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4690MeVにJ=1/2-状態が
幅の狭い共鳴が現れる。

この２つの状態は求められなかった。
コンパクトなペンタ状態なら求めらる。
メソンーバリオン状態

ペンタクオーク
の共鳴状態を計
算するコードが
完成。
今後のJ-PRAC

などでの
テトラやペンタク
オーク
のクラスター解
析に
活用可能



格子QCDによるハドロン間相互作用の統一的理解：土井琢身（理研）

ハドロン物理の反応生成の研究：保坂淳（阪大RCNP)

原子核のクラスター形成メカニズムの研究：延与佳子（京大）

第一原理分子動力学法による原子・分子凝縮系
ダイナミクスの研究：金賢得（京大）

冷却原子によるエフィモフ状態の研究：Naidon Pascal（理研）

第一原理計算による原子・分子、原子核・ハドロン物理の包括的研究：
肥山詠美子（九大/理研）

新学術領域が始まった今、行っていること：格子QCDによる
ΞN相互用＋少数多体系計算 B01班との連携

共同研究

Collaboration: talk



Major goals of hypernuclear physics

Fundamental and 

important for the study

of nuclear physics 

YN and YY potential 

models so far proposed

(ex. Nijmegen,

Julich, Kyoto-Niigata) 

have large ambiguity. 

To understand baryon-baryon interactions

Total number of 

Nucleon (N) -Nucleon (N) data: 4,000

・ NO YY scattering data

・ Total number of differential cross section 

Hyperon (Y) -Nucleon (N) data: 40



Therefore, as a substitute for the 2-body 

limited YN and non-existent  YY scattering data,

the systematic investigation of the 

structure of light  hypernuclei is essential. 



Strategy  to determine YN and YY interactions

from the studies of light hypernuclear structure

No direct  information

Use Suggest to improve

Compare  theoretical  results 

with  experimental  data

①

②

③

X

Accurate calculation of hypernuclear structure 

Few-body, cluster model, shell model, …..

YN and YY interactions

based on meson theory: Nijmegen, Ehime, Julich・・

based on HAL calculation

Spectroscopy experiments

・ High-resolution γ-ray spectroscopy experiment

・ Emulsion experiment 

My role

using a 

few-body method



For the study of ΞN interaction, it is important to 

study the structure of Ξ hypernuclei.

Ξ-

core

nucleus

Next step, it is important to extract information on ΞN interaction.

For this purpose,  we have been obtaining information on ΛN

interaction.



We observed bound Ξ hypernucleus, for the first time

in the world. Now, we understood that ΞN interaction should be attractive.

Also, it is important to interpret  spin-parity by  comparing theory and

experimental data.

Ξ-

14N

14N-Ξ-

-4.38 ± 0.25 ～
-1.10 ± 0.25 MeV 

0 MeV

Kiso event



Physical Review C 94, 064319 (2016)

Using RMF theory, we interpret that Kiso event is observation  of  
14N(g.s) +Ξ(0p) state.

Weak point: RMF theory focus on the only ground state of 14N,  not the 

excited state of 14N. It is planning to take into account of the excited state 

of 14N for further analysis of Kiso event using α+α+α+d+Ξ 5-body cluster model. 



11B

p
K-
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11B

12C Ξ hypernucleus

“Spectroscopic study of Ξ-Hypernucleus, 12Be,

via the 12C(K-,K+)  Reaction” 

by Nagae and his collaborators

K+

Ξ-

This experiment has been done.

Also it is planned to perform this experiment again to confirm

bound states in this system.

Question: what kind of part in ΞN interaction

can we extract  in this Ξ hypernucleus, theoretically? 



VΞN = V0 + σ・σ Vσ・σ ＋ τ・τ Vτ・τ＋ (σ・σ)(τ・τ) Vσ・σ τ・τ

All of the terms contribute to binding 

energy of  12Be and 15
ΞC ( 11B and 

14N is not spin-, isospin- saturated).
Ξ-

In this way, we are finding to have 

bound states in these systems and 

then  we shall get information 

that VΞN itself  is attractive. 

