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・Chiral symmetry in medium
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・Chiral symmetry in medium

1. Introduction

T

µhq̄qi 6= 0

hq̄qi ! 0

Lattice QCD

hq̄qi ! ??

� Chiral symmetry at density is not understood well. . . 

� QCD phase diagram in terms of chiral symmetry

Cohen, et al (1992), Birse (1994), …
Suzuki, et al (2004) (← pionic nuclei exp.)

hq̄qi ! 0 (?)
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D̄ mesons in nuclear matter

� 	���
�������large masses ��	��
������D̄

・Our proposal
- mesons can be good probesD̄ (⇠ c̄q)

⇤QCD

� 	���
����
���
�only one light quarkD̄

1. Introduction

heavy quark spin symmetry

fundamental rep. of                             chiral group

SU(2)S

SU(2)L ⇥ SU(2)R

D. Suenaga, et. al, PRC (2014); D.Suenaga, et al, PRD (2015)
D. Suenaga and M. Harada PRD (2016); M. Harada, et al, PTEP (2017)
D. Suenaga, et. al, PRC96 (2017); D. Suenaga, 1805.01709 (2018) 

Advantages
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+)
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+) D̄1(2430)(1
+)

・What is     meson ?D̄

1. Introduction
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・What is     meson ?D̄

1. Introduction

approximately degenerated
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Chiral partner structure

・Chiral partner structure

mass difference between opposite parity state
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mass
・Chiral partner structure

�(500?)(0+)

⇡(140)(0�)

a1(1260)(1
+)

⇢(770)(1�)

D̄(1870)(0�)
D̄⇤(1870)(1�)

D̄⇤
0(2320)(0

+) D̄1(2430)(1+)

M. A. Nowak, M. Rho, and I. Zahed, PRD 48 (1993)
W. A. Bardeen and C. T. Hill, PRD 49 (1994). 

Chiral partner structure
mass difference between opposite parity state
comes from chiral symmetry breaking

1. Introduction
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mass
・At chiral restored point

M. A. Nowak, M. Rho, and I. Zahed, PRD 48 (1993)
W. A. Bardeen and C. T. Hill, PRD 49 (1994). 

� �
�
�

⇢(1�), a1(1
+)

⇡(0�), �(0+)

D̄(0�), D̄⇤
0(0

+)D̄⇤(1�), D̄1(1
+)

Chiral partner structure
mass difference between opposite parity state
comes from chiral symmetry breaking

1. Introduction
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� It is worth calculating spectral function for              meson
because . . . 

・What should we calculate ?

(I) The shape of spectral function reflects 
imaginary part for decay of D̄⇤

0 ! D̄⇡

(II) The spectral function is directly reflected into a double
differential cross section             (I will talk later in detail)

1. Introduction

⇡D̄⇤
0(0+)

D̄(0�)

narrowed in medium

D̄⇤
0(0+)

@2�

@⌦DdED
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・Calculation method
� Medium effects to      mesons are mediated by    meson exchanges           

D̄(0�), D̄⇤
0(0+), · · ·

Effective Lagrangian based on chiral
partner structure of      mesons

D̄

D̄

�,⇡

2. Model

�,⇡

Nuclear matter is constructed by
parity doublet model with one loops

Y. Motohiro, Y. Kim, M. Harada,PRC92(2015)

D. Suenaga and M. Harada PRD93  (2016)
D. Suenaga, M. Harada and S. Yasui PRC96 (2017)

D. Suenaga, PRC97 (2018)
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2. Model

SU(2)L ⇥ SU(2)R(I)                                     chiral symmetry

(II)                 heavy quark spin symmetry (approximately)

(III) parity

SU(2)S

� Lagrangian for      mesons should be invariant under the . . . 

・Symmetry of heavy-light mesons
D̄
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M. A. Nowak, M. Rho, and I. Zahed, PRD 48 (1993)
W. A. Bardeen and C. T. Hill, PRD 49 (1994). 

