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   Kaonic nuclei

The simplest kaonic nuclei  K̄NN(I = 1/2)

Known to be strongly attractive (  channel) 
from K-p atomic X-ray shift and low energy K- p scattering data

K̄N(I = 0)

| K̄[NN ]I=0⟩I=1/2 = −
1
2

| [K̄N ]I=0N⟩I=1/2 +
3

2
| [K̄N ]I=1N⟩I=1/2

| K̄[NN ]I=1⟩I=1/2 =
3

2
| [K̄N ]I=0N⟩I=1/2 +

1
2

| [K̄N ]I=1N⟩I=1/2

| K̄[NN ]I=1⟩I=3/2 = − | [K̄N ]I=1N⟩I=3/2
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Theoretical prediction of B.E. and Γ  
depend on the   interaction and theoretical framework.K̄N

Laura Tolos and Laura Fabbietti, arXiv:2002.09223v1 (2020)

   Theoretical prediction of   state K−pp

Chiral

Phenomenological
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   Experimental results of   search K−pp

AMADEUS@DAΦNE

HADES@GSI

LEPS@SPring-8

FINUDA@DAΦNE

DISTO@SATURNE

E27@J-PARC

E15@J-PARC

PRL 94 (2005) 212303 

PRL104(2010) 132502 

PLB742(2015) 242 

arXiv:1809.07212 

PTEP(2015) 021D01 

PLB 728 (2014) 616 

PLB789 (2019) 620 

Positive

Negative
FINUDA

DISTO

E27

E15

Chiral

Phenomenological
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LEPSJ-PARC E27

 d(π+, K+)Yp

J-PARC E15

 3He(K−, Λp)n

Pγ = 1.5 − 2.4 GeV/cPπ = 1.69 GeV/c

   Study of   with various beams K−pp

 d(γ, K+π−)X

PK = 1.0 GeV/c
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J-PARC E27

 d(π+, K+)Yp

J-PARC E15

 3He(K−, Λp)n

PK = 1.0 GeV/c Pπ = 1.69 GeV/c

PTEP(2015) 021D01 PLB789 (2019) 620 

   Study of   with various beams K−pp
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LEPSJ-PARC E27

 d(π+, K+)Yp

J-PARC E15

 3He(K−, Λp)n

Pγ = 1.5 − 2.4 GeV/cPπ = 1.69 GeV/c

 d(γ, K+π−)X

PK = 1.0 GeV/c

   Study of   with various beams K−pp
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LEPS

 d(γ, K+π−)X

   Study of   with various beams K−pp

TOF wall
Dipole magnet
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Covered forward region
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No peak
LEPS dipole detectors

Pγ = 1.5 − 2.4 GeV/c
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   Study of   with various beams K−pp

TOF wall
Dipole magnet

DC2
DC3

DC1

SVTX

Target

TRG

AC

LEPS dipole detectors

LEPS

 d(γ, K+π−)X

LEPS2

Pγ = 1.3 − 2.4 GeV/c

 d(γ, Λp)K0

Exclusive measurement

Pγ = 1.5 − 2.4 GeV/c
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Compared directly with E27 results

Detected Λ and proton 

   Study of   with various beams K−pp
LEPS2
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Momentum Transfer @ 0 degreeMomentum Transfer @ 0 degree

n(π+, K+)Λ(1405)

n(γ, K*0)Λ(1405)

n(K−, π−)Λ(1405)

n(γ, K0)Λ(1405)

The momentum transfer of    
 is similar to that of   

n(γ, K0)Λ(1405)
n(π+, K+)Λ(1405)

J-PARC E27

 d(π+, K+)Yp

Pπ = 1.69 GeV/c

Tagged 2 protons

 d(γ, Λp)K0

Pγ = 1.3 − 2.4 GeV/c
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Parity filter 

      : Unnatural parity exchange ( ) 

       : Natural parity exchange ( ) 

High momentum transfer

Pγ ⊥ Kπ K

Pγ ∥ Kπ K*
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The simplest reaction. 

 (measurable) /  ~ 50%K0
s K0

γ

p
n  K−pp

K*0

π−

K+

   Search for   with LEPS2 spectrometerK−pp

K, K*
Detect

The LEPS2 spectrometer has large acceptance.   

