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• Physics motivation 

• Physics interest with ￼  state

• Experimental Review on ￼  search 

• A New Experiment with LEPS2 Solenoid Detectors

• LEPS2 Experiment

• SPring-8 and LEPS2 Beam line

• LEPS2 Solenoid detectors

• Analysis Reports 

K̄NN

K̄NN
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The simplest kaonic nucleus ￼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

￼  interactionK̄N

N

N
K̄
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    Study for ￼  with various beams K̄NN
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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
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PTEP(2015) 021D01 PLB789 (2019) 620 

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

detected or tagged Y, p 

in the side region

key point
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    Study for ￼  with photon beamK̄NN
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LEPS

￼d(γ, K+π−)X

TOF wall
Dipole magnet

DC2
DC3

DC1

SVTX

Target

TRG

AC

Covered forward region
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LEPS dipole detectors

Pγ = 1.5 − 2.4 GeV/c No peak
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    Study for ￼  with photon beamK̄NN
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TOF wall
Dipole magnet

DC2
DC3

DC1

SVTX

Target

TRG

AC

LEPS

￼



    

￼d(γ, Λp)K0

Exclusive measurement

Pγ = 1.5 − 2.4 GeV/c

Inclusive measurement
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    Decay modes of ￼  stateK̄NN
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 mesonic decay mode
    

￼ , ￼ΛπN ΣπN

First step of LEPS2
Λ
p

γ

p
n

K0

γd → K0(K̄NN)B.S. → K0Λp

￼K̄NN

Missing mass

Detected by TPC

 non-mesonic decay mode  

 ￼ , ￼ , ￼  Λp Σ0p Σ+n
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    What's LEPS2 Experiment ?
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@Hyogo, JAPAN

  Storage ring

e-
8 GeV

SPring-8

LEPS2 Beamline
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    LEPS2 Beam Line
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  30m long line

Laser room 

￼11

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

130 m

• Energy    ￼

• ΔE　　    ￼

• Intensity  ￼

1.3 − 2.4 GeV

12 MeV

2.3 × 106 cps
NIMA 1033(2022) 166677
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Acceptance
       7° –    30°  (Charged particles by DC)
     40° –  110°  (Charged particles by TPC)
     40° –  110°  (γ-rays)
       0° –    12°   (neutrons)

    LEPS2 Solenoid Detectors
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Start counters
 in TPC

DCs

Barrel RPCs

TPC

Barrel gamma
Neutron Counters

￼12

ACs

2 m
ee veto

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

Forward RPCs

Beam

Solenoid Magnet（0.9 T）
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    LEPS2 Detectors in the side region
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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
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    Particle Identification using TPC&BRPC
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Momentum [GeV/c]

TPC dE/dx

dE
/d

x 
[a

.u
.]

Time Of Flight

Momentum [GeV/c]
β
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    LD2 Data Analysis
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γd → π−ppX Select the events that has three tracks 

(2￼ ) in sideway region( ￼  )p, π− θLab > 40∘

IMπp [GeV/c2]

Λ K0

IMπp [GeV/c2]

M
M

πp
p

[G
eV

/c
2 ]

MΛ

ΛpK0
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    Selection of the ￼   EventsΛpK0
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- Vertex information(￼ , ￼ ) 
   (￼  flight length > 18 [mm]) 
-  Barrel Gamma information 
   (remove ￼ tracks events) 
-  Forward Start Counter information 
   (remove forward charged particles events) 

π−p Λp

Λ

γ

￼16

π−

p

Barrel Gamma

To eliminate background events

Start Counters

Λp

πp
Gamma Beam

K0Λ
target

p

γd → π−ppX
Λ K0
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    Selection of the ￼   EventsΛpK0

20
HIN2025@Kyoto  2025/04/02-04 R.Kobayakawa(RCNP) 

kobaryo@rcnp.osaka-u.ac.jp

- Vertex information(￼ , ￼ ) 
   (￼  flight length > 18 [mm]) 
-  Barrel Gamma information 
   (remove ￼ tracks events) 
-  Forward Start Counter information 
   (remove forward charged particles events) 

π−p Λp

Λ

γ

￼17IMπp [GeV/c2] IMπp [GeV/c2]

M
M

πp
p

[G
eV

/c
2 ]

γd → π−ppX
K0Λ

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


IMπp [GeV/c2]

C
ou

nt
/0

.0
12

5
G

eV
/c

2

    The Invariant Mass of ￼  in ￼Λp γd → ΛpK0
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    The Invariant Mass of ￼  Λp

Very Preliminary

Kpp Threshold

MΛp [GeV/c2]

γd → π−ppX
K0Λ

M
M

πp
p

[G
eV

/c
2 ] w/o Acceptance corr.
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Momentum Transfer Distribution
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Detected Λ and proton 

in sideway region.

MΛp [GeV/c2]

w/o Acceptance corr.

￼d(γ, Λp)K0

Pγ = 1.3 − 2.4 GeV/c

Two step

Non Resonance SignalN* 

Very Preliminary

spectator proton
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￼20

‣ We search for the ￼  state in photoproduction.

‣ Large-acceptance LEPS2 solenoid spectrometer is best suited for the ￼  search 
with the detection of all decay particles, such as ￼ .

‣ We collected the physics data with LH2 and LD2 target.

‣ We can select the ￼  events

‣ A concentration of events is observed below the mass threshold of K-pp

‣ We plan to open the final results after verifying the photon beam and 
momentum measurement, studying background reactions, and optimizing the 
background reduction criteria.