H H

G G

M = � + i⌧a⇡a

� �
����	���	��� ���������������������
���

・Heavy meson effective Lagrangian

2. Model

+@µD̄@µD̄† �
�
m2 �m�D̄

�
D̄D̄† � @µD̄

⇤
⌫@

µD̄⇤†⌫ + @µD̄
⇤
⌫@

†µD⇤⌫ +
�
m2 +m�D̄⇤

�
D̄⇤

µD̄
⇤†µ

L = @µD̄⇤
0@µD̄⇤†

0 �
⇣

m2 � m�D̄⇤
0

⌘
D̄⇤

0D̄⇤†
0 � @µD̄1⌫@µD̄†⌫

1 + @µD̄1⌫@†µD⌫
1 +

�
m2 + m�D̄1

�
D̄1µD̄†µ

1
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� 
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・Heavy meson effective Lagrangian

2. Model

mD̄⇤
0
= m+

�m

2f⇡
�0 �

�D̄⇤
0

2
mD̄1

= m +
�m

2f⇡
�0 +

�D̄1

2

mD̄⇤ = m � �m

2f⇡
�0 +

�D̄⇤

2mD̄ = m � �m

2f⇡
�0 � �D̄

2

� = �0

������������������������������������������������������������		��D̄, �D̄⇤ , �D̄⇤
0
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m ⇠= (average mass of chiral partners)
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� Let us introduce two types of fermions:                   and

・Parity doublet model

under SU(2)L ⇥ SU(2)RN2L ! gRN2L , N2R ! gLN2R

N1L ! gLN1L , N1R ! gRN1R

N2 (mirror)N1 (naive)

� Chiral invariant Lagrangian is given by

M = � + i⌧a⇡a

C. E. DeTar and T. Kunihiro (1989)
D. Jido, M. Oka, and A. Hosaka (2001)

2. Model
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� Mean field approximation:

・Parity doublet model
� ! �0 , !µ ! !0�µ0 , ⇢aµ ! ⇢0�µ0�

a3

� ����������� ���������������

✓
N(939)
N⇤(1535)

◆
=

✓
cos ✓ �5sin ✓

��5sin ✓ cos ✓

◆✓
N1

N2

◆ mN(939) =
1

2

q
(g1 + g2)2�2

0 + 4m2
0 � (g2 � g1)�0

�

mN⇤(1535) =
1

2

q
(g1 + g2)2�2

0 + 4m2
0 + (g2 � g1)�0

�

� �����������	�����������������������������������������������������N(939) N⇤(1535)

� �������
��������������������(�0 ! 0)mN(939) = mN⇤(1535) = m0

� �����������
���������
����� G. Aarts, et al,   Phys.Rev. D92 (2015) no.1, 014503

2. Model
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� ����	�������	��
�����������	�����
	��
�����	������
�
�����	�
�����
���
����������	�	��

・Parity doublet model

input in nuclear matterinput in vacuum

� ������
�������������
��

m0 = 700MeV
δ = 0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

ρ/ρ0

σ 0
/f π

m0 = 700MeV�0 vs ⇢

We find partial restoration of
chiral symmetry in nuclear matter

2. Model
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・Calculation method
� Medium effects to      mesons are mediated by    meson exchanges           

D̄(0�), D̄⇤
0(0+), · · ·

Effective Lagrangian based on chiral
partner structure of      mesons

D̄

D̄

�, ⇡

�, ⇡

Nuclear matter is constructed by
parity doublet model with one loops

� ��������
��������������������������
��
����������	���
����
chiral Ward-Takahashi identity to respect chiral symmetry

�, ⇡

2. Model
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+

+

D̄⇤
0 D̄⇤

0

�
D̄⇤

0 D̄⇤
0

×⌃D̄⇤
0
(q) =

3. Results

D̄⇤
0 D̄⇤

0

⇡

+
D̄⇤

0 D̄⇤
0D̄

⇡

+ · · ·

・Self energy of           mesonD̄⇤
0(0+)

� ������
����������
�������	��
������������
����������������
���0 �, ⇡

�0

�
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� ����
�����
����������������
�

・Two point functions of mesons�, ⇡

= + + · · ·⌃ ⌃ ⌃ +

where

⌃ =

� ��
�������	���������
�
�����
��

	

⇡

⇡

N

N̄ N̄⇤

N N⇤

N̄ N̄⇤

N⇤

⇡⇡

N N⇤

+ + +

+

3. Results
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・Spectral function for D̄⇤
0(0+)

� �
�����
�����

��
�	������
����

(I)              resonance
(II) threshold enhancement
(III) Landau damping

� ��
�����������
�������
�
����	
��
�

���
��

D. Suenaga, arXiv:1805.01709
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D̄ + ⇡

m0 = 700 MeV

3. Results

⇢B = 0.25⇢0
<latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="okmeQlgo4vax62Mb1l2brIiV7Mc="></latexit><latexit sha1_base64="okmeQlgo4vax62Mb1l2brIiV7Mc="></latexit><latexit sha1_base64="1QpJkfCcFAzCh9ZcaxjSnF9OD2o="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit>

