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✤ Physics motivation 
(personal understanding…) 

✤ K1.8BR@J-PARC: E15/E31 
a brief history and current status 

✤ Summary
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Beginning of the story…

1, scattering length from K-p data;
2, derive πƩ scattering amplitude;
3, predict the existence of 𝚲(1405).

Editor of this book



Beginning of the story…
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Particle Data Group, 2013th edition



KN interaction: Λ(1405)

5

Relatively reliable
quantum number;
heavily depends

on theory;
unsatisfactory for
a four star status

- by R. Dalitz

Year (AC)2000 2006 2009

Universal opinion from
chiral unitary community:

two-pole structure;
No room 

for two ordinary
3-quark state 

near 1405 in SU(4)

2012
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Puzzle for
decades:

three-quark state
or hybrid?

one or two pole?



Motivation for E15&E31

✤ Investigate the nature of Λ(1405): 
✤ Internal structure(E31) & binding energy(E15)
✤ E31: d(K-, n)X, X=Λ(1405)->πƩ
✤ E15: 3He(K-, n)X, X=K-pp->Λp
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✤ Depending on the internal structure of Λ(1405), the spectral 
line shape of the πƩ decay products may be changed for 
different production methods
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Internal structure of Λ(1405): E31

� + p ! K+ + ⇤(1405) K� + d ! ⇤(1405) + n

K. Moriya, et al., Phys. Rev. Lett. 112, (2014), 082004
D. Jido, et al.,  Eur. Phys. J. A 42, (2009), 257

s-quark can locate at either
baryon or meson sector s-quark sits inside K- meson
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Internal structure of Λ(1405): E31

K� + d ! X + n

X ! ⇡0 + ⌃0

! ⇡+ + ⌃�

! ⇡� + ⌃+

! ⇡0 + ⇤

Iz

I = 0; Λ(1405)

I = 1; Ʃ(1385)

Mixed components

Y. Kamiya, et al., Nucl. Phys. A 954 (2016) 41



✤ MK + Mp = 1432 MeV
✤ Single pole: BKN=1432-MΛ(1405)=27 MeV
✤ Double pole: BKN=15MeV(Λ(1405)=|1390, 66i>+|1426, 16i>)
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Binding energy of Λ(1405): E15

T. Hyodo, D. Jido, Prog. Part. Nucl. Phys., 67, (2012) 55-98
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K-

p p

Λ p

decay

V K-
neutron

Binding energy of Λ(1405): E15
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Binding energy of Λ(1405): E15
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A brief history of E15/E31

Jan. 2007, stage-2 approval

Jan. 2009, completion of the beam-line spectrometer

Apr. 2010, completion of the cylindrical detector system (CDS)

Nov. 2010, completion of the 3He-target system

Delayed by Earth quake

May. 2013, 1st-stage production run of E15

Accident on slow extraction

Nov. 2015, 2nd-stage production run of E15

Jun. 2016, 1st-stage production run of E31
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K1.8 

K1.8BR 

T1 target 
K1.1BR 

KL 

E15/E31@K1.8BR

Experimental setup for E15/E31



14K. Agari, et al., PTEP 2012, 02B011

Experimental setup for E15/E31
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PID from Cylindrical Detection System
(15 layer, 1816 ch @ 0.7 T) 

60% of 4pi solid angle
K. Agari, et al., PTEP 2012, 02B011

Detector performance
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Designed resolution achieved!
(10 MeV/c2 for K-pp)

K. Agari, et al., PTEP 2012, 02B011

Detector performance
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Time resolution ~160ps:
10 MeV/c2 for 1GeV/c neutron

K. Agari, et al., PTEP 2012, 02B011

Detector performance
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Analysis of d K−, n π±Σ∓ spectrum

• d K−, n π∓π±"n“
• n -> NC
• π∓π± -> CDS
• d K−, π∓π±n ”n” identification

• BG rejection in the d K−, n π∓π±"n“
1. K−d → πΣ backward nforward
2. K−d → K0n nspectator
3. K−d → πΣ forward nspectator