γ

p
n  K−pp

K0

K, K*

Detect

γd → K0(K−pp)B.S. γd → K*0(K−pp)B.S.

mailto:kobaryo@rcnp.osaka-u.ac.jp


E15 

Y. Ichikawa et al, PTEP(2015) 021D01 

Γ(Λp)/Γ(Σ0p)

E27 

T. Yamaga et al, Phys. Rev. C 102, 044002

≈ 1.7
+0.16
−0.14(stat.)+0.60

−0.42(syst.)
0.92

Decay modes of   stateK−pp
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 non-mesonic decay mode :  ,  ,   Λp Σ0p Σ+n
 mesonic decay mode  :   ,  ΛπN ΣπN

First step of LEPS2

Measurement of the Ratio of branching fractions

   Search for   with LEPS2 spectrometerK−pp

  Γ(Λp)/Γ(Σ0p) ≃ 1.2 owing to the Λ(1405) dominance doorway process
T Sekihara et al, Phys. Rev. C 79, 062201, Phys. Rev. C 86, 065205
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[K−p]n[K−p]p
Isospin partner

Can be observed with same experimental setup 

   Search for  K−pn
 [K̄N]I=0N(I = 1/2)

p

γ K+

 K−pnnn
p

mailto:kobaryo@rcnp.osaka-u.ac.jp
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PoS Hadron2013 (2013) 180

γ K+

No peak

 Previous Study @ LEPS

   Search for   with LEPSK−pn

 The upper limit as  .  0.1 μb

K−pn
p

n
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γd → K+(K−pn)B.S. → K+Λ n
Reconstructed by missing mass

B.E. =
50-100 MeV

   Search for   with LEPS2K−pn

T : Kinetic energy
Q : Q-value of the reaction 

detect

TK /Q

TΛ − Tn / 3Q

TK

TΛ

Tn

n
p

Monte Carlo with rough assumption 
 of detectors acceptance
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   What’s LEPS2 Experiment ?
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@Hyogo, JAPAN

  Storage ring

e-
8 GeV

SPring-8

 18
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   What’s LEPS2 Experiment ?
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2nd Laser Electron Photon beam line at SPring-8

LEP(GeV γ−ray)

Laser

Recoil electron
(tagging)

8 GeV electron

Backward Compton 
Scattering 

Photon beam produced via the laser-induced Compton scattering

BGOegg
Calorimeter

LEPS2 solenoid
spectrometer

 19

130 m

• Energy     

• ΔE　　     

• Intensity   

1.3 − 2.4 GeV

12 MeV

2.3 × 106 cps
NIMA 1033(2022) 166677
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Start counters 
 in TPC
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Barrel RPCs

TPC

Barrel gamma
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ACs

2 m

Acceptance 

     7°    – 110°  (Charged particles) 
     40° – 110°  (γ-rays) 
     0°    – 12°   (neutrons) 

ee veto

TPC : Time Projection Chamber 
AC    : Aerogel Cherenkov counter 
RPC : Resistive Plate Chamber 
DC    : Drift Chamber

   LEPS2 Solenoid Detectors

Forward RPCs
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TPC

BRPC

Data taking in 2022 - 2023  

LH2 Data : 1.9 x 1012 photons 

LD2 Data : 5.7 x 1012 photons

mailto:kobaryo@rcnp.osaka-u.ac.jp
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Particle identification
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  LH2 Data Analysis

ΔEγ = Eγ measured − Eγ expected(π0)

MM2 [GeV2/c4] ΔEγ[GeV]

γp → p X

M2
π0 M2

η M2
ω

σΔEγ
≈ 10 MeV

2022B LH2 data 

Detected by TPC Photon Beam  
Energy Resolution

Preliminary Preliminary

2022B LH2 data 
 Missing mass spectrum
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γp → K+ X
Detected by TPC & BRPC

Preliminary

Λ Σ0 Λ(1520)Σ(1385)
Λ(1405)

2022B LH2 data 

MM [GeV/c2]
Mass [GeV/c2]

P
[G

eV
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]

1

0 1 2

K

  LH2 Data Analysis
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σΛ ≈ 4 MeV/c2

I.  Select the events that has two tracks ( ) 

II.  Apply some cuts  

p, π−

Invariant mass of  pπ− Missing mass of  pπ−

2022B LH2 data 2022B LH2 data 

Preliminary Preliminary

MM [GeV/c2] IM [GeV/c2]

  LH2 Data Analysis
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Identification by missing mass

Detected byTPC
Y(K−pp → Λp mode)

= #photons (8.6 × 1012 : 1 M Hz, 100 days)
× #deuterons (6.7 × 1023 : 14 cm LD2)

σγn→K0Λ(1405) : (0.1 − 1 μb)
× the Probability of Λ*p → (Kpp) → Λp( 7 . 5%)

100000 events/100 days(if σ = 15 nb)
× Acceptance ( ≈ 5%)

≈ 5000 events/100 days

Ref.E27

π

p

p

× σKpp→Λp : (7.5 − 75 nb)

Already collected the 70-day data 

γ K0

Λ
p

 K−pp
p

n
p
π
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   Expected results for   searchK−pp
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P Λ
p

[G
eV

/c
]

IMΛp [GeV/c2]

Geant4

σ ∼ 20 MeV/c2

IMΛp [GeV/c2]

Mass :   

(B.E =   MeV) 
Width :  GeV/c2

2 . 324 GeV/c2

50
0

 Mthr
Λp

Geant4

 Mthr
Σp  Mthr

Kpp

γd → K0(K̄NN)BS → K0Λp

We will show the results of real data as soon as possible !
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Summary

✤ LEPS2 is searching for the   state in photoproduction. 

