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1. Introduction 

2. New framework of Antisymmetrized Molecular Dynamics 
• K-p-K0n mixing
• J & T projections

3. Ground state of ppnK- , pppK- , pppnK- , 6BeK- , 9BK-

　　　　　　　　　　　　　　　　　　　　　　　　　and 11CK-

4. Excited states of ppnK- and 11CK-

5. Summary

Multi-quark hadrons, four, five and more?, 
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1. free KN scattering data
2. X-ray data of kaonic hydrogen atom
3. binding energy and width of Λ(1405) 

Studies of deeply bound kaonic nuclei by  Akaishi & Yamazaki

• phenomenological KN potential Strongly attractive.
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Binding energy of K- = 113 MeV
Central density         =    5 ρ0

• Analysis of 8BeK- with ααK- model

Peculiar structure?

What kind of structure does A-nucleons + K- system favor?
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K- deeply bound?
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Introduction



no assumption on clusters, shape, etc.

• 　mixing
0-K p K n

• Angular momentum & isospin projections

☆ Method :  Antisymmetrized Molecular Dynamics

-K -proton 0
K -neutronI=0 KN int.

Improving

Kaonic nuclei … • unknown structure

• peculiar structure    ex) isovector deformation
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IV = plays an essential role in kaonic nuclei.

Formalism 
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Nucleon’s wave function
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Anti-kaon’s wave function

0K -K− mixing
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Charge projection

Use                as a trial functionMP ±Φ

Superposition of Gaussian wave packetsSuperposition of Gaussian wave packets
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Essence of               mixing
0-K p/K nWave function



J & T projections  (VBP)

±Φ '
J T

MK TzTzP P ±Φ : Eigen state of angular momentum J
and isospin T
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J projection
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Calculate various expectation values with                     . '
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Formalism

1. Hamiltonian

2. Variational parameters 
are determined by Frictional cooling eq. with constraint.

3. G-matrix method         Effective interaction 
bare NN int = Tamagaki potential (OPEG)
bare KN int = AY potential

ˆ ˆ ˆ ˆ ˆ ˆ
NN KN Coulomb GH T V V V T= + + + −

{ } { }K K K, , , , ,i i i iX C Cα α α α α α αγ γ= Z Z

given density and starting energy of K
→ G-matrix

AMD calculation
→ density and starting energy of K

ˆ ˆ,NN KNV V

Repeat until 
getting consistency 



Binding energy of K- and Decay-width
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Nucleus-K-　threshold

Σπ threshold

(simple AMD)

K- is bound by ～100 MeV
in these nuclei.

K- is bound by ～100 MeV
in these nuclei.

Width (Σπ, Λπ)

Uncertainty due to the inconsistency between the obtained 
results and the G-matrix used in the calculation



Nucleon density distribution

ppnK- pppK- pppnK-

6BeK-

3 fm

9BK-

4 fm

8.8ρ0 9.2ρ0 7.6ρ0

5.4ρ0 4.1ρ0

proton satelliteproton satellite



Number of nucleons near K- meson

Nucleons

K

ppnK-

ppnK pppK pppnK 6BeK 9BK
Max Kdens 0.67 1.48 0.62 0.34 0.35
# of nucleons 1.67 1.14 1.78 2.55 2.53
E(K) 110.3 96.7 105.0 104.2 117.0

1 ( )
5 MAX Kρ

two center likeone center like

strange structure

Single K- meson can interact with 
limited numbers of nucleons?

Saturation of E(K)



Excited state of ｐｐｎK-
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Ground and Excited states of 11CK-
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9BK-+deuteron

Rrms = 1.48 fm
Γ= 46 MeV

ρmax = 4.8 ρ0

Excited states are also below the 
Σπ-emission threshold.

Decay to the only Λπ channel.
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Excited

E(K)=117 MeV



Structure of 11CK-
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Three clusters are attracted by a kaon
being at the center of the system.
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Summary 
• We have improved AMD so that we can treat mixing and perform J & T projections.

• Results:

Saturation of E(K) is related to the number of nucleons 
with which a K- can interact.

• Excited states
•ppnK- Jπ=3/2-, T=1   : Isobaric analog state of the ground state of pppK-

38 MeV above the ground state, Γ is very large to be 128 MeV.

•11CK- Two excited states as well as the ground state are below the Σπ threshold.
• Jπ=1/2+, T=1 : shell-like structure
• Jπ=1/2+, T=0 : cluster-like structure

4He(T=0) + ppnK-(T=0) + 4He(T=0) configuration.

-K p/K n
0

E(K) width Max ρ Rrms
[MeV] [MeV] [fm^-3] [fm]

ppnK- 110.3 21.2 1.50 0.72
pppK- 96.7 12.5 1.56 0.81
pppnK- 105.0 25.9 1.29 0.97
6BeK- 104.2 33.3 0.91 1.17
9BK- 118.5 33.0 0.71 1.45
11CK- 117.4 46.0 0.81 1.48

In the ground state of kaonic nuclei,
K- is deeply bound by ～100 MeV
and forms highly dense state.
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