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INTRODUCTION

• According to recent studies, charmed baryons have 
properties which do not appear in light baryons and 
strange baryons.

・Heavy quark symmetry

・Channel coupling including higher state than strange 
sector.
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We have obtained many experimental data related to 
hypernuclei and hyperon-nucleon(YN) interactions. 
Theoretically, study of hyperon-hyperon interactions have 
advanced, too.

the next stage
We make theoretical study of charmed 

nuclei here.
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We have obtained many experimental data related to 
hypernuclei and hyperon-nucleon(YN) interactions.

the next stage Approaching to charm nuclei structure

with theoretical knowledge
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𝑌𝑐𝑁 INTERACTION

• 𝑌𝑐𝑁 potential (𝑌𝑐 = Λ𝑐 , Σ𝑐 , Σ𝑐
∗)

First, we construct the YcN potential taking account of channel couplings. 
In this study, we construct a hybrid potential using a hadron model and a 
quark model

・One Boson Exchange potential

・Quark Cluster Model
𝑉(𝑌𝑐𝑁) = 𝑉𝑂𝐵𝐸𝑃 + 𝑉𝑄𝐶𝑀

• Channel coupling
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[M.Oka, Nuclear Physics A 881 (2012) 6–13]

[Y.R.Liu, M.Oka, Phys. Rev. D 85, 014015 (2012)]



𝑌𝑐𝑁 INTERACTION

• One Boson Exchange potential

We assume that the pion and 
the sigma meson exchange 
between the charm baryon and 
the nucleon.

At the vertices, we introduce the 
form factor 𝐹 𝑞 as follows

𝐹 𝑞 =
Λ2−𝑚2

Λ2−𝑞2
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𝑌𝑐𝑁 INTERACTION

• Quark Cluster Model (QCM)

The QCM considers two baryon clusters each made of 
three quarks.

When two baryons overlap completely, r=0, all the six 
quarks occupy the lowest energy orbit with a single 
center.

• Potential equation

𝑉𝑄𝐶𝑀 = 𝑉0𝑒
−
𝑟2

𝑏2
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𝑌𝑐𝑁 INTERACTION

• Parameter fix

In our previous study using the OBE potential, it is found that 
the results are very sensitive to the cutoff parameters.

To remedy this problem, in the present approach, we 
determine the parameters of the potential so as to reproduce 
the NN interaction data using the same model.

・Fixed parameter

Pi-baryon coupling constants, Range parameter  of QCM

・Determined parameter

Cutoff parameter (Λ𝜋, Λ𝜎), sigma-baryon coupling constants 
𝐶𝜎
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𝒀𝒄𝑵-Corresponding To NN



GAUSSIAN EXPANSION METHOD
(GEM)

We solve the coupled channel Schrodinger equation using the 
Gaussian expansion method, GEM. The definition is as this slide. 
The GEM is the one of variational methods based the Rayleigh-
Ritz principle.

• Definition

(𝐻 − 𝐸)Ψ𝐽𝑀(𝒓) = 0,   Ψ𝐽𝑀(𝒓) = σ𝑛=1
𝑛𝑚𝑎𝑥 𝐶𝑛

𝐽
𝜙𝐽𝑀,𝑛𝑙𝑚
𝐺 (𝒓)

𝜙𝐽𝑀,𝑛𝑙𝑚
𝐺 (𝒓) = 𝜙𝑛𝑙

𝐺 (𝑟)𝑌𝑙𝑚( Ƹ𝑟)

𝜙𝑛𝑙
𝐺 𝑟 = 𝑁𝑛𝑙𝑟

𝑙𝑒−𝜈𝑛𝑟
2

𝜈𝑛 =
1

𝑟𝑛2
, 𝑟𝑛 = 𝑟1𝑎

𝑛−1

𝑁𝑛𝑙 =
2𝑙+2 2𝜈𝑛

𝑙+
3
2

𝜋 2𝑙 + 1 ‼

1
2

෍

𝑛=1

𝑛𝑚𝑎𝑥

(𝐻
𝑛𝑛′
(𝐽)

− 𝐸𝑁
𝑛𝑛′
(𝐽)
)𝐶𝑛

(𝐽)
= 0
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[E. Hiyama et al.   Prog. Part. Nucl. Phys. 51, 223 (2003)]



GAUSSIAN EXPANSION METHOD
(GEM)

• Matrix element
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𝑌𝑐𝑁 INTERACTION

• Result of binding energy and scattering length
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Λ𝑐𝑁𝑁 CHARM NUCLEI

• Effective potential
For simplicity, we first calculate without channel coupling. 
We choose a 2-range Gaussian potential for the single Λ𝑐𝑁
S-wave channel so that it represents the full coupled 
channel potential. Now, we consider only the YcN-CTNN-d 
potential to construct an effective potential.

