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- QCD Lagrangian for light quarks has chiral symmetry (when             )

・”Symmetry” of light quarks

Introduction

<latexit sha1_base64="xlVjSf9/lRb3sbY3R6rrihQDNAg="></latexit>

@µj
µ
R = 0

<latexit sha1_base64="uRSMsGHSnWK8trOt+qHdRye8X9Y="></latexit>

@µj
µ
L = 0

separately conserved
right-handed

left-handed (at classical level)

Noether theorem

<latexit sha1_base64="yOBapaMAleLInpa73ozH54hLzsc="></latexit>

mq ⇡ 0

quarks
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- QCD Lagrangian for light quarks has chiral symmetry (when             )

・”Symmetry” of light quarks

Nambu-Jona-Lasinio (1961)

Introduction
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@µj
µ
R = 0
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@µj
µ
L = 0

separately conserved
right-handed

left-handed (at classical level)

Noether theorem

- Vacuum breaks chiral symmetry (spontaneous symmetry breaking: SSB)

in reality

- The vacuum is occupied by chiral condensates

SSB
empty QCD vacuum

Mass generation mq ⇠ 5MeV ! Mq ⇠ 300MeV
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mq ⇡ 0

(false vacuum)
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- Chiral symmetry breaking is useful to understand light hadrons

・Chiral models

Introduction

- Chiral perturbation theory (ChPT) → systematics for NG bosons
<latexit sha1_base64="2zI8k9/HrVW2L1W6WUoBegAUj3w="></latexit>

L =
f2
⇡

4
Tr[@µU

†@µU ] + · · ·Callan-Coleman-Wess-Zumino (1969), Weinberg (1979),
Gasser-Leutwyler (1984, 1985), Ecker (1995)

eg, Weinberg (1990, 1991)

→ Hidden local symmetry (ChPT with vector mesons), baryon ChPT, etc.
Harada-Yamawaki (2003)

(nonlinear rep.)

- Low-energy theorems for      and
(Goldberger-Treiman relation, sum rules, Gell-Mann-Oakes-Renner relation, etc.)

textbook by Cheng-Li
<latexit sha1_base64="be936NIQNpLZbGnOSwY6t8AN6eI="></latexit>

N <latexit sha1_base64="OXwHuTtSz3FhPOQXwfNLPe9vWA0="></latexit>⇡
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- Chiral symmetry breaking is useful to understand light hadrons

- Low-energy theorems for      and

・Chiral models

Introduction

(Goldberger-Treiman relation, sum rules, Gell-Mann-Oakes-Renner relation, etc.)

<latexit sha1_base64="2zI8k9/HrVW2L1W6WUoBegAUj3w="></latexit>

L =
f2
⇡

4
Tr[@µU

†@µU ] + · · ·Callan-Coleman-Wess-Zumino (1969), Weinberg (1979),
Gasser-Leutwyler (1984, 1985), Ecker (1995)

eg, Weinberg (1990, 1991)

→ Hidden local symmetry (ChPT with vector mesons), baryon ChPT, etc.
Harada-Yamawaki (2003)

textbook by Cheng-Li

- Predictions of hadrons at finite temperature/density 
with chiral symmetry restoration eg, Hatsuda-Kunihiro (1994)

Many model-independent relations, systematics, and predictions!
・
・

(nonlinear rep.)

(linear rep.)

<latexit sha1_base64="be936NIQNpLZbGnOSwY6t8AN6eI="></latexit>

N <latexit sha1_base64="OXwHuTtSz3FhPOQXwfNLPe9vWA0="></latexit>⇡

- Chiral perturbation theory (ChPT) → systematics for NG bosons
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- Heavy-quark spin symmetry (HQSS) emerges 

・Symmetry of heavy hadrons

Introduction

<latexit sha1_base64="1o+Ss9Bkic02d/GZE+68eflPRYo="></latexit>c

<latexit sha1_base64="8kBD5+FyHJPkZEme66YfEd4io5o="></latexit>

D⇤ ! D ⇡

spin of a heavy quark is conserved (cf, NR quantum mechanics)

degenerate ← HQSS (suppression of magnetic int.)

