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1.Introduction
■What is the  nucleus ?K̄NN
□ The simplest system of kaonic nuclei.  
   - the antikaon( )-nuclear quasibound states via the strong interaction.K̄

4

□  system has been studied both theoretically and experimentally.K̄NN

□Experimental searches for the  nucleus.K̄NN

・J-PARC, SPring-8(Japan)  
  - E15, E27(J-PARC), LEPS(SPring-8)

・SATURNE(France)  
  - DISTO

・DAΦNE(Italy) 
  - FINUDA, AMADEUS

・GSI(Germany) 
  - HADES
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K̄
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R. Kobayakawa, talk at 
RARiS C047(2025).



1.Introduction
■Searching for the  nucleus in the J-PARC E15 experimentK̄NN
□ The peak of  nucleus was observed in 
    the  reaction with the  beam.

K̄NN
3He(K−, Λp)n K−

4
T. Yamaga, et al, Phys. Rev. C102 (2020) 044002. 

BK = 42 ± 3 (stat.)+3
−4(syst.) MeV

ΓK = 100 ± 7 (stat.)+19
−9 (syst.) MeV

J-PARC press release

□Important issue in theoretical calculation  
  → Two-nucleon absorption (2NA).

→ By Reaction calculation in the previous work,   
     the production of  nucleus is suggested ! K̄NN

 - But, there are only few calculations incorporating it.

 - The peak was observed through this process.

T. Sekihara , E. Oset, and A. Ramos, PTEP 2016 123D03
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1.Introduction
■Our research goals

1. Structure and Reaction calculations of the  nucleus with two-nucleon absorption.  
  - Structure : binding energy, decay width, spin/parity, … 
  - Reaction  :  How is  nucleus produced? Cross section?

K̄NN

K̄NN

2. Compare our results with the Exp. Data at J-PARC.  
  ・Can we support the production of the  nucleus strongly? 
  ・What did we observed in the J-PARC E15 experiment ?

K̄NN

We want to determine the spin/parity and pole position  
of the  nucleus through reaction calculation !K̄NN
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1.Introduction
■Today’s presentation contents

□ As a first step for Reaction calculation, we performed spectral calculation  
    for the  nucleusK̄NN

□Overview of our model for Reaction calculation 
  - We are in progress !

222718th International Workshop on Meson Physics(MESON 2026), Kraków, June. 25-30, 2026

・Formulation two-nucleon absorption(2NA) in a framework of Faddeev equation

・Results :  scattering amplitude,  invariant mass spectrum 
  - the spin/parity(not 2NA), relatively comparison with Exp. Data(2NA) 

K̄NN → ΛN ΛN

7
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2. Spectral calculation for the  nucleus 
with two-nucleon absorption

K̄NN
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2. Spectral calculation for the  nucleus with two-nucleon absorptionK̄NN

■ Faddeev equation
□A method of three-body calculation in quantum mechanics.

 ← Y. Ikeda, T. Hyodo, and W. Weise,  
           Nucl. Phys. A881 (2012) 98. 

 ← the phase shift of  ( ) .

K̄N

NN NN 3S1, 1S0

X = V + TZX

8

  : Three-body amplitude,  
  : Two-body amplitude, 
  : Change spectator, 
  :    (the factor of spectator particle).

X
T
Z
V T ×

Matrix Form

□Two-body amplitude   
 - we determine parameters to reproduce,

T

1,2 : N 3 : K̄
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■  scattering amplitude,  mass spectrumK̄NN → ΛN ΛN

9

□ Next, We calculate the  scattering amplitude, considering the final state   
     in the  reaction.