⇢B = 0.5⇢0
<latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit>

⇢B = ⇢0
<latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit>

(I)
<latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="+bxfn1tlxBh/ZdhBS3UOICYlssc="></latexit><latexit sha1_base64="+bxfn1tlxBh/ZdhBS3UOICYlssc="></latexit><latexit sha1_base64="5Hhd/vpc17QMuq+fJT8+csBnRgM="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit>

(II)
<latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="i9CS6gadSk7Of0SFA+skPJj8Hgc="></latexit><latexit sha1_base64="i9CS6gadSk7Of0SFA+skPJj8Hgc="></latexit><latexit sha1_base64="7Dydv49kR7bXDsLKhVQvRUXdgok="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit>

(III)
<latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="q+MmBVLJLG3gs/X7APgsuHUnyus="></latexit><latexit sha1_base64="q+MmBVLJLG3gs/X7APgsuHUnyus="></latexit><latexit sha1_base64="hsis8F5FkGLNFSpVHuushUbBasg="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit>

D̄⇤
0(0+)

<latexit sha1_base64="WmyIbwMcbxxZWea6w5LY57fXJtI="></latexit><latexit sha1_base64="WmyIbwMcbxxZWea6w5LY57fXJtI="></latexit><latexit sha1_base64="WmyIbwMcbxxZWea6w5LY57fXJtI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="lgBy2x7r7UbZzdqx7vHHCV8wXVU="></latexit><latexit sha1_base64="lgBy2x7r7UbZzdqx7vHHCV8wXVU="></latexit><latexit sha1_base64="4CKE4CESKOKVz86C/HuYTVSwB9E="></latexit><latexit sha1_base64="WmyIbwMcbxxZWea6w5LY57fXJtI="></latexit><latexit sha1_base64="WmyIbwMcbxxZWea6w5LY57fXJtI="></latexit><latexit sha1_base64="WmyIbwMcbxxZWea6w5LY57fXJtI="></latexit><latexit sha1_base64="WmyIbwMcbxxZWea6w5LY57fXJtI="></latexit><latexit sha1_base64="WmyIbwMcbxxZWea6w5LY57fXJtI="></latexit><latexit sha1_base64="WmyIbwMcbxxZWea6w5LY57fXJtI="></latexit>
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� The first peak from right corresponds to a resonance of
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D. Suenaga, arXiv:1805.01709
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D̄ + ⇡

m0 = 700 MeV

3. Results

⇢B = 0.25⇢0
<latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="okmeQlgo4vax62Mb1l2brIiV7Mc="></latexit><latexit sha1_base64="okmeQlgo4vax62Mb1l2brIiV7Mc="></latexit><latexit sha1_base64="1QpJkfCcFAzCh9ZcaxjSnF9OD2o="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit>

⇢B = 0.5⇢0
<latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit>

⇢B = ⇢0
<latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit>

(I)
<latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="+bxfn1tlxBh/ZdhBS3UOICYlssc="></latexit><latexit sha1_base64="+bxfn1tlxBh/ZdhBS3UOICYlssc="></latexit><latexit sha1_base64="5Hhd/vpc17QMuq+fJT8+csBnRgM="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit>

(II)
<latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="i9CS6gadSk7Of0SFA+skPJj8Hgc="></latexit><latexit sha1_base64="i9CS6gadSk7Of0SFA+skPJj8Hgc="></latexit><latexit sha1_base64="7Dydv49kR7bXDsLKhVQvRUXdgok="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit>

(III)
<latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="q+MmBVLJLG3gs/X7APgsuHUnyus="></latexit><latexit sha1_base64="q+MmBVLJLG3gs/X7APgsuHUnyus="></latexit><latexit sha1_base64="hsis8F5FkGLNFSpVHuushUbBasg="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit>
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� The second peak corresponds to a threshold enhancement

� �����
������
�
����
��
�����������������������	��
���������
�����
	D̄(0�)

� ��
���
��������
�����������
��
�����
�������	������
����
������
��
of chiral symmetry in nuclear matter

D̄ + ⇡

ρB = 0.5ρ0
m0 = 700MeV
δ = 0

1900 2000 2100 2200 2300 2400
0.00000

2.×10-6

4.×10-6

6.×10-6

8.×10-6

0.00001

q0 [MeV]

S
pe
ct
ra
l[
M
eV

-2
]

D̄ + ⇡

m0 = 700MeV
δ = 0

ρB = ρ0

1900 2000 2100 2200 2300 2400
0.00000

2.×10-6

4.×10-6

6.×10-6

8.×10-6

0.00001

q0 [MeV]