<latexit sha1_base64="Bs08zzCq9h1VNVjuh5ctptyj4pw="></latexit>

2q ⌦ 2c = 1D � 3D⇤

cf, in NR quark model
<latexit sha1_base64="SSCZFSyrVL1Xy1qgnJMCqWuO7pA="></latexit>

Hspin / ~sq · ~sc
mqmc

! 0 (for mc ! 1)

- For example, spin decomposition for D mesons           reads<latexit sha1_base64="1o+Ss9Bkic02d/GZE+68eflPRYo="></latexit>c

no splitting in
<latexit sha1_base64="fpEWh9xIMxhEHtDGP58Us4zGyGk="></latexit>

(D,D⇤)

- When focusing on, eg

<latexit sha1_base64="pFY3bmJaf/rjZ+jVJDLxou/XRAw="></latexit>

D⇤ <latexit sha1_base64="m0Jmqxo/R1V5CEAR6Uo6Q26uw3s="></latexit>

D

<latexit sha1_base64="OXwHuTtSz3FhPOQXwfNLPe9vWA0="></latexit>⇡

<latexit sha1_base64="Vz16pyADF7QmQUYNhikCCgC4zFQ="></latexit>

q̄

<latexit sha1_base64="Vz16pyADF7QmQUYNhikCCgC4zFQ="></latexit>

q̄
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- Heavy-quark spin symmetry (HQSS) emerges 

・Symmetry of heavy hadrons

Introduction
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spin of a heavy quark is conserved (cf, NR quantum mechanics)

degenerate ← HQSS (suppression of magnetic int.)
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2q ⌦ 2c = 1D � 3D⇤

cf, in NR quark model
<latexit sha1_base64="SSCZFSyrVL1Xy1qgnJMCqWuO7pA="></latexit>

Hspin / ~sq · ~sc
mqmc

! 0 (for mc ! 1)

- For example, spin decomposition for D mesons           reads<latexit sha1_base64="1o+Ss9Bkic02d/GZE+68eflPRYo="></latexit>c

no splitting in
<latexit sha1_base64="fpEWh9xIMxhEHtDGP58Us4zGyGk="></latexit>

(D,D⇤)

- When focusing on, eg

quark serves as a spectator with HQSS<latexit sha1_base64="1o+Ss9Bkic02d/GZE+68eflPRYo="></latexit>c

<latexit sha1_base64="pFY3bmJaf/rjZ+jVJDLxou/XRAw="></latexit>
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D
Dynamics is governed the light sector
with chiral symmetry

<latexit sha1_base64="OXwHuTtSz3FhPOQXwfNLPe9vWA0="></latexit>⇡

textbook by Manohar-Wise
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- Chiral model for heavy-light mesons with chiral partner structure

・Heavy hadrons in chiral models so far

Introduction

Nowak-Rho-Zahed (1993), Bardeen-Hill (1994)

<latexit sha1_base64="0G5DlNJdmkSyF/wBBI7WunI8pyg="></latexit>

M(0+)�M(0�) = M(1+)�M(1�) = g⇡f⇡

(extended GT relation)

→ Predictions at finite temperature/density/volume with chiral symmetry restoration

for other approaches: 
Skyrmion crystal: Suenaga-He-Ma-Harada (2015)
Sum rule: Buchheim-Hilger-Kämpfer-Leupold (2018)
BS approach: Montaña-Ramos-Tolós-Torres-Rincon (2020)

tends to degenerate→

<latexit sha1_base64="sBZX40dvkpqZGBvdMvCn1aYXWBc="></latexit>

D(0+), D(1+)

<latexit sha1_base64="UkAFI7FVe8SPwD1EcB2M175Vmqc="></latexit>

D(0�), D(1�)

<latexit sha1_base64="OXwHuTtSz3FhPOQXwfNLPe9vWA0="></latexit>⇡
<latexit sha1_base64="dvHIJA9EBO04eMkg3jsIsBuATVg="></latexit>g⇡

<latexit sha1_base64="Rjkfy/p4kPFCcef5eDkd94pZ2yE="></latexit>

�M =
<latexit sha1_base64="UW8ZFXWHGEG96csi0aSCsXpGjmM="></latexit>

�M

<latexit sha1_base64="NGB1V0XgplfytnDEt9e6HXzxz8U="></latexit>

�M⇤ = g⇡f
⇤
⇡ ! 0 (f⇤

⇡ ! 0)