✤ Large-acceptance LEPS2 solenoid spectrometer is best suited for the   

search with detection of all decay particles, such as  . 

✤ We have already collected the data for the expected K-pp yield of few thousand 

events. 

✤ The analysis of the first dataset is now underway.  

K̄NN

K̄NN

Λp

mailto:kobaryo@rcnp.osaka-u.ac.jp


Back up
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γd → K0(K−pp)B.S. → K0Λp

γ K0

Λ
p

 K−pp

   Search for   with LEPS2 spectrometerK−pp

Toy MC

T : Kinetic energy
Q : Q-value of the reaction 

TK /Q

TK

TΛ

Tp

p
n
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γp → K+ Λ

Just πp pair 
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W/ EnergyLoss Corr.

Apply some cuts
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LEPS2TPC

x position  
the center of the charge in pads 

y position  
the center of layer 

Chaged 
particle

Sensitive region　
1120 mm

Pad size 
　　 x:4.6 mm  
        y:10 mm　 

Pad layer 
         24  layers 

Pad  number 
         10830 pads  

710 mm

P10 gas (Ar :CH4 = 9:1)



Trigg

er

• ASIC:  Shaping amplifier(8 ch/chip)
    　 　 Gain　1 V/pC

    　　　Signal width 　200~400 ns

• FADC: AD9257(8 ch/chip)
    　　  Accuracy    14 bit

            Input voltage range 　2 V
            Sampling frequency 　40 MSPS

• Power consumption 　~230 mW/ch

FADC  

Space  

Wire

12 cm

ASIC 

FPGA
Busy

FADC board

6.5 cm

Plug directly into TPC

±3.3 V 

signal(16 

ch)



The results of Cosmic-ray data
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The Performance of LEPS2TPC
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   ~Comparison with measured value of magnetic field~ 

Z (mm)

@x=0,y=0

TPC region

Current value of calculation  is  4014 A

○　The value of calculation
●　The measured value

 magnetic field calculation
Bz (G)
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The Performance of BRPC

Inclusive the TPC resolution
σΔTOF = 110 ps

ΔTOF = TOFmeasure − TOFexpected(π)

mailto:kobaryo@rcnp.osaka-u.ac.jp


Background processes

☆ Physics background (two step process.)

① Elastic scattering process

γ + n Æ K0 /,  / + p Æ / + p

② inelastic scattering process

γ N Æ K0 Y* , Y* + N Æ / + p

☆ Unphysical background

* p/S mis-identification, 

* wrong p/S pair

* missing particle.

etc…
Æ Evaluation with the data of LH

2

(Next FY)
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② inelastic Scattering

(Y* = /(1405) width=0 MeV, w.o. FM)

① Elastic Scattering

(isotropic, w.o. FM)

Other BG source?
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BG candidate

 γd → K0Λp

 γd → K0Σ0p → K0Λγp

 γd → K0(Kpp)B → K0Λpπ0

 γd → K0(Kpp)B → K0Σ0p

Two-step processes  

such as secondary scattering of generated Λ and p also become BG.
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Perp() > 25 mm

LD2 Data

Track : 13 hits or more

Perp() > 0 mm
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Kpp探索実験(シミュレーション)

 γd → K0Kpp → K0Λp → π+π−π−pp

ΔMom [GeV/c]

Momentum Transferは、0.6 - 1.2 GeV

Eγ[GeV]

運動学の制限のみ

TPCのアクセプタンスカット

Toy MC Results(Eg = 2 GeV) 

（Kpp : NonReso = 1 : 50）



  の見積もりγn → Λ(1405)K0

γ

K̄
N

Λ(1405)

K0

n

N*

 の断面積 
N*寄与 
~ 0.5 ub 
  
K*寄与 
~ 0.4 ub

γn → Λ(1405)K0

 の強さの比（保坂さんノート、酒井さんノート参照）と 

 から求める。

γNN*Coupling

γp → Λ(1405)K+

N*の寄与やK*の寄与はモデルによって、かなり違う。



  の見積もりγn → Λ(1405)K0

γ

K̄
N

Λ(1405)

K0

n

N*

 の断面積 
N*寄与 
~ 0.03 ub 
  
K*寄与 
~ 0 ub

γn → Λ(1405)K0

 の強さの比（保坂さんノート、酒井さんノート参照）と 

 から求める。

γNN*Coupling

γp → Λ(1405)K+



  の見積もりK̄NN → Λp

K̄N

K−pp

N

Λ p

最初の入射する が大きな運動量を持っているK̄

知りたいこと 

★Λ(1405)生成から何％がKpp経由Λpになるのか  

★崩壊後のΛpの角度分布

見積もる上での課題
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