S
pe
ct
ra
l[
M
eV

-2
]

ρB = 0.25 ρ0
m0 = 700MeV
δ = 0

1900 2000 2100 2200 2300 2400
0.00000

2.×10-6

4.×10-6

6.×10-6

8.×10-6

0.00001

q0 [MeV]

S
pe
ct
ra
l[
M
eV

-2
]

D̄ + ⇡

・Spectral function for D̄⇤
0(0+)

� ��
�����������
�������
�
����	
��
�

���
��

D. Suenaga, arXiv:1805.01709

m0 = 700 MeV

3. Results

(I)
<latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="+bxfn1tlxBh/ZdhBS3UOICYlssc="></latexit><latexit sha1_base64="+bxfn1tlxBh/ZdhBS3UOICYlssc="></latexit><latexit sha1_base64="5Hhd/vpc17QMuq+fJT8+csBnRgM="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit>

(II)
<latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="i9CS6gadSk7Of0SFA+skPJj8Hgc="></latexit><latexit sha1_base64="i9CS6gadSk7Of0SFA+skPJj8Hgc="></latexit><latexit sha1_base64="7Dydv49kR7bXDsLKhVQvRUXdgok="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit>

(III)
<latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="q+MmBVLJLG3gs/X7APgsuHUnyus="></latexit><latexit sha1_base64="q+MmBVLJLG3gs/X7APgsuHUnyus="></latexit><latexit sha1_base64="hsis8F5FkGLNFSpVHuushUbBasg="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit>

⇢B = 0.25⇢0
<latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="okmeQlgo4vax62Mb1l2brIiV7Mc="></latexit><latexit sha1_base64="okmeQlgo4vax62Mb1l2brIiV7Mc="></latexit><latexit sha1_base64="1QpJkfCcFAzCh9ZcaxjSnF9OD2o="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit>

⇢B = 0.5⇢0
<latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit>

⇢B = ⇢0
<latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit>
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・Spectral function for D̄⇤
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D. Suenaga, arXiv:1805.01709

m0 = 500MeV

m0 = 500MeV

3. Results

(I)
<latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="+bxfn1tlxBh/ZdhBS3UOICYlssc="></latexit><latexit sha1_base64="+bxfn1tlxBh/ZdhBS3UOICYlssc="></latexit><latexit sha1_base64="5Hhd/vpc17QMuq+fJT8+csBnRgM="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit><latexit sha1_base64="nVuKWt3stekBxTrCXaHV6G7YJwg="></latexit>

(II)
<latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="i9CS6gadSk7Of0SFA+skPJj8Hgc="></latexit><latexit sha1_base64="i9CS6gadSk7Of0SFA+skPJj8Hgc="></latexit><latexit sha1_base64="7Dydv49kR7bXDsLKhVQvRUXdgok="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit><latexit sha1_base64="j1VbHXJj+NxmPhFa+UHwEP5dTug="></latexit>

(III)
<latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="q+MmBVLJLG3gs/X7APgsuHUnyus="></latexit><latexit sha1_base64="q+MmBVLJLG3gs/X7APgsuHUnyus="></latexit><latexit sha1_base64="hsis8F5FkGLNFSpVHuushUbBasg="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit><latexit sha1_base64="l9jPDCTZZrAOXdG1vG7UneUGFRQ="></latexit>
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<latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="okmeQlgo4vax62Mb1l2brIiV7Mc="></latexit><latexit sha1_base64="okmeQlgo4vax62Mb1l2brIiV7Mc="></latexit><latexit sha1_base64="1QpJkfCcFAzCh9ZcaxjSnF9OD2o="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit>

⇢B = 0.5⇢0
<latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit>

⇢B = ⇢0
<latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit>
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・The origin of threshold enhancement
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3. Results
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<latexit sha1_base64="UqDObVwmkzsEqjno0tCEce9mfwQ="></latexit><latexit sha1_base64="UqDObVwmkzsEqjno0tCEce9mfwQ="></latexit><latexit sha1_base64="UqDObVwmkzsEqjno0tCEce9mfwQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="PaEacOnPwrTKK+Ekokm/gfUgzho="></latexit><latexit sha1_base64="PaEacOnPwrTKK+Ekokm/gfUgzho="></latexit><latexit sha1_base64="M0Tderov49/ZAW3wQM/rOim8izY="></latexit><latexit sha1_base64="UqDObVwmkzsEqjno0tCEce9mfwQ="></latexit><latexit sha1_base64="UqDObVwmkzsEqjno0tCEce9mfwQ="></latexit><latexit sha1_base64="UqDObVwmkzsEqjno0tCEce9mfwQ="></latexit><latexit sha1_base64="UqDObVwmkzsEqjno0tCEce9mfwQ="></latexit><latexit sha1_base64="UqDObVwmkzsEqjno0tCEce9mfwQ="></latexit><latexit sha1_base64="UqDObVwmkzsEqjno0tCEce9mfwQ="></latexit>