Sasaki (2014), Suenaga-Yasui-Harada (2017), Ishikawa-Nakayama-Suenaga-Suzuki (2019)

chiral restoration

<latexit sha1_base64="1b/XiOFDzOzewy01cufULCnlfpE="></latexit>

D(D̄) meson in medium
information on chiral 
restoration there

<latexit sha1_base64="1o+Ss9Bkic02d/GZE+68eflPRYo="></latexit>c
<latexit sha1_base64="Vz16pyADF7QmQUYNhikCCgC4zFQ="></latexit>

q̄

Relation between masses and decay widths

<latexit sha1_base64="65x7yIi6VLxvJScnnZU79WdIXSY="></latexit>

D(0�)

<latexit sha1_base64="ZSdQR5yFA3cs27JIC9BQk6mHZ7w="></latexit>

D⇤
0(0

+)
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- Chiral model for singly heavy baryons

・Heavy hadrons in chiral models so far

Introduction

Kawakami-Harada (2018, 2019), Harada-Liu-Oka-Suzuki (2020), Dmitrasinovic-Chen (2020), 
Kawakami-Harada-Oka-Suzuki (2020), Suenaga-Hosaka (2021,2022)

(→later in detail)

- Chiral model for doubly heavy baryons Bardeen-Eichten-Hill (2003), Ma-Harada (2015, 2016, 2017)

- Useful information for molecule picture of exotic hadrons

eg, Yamaguchi-Hosaka-Takeuchi-Takizawa (2020) <latexit sha1_base64="/PqQElvqjl24eVj3AN9ooYvB2N8="></latexit>⇡ · · ·
<latexit sha1_base64="3W+juiZEpUNt90apuwd5j/tvYBw="></latexit>

⌃(⇤)
c

<latexit sha1_base64="6Cy8zyEKhl7hMqP5taKDcfKDcgY="></latexit>

D̄(⇤)

contributions to pentaquark

<latexit sha1_base64="GR0D2+XiM3B1avljjjOmdpd+A8U="></latexit>

Q

<latexit sha1_base64="GR0D2+XiM3B1avljjjOmdpd+A8U="></latexit>

Q
<latexit sha1_base64="yzWJZNuoKQ7063YwydY14WE00Qo="></latexit>q

<latexit sha1_base64="jQ5HqWzxI7R7SUoszufpfyelpLY="></latexit>

Q̄

<latexit sha1_base64="yzWJZNuoKQ7063YwydY14WE00Qo="></latexit>q Analog of heavy-light mesons
when focusing on chiral symmetry  
(Both have one   )

<latexit sha1_base64="yzWJZNuoKQ7063YwydY14WE00Qo="></latexit>q

<latexit sha1_base64="GR0D2+XiM3B1avljjjOmdpd+A8U="></latexit>

Q

<latexit sha1_base64="yzWJZNuoKQ7063YwydY14WE00Qo="></latexit>q <latexit sha1_base64="yzWJZNuoKQ7063YwydY14WE00Qo="></latexit>q

→ prediction of mass spectrum, decay widths, etc.

(hadronic molecule)
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- SHBs are useful to understand chiral symmetry for diquarks

・Singly heavy baryons (SHBs)

Introduction

<latexit sha1_base64="GR0D2+XiM3B1avljjjOmdpd+A8U="></latexit>

Qheavy quark

<latexit sha1_base64="Rh+mY+qFo8BCYdnOxkLvGLJ+u1U="></latexit>qqdiquark 

= spectator 

SHBs
- coupling with pions

- their change in medium
with chiral restoration

from chiral symmetry

<latexit sha1_base64="Rh+mY+qFo8BCYdnOxkLvGLJ+u1U="></latexit>qq

eg, Hong-Sohn-Zahed (2004)

- indication of diquark condensate

- Diquarks       from chiral symmetry viewpoint are less understood compared
to mesons

<latexit sha1_base64="EF/93piB3uwAHQZBAgBWY9R00z4="></latexit>

(qq)

- Diquark condensate is the
Cooper pair of two quarks
→ color superconductivity

dense matter
Alford-Schmitt
-Rajagopal-Schäfer
(2008)

(?)

