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

Motivation
To clarify whether Λ(1405) is a KbarN resonant state.
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The position of Λ* : Primary issue

~1405? as Dalitz et al. deduced.

~1420? as Chiral Unitary Model predicted.

Provide the most fundamental information
on a Kbar-Nucleus deeply bound state.

1390－66i
1426－16iＫＮ πΣ
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Y. Akaishi & T. Yamazaki, Phys. Rev. C65 (2002) 044005.

Deeply Bound K--Nucleus System ?
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E15(Iwasaki et al.)
E17(Hayano et al.)
E27(Nagae et al.)



8th PAC Recommendation for P31
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The PAC recognizes the importance of the physics of the proposed measurements. However, 
there are important questions which remain to be addressed by the proponent. The PAC 
recommends that this proposal be deferred and reconsidered after the following questions are 
answered: 
• How are the additional data going to accomplish the stated goals of the proposal? 
Can an I = 0 component of the spectra be extracted unambiguously? 

• Is the experimental setup suitable for the measurement of the Sigma0pi0 decay channel? 
Is it possible to discriminate the background of Sigma*(1385)−>Lambda pi0? 



Λ(1405) Spectroscopy via the (K-,n) reaction on 2H
What do we measure?

KbarN scattering below KbarN threshold

Employ d(K-,n)Λ*
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Ideal to form the Λ* directly coupled to KbarN.
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J. Yamagata-Sekihara,
T. Sekihara, and D. Jido, 
paper in preparation

d(K-,n)π+Σ- at pK=800 MeV/c

(Λ*) (Σ*)

S-wave KbarN scattering is dominant at θn = 0 degree.
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Simple understanding  of the reaction mechanism
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J. Yamagata-Sekihara,
T. Sekihara, and D. Jido, 
paper in preparation
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Λ(1405) Spectroscopy via the (K-,n) reaction on 2H
What do we measure?

KbarN scattering below KbarN threshold

Possible ID of an I=0 amp. in KbarN -> πΣ

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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Ideal to form the Λ* directly coupled to KbarN.

Enhancement of  Λ* production at θn=0
BG from Σ* will be reduced.



Λ(1405) Spectroscopy via the (K-,n) reaction on 2H
2H(K-,p)Σ*-

K-, 1 GeV/c n

K-

nΛ*

Λ∗−>Σ+π− Λ∗−>Σ0π0

CDS
TOF∼15m

(−>Σ−π+)
Σ∗−>Λπ0

(BG)

Ushiwaka

π−

π− π−

p p

π+

(π+)

(π−)

n, 1.0~1.5  
GeV/c

p, 1.0~1.4  
GeV/c

H. Fujioka
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Missing Mass Resolution in the d(K-, n)X reaction
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Detection of the Λ* -> π−Σ+ and π+Σ− modes
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Backward Proton Detectors for the Λ* -> π0Σ0 mode
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Fpid1(MM2,MY* )
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Identification of the Λ* -> π0Σ0 mode 
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Summary
(1) We propose to study the d(K-, n)πΣ reactions, which is 

aiming primarily to clarify whether Λ(1405) is a KbarN
resonance as predicted by the ChUM or not. 
(We fix if Λ∗ appear at 1420 MeV/c2 or 1405MeV/c2.) 

(2) We expect to reduce Σ* BG owing to S-wave dominant
d(K-,n) at θn=0.

The E15 setup is quite suitable to carry out the 
present experiment.
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(3) We expect to identify the final π+Σ- and π-Σ+ states clearly.
-> Primary aim can be achieved. 

(4) We demonstrate to identify the final π0Σ0 state. 
-> Possible decomposition of I=0 amplitude.

S-wave dominant d(K-,n) at θn=0 is quite helpful. 



Backup Slides
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15m

K1.8BR for E15
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CDS

3He TGT

Beam Analyzer



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 ∆Ω 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

27



28

mπ
2 or mπ+γ
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Both PID and Eff. become much worse
if only CDS is employed…
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Time Resolution (BPD-T0) σ~230 ps

MPPC test for backward proton detector (BPD)

BPD(prototype)

T0

□5mmｘ400mm Scintillator w/ MPPCs

by S. Enomoto
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