�c for m2
D̄ < s < (mD̄ +m⇡)

2
<latexit sha1_base64="ArnimTXHa9CQAp1OVfYDX7HNtM0="></latexit><latexit sha1_base64="ArnimTXHa9CQAp1OVfYDX7HNtM0="></latexit><latexit sha1_base64="ArnimTXHa9CQAp1OVfYDX7HNtM0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="2b/JSplu1v1ITKWrySee7ZKeewU="></latexit><latexit sha1_base64="2b/JSplu1v1ITKWrySee7ZKeewU="></latexit><latexit sha1_base64="SmD+XwnU0oWUrMRzzRI1vGNNkfQ="></latexit><latexit sha1_base64="ArnimTXHa9CQAp1OVfYDX7HNtM0="></latexit><latexit sha1_base64="ArnimTXHa9CQAp1OVfYDX7HNtM0="></latexit><latexit sha1_base64="ArnimTXHa9CQAp1OVfYDX7HNtM0="></latexit><latexit sha1_base64="ArnimTXHa9CQAp1OVfYDX7HNtM0="></latexit><latexit sha1_base64="ArnimTXHa9CQAp1OVfYDX7HNtM0="></latexit><latexit sha1_base64="ArnimTXHa9CQAp1OVfYDX7HNtM0="></latexit>
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<latexit sha1_base64="zz3QVt7UaFWmPqS7buk5fLBbhsk="></latexit><latexit sha1_base64="zz3QVt7UaFWmPqS7buk5fLBbhsk="></latexit><latexit sha1_base64="zz3QVt7UaFWmPqS7buk5fLBbhsk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="/WSisnjpkqreqJvtAd4twQvq7Sc="></latexit><latexit sha1_base64="/WSisnjpkqreqJvtAd4twQvq7Sc="></latexit><latexit sha1_base64="CziwV5jnoOg96ih6nuwtkBrsqS4="></latexit><latexit sha1_base64="zz3QVt7UaFWmPqS7buk5fLBbhsk="></latexit><latexit sha1_base64="zz3QVt7UaFWmPqS7buk5fLBbhsk="></latexit><latexit sha1_base64="zz3QVt7UaFWmPqS7buk5fLBbhsk="></latexit><latexit sha1_base64="zz3QVt7UaFWmPqS7buk5fLBbhsk="></latexit><latexit sha1_base64="zz3QVt7UaFWmPqS7buk5fLBbhsk="></latexit><latexit sha1_base64="zz3QVt7UaFWmPqS7buk5fLBbhsk="></latexit>
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<latexit sha1_base64="nkeBV6NQpnNk5bLmZr3h6Nrnekc="></latexit><latexit sha1_base64="nkeBV6NQpnNk5bLmZr3h6Nrnekc="></latexit><latexit sha1_base64="nkeBV6NQpnNk5bLmZr3h6Nrnekc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="88ugno5+MqGuGnq4XkM6kk1qCso="></latexit><latexit sha1_base64="88ugno5+MqGuGnq4XkM6kk1qCso="></latexit><latexit sha1_base64="oGdLrT2vq52tEyNgSTQcMQL+nAE="></latexit><latexit sha1_base64="nkeBV6NQpnNk5bLmZr3h6Nrnekc="></latexit><latexit sha1_base64="nkeBV6NQpnNk5bLmZr3h6Nrnekc="></latexit><latexit sha1_base64="nkeBV6NQpnNk5bLmZr3h6Nrnekc="></latexit><latexit sha1_base64="nkeBV6NQpnNk5bLmZr3h6Nrnekc="></latexit><latexit sha1_base64="nkeBV6NQpnNk5bLmZr3h6Nrnekc="></latexit><latexit sha1_base64="nkeBV6NQpnNk5bLmZr3h6Nrnekc="></latexit>
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<latexit sha1_base64="h0UEReM6sQmlRfWqL1ImWp3F7MI="></latexit><latexit sha1_base64="h0UEReM6sQmlRfWqL1ImWp3F7MI="></latexit><latexit sha1_base64="h0UEReM6sQmlRfWqL1ImWp3F7MI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="5Ra6lyZFAEL7whrWGz6R6ZPpkKk="></latexit><latexit sha1_base64="5Ra6lyZFAEL7whrWGz6R6ZPpkKk="></latexit><latexit sha1_base64="MTuCMhQ92rNdB4nelDs+wilTmxQ="></latexit><latexit sha1_base64="h0UEReM6sQmlRfWqL1ImWp3F7MI="></latexit><latexit sha1_base64="h0UEReM6sQmlRfWqL1ImWp3F7MI="></latexit><latexit sha1_base64="h0UEReM6sQmlRfWqL1ImWp3F7MI="></latexit><latexit sha1_base64="h0UEReM6sQmlRfWqL1ImWp3F7MI="></latexit><latexit sha1_base64="h0UEReM6sQmlRfWqL1ImWp3F7MI="></latexit><latexit sha1_base64="h0UEReM6sQmlRfWqL1ImWp3F7MI="></latexit>
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<latexit sha1_base64="pptQCM4C5xlrWo7ficHBbyybuss="></latexit><latexit sha1_base64="pptQCM4C5xlrWo7ficHBbyybuss="></latexit><latexit sha1_base64="pptQCM4C5xlrWo7ficHBbyybuss="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hUhgGLD3cPZ/taNV4MopJSLQ/kM="></latexit><latexit sha1_base64="hUhgGLD3cPZ/taNV4MopJSLQ/kM="></latexit><latexit sha1_base64="c8eUkXxyKUlYOxOXfXoyde8kvk4="></latexit><latexit sha1_base64="pptQCM4C5xlrWo7ficHBbyybuss="></latexit><latexit sha1_base64="pptQCM4C5xlrWo7ficHBbyybuss="></latexit><latexit sha1_base64="pptQCM4C5xlrWo7ficHBbyybuss="></latexit><latexit sha1_base64="pptQCM4C5xlrWo7ficHBbyybuss="></latexit><latexit sha1_base64="pptQCM4C5xlrWo7ficHBbyybuss="></latexit><latexit sha1_base64="pptQCM4C5xlrWo7ficHBbyybuss="></latexit>
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<latexit sha1_base64="x2A5CWDQYqoTc3IcMrIkV/BPBew="></latexit><latexit sha1_base64="x2A5CWDQYqoTc3IcMrIkV/BPBew="></latexit><latexit sha1_base64="x2A5CWDQYqoTc3IcMrIkV/BPBew="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="uKaYT7vU13VFtz/YV4NZejqnmZU="></latexit><latexit sha1_base64="uKaYT7vU13VFtz/YV4NZejqnmZU="></latexit><latexit sha1_base64="BiwOrfmJ1n0MtUPU9RXvZdx3MqA="></latexit><latexit sha1_base64="x2A5CWDQYqoTc3IcMrIkV/BPBew="></latexit><latexit sha1_base64="x2A5CWDQYqoTc3IcMrIkV/BPBew="></latexit><latexit sha1_base64="x2A5CWDQYqoTc3IcMrIkV/BPBew="></latexit><latexit sha1_base64="x2A5CWDQYqoTc3IcMrIkV/BPBew="></latexit><latexit sha1_base64="x2A5CWDQYqoTc3IcMrIkV/BPBew="></latexit><latexit sha1_base64="x2A5CWDQYqoTc3IcMrIkV/BPBew="></latexit>
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・The origin of threshold enhancement
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3. Results