<latexit sha1_base64="QEuIbiUtT+VcYJLd1XkgLKjbN6A="></latexit>

(q̄q)
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・SHB in chiral models

<latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)

<latexit sha1_base64="COr0G8XE2rXJwUL1sMN5fRexw0k="></latexit>

⇤c(g.s.)

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="fnRCCgdq84Orl1eA/kMA9PiVRSo="></latexit>

⌅c(g.s.)

<latexit sha1_base64="iRTKOMZuwvae0TsZdRb5SmW30KE="></latexit>

⌅c(2970)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+
<latexit sha1_base64="OlXZd0q6eUevERvnuKeJ4qmjB1g="></latexit>

⌃c(2455)

<latexit sha1_base64="NvYklSgw+JtfHrG4r0WZGtUjOyI="></latexit>

⌃c(2520)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="AzL0fUWFxYoq8HowtAtz+lSSy9I="></latexit>

3

2

+ <latexit sha1_base64="zx98NHMUQSq1hVzvHCFepmkNQcI="></latexit>

⌅0
c

<latexit sha1_base64="xL5U6Z2vpBtq23VUCB5he5ZUhiA="></latexit>

⌅c(2645)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="AzL0fUWFxYoq8HowtAtz+lSSy9I="></latexit>

3

2

+

mass

- Mass spectrum of SHB in charmed sector

(HQS-doublet)

(HQS-doublet)

Introduction

<latexit sha1_base64="W+MHno3xgfvI4nIIOiEoJlBFVek="></latexit>

⇤c(2595)

<latexit sha1_base64="Bz69jVL4l5e/AUjnyfF3kVOAt/E="></latexit>

⇤c(2625)
<latexit sha1_base64="yIX2aQT1X8k76elShjo2C5d/8A0="></latexit>

3

2

�

<latexit sha1_base64="L01iAG/3rTAglKfgxDe25SBMnoA="></latexit>

1

2

�

<latexit sha1_base64="yIX2aQT1X8k76elShjo2C5d/8A0="></latexit>

3

2

�

<latexit sha1_base64="L01iAG/3rTAglKfgxDe25SBMnoA="></latexit>

1

2

�<latexit sha1_base64="GL5tv5niTk5v3cVBdcggg8bJJZg="></latexit>

⌅c(2790)

<latexit sha1_base64="VP5/OtJfd15ipHIjwkBlB4K68t8="></latexit>

⌅c(2815)

(HQS-doublet)

(HQS-doublet)

<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="JLU27wTeWBKMVyGZ/yrntKucqYw="></latexit>

6
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="JLU27wTeWBKMVyGZ/yrntKucqYw="></latexit>

6
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄flavor-
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・SHB in chiral models

<latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)

<latexit sha1_base64="COr0G8XE2rXJwUL1sMN5fRexw0k="></latexit>

⇤c(g.s.)

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="fnRCCgdq84Orl1eA/kMA9PiVRSo="></latexit>

⌅c(g.s.)

<latexit sha1_base64="iRTKOMZuwvae0TsZdRb5SmW30KE="></latexit>

⌅c(2970)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+
<latexit sha1_base64="OlXZd0q6eUevERvnuKeJ4qmjB1g="></latexit>

⌃c(2455)

<latexit sha1_base64="NvYklSgw+JtfHrG4r0WZGtUjOyI="></latexit>

⌃c(2520)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="AzL0fUWFxYoq8HowtAtz+lSSy9I="></latexit>

3

2

+ <latexit sha1_base64="zx98NHMUQSq1hVzvHCFepmkNQcI="></latexit>

⌅0
c

<latexit sha1_base64="xL5U6Z2vpBtq23VUCB5he5ZUhiA="></latexit>

⌅c(2645)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="AzL0fUWFxYoq8HowtAtz+lSSy9I="></latexit>

3

2

+

mass

- Mass spectrum of SHB in charmed sector

(HQS-doublet)

(HQS-doublet)

Introduction

<latexit sha1_base64="W+MHno3xgfvI4nIIOiEoJlBFVek="></latexit>

⇤c(2595)