12Be
Ξ-

Ξ- t

α α

α α

α d

15
ΞC



ΞN interaction:  T=0, S=0

T=0, S=1

T=1, S=0

T=1, S=1

Ξ N

We want to know which partial wave is attractive or repulsive.

The suited systems to study  are s-shell Ξ hypernuclei such as

NNΞ and NNNΞ systems.

N
N

Ξ

NN

N Ξ

t=1/2

S=1/2

t=1/2

S=1/2
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I show my new results of these light systems.

NN interaction: AV8 potential 

ΞN interaction :

Nijimegen extended soft core potential (ESC08c)

Realistic potential (only ΞN channel) 

ΞN interaction by HAL collaboration (Lattice QCD calculation)

The potential was made by K. Sasaki and Miyamoto.



HAL potential 

In HAL potential ,  the  statistical errors are NOT included.  

VΞN=V0(r)+(σΞ・σN)Vs(r)+(τΞ・τN)Vt(r)+（σΞ・σN)(τΞ・τN)Vts(r)

All terms are central parts only.

V0(r)



(σΞ・
σN)Vs(r)

(τΞ・
τN)Vt(r)



（σΞ・σN)(τΞ・τN)Vts(r)



T=0, S=1    strongly attractive

T=0, S=0     

T=1, S=1

T=1, S=0

V(T,S)

Property of the spin- and isospin-components of ESC08 and HAL

ESC08c HAL

Although the spin- and isospin-components of these two models 

are very different between them. 

It is interesting to see the difference in the energy spectra in s-

shell Ξ hypernuclei.

strong attractive 

weakly repulsive

weakly repulsive

Weakly attractive

Strongly  attractive

Weakly repulsive

Weakly attractive



N N

Ξ

T=1/2, J=1/2+ and J=3/2+

ESC08c

J=1/2+ -2.07 MeV

d+ Ξ d+ Ξ

J=3/2+

0 MeV

-2.57 MeV

0 MeV

I used the different version of ESC08c (realistic force). 

However, I also have two bound states in three-body system.



N N

Ξ

T=1/2, J=1/2+ and J=3/2+

HAL potential

J=1/2+

d+ Ξ d+ Ξ

J=3/2+

0 MeV
0 MeV

No  bound state



NN

N Ξ

T=1 state

3N+Ξ0 MeV

1+

ESC08c 

3N+Ξ0 MeV

No bound state

HAL potential 

-8.84MeV

0+-1.81 MeV



NN

N Ξ

T=0 state

3N+Ξ0 MeV

1+

ESC08c 

3N+Ξ0 MeV

0.01 MeV～0.3 MeV

HAL potential 

Preliminary result

In HAL potential ,  the  statistical errors are NOT included.  

-7.76 MeV
J=1+
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T=1/2

It is possible to produce NNΞ 

three-body system using

3He target.

n

Ξ-

n p
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K -
K+

4He
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T=1

n n

If we use Nijimegen potential,

T=1 four-body system

becomes bound state.

But,  HAL potential does not

produce bound state in T=1

system,

But produce a bound state

for T=0 state.

How do we produce bound 

state with T=0?

One possibility is to use

heavy ion collision Experiment.
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理論班としての活動：

・物質階層を考える会
第1回： ΞN相互作用とその実験について（10月15日京大基研）
第2回： Σーｐ散乱実験の現状およびΣN相互作用に関連した話題

（12月4日理研）
Specificな話題を議論したい人、いつでもwelcome

International lecture series

第1回
Lecturers：Jaume Carbonel(Orsay)

Title : The Few-Nucleon System : from Yukawa to LQC

日時・場所：11月28日１３：３０－１６：１０・ウエスト1号館B211

11月29日1３:３０-１７：３０・ウエスト1号館B211

11月30日１０：３０－１６：１０・ウエスト1号館A711



• The second lecture

8th Jan. 2018, RIKEN 

• Pascal Naidon

• Efimov state 

The third lecture

20th ～ 23th Feb., Kyoto Univ.

Organized by Kim san

Atomic and molecular physics 

The fourth lecture

Evgeny Epelbaum (Ruhr-Universität Bochum)

22th and 23 March, Kyoto Univ.

Organized by Enyo san