K̄NN

K̄NN
Λp

γd → ΛpK0

mailto:kobaryo@rcnp.osaka-u.ac.jp
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Back Up
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Chiral

Phenomenological

    Theoretical prediction of ￼  state K̄NN
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Laura Tolos and Laura Fabbietti, 
arXiv:2002.09223v1 (2020)

Theoretical prediction of B.E. and Γ depend on

 the ￼  interaction and theoretical framework.K̄N
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Detected Λ and proton 

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

￼  state is produced 
from the Λ(1405) doorway process
K̄NN
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LH2 Data Analysis 
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γp → K+ X
Detected by TPC & BRPC

Λ Σ0

MM [GeV/c2]

Preliminary

Eg < 1.5 GeV/c

Mom < 0.4 GeV/ c 
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￼25

The Performance of LEPS2TPC
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Two tracks vertex
Empty target LH2 target

-553  < z < -415
Liquid target region
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Particle Identification 

P(Hi) = P(S |Hi)
∑k=π,k,p,d P(S |Hk)

LTPC(dEdx |Hi) = 1
2πσ

exp− (dEdx − μ)2
2σ2 LToF(ToF |Hi) = 1

2πσ
exp− (δtof )2

2σ2

P(S |Hi) = ∏
detectors

Ldetector(S |Hi)

Nσtof = ΔT/σtof

Nσtpc = ΔdEdx/σdEdx

mailto:kobaryo@rcnp.osaka-u.ac.jp
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Eg = 1.3 Eg = 2.4
Toy MC

B.E = 50 MeV

Width = 120 MeV
B.E = 50 MeV

Width = 120 MeV
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Toy MC
using continuous photon beam
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￼30

B.E = 50 MeV

Width = 120 MeV

proton 40°~ 110°
Lambda 40°~ 110°

Detected in side regionToy MC all Eg

Mom_p > 0.2 GeV/c

Mom_Λ > 0.2 GeV/c

NR process
signal process  
(BW function)

NR process
signal process  
(BW function)
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survival ratio

Geant4
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MC DataReal Data
Very Preliminary
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Geant4 NR process
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￼34

Toy MC

proton 40°~ 110°
Lambda 40°~ 110°

Detected in side region

Mom_p > 0.2 GeV/c

proton is spectator
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Toy MC

proton 40°~ 110°
Lambda 40°~ 110°

Detected in side region

Mom_p > 0.2 GeV/c

2 Step process

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


Mass resolution 
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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
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Inner Region shifted value  
depend on the beam intensity !!

100k300k450k700k1.4M

Layer 0

Tagger Rate

residual @ Layer0 [mm]

2022A (LH2 Target)

￼37
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-E_r [V/mm]

𝔼 = (Er(r)sin ϕ, Er(r)cos ϕ, Ez)
Ez = 16 [V/mm]

𝔼 = (0,0,Ez)

if(R < 140 [mm])

Er(r) = − 0.0002441r2 + 0.06841r − 4.816

Feedback Ion

R
Sense wire

equipotential lines

The electric field is manually adjusted  
so that the center of the residuals  
of the predicted position, obtained from the outer hits, is zero.

TPC layer TPC layer

re
si
du
al
  [
m
m
]

Beam

￼38
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γp → π+π−π+(n)

M
om
en
tu
m
 o
f π π+ π−

π+ π−
M
om
en
tu
m
 o
f π

Old Correction

New Correction

analysis by various reactions

Er = C1 ×
1
r

− A × C1 ×
1
r2

￼  Interaction Rate(SSC(n>2)/Clock) C1 ∝
A : Determined by the boundary conditions of the TPC 

ρ
ϵ

= C1/r2

Δϕ = −
ρ
ϵ
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￼41

γ

K̄
N

Λ(1405)

K0

n

N*

￼  
N* contribution 
~ 0.5 ub 
  
K* contribution 
~ 0.4 ub

γn → Λ(1405)K0

N* contribution 
~ 0.03 ub 
  
K* contribution 
~ 0 ub
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Identification by missing mass

Detected byTPC
Y(K̄NN → Λp mode)
= #photons (5.7 × 1012(2022 − 2023))

× #deuterons( 6.7 × 1023)

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

× Geometric acceptance  ( ≈ 5%)

≈ 3000 events(if σKpp→Λp = 15nb)

Ref.E27

π

p

p

× σK̄NN→Λp : (7.5 − 75 nb)

γ K0

Λ
p

p
n

pπ
−￼K̄NN 14 cm LD2 target
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K0 polar angle
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￼co
sθ

K
0

C
M

MΛp [GeV/c2]

Real Data

Very Preliminary
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Real DataVery Preliminary
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Real Data

proton < 0.5 GeV/c

proton > 0.5 GeV/c

Very Preliminary
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Lambda Flight length cut 

20
HIN2025@Kyoto  2025/04/02-04 R.Kobayakawa(RCNP) 

kobaryo@rcnp.osaka-u.ac.jp

￼48

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


20
HIN2025@Kyoto  2025/04/02-04 R.Kobayakawa(RCNP) 

kobaryo@rcnp.osaka-u.ac.jp

￼49

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


20
HIN2025@Kyoto  2025/04/02-04 R.Kobayakawa(RCNP) 

kobaryo@rcnp.osaka-u.ac.jp

￼50

半ビンずらし半ビンずらし
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