<latexit sha1_base64="Bz69jVL4l5e/AUjnyfF3kVOAt/E="></latexit>

⇤c(2625)
<latexit sha1_base64="yIX2aQT1X8k76elShjo2C5d/8A0="></latexit>

3

2

�

<latexit sha1_base64="L01iAG/3rTAglKfgxDe25SBMnoA="></latexit>

1

2

�

<latexit sha1_base64="yIX2aQT1X8k76elShjo2C5d/8A0="></latexit>

3

2

�

<latexit sha1_base64="L01iAG/3rTAglKfgxDe25SBMnoA="></latexit>

1

2

�<latexit sha1_base64="GL5tv5niTk5v3cVBdcggg8bJJZg="></latexit>

⌅c(2790)

<latexit sha1_base64="VP5/OtJfd15ipHIjwkBlB4K68t8="></latexit>

⌅c(2815)

(HQS-doublet)

(HQS-doublet)

<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="JLU27wTeWBKMVyGZ/yrntKucqYw="></latexit>

6
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="JLU27wTeWBKMVyGZ/yrntKucqYw="></latexit>

6
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄flavor-

- Previous works on SHB in chiral models have been mostly devoted
to rather lower states (and their chiral partners)

Kawakami-Harada (2018, 2019), Harada-Liu-Oka-Suzuki (2020)  
Dmitrasinovic-Chen (2020), Kawakami-Harada-Oka-Suzuki (2020)
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・Previous works
<latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)

<latexit sha1_base64="COr0G8XE2rXJwUL1sMN5fRexw0k="></latexit>

⇤c(g.s.)

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="fnRCCgdq84Orl1eA/kMA9PiVRSo="></latexit>

⌅c(g.s.)

<latexit sha1_base64="iRTKOMZuwvae0TsZdRb5SmW30KE="></latexit>

⌅c(2970)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+
<latexit sha1_base64="OlXZd0q6eUevERvnuKeJ4qmjB1g="></latexit>

⌃c(2455)

<latexit sha1_base64="NvYklSgw+JtfHrG4r0WZGtUjOyI="></latexit>

⌃c(2520)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="AzL0fUWFxYoq8HowtAtz+lSSy9I="></latexit>

3

2

+ <latexit sha1_base64="zx98NHMUQSq1hVzvHCFepmkNQcI="></latexit>

⌅0
c

<latexit sha1_base64="xL5U6Z2vpBtq23VUCB5he5ZUhiA="></latexit>

⌅c(2645)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="AzL0fUWFxYoq8HowtAtz+lSSy9I="></latexit>

3

2

+

mass

(HQS-doublet)

(HQS-doublet)

Introduction

<latexit sha1_base64="W+MHno3xgfvI4nIIOiEoJlBFVek="></latexit>

⇤c(2595)

<latexit sha1_base64="Bz69jVL4l5e/AUjnyfF3kVOAt/E="></latexit>

⇤c(2625)
<latexit sha1_base64="yIX2aQT1X8k76elShjo2C5d/8A0="></latexit>

3

2

�

<latexit sha1_base64="L01iAG/3rTAglKfgxDe25SBMnoA="></latexit>

1

2

�

<latexit sha1_base64="yIX2aQT1X8k76elShjo2C5d/8A0="></latexit>

3

2

�

<latexit sha1_base64="L01iAG/3rTAglKfgxDe25SBMnoA="></latexit>

1

2

�<latexit sha1_base64="GL5tv5niTk5v3cVBdcggg8bJJZg="></latexit>

⌅c(2790)

<latexit sha1_base64="VP5/OtJfd15ipHIjwkBlB4K68t8="></latexit>

⌅c(2815)

(HQS-doublet)

(HQS-doublet)

<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="JLU27wTeWBKMVyGZ/yrntKucqYw="></latexit>

6
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="JLU27wTeWBKMVyGZ/yrntKucqYw="></latexit>

6
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄flavor-

Kawakami-Harada (2018, 2019), Harada-Liu-Oka-Suzuki (2020)  
Dmitrasinovic-Chen (2020), Kawakami-Harada-Oka-Suzuki (2020)

i, j, k : flavor index
<latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="M/t916LN9+Kt1Fde3u88ic42Cos="></latexit><latexit sha1_base64="M/t916LN9+Kt1Fde3u88ic42Cos="></latexit><latexit sha1_base64="MpwrAso2TMMkNCj/VJPdd3/NCt4="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit>

