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Summary & Introduction
私は東海村、水戸、日立、 筑波、軽井沢、青森、  
名古屋、富山、白川郷に訪問しました。  

I wrote 8 papers, among which three were published and five are  
now under review. Three papers are in preparation.  

I prepared 8 contributions to the Proceedings (FB22, QNP2018),  
of  which 4 of  them will appear in Few-Body Systems. 

 I have collaborated with A. Hosaka, E. Hiyama, M. Oka, T. Sekihara  
during my stay at ASRC.

In this talk, I will report mainly what I have done while I  
was staying at the ASRC, JAEA.
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東海村の原研通り
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水戸、偕楽園の梅祭り
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First published paper at ASRC



Second published paper at ASRC



Third published paper at ASRC
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Almost accepted by PLB.
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Manuscripts in preparation

• Electromagnetic form factors of  the baryon decuplet 
(June-Young Kim & HChK) 

• Electromagnetic transition form factors of   
the baryon decuplet to the octet 
(June-Young Kim, HChK, and Makoto Oka) 

• Killing or Saving the Pentaquark:  
Feasibility of  the K+D -> K0 pp reaction for Theta+ 
(Takayasu Sekihara, HChK, and Atsushi Hosaka) 
 



Manuscript in preparation



Pentaquark revisited



Hyun-Chul�Kim

Inha�University�

ASRC,�JAEA

Killing�or�Saving�
pentaquarks

In the Last October, 2018



Selected work



Instanton effects on quarkonia

1.Confinement (Understood only qualitatively)
2.Chiral symmetry and its spontaneous breakdown

QCD Lagrangian

This classical Lagrangian looks simple but has profound 
nonperturbative nature.

L =  ̄(i /D �m) � 1

4
Ga

µ⌫G
µ⌫ a

Chiral symmetry comes into play for light-quark systems.



Static quark confinement

Wilson’s criteria of the quark confinement

WJ = Tr


P exp i

I
dxµAa

µt
a
J

�

Heavy-quark propagator

hWJi = exp [�V (R)T ] at T ! 1

QQ̄ potential at separation R

a linearly rising potential
W ⇠ exp(��Area)

Wilson’s Area Law

V (R) ⇠ �R
String tension

p
� = 420MeV



G. S. Bali, K. Schilling, A. Wachter,  hep-lat/9506017 (RCNP, Confinement 1995) 

In the limit of infinitely heavy quark mass

Lattice results

Deviations from 
the Cornell pot. 
(No sea quarks)

VCornell = �r � e

rp
� = 420MeV

Fitted to the phenomenological  
Cornell potential r � 3 fm

Linear confining potential

Coulomb-type potential 
from one-gluon exchange

Heavy-quark potential



Heavy-quark potential

Motivations

• Almost all potential models are based on perturbative QCD. 
• Values of  parameters are arbitrary.

�0 = (11Nc � 2Nf )/3
<latexit sha1_base64="hcM7KVfv8w3wqC4pR49fI92Wbck="></latexit>

µ ⇡ mc
<latexit sha1_base64="S2dQrmSzaOE3DhNCx5xd4n0OxXE=">AAACCHicdVDLSgMxFM34rPXRUZdugkVwVWbaqu2u6MZlBfuAzjBk0rQNTSZDkhHL0B/wF9zq3p249S/c+iWm7Qha9MCFwzn3cu89Ycyo0o7zYa2srq1vbOa28ts7u3sFe/+grUQiMWlhwYTshkgRRiPS0lQz0o0lQTxkpBOOr2Z+545IRUV0qycx8TkaRnRAMdJGCuyCxxPooTiW4h7yAAd20Sk5lXr5rA4NmcOQatU9r1WgmylFkKEZ2J9eX+CEk0hjhpTquU6s/RRJTTEj07yXKBIjPEZD0jM0QpwoP50fPoUnRunDgZCmIg3n6s+JFHGlJjw0nRzpkVr2ZuKfXsiXNutBzU9pFCeaRHixeJAwqAWcpQL7VBKs2cQQhCU1t0M8QhJhbbLLm1C+P4f/k3a55FZKzk212LjM4smBI3AMToELLkADXIMmaAEMEvAInsCz9WC9WK/W26J1xcpmDsEvWO9fQBmZwg==</latexit>

↵s(µ) =
4⇡

�0

1

ln(µ2/⇤2
QCD)

<latexit sha1_base64="jPThSuC4bxTDNqi2jQcvnmJaoso="></latexit>

⇤QCD = 0.217GeV
<latexit sha1_base64="Y6gSruezmrAYEpGQnbc+Z3cXa+8="></latexit>

 ⇡ 0.18GeV2
<latexit sha1_base64="GTTEaQkL6qhkDcBW0HgToqLUvVM="></latexit>V (P )

C = r � 4↵s

3r
<latexit sha1_base64="VVXDzaveNrePDgwFheEoMD8JkEM="></latexit>
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• Instanton effects may lead us to improve the physical  
understanding of  the heavy-quark potential.