• d K−, n π±Σ∓ spectrum after the BG rejection
• Decompose of Σ−π+ and Σ+π−

• Analysis procedure
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𝐘 → 𝛑+, 𝚺− → 𝛑+𝛑− 𝐧
→ 𝛑−, 𝚺+ → 𝛑−𝛑+ 𝐧

Æ K0 production (BG)
Æ Forward Σ production (BG)

Æ Signal

S. Kawasaki, et al., MENU2016 proceeding
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• The structures below and above the threshold
15

d K−, n π±Σ∓ spectrum

S. Kawasaki, et al., MENU2016 proceeding
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Decomposition into Σ−π+ and Σ+π−

• The d(K-,nπ)”X” distribution’s are fitted with the distribution 
of Σ+ and Σ- estimated by MC SIM (Template fitting)

• Fitted bin by bin of the d(K-,n)”X”

16

Σ+

Σ-

d(K-,nπ-)”X”

d(
K-
,n
π
+)
”X

”

S. Kawasaki, et al., MENU2016 proceeding



21S. Kawasaki, et al., MENU2016 proceeding

Decomposed spectrum of
Σ−π+and Σ+π−

• The difference between two mode is due to the interference 
term of I =0 and I =1 17

• w/ acceptance correction

Σ+π−

Σ−π+
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Suppression of I =1 

21

Assuming the similarity of d(K-,n) and d(K-,p),
the amplitude of I =1 in the d(K-,n) reaction is expected to be suppressed 
below the threshold Æ the measurement of I =0 is waited for strongly

• The average of d(K-,n)"Σ−π+" and d(K-,n)"Σ+π−"
• d(K-,p)“Σ𝟎π−” x 0.5 

𝟏
𝟐
× 𝛑−𝚺𝟎 ~

𝟏
𝟐
𝐟𝐈=𝟏 𝟐

𝟏
𝟐 × 𝛑+𝚺− + 𝛑−𝚺+

~
𝟏
𝟑
𝐟𝐈=𝟎 𝟐 +

𝟏
𝟐
𝐟𝐈=𝟏 𝟐

S. Kawasaki, et al., MENU2016 proceeding
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d(K-,n)"Σ0π0" analysis status

𝒑
𝝅−

Λ

• Reconstruction of Λ from p 𝛑−
• Separation of Λ 𝛑𝟎γ by 𝐝 𝐊−, n Λ “𝐗” missing mass 

from Λ𝛑𝟎or Λ𝛑𝟎𝛑𝟎

• Analysis procedure

K-

Λ(1405)
𝑛

22

Solenoid Magnet
• Λ(1405) is recoiled backward
Æ the decay proton emitted backward 

is detected by backward detectors

𝛑𝟎𝚺𝟎 → 𝛑𝟎 𝐩𝛑−𝛄

S. Kawasaki, et al., MENU2016 proceeding
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d(K-,nΛ)”X” missing mass

π0 π0γ (ππ)0

• Events in the region of π0γ is confirmed
• Events in the region of π0 (I =1) is suppressed
• However we need more data for the d(K-,n)"Σ0π0" spectrum

𝐆𝐞𝐕/𝐂𝟐

• π0Λ (I =1) 
• π0Σ0 -> π0γ Λ (I =0) 
• π0π0Λ
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Brief summary of E31

✤ Structure around 1420 was observed;

✤ Higher statistics are necessary for conclusion, 
especially pi0Sigma0 channel

✤ Next spring for 2nd round production of E31
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T. Yamaga

�𝚲𝒑 invariant mass spectroscopy in 
𝐇𝐞𝟑 𝑲−, 𝚲𝒑 "𝒏“ reaction

Analysis Overview

2016.07.26

MENU2016@Kyoto

𝑲− 𝐇𝐞𝟑

𝝅−

𝒑

𝒑
𝚲

Missing neutron
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►𝝅𝒑𝒑 event selection