D̄⇡
<latexit sha1_base64="V7DGiQeHuyp36wD11lMp3bX/7rA="></latexit><latexit sha1_base64="V7DGiQeHuyp36wD11lMp3bX/7rA="></latexit><latexit sha1_base64="V7DGiQeHuyp36wD11lMp3bX/7rA="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="uBmLsk/O60HJPhaBZ8AyFHdF/34="></latexit><latexit sha1_base64="uBmLsk/O60HJPhaBZ8AyFHdF/34="></latexit><latexit sha1_base64="swxjgvef3Lk1I7+haboS5PopZ4Y="></latexit><latexit sha1_base64="V7DGiQeHuyp36wD11lMp3bX/7rA="></latexit><latexit sha1_base64="V7DGiQeHuyp36wD11lMp3bX/7rA="></latexit><latexit sha1_base64="V7DGiQeHuyp36wD11lMp3bX/7rA="></latexit><latexit sha1_base64="V7DGiQeHuyp36wD11lMp3bX/7rA="></latexit><latexit sha1_base64="V7DGiQeHuyp36wD11lMp3bX/7rA="></latexit><latexit sha1_base64="V7DGiQeHuyp36wD11lMp3bX/7rA="></latexit>
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<latexit sha1_base64="btUMn5BUG1dp1dwKXdiL/Nh8nAQ="></latexit><latexit sha1_base64="btUMn5BUG1dp1dwKXdiL/Nh8nAQ="></latexit><latexit sha1_base64="btUMn5BUG1dp1dwKXdiL/Nh8nAQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="z0+r8UtECnfffuJ6+BORaDbd7wc="></latexit><latexit sha1_base64="z0+r8UtECnfffuJ6+BORaDbd7wc="></latexit><latexit sha1_base64="fgq+ZWtWAR52+oVB68YIg5wl+Ac="></latexit><latexit sha1_base64="btUMn5BUG1dp1dwKXdiL/Nh8nAQ="></latexit><latexit sha1_base64="btUMn5BUG1dp1dwKXdiL/Nh8nAQ="></latexit><latexit sha1_base64="btUMn5BUG1dp1dwKXdiL/Nh8nAQ="></latexit><latexit sha1_base64="btUMn5BUG1dp1dwKXdiL/Nh8nAQ="></latexit><latexit sha1_base64="btUMn5BUG1dp1dwKXdiL/Nh8nAQ="></latexit><latexit sha1_base64="btUMn5BUG1dp1dwKXdiL/Nh8nAQ="></latexit>