a, b, c : color index
<latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="PBOZU5SWQK5COinuInDCTn3KUzU="></latexit><latexit sha1_base64="PBOZU5SWQK5COinuInDCTn3KUzU="></latexit><latexit sha1_base64="3BBU9BbatqOAhMyH99PySEcms0w="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit>

with <latexit sha1_base64="7me0CGf+jcoVI3X5kt6dpuXFGXw="></latexit>

(d̃)a,µij ⇠ ✏abc(qTL )
b
jC�µ(qR)

c
iwith

<latexit sha1_base64="hPYVqYgWIAn9LLuaYgI587EKdU0="></latexit>

Sij ⇠ Qa(d̃)a,µij = Qq(d̃)a,µ{i,j} +Qq(d̃)a,µ[i,j]

<latexit sha1_base64="T6VwMHV16wEuYg/UM6ZT3BBMzC4="></latexit>

B+,i ⇠ Qa(dR)
a
i �Qa(dL)

a
i

<latexit sha1_base64="cs3lMux7zbkUP3QsIin7Ff0Gzpc="></latexit>

B+,i

<latexit sha1_base64="d7Qu+Cj91tlFAY1jW8MbZ0NOTKc="></latexit>

Sij

<latexit sha1_base64="NN7OyX7WQb57/RYrP3feFCzQxpw="></latexit>

(1, 3̄)
<latexit sha1_base64="to/8ivHOnKO7x95ayROYSu4xfpY="></latexit>

(3̄, 1)and
<latexit sha1_base64="/Ehs47+hCFtyVTF0CNH73PgQrDg="></latexit>

(3, 3)

<latexit sha1_base64="UpFb/H6VjNb5UkJawf8DpFm24dA="></latexit>

(dR)
a
i ⇠ ✏ijk✏

abc(qTR)
b
jC(qR)

c
k

<latexit sha1_base64="VbmFQXE5aRvGcJD73ddKgKEEfPk="></latexit>

(dL)
a
i ⇠ ✏ijk✏

abc(qTL )
b
jC(qL)

c
k

- Inverse mass hierarchy of diquarks, mass spectrum, predictions of 
EM decays, predictions on chiral partners, etc.
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・Previous works
<latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)

<latexit sha1_base64="COr0G8XE2rXJwUL1sMN5fRexw0k="></latexit>

⇤c(g.s.)

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="fnRCCgdq84Orl1eA/kMA9PiVRSo="></latexit>

⌅c(g.s.)

<latexit sha1_base64="iRTKOMZuwvae0TsZdRb5SmW30KE="></latexit>

⌅c(2970)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+
<latexit sha1_base64="OlXZd0q6eUevERvnuKeJ4qmjB1g="></latexit>

⌃c(2455)

<latexit sha1_base64="NvYklSgw+JtfHrG4r0WZGtUjOyI="></latexit>

⌃c(2520)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="AzL0fUWFxYoq8HowtAtz+lSSy9I="></latexit>

3

2

+ <latexit sha1_base64="zx98NHMUQSq1hVzvHCFepmkNQcI="></latexit>

⌅0
c

<latexit sha1_base64="xL5U6Z2vpBtq23VUCB5he5ZUhiA="></latexit>

⌅c(2645)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="AzL0fUWFxYoq8HowtAtz+lSSy9I="></latexit>

3

2

+

mass

(HQS-doublet)

(HQS-doublet)

Introduction

<latexit sha1_base64="W+MHno3xgfvI4nIIOiEoJlBFVek="></latexit>

⇤c(2595)

<latexit sha1_base64="Bz69jVL4l5e/AUjnyfF3kVOAt/E="></latexit>

⇤c(2625)
<latexit sha1_base64="yIX2aQT1X8k76elShjo2C5d/8A0="></latexit>

3

2

�

<latexit sha1_base64="L01iAG/3rTAglKfgxDe25SBMnoA="></latexit>

1

2

�

<latexit sha1_base64="yIX2aQT1X8k76elShjo2C5d/8A0="></latexit>

3

2

�

<latexit sha1_base64="L01iAG/3rTAglKfgxDe25SBMnoA="></latexit>

1

2

�<latexit sha1_base64="GL5tv5niTk5v3cVBdcggg8bJJZg="></latexit>

⌅c(2790)

<latexit sha1_base64="VP5/OtJfd15ipHIjwkBlB4K68t8="></latexit>

⌅c(2815)