K̄NN → ΛN Λp
3He(K−, Λp)n

□  scattering amplitude. K̄NN → ΛN

□ ：on-shell momentum of nucleon in the final state.p′ N

□  mass spectrum.ΛN

E. Oset, A. Ramos, Nucl. Phys. A, 635, 99 (1998).

dσ
dMΛN

= p′ N |XK̄NN→ΛN(E) |2

XK̄NN→ΛN = ∫
∞

0
dp′ 

p′ 
2

2π2 X11(E, p′ , p)ZΛN(E, p′ )
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2. Spectral calculation for the  nucleus with two-nucleon absorptionK̄NN

10
□For simplicity, we use only .p = 0



■ Result :  mass spectrum for the spin/parityΛN

15

□To determine the spin/parity for the future, we calculate  mass spectrum for  
- not considering two-nucleon absorption

ΛN JP = 0−,1−

181518th International Workshop on Meson Physics(MESON 2026), Kraków, June. 25-30, 2026

□Contribution from  is large  
 for  mass spectrum. 

   → It is likely to be  ?

JP = 0−

ΛN
JP = 0−

 - Difference weights for the  int.K̄N (I = 0,1)

| K̄NN(JP = 0−)⟩ = 2
3 |K−pp⟩ + 1

3
K̄0 pn + np

2 ⟩
| K̄NN(JP = 1−)⟩ = 1

2
| K̄0pn⟩ − 1

2
| K̄0np⟩

2. Spectral calculation for the  nucleus with two-nucleon absorptionK̄NN
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■Two-nucleon absorption(2NA)
□the process of changing the particle number as    (  : )  in scattering.K̄NN → YN Y Λ, Σ

10

□the wave function of spectator nucleon. 
   - assumption !

φN(r) = ( 1
R

2
π )

3
2

exp (− r2

R2 )
- Contribution of 2NA for the range of w.f. ？R

ΠK̄NΠK̄N

・  vertex  .K̄NΛ ṼK̄NΛ

・the wave function of  
    spectator nucleon  :  .φN(r)

・  vertex  .K̄NΣ ṼK̄NΣ

141018th International Workshop on Meson Physics(MESON 2026), Kraków, June. 25-30, 2026

G(+2NA)
K̄N

= 1
2π2 ∫

∞

0
dp

p2mN
2εN(p)ωK̄(p)

f(ΛK̄N, p)
EK̄N − εN(p) − ωK̄(p) − ΠK̄N

2ωK̄(p)

□We introduce it into Loop function  in LS equation of  channelG K̄N

2. Spectral calculation for the  nucleus with two-nucleon absorptionK̄NN

12

N
K̄

N



■Results :  scattering amplitude,  mass spectrum（ ）K̄NN → ΛN ΛN JP = 0−

□ The range of wave function  is smaller, spectrums are broader !R

13

□Since  and  are closer by ,  2NA is more likely to occur.K̄ N R

1613

→ We can see the contribution of 2NA !
18th International Workshop on Meson Physics(MESON 2026), Kraków, June. 25-30, 2026

2. Spectral calculation for the  nucleus with two-nucleon absorptionK̄NN

13



■Comparison with Exp. data (  mass spectrum)ΛN

15

□ The range of w.f. ：smaller 
  → It is more consistent with the Exp. Data !

R

□It matches well with the Exp. data 
   → . 
- It is importance of 2NA !

1.0 ≤ R ≤ 1.5 [fm]

dσ
dMΛN

= C p′ N |X(E) |2

□We compare with the Exp. Data relatively by multiplying the constant   
 to match the height of peak.

C

1815

□ The Exp. Data is from previous research.
T. Yamaga, et al, Phys. Rev. C102 (2020) 044002. 
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2. Spectral calculation for the  nucleus with two-nucleon absorptionK̄NN
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3. Formulation in the  reaction 3He(K−, Λp)n
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■The model of our calculation

13

(1)

(2)

(3)

(1)  wave function.3He

(2) Two-body amplitude  ( ,  ).T1 K̄N → K̄N pK = 1.0 GeV

(4) Three-body amplitude  ( ).X K̄NN → ΛN

21

(3)  propagator.K̄

(4)
□We aim to construct a precise model to investigate  
    the spin/parity and pole position.