►𝚲-Reconstruction

►Missing neutron selection

T. Yamaga, et al., MENU2016 proceeding
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T. Yamaga

Analyzed Spectrum

2016.07.26

MENU2016@Kyoto

𝑲− 𝐇𝐞𝟑

𝝅−

𝒑

𝒑
𝚲

Missing neutron

15

𝜦𝒑 Invariant-mass

𝑴
𝑲
−
𝒑𝒑

"𝒏"

𝑯𝒆𝟑 (𝑲−, 𝜦𝒑)"𝑿"Missing-mass

T. Yamaga, et al., MENU2016 proceeding
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T. Yamaga

Neutron Window for 𝚲𝒑𝒏 Selection

2016.07.26

MENU2016@Kyoto

19

Lower

Selected neutron window

𝒏𝒘𝒊𝒏𝒅𝒐𝒘 = 𝟎. 𝟖𝟓 − 𝟏. 𝟎𝟑 𝑮𝒆𝑽/𝒄𝟐

Higher

T. Yamaga, et al., MENU2016 proceeding
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T. Yamaga

𝑰𝑴 𝚲𝒑 in 𝚲𝒑𝒏 Final State

�Consistent with 
the  E15-1st result
►With in statistics

�Structure around 𝑴𝑲−𝒑𝒑

2016.07.26

MENU2016@Kyoto

20

𝒏𝒘𝒊𝒏𝒅𝒐𝒘 = 𝟎. 𝟖𝟓 − 𝟏. 𝟎𝟑 𝑮𝒆𝑽/𝒄𝟐

𝑴
𝑲

−
𝒑𝒑

E15-2nd E15-1st
Y. Sada, et al, arXiv:1601.06876 [nucl-ex]

T. Yamaga, et al., MENU2016 proceeding
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T. Yamaga

𝑻𝒑 𝑻𝚲

𝑻𝒏

Dalitz Plot of 𝚲𝒑𝒏
3NA process

𝑲−𝒑𝒑 formation

2NA process
One spectator

𝒏𝒔𝒑𝒆𝒄 / 𝒑𝒔𝒑𝒆𝒄

2-step process

2016.07.26

MENU2016@Kyoto

21

Kinematical Limit

T. Yamaga, et al., MENU2016 proceeding
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T. Yamaga

Dalitz Plot of 𝚲𝒑𝒏

2016.07.26

MENU2016@Kyoto

22

𝑴
𝑲
−
𝒑𝒑2NA

Structure

T. Yamaga, et al., MENU2016 proceeding
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T. Yamaga

𝑰𝑴 𝚲𝒑 vs. 𝐜𝐨𝐬𝜽𝒏𝑪𝑴 Plot

2016.07.26

MENU2016@Kyoto
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2NA process

Structure

CM frame

Beam

𝑝

Λ

"𝑛"

𝜃𝑛𝐶𝑀

T. Yamaga, et al., MENU2016 proceeding
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T. Yamaga

𝐜𝐨𝐬𝜽𝒏𝑪𝑴 Sliced 𝑰𝑴 𝚲𝒑

2016.07.26

MENU2016@Kyoto
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𝑴
𝑲
−
𝒑𝒑

� 𝟎. 𝟕𝟓 < cos 𝜽𝒏𝑪𝑴 < 𝟏. 𝟎
►Structure + 3NA + 2 step

► Structure enhanced

T. Yamaga, et al., MENU2016 proceeding
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T. Yamazaki, et al., Proc. Jpn. Acad., Ser. B 83, 144

T. Sekihara, et al., arXiv:1607.02058

Brief summary of E15



Thank you for your attention
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10

• Cylindrical detector system (CDS)
Particle identification

K0s reconstruction Λ reconstruction Vertex position

CDS

beam

p, π±,K-

pπ +

π - K-

M
om

en
tu

m
 [G

eV
/c

]
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d K−, π∓π±n "n" identification