Heavy-quark potential

Motivations
• In order to proceed to heavy-light quark systems,  

it is essential to understand first the heavy-quark propagator  
from the instanton vacuum.

Conventional mesons and Tetraquarks (X, Y, Z, Tcc)



• Decompose the QCD Lagrangian

LQCD = q†(i /D + im)q +Q†(i /D + iM)Q� 1

4g2
G2

Q†
✓
iv ·D +

1

4MQ
� ·B+

1

2MQ
(iD)2

◆
Q

Foldy-Wouthuysen transformation (Heavy-quark expansion)

• Wilson-loop as a heavy-quark propagator

W = Tr

"
P exp i

I
dxµ

X

IĪ

AI
µ

#

Heavy-quark propagator



Heavy-quark potential

Yakhshiev, HChK et al., Chin. Phys. 41(2017) 083102 

V (r) = � lim
T!1

1

T
ln h0 |Tr {WC [A]}| 0i

<latexit sha1_base64="WHutUiTn7nM0Tm7ORve/lwb1o0A="></latexit>

WC [A] = P exp

✓
i

I

C
dzµAµ(z)

◆

<latexit sha1_base64="WgxALdIMMjeyA1gkzZLE/vPu0bs="></latexit>

hWC [A]i =
Z

DAµTrP exp

✓
i

I

C
dxµAµ(x)

◆
e�SYM

<latexit sha1_base64="UhMLcqq4JtFQJPO7HFyTjmQsQ3c="></latexit>

• Gauge-invariant definition of  the static potential

• Wilson loop

• Expectation value of  the Wilson loop



Heavy-quark potential

WC [I, Ī] = P exp

0

@i

I

C
dt

X

I,Ī

aI,Ī

1

A

<latexit sha1_base64="T3lKV+kkXn83hFnIqMh4NxhhOnQ="></latexit>

W (L1L2) ⇠ exp(�V (R)T )

S(i)
0 (x, y; aI,Ī) = hy|

0

@ d

dt
�

X

I,Ī

a(i)
I,Ī

+ i✏

1

A
�1

|xi
<latexit sha1_base64="I3NPIBMuSRCmnL8nhrTO4Kjz12s="></latexit>

Heavy-quark propagator:

Wilson loop in the instanton vacuum



Heavy-quark potential

TrWC =
DD
Tr

h
S(1)
0 (x1,�T/2,y1, T/2 ; aI,Ī)S

(2)
0 (x2,�T/2,y2, T/2 ; aI,Ī)i

iEE

<latexit sha1_base64="OYWN948pOig7pDqlon7Owfn2Z2s="></latexit>

D. Diakonov, V. Petrov, P. Pobylitsa, PLB 226, 372 (1989)

V (R) =
N

2V Nc

Z
d3zITrc


1� P exp

✓
i

Z

L1

dx4AI4

◆
P exp

✓
�i

Z

L2

dx4AI4

◆�
+ (I ! Ī)

V (0) = 0, V (1) = 2�M

W (L1L2) ⇠ exp(�V (R)T )

�M
<latexit sha1_base64="o5C5NfEqtv5AzsqttBhFipAcP9E=">AAAB/3icdVBNS8NAEJ34WetX1aOXxSJ4KklTq8eiHrwIFewHtKFstpt26WYTdjdCCT34F7zq3Zt49ad49Ze4bSNo0QcDj/dmmJnnx5wpbdsf1tLyyuraem4jv7m1vbNb2NtvqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXU791j2VikXiTo9j6oV4IFjACNZGanevKNcY3fQKRbtku86pXUGGzGBIteqWHRc5mVKEDPVe4bPbj0gSUqEJx0p1HDvWXoqlZoTTSb6bKBpjMsID2jFU4JAqL53dO0HHRumjIJKmhEYz9edEikOlxqFvOkOsh2rRm4p/en64sFkH517KRJxoKsh8cZBwpCM0DQP1maRE87EhmEhmbkdkiCUm2kSWN6F8f47+J81yyXFL9m2lWLvI4snBIRzBCThwBjW4hjo0gACHR3iCZ+vBerFerbd565KVzRzAL1jvX+Rglkc=</latexit>