𝑉Λ𝑐𝑁 = 𝑉1𝑒
−
𝑟2

𝑏1
2
+ 𝑉2𝑒

−
𝑟2

𝑏2
2

Parameter fix: 𝑏1 = 0.9 fm, 𝑏2 = 0.5 fm
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Λ𝑐𝑁𝑁 CHARM NUCLEI

• Effective potential
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Λ𝑐𝑁𝑁 CHARM NUCLEI

• Effective potential

The 28th Indian-Summer School on Ab Initio Methods in Nuclear Physics, in Prague, 
Czech Republic

16



GAUSSIAN EXPANSION METHOD
(GEM)

• For 3-body problem

Ψ𝐽𝑀 = Φ𝐽𝑀
𝑐=1

𝒓1, 𝑹1 +Φ𝐽𝑀
𝑐=2

𝒓2, 𝑹2 +Φ𝐽𝑀
𝑐=3

(𝒓3, 𝑹3)

Φ𝐽𝑀
𝑐
𝒓𝑐 , 𝑹𝐶 = ෍

𝑛𝑐,𝑙𝑐,𝑁𝑐,𝐿𝑐

𝐴𝑛𝑐,𝑙𝑐,𝑁𝑐,𝐿𝑐
(𝑐)

𝜙𝑛𝑐,𝑙𝑐
𝐺 (𝑟𝑐)𝜑𝑁𝑐,𝐿𝑐

𝐺 (𝑅𝑐) 𝐽𝑀
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[E. Hiyama et al.   Prog. Part. Nucl. Phys. 51, 223 (2003)]

𝜑𝑁𝐿𝑀
𝐺 (𝑹) = 𝜑𝑁𝐿

𝐺 (𝑅)𝑌𝐿𝑀( ෠𝑅)

𝜙𝑁𝐿
𝐺 𝑅 = 𝑁𝑁𝐿𝑅

𝐿𝑒−𝜆𝑛𝑅
2

𝜆𝑛 =
1

𝑅𝑛
2 , 𝑅𝑛 = 𝑅1𝐴

𝑛−1

𝜙𝑛𝑙𝑚
𝐺 (𝒓) = 𝜙𝑛𝑙

𝐺 (𝑟)𝑌𝑙𝑚( Ƹ𝑟)

𝜙𝑛𝑙
𝐺 𝑟 = 𝑁𝑛𝑙𝑟

𝑙𝑒−𝜈𝑛𝑟
2

𝜈𝑛 =
1

𝑟𝑛
2 , 𝑟𝑛 = 𝑟1𝑎

𝑛−1



Λ𝑐𝑁𝑁 CHARM NUCLEI

• Charm 3-body calculation (only S-wave)

・Minnesota potential

𝑉 = (𝑉𝑅 +
1

2
1 + 𝑃𝑖𝑗

𝜎 𝑉𝑡 +
1

2
1 + 𝑃𝑖𝑗

𝜎 𝑉𝑠)(
1

2
𝑢 +

1

2
(2 − 𝑢)𝑃𝑖𝑗

𝑟 )

𝑃𝑖𝑗
𝜎 =

1 + (𝜎𝑖 ∙ 𝜎𝑗)

2
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Λ𝑐𝑁𝑁 CHARM NUCLEI

• Binding 

Energy
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SUMMARY

• We propose the 𝑌𝑐𝑁 potential model based on the 
hadron model and the quark model, and find four 
parameter set to reproduce experimental data of 
NN system.

• Calculating the 𝑌𝑐𝑁 2-body system with Coulomb 
potential, we get the shallow bound state.

• Using the effective single-channel potential, we 
found that the Λ𝑐𝑁𝑁 3-body system has a deeply 
bound state.
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