mD̄⇤
0

= m +
�m

2f⇡
�0 � �D̄⇤

0
<latexit sha1_base64="Qv7/K5U6R4v5oLwLoyei0hkm9Dk="></latexit><latexit sha1_base64="Qv7/K5U6R4v5oLwLoyei0hkm9Dk="></latexit><latexit sha1_base64="Qv7/K5U6R4v5oLwLoyei0hkm9Dk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="kP4t3MghDNqxL00/yGvCg7PojEs="></latexit><latexit sha1_base64="kP4t3MghDNqxL00/yGvCg7PojEs="></latexit><latexit sha1_base64="5QKgD42WlvuTN+XHgF32ctv5cr8="></latexit><latexit sha1_base64="Qv7/K5U6R4v5oLwLoyei0hkm9Dk="></latexit><latexit sha1_base64="Qv7/K5U6R4v5oLwLoyei0hkm9Dk="></latexit><latexit sha1_base64="Qv7/K5U6R4v5oLwLoyei0hkm9Dk="></latexit><latexit sha1_base64="Qv7/K5U6R4v5oLwLoyei0hkm9Dk="></latexit><latexit sha1_base64="Qv7/K5U6R4v5oLwLoyei0hkm9Dk="></latexit><latexit sha1_base64="Qv7/K5U6R4v5oLwLoyei0hkm9Dk="></latexit>

�D̄, �D̄⇤
0

<latexit sha1_base64="qw5wV7bW8ZtxSHmA4g3/fT4xM/o="></latexit><latexit sha1_base64="qw5wV7bW8ZtxSHmA4g3/fT4xM/o="></latexit><latexit sha1_base64="qw5wV7bW8ZtxSHmA4g3/fT4xM/o="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="AaYh1S5xbzkSCplfXGkO6BVbMmA="></latexit><latexit sha1_base64="AaYh1S5xbzkSCplfXGkO6BVbMmA="></latexit><latexit sha1_base64="AHfCRYFEFBQz9iguT5YJyfQqPoo="></latexit><latexit sha1_base64="qw5wV7bW8ZtxSHmA4g3/fT4xM/o="></latexit><latexit sha1_base64="qw5wV7bW8ZtxSHmA4g3/fT4xM/o="></latexit><latexit sha1_base64="qw5wV7bW8ZtxSHmA4g3/fT4xM/o="></latexit><latexit sha1_base64="qw5wV7bW8ZtxSHmA4g3/fT4xM/o="></latexit><latexit sha1_base64="qw5wV7bW8ZtxSHmA4g3/fT4xM/o="></latexit><latexit sha1_base64="qw5wV7bW8ZtxSHmA4g3/fT4xM/o="></latexit>

are added by
the violation of HQSS
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<latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="kMltGc9umDM+XkPCiEUv2gAVPSU="></latexit><latexit sha1_base64="kMltGc9umDM+XkPCiEUv2gAVPSU="></latexit><latexit sha1_base64="bLt4iZURgmep2+rQjIsjF0esc9I="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit>