Instanton contribution to the heavy-quark mass



Heavy-quark potential

�M
<latexit sha1_base64="o5C5NfEqtv5AzsqttBhFipAcP9E=">AAAB/3icdVBNS8NAEJ34WetX1aOXxSJ4KklTq8eiHrwIFewHtKFstpt26WYTdjdCCT34F7zq3Zt49ad49Ze4bSNo0QcDj/dmmJnnx5wpbdsf1tLyyuraem4jv7m1vbNb2NtvqiiRhDZIxCPZ9rGinAna0Exz2o4lxaHPacsfXU791j2VikXiTo9j6oV4IFjACNZGanevKNcY3fQKRbtku86pXUGGzGBIteqWHRc5mVKEDPVe4bPbj0gSUqEJx0p1HDvWXoqlZoTTSb6bKBpjMsID2jFU4JAqL53dO0HHRumjIJKmhEYz9edEikOlxqFvOkOsh2rRm4p/en64sFkH517KRJxoKsh8cZBwpCM0DQP1maRE87EhmEhmbkdkiCUm2kSWN6F8f47+J81yyXFL9m2lWLvI4snBIRzBCThwBjW4hjo0gACHR3iCZ+vBerFerbd565KVzRzAL1jvX+Rglkc=</latexit>

Instanton contribution to the heavy-quark mass:

How to fix parameters: Two fundamental parameters
Set I - phenomenological [E.V. Shuryak, Nucl.Phys. B203 (1982),  
D.Diakonov, V.Y.Petrov, Nucl.Phys. B245 (1984)]

Set IIa - 1/Nc meson-loop contributions in the light quark sector  
[H.C.Kim, M.Musakhanov, M.Siddikov, Phys.Lett. B633 (2006)]

Set IIb - lattice simulations of instanton vacuum  
[M.C. Chu, J.M. Grandy, S.Huang, J.W. Negele, Phys.Rev. D49 (1994)]

�M ' 66.6MeV
<latexit sha1_base64="MVeHOR71mVk4I92C1Xxj6AA3PBk="></latexit>

�M ' 143.06MeV
<latexit sha1_base64="pOsREhsEWUpcREkHDAyHbok3lv8="></latexit>

�M ' 135.72MeV
<latexit sha1_base64="V8/r70z2bqYRxum+qxQx1wWb348="></latexit>



Heavy-quark potential

VQQ̄(r) = VC(r) + VSS(r)(SQ ·SQ̄) + VLS(r)(L · S)
+ VT (r)

⇥
3(SQ ·n)(SQ̄ ·n)� SQ · SQ̄

⇤
<latexit sha1_base64="fo1Uk87kJpthsLITPor3ImD7np0="></latexit>

Central part + spin-dependent part



Parameters

Note that we do not aim at fitting the experimental data but try to  
understand the physical implications of  these parameters.

↵s(µ = 1.275GeV) = 0.4258,

↵s(µ = 1.343GeV) = 0.4137,

↵s(µ = 1.411GeV) = 0.4029
<latexit sha1_base64="YkKn/gRno1pGfJMLAkeXIjNIJ00="></latexit>

MWOI
M-I

M-IIb

Actual values of  the strong coupling constants

Yakhshiev, HChK, E. Hiyama, PHYS. REV. D 98, 114036 (2018) 



Results



Conclusions

★ Instanton effects are marginal and do not seem to show any  
significant improvement in comparison with the experimental data. 

★  However, the constraint on the parameters can be achieved  
by introducing the nonperturbative instanton effects.

Outlook
★ Instanton contribution to the one-gluon exchange potential: 

the effective gluon mass: The Yukawa-type screened potential  
★ Virtual light-quark contributions to the heavy-quark potential 
★ Color-octet potential 
★We aim finally at deriving the heavy-light quark interactions  

from the instanton vacuum.
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どうもありがとうございました。

以上で、今日のセミナーを終わります。

Hamlet Act 2, Scene 2 

by Shakespeare

Though this be madness,  
yet there is method in it.


