±23 ev.



O. Braun et al., NPB129, 1(1977)

n 

pK=673~834 MeV/c

Bubble Chamber Exp. for d(K-,Σ-π+)n at CERN

1420 MeV/c2
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d

K-

n

Σ

π

K

qn=0.6~1 GeV/c (not reported)
n:spectator?
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K+

TPC

ソレノイド
電磁石 π+

π-

Σ-

Asymmetric Production in Charged State

1.5<Εγ<2.0 GeV/c

Λ(1405)： γ + p → K+ + π+Σ-(π-Σ+)

2.0<Εγ<2.4 GeV/c

Energy Dependence of Λ(1405) Production

M. Niiyama et al., Phys. Rev. C78, 035202 (2008)

LEPS
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The situation is not conclusive, 
rather controversial.

Experimental studies are necessary.

Approaches to Λ(1405) from different
production processes are important.

Λ(1405) Spectrum 
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Λ(1405) Spectroscopy via the (K-,n) reaction on 2H

Motivation
Study of Λ(1405) structure
clarify if it is a KbarN resonance (KbarN bound state)

What do we need?
KbarN scattering below KbarN threshold

Virtual Kaon Beam

Identify I=0 state in KbarN -> πΣ process
S-wave, I=0 → Λ*（1405）
S-wave, I=1 → non-resonant 
P-wave, I=1 → Σ*（1385）

→ π0Σ0

Employ d(K-,n)Λ*

, π+/−Σ−/+

→ π0Λ, π+/−Σ−/+
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D. Jido, E. Oset, and T. Sekihara, arXiv:0904.3410
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Λ(1405) Spectroscopy via the (K-,n) reaction on 2H
2H(K-,p)Σ*-

K‐, 1 GeV/c n
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H. Fujioka
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15m

K1.8BR

Ohnishi, Sakuma, et al.

Suzuki, Fujiwara,
Outa, Fujioka, et al.

Ishimoto, Iio, et al.
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Missing Mass Resolution in the d(K-, n)X reaction
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dMM ~ 9 MeV/c (sigma) at pK‐=1 GeV/c
dt~120 ps (NC) dLV~2cm, dLT~5cm, F.L.=15m dβ ‐> dp

Dominant sources of ambiguity…
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Detection of the Λ* -> π−Σ+ and π+Σ− modes

Λ∗−>Σ+π−

(−>Σ−π+)
π−

π+

(π+)
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π+ (π−)

π− (π+)

Solenoid Field
at 5 kG

18



Identification of Λ* -> π−Σ+ and π+Σ− modes

π−Σ+

π−Σ+

π+Σ−

π+Σ−
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Contamination (Mis-identification) ~ a few%
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Backward Proton Detectors for the Λ* -> π0Σ0 mode

Λ∗−>Σ0π0

π−

p

π−

p

momentum measurement by TOF with BPD2

Solenoid Field
at 5 kG
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ID & Efficiency for Λ* -> π0Σ0

Cut Condition:

Proton: >300 MeV/c, θ > 160deg.

Pion: >80 MeV/c, 40<θ < 140deg.

Simulation by S. Enomoto

MM2 > 30000 for Λ∗→Σ0π0

Contamination: Σ∗−>Λπ0

Efficiency: Λ∗−>Σ0π0

ΔMM ~ 50 MeV/c2,  σt~200ps, L~0.45m
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Item Mnemonic Comment
Intensity Ib 2.0E+5 ppp 30GeV-27kW(6s)

# of target nuclei n 4.1E+23 D:8cm, 0.169g/cc

Reaction X section dσ/dΩ 220 μb/sr
97

128

Λ∗−>π+Σ−

Λ∗−>π−Σ+

Λ∗−>π0Σ0

Solid angle ΔΩ 0.020 sr
Reconstruction eff.

DAQ
Beam Tracking

Neutron detection

εP 0.2
0.9
0.9
0.3

Decay mode eff. εM 0.32
0.16
0.015

Λ∗−>π+Σ−−>π+π−n
Λ∗−>π−Σ+−>π−π+n
Λ∗−>π0Σ0−>π0π−p

Analysis eff. εA 0.8
Yield Y ~19200

~4800
~350

Λ∗−>π+π−n (120 shifts)
Λ∗−>π−π+n (120 shifts)
Λ∗−>π0π−p (120 shifts)

Yield Estimation
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Summary

We propose to study Λ(1405) hyperon resonance
via the d(K-, n)πΣ reactions.

We expect to investigate Λ(1405) in the 
coupled chanel KbarN – πΣ sytem.

The E15 setup is quite suitable to carry out the 
present experiment.
The π0Σ0 final I=0 state as well as π+/-Σ-/+ are to be 
identified.
The proposed experiment can improve statistics for
each mode very much:

1~2 orders of magnitude for π+/-Σ-/+ 

a factor 2 or more for π0Σ0 
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Backward Proton Detectors:

Vertex Detector for Λ->pπ−

-> determine the reaction z vertex
for better pn measurement in Λ*-> π0Σ0

development of BPD

d(K-,p)Σ-*

MWPC/GEM/SSD/Fiber Hodoscopes 

BPD1:K(charged) –beam ID/vertex
BPD2: TOF for protons

-> using proton arm of P28 Setup(Fujioka et al) 

-> Scintillator Hodescopes with MPPC
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Misc.
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Comment on 3He(K-,d)

Could be a parasitic to E15
-> be a good pilot experiment for d(K-,n)

Compared w/ d(K-,n)
Merit

Demerit
Small cross section: 1/100 ~ 1/10 of d(K-,n)?

but feasible for π+Σ− and π−Σ+ modes

Larger recoil Momentum: ~500 MeV/c 
-> backward p-detection much better.

Slower d: better momentum resolution
-> better missing mass resolution
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backup

30



D. Jido, E. Oset, and T. Sekihara, arXiv:0904.3410
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p
D. Jido, E. Oset, and T. Sekihara, arXiv:0904.3410
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Diagram Contribution（no Interf’ce）
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D. Jido, E. Oset, and T. Sekihara, arXiv:0904.3410
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dN/dWcm=C|tπΣ‐>πΣ|2pcm

Y. Ikeda and T. Sato, PRC79:035201,2009.
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AGS-E913 Setup
S. Prakhov et al., PRC70, 034605(’04) K-p→Σ*→π0π0Σ0

Crystal
Ball
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S. Prakhov et al., PRC70, 034605(’04) K-p→Σ*→π0π0Σ0

Σ*: **** Σ(1670) D13, Γ~60MeV, ***S(1660)P11, Γ~100MeV

1.598
GeV

s1/2=

1.676
GeV

1.647
GeV

1.659
GeV
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LEPS Exp.
γp → K+Λ(1405)

→π±ΣF

Q014 Exp.→



Λ(1116), 1/2+

Λ(1405), 1/2−

Λ(1520), 3/2−

Σ∗(1385), 3/2+

Σ(1192), 1/2+

⎯KN(1432)

-27 MeV

Λ(1405)：分子共鳴的構造の解明

⎯KNΛ*結合を選択的に調べる
⎯KN

πΣ
γ（↑）

K-

K*+（↑）

p Λ*

⎯K
n
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