× ×

× ×

s0 = 2.04 GeV
<latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="1IgGH2AhZpmCK9UGL1adEBugiMs="></latexit><latexit sha1_base64="1IgGH2AhZpmCK9UGL1adEBugiMs="></latexit><latexit sha1_base64="UnwA6MIf1IDUqbw7ChPAeXHzzTQ="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit>

s0 = 2.06 GeV
<latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="SKO0uODAzPMH0qTfvMtuo3CLHbg="></latexit><latexit sha1_base64="SKO0uODAzPMH0qTfvMtuo3CLHbg="></latexit><latexit sha1_base64="qTDFRhl0oHyXVMr/GYMjLpX7tkE="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit>

s0 = 2.08 GeV
<latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="ruSpIItKJqlDaHs/CMiIwsxseIc="></latexit><latexit sha1_base64="ruSpIItKJqlDaHs/CMiIwsxseIc="></latexit><latexit sha1_base64="1PGsdFA5rMR1BL2dkF0Gs5IhEgs="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit>

s0 = 2.09 GeV
<latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="eKqEiCFATvquwR1A9yHN0zUXN2U="></latexit><latexit sha1_base64="eKqEiCFATvquwR1A9yHN0zUXN2U="></latexit><latexit sha1_base64="PL7QdQkcnyzoH6p+C9+7+kPm0LQ="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit>
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<latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="kMltGc9umDM+XkPCiEUv2gAVPSU="></latexit><latexit sha1_base64="kMltGc9umDM+XkPCiEUv2gAVPSU="></latexit><latexit sha1_base64="bLt4iZURgmep2+rQjIsjF0esc9I="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit><latexit sha1_base64="m7PKTHNetzGV0A3gpzyV/FWeTSM="></latexit>

× ×

× ×

s0 = 2.04 GeV
<latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="1IgGH2AhZpmCK9UGL1adEBugiMs="></latexit><latexit sha1_base64="1IgGH2AhZpmCK9UGL1adEBugiMs="></latexit><latexit sha1_base64="UnwA6MIf1IDUqbw7ChPAeXHzzTQ="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit><latexit sha1_base64="8nd27AFZu5pn48W/1kJQRsktjNI="></latexit>

s0 = 2.06 GeV
<latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="SKO0uODAzPMH0qTfvMtuo3CLHbg="></latexit><latexit sha1_base64="SKO0uODAzPMH0qTfvMtuo3CLHbg="></latexit><latexit sha1_base64="qTDFRhl0oHyXVMr/GYMjLpX7tkE="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit><latexit sha1_base64="a5HSnkHnPQgJO4+2Njv/++uGYR4="></latexit>

s0 = 2.08 GeV
<latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="ruSpIItKJqlDaHs/CMiIwsxseIc="></latexit><latexit sha1_base64="ruSpIItKJqlDaHs/CMiIwsxseIc="></latexit><latexit sha1_base64="1PGsdFA5rMR1BL2dkF0Gs5IhEgs="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit><latexit sha1_base64="Cuvve/teo7U1WgZ9D2P4dmClTK0="></latexit>

s0 = 2.09 GeV
<latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="eKqEiCFATvquwR1A9yHN0zUXN2U="></latexit><latexit sha1_base64="eKqEiCFATvquwR1A9yHN0zUXN2U="></latexit><latexit sha1_base64="PL7QdQkcnyzoH6p+C9+7+kPm0LQ="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit><latexit sha1_base64="/YrCcxXIJRytNLJh7KsHCPVr200="></latexit>
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・Go back to the results
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D̄ + ⇡

m0 = 700 MeV

3. Results

⇢B = 0.25⇢0
<latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="okmeQlgo4vax62Mb1l2brIiV7Mc="></latexit><latexit sha1_base64="okmeQlgo4vax62Mb1l2brIiV7Mc="></latexit><latexit sha1_base64="1QpJkfCcFAzCh9ZcaxjSnF9OD2o="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit><latexit sha1_base64="nzGrJzP8Do9/2TvMrlAfi/qFVvw="></latexit>

⇢B = 0.5⇢0
<latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit><latexit sha1_base64="mcwXbmq0nG+jNqFJ2s+xheahG1U="></latexit>

⇢B = ⇢0
<latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit><latexit sha1_base64="KUP8W8DAWPBjH4pOO4FBmS06Yfk="></latexit>
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・Chiral partner structure
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・One loop calculation
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・Future prospect
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