T. Sekihara , E. Oset, and A. Ramos, PTEP 2016 123D03

□ Contributions
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 3. Formulation in the  reaction3He(K−, Λp)n

16
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■  wave function3He
(1)□Precise wave function of three nucleons by a few parameters  

   with CD-Bonn potential( s-wave ~ 90% )

vν
λ (p) =

5

∑
n=1

aν
n,λ

p2 + (mν
n,λ)2 , wν

λ (q) =
5

∑
n=1

bν
n,λ

q2 + (Mν
n,λ)2 (ν =1 S0,3 S1)

V. Baru, J. Haidenbauer, C. Hanhart, and J. A. Niskanen,  
Eur. Phys. J. A16(2003) 437.

□Wave function

 - functions  of pair and spectator particle given by 5 term expansion v, w

N

N

3He

Pair  
 ( ）1S0,3 S1

Spectator  
particle

 3. Formulation in the  reaction3He(K−, Λp)n
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■ Two-body amplitude  ( )T1 K̄N → K̄N

□  interaction → Kamano amplitude   
  - calculate  ,  cross section.

K̄N TKamano
K−p → K̄0n K−n → K−n

H. Kamano, S. X. Nakamura, T. -S. H. Lee, 
and T. Sato, Phys. Rev. C90 (2014) 065204.

 —it is likely that these reaction occur around .(klab, cos θ) = (1.0 GeV, ± 1.0)

 3. Formulation in the  reaction3He(K−, Λp)n

 forwardn

 backwardn
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■  propagatorK̄
□Scattering amplitude

T = ∫
d3pλ

(2π)3
wν(pλ)

(q0ex)2 − q2ex − m2
K + iε

pK−

pλ

pn

qex = pK− + pλ − pn

 forwardn

 backwardn

qtrans = pK− − pn

qex ・momentum transfer

・  momentum in final stateK̄

- Band structure：the propagating   
                               as (almost) on-shell particle

K̄

□Differential cross section

(3)

 3. Formulation in the  reaction3He(K−, Λp)n
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111511

■ two-body amplitude  ( ,  ) ×  propagatorT1 K̄N → K̄N klab = 1.0 GeV K̄
□Inclusion Kamano amplitude  into  propagator  
  - considering the final state  

TKamano K̄
n

T = ∫
d3pλ

(2π)3
wν(pλ)TKamano

(q0ex)2 − q2ex − m2
K + iε

(2)

3. Formulation in the  reaction3He(K−, Λp)n
(3)

□We have 2 regions 
・  forward → Essential to generate  bound state  
・  backward

n K̄NN
n

1318th International Workshop on Meson Physics(MESON 2026), Kraków, June. 25-30, 2026 20

 forwardn

 backwardn



111511

■  scattering amplitude(  )K̄NN → ΛN XK̄NN→ΛN

3. Formulation in the  reaction3He(K−, Λp)n (4)

Tfull = ∫
d3pλ

(2π)3
wν(pλ)TKamanoXK̄NN→ΛN

(q0ex)2 − q2ex − m2
K + iε

□Full amplitude in overall reaction  : 

□  scattering amplitude : K̄NN → ΛN XK̄NN→ΛN = ∫
∞

0

dp
2π2 p2vν(p)∫

∞

0

dp′ 

2π2 p′ 
2X11(MΛp, p′ , p)ZΛN(MΛp, p′ )

1418th International Workshop on Meson Physics(MESON 2026), Kraków, June. 25-30, 2026

□We consider the coupled channels for each spin/parity as below. 

K−pp − K̄0pn − K̄0np

- It is in progress and we will calculate observables corresponding to the Exp. Data !
21

JP = 0−

JP = 1−



4. Summary and Outlook
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4. Summary and Outlook

■Summary

□ Our Purpose：Determine the spin/parity and pole position of the  nucleus K̄NN

17

■Outlook

□Perform reaction calculation.  
 - production cross section, pole position, … 

□Evaluate and compare with the Exp. Data at J-PARC.

□ We performed spectral calculation with two-nucleon absorption  
     in a framework of Faddeev equation.

1618th International Workshop on Meson Physics(MESON 2026), Kraków, June. 25-30, 2026

□We construct a precise model for reaction calculation.
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Thank you for your attention !
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