CDS

π

π

K-
detect

detect

detect

"𝐧"

Selection of "n" in this region

d K−, π∓π±n "X" missing mass

12

n

0.9 ~ 0.98 𝐆𝐞𝐕/𝐂𝟐
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BG :K−d → K0n nspectator

CDS
K0

π

π

K- n
detect

detect

detect

Charge exchange : K−p → K0n

Invariant mass (𝝅−𝝅+)

d K−, n π∓π±"n“ missing mass

K0 event is reconstructed 13

• Missing mass resolution 
~ 10 MeV/𝒄𝟐 at KN threshold

• the tail below threshold cannot be 
explained by detector resolution
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BG :K−d → πΣ nspectator

CDS
Σ

π

π

K- n detect

detect

detect

Invariant mass (𝝅−𝒏) Invariant mass (𝝅+𝒏)

• Neutron from Σ event is reconstructed
• The contribution of this reaction is small 

14

d K−, n π∓π±"n“ missing mass



42

Decompose of signal and BG

Invariant mass (𝝅−𝒏) Invariant mass (𝝅+𝒏)Invariant mass (𝝅−𝝅+)

• SIM seem to reproduce the data well

• Fitting of invariant (𝜋−𝜋+), (n 𝜋+) and (n 𝜋−) by SIM

K- d→π+ Σ- nForward
K- d→π- Σ+ nForward
K- d→K0 n nSpec
K- d→Σ- π+ nSpec
K- d→Σ+ π- nSpec

27
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T. Yamaga

CDS Analysis

2016.07.26

MENU2016@Kyoto

14

𝝅−

𝚲

𝒑

𝒑

PID

𝒑

𝝅−

𝚲- Reconstruction
𝝅𝒑-pair from 𝚲-decay

Other 𝝅𝒑-pair
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T. Yamaga

𝑴𝑴 𝚲𝒑 Slice around "𝒏" Region

2016.07.26

MENU2016@Kyoto

18

Sliced

Lower

Higher

"𝒏"(𝚲𝒑𝒏)

"𝜸𝒏"(𝚺𝟎𝒑𝒏)
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T. Yamaga

𝐜𝐨𝐬𝜽𝒏𝑪𝑴 Sliced 𝑰𝑴 𝚲𝒑

2016.07.26

MENU2016@Kyoto

25

Lower

Higher

Sliced
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T. Yamaga

𝐜𝐨𝐬𝜽𝒏𝑪𝑴 Sliced 𝑰𝑴 𝚲𝒑
�Lower Region

►No structure

► Small event

�Higher Region

► Structure observed

2016.07.26

MENU2016@Kyoto

26

Lower

Higher
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T. Yamaga

𝐜𝐨𝐬𝜽𝒏𝑪𝑴 Sliced 𝑰𝑴 𝚲𝒑

2016.07.26

MENU2016@Kyoto

27

� 𝟎. 𝟎 < cos 𝜽𝒏𝑪𝑴 < 𝟎. 𝟕𝟓
►3NA + 2 step

►No Structure

𝑴
𝑲
−
𝒑𝒑
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T. Yamaga

𝐜𝐨𝐬𝜽𝒏𝑪𝑴 Sliced 𝑰𝑴 𝚲𝒑

2016.07.26

MENU2016@Kyoto
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𝑴
𝑲
−
𝒑𝒑

*Acceptance NOT Corrected

Out of acceptance

E-dep.

E-indep.

𝑴
𝑲
−
𝒑𝒑

*Acceptance NOT Corrected

E-dep.

E-indep.

*Acceptance NOT Corrected

�𝑲−𝒑𝒑? / Other?
►Careful study is 

ongoing.

*Acceptance NOT Corrected

𝑴
𝑲
−
𝒑𝒑

𝑴
𝝅
𝚺𝒑