(HQS-doublet)

(HQS-doublet)

<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="JLU27wTeWBKMVyGZ/yrntKucqYw="></latexit>

6
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="JLU27wTeWBKMVyGZ/yrntKucqYw="></latexit>

6
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄
<latexit sha1_base64="Di03Au/mzeP2sA8f5q3EY5lrWXE="></latexit>

3̄flavor-

Kawakami-Harada (2018, 2019), Harada-Liu-Oka-Suzuki (2020)  
Dmitrasinovic-Chen (2020), Kawakami-Harada-Oka-Suzuki (2020)

i, j, k : flavor index
<latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="M/t916LN9+Kt1Fde3u88ic42Cos="></latexit><latexit sha1_base64="M/t916LN9+Kt1Fde3u88ic42Cos="></latexit><latexit sha1_base64="MpwrAso2TMMkNCj/VJPdd3/NCt4="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit>

a, b, c : color index
<latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="PBOZU5SWQK5COinuInDCTn3KUzU="></latexit><latexit sha1_base64="PBOZU5SWQK5COinuInDCTn3KUzU="></latexit><latexit sha1_base64="3BBU9BbatqOAhMyH99PySEcms0w="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit>

with <latexit sha1_base64="7me0CGf+jcoVI3X5kt6dpuXFGXw="></latexit>

(d̃)a,µij ⇠ ✏abc(qTL )
b
jC�µ(qR)

c
iwith

<latexit sha1_base64="hPYVqYgWIAn9LLuaYgI587EKdU0="></latexit>

Sij ⇠ Qa(d̃)a,µij = Qq(d̃)a,µ{i,j} +Qq(d̃)a,µ[i,j]

<latexit sha1_base64="T6VwMHV16wEuYg/UM6ZT3BBMzC4="></latexit>

B+,i ⇠ Qa(dR)
a
i �Qa(dL)

a
i

<latexit sha1_base64="cs3lMux7zbkUP3QsIin7Ff0Gzpc="></latexit>

B+,i

<latexit sha1_base64="d7Qu+Cj91tlFAY1jW8MbZ0NOTKc="></latexit>

Sij

<latexit sha1_base64="NN7OyX7WQb57/RYrP3feFCzQxpw="></latexit>

(1, 3̄)
<latexit sha1_base64="to/8ivHOnKO7x95ayROYSu4xfpY="></latexit>

(3̄, 1)and
<latexit sha1_base64="/Ehs47+hCFtyVTF0CNH73PgQrDg="></latexit>

(3, 3)

<latexit sha1_base64="UpFb/H6VjNb5UkJawf8DpFm24dA="></latexit>

(dR)
a
i ⇠ ✏ijk✏

abc(qTR)
b
jC(qR)

c
k

<latexit sha1_base64="VbmFQXE5aRvGcJD73ddKgKEEfPk="></latexit>

(dL)
a
i ⇠ ✏ijk✏

abc(qTL )
b
jC(qL)

c
k

In my work

- Inverse mass hierarchy of diquarks, mass spectrum, predictions of 
EM decays, predictions on chiral partners, etc.
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・Roper-like SHBs in quark models

Introduction

<latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)

<latexit sha1_base64="COr0G8XE2rXJwUL1sMN5fRexw0k="></latexit>

⇤c(g.s.)

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="fnRCCgdq84Orl1eA/kMA9PiVRSo="></latexit>

⌅c(g.s.)

<latexit sha1_base64="iRTKOMZuwvae0TsZdRb5SmW30KE="></latexit>

⌅c(2970)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

mass
Roper resonance

<latexit sha1_base64="f9dZOQpWLnNk/azHEN0cDDrRBCo="></latexit>

N(1440)

- and               are called the Roper-like SHBs
<latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)
<latexit sha1_base64="iRTKOMZuwvae0TsZdRb5SmW30KE="></latexit>

⌅c(2970)

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

mass

<latexit sha1_base64="bSM6fFTwEmZN9I5/kx08RqdwtlE="></latexit>

N(g.s.)

cf

analogy
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- Their masses seem to be reproduced rather well by a NR quark model

・Roper-like SHBs in quark models

Introduction

<latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)

<latexit sha1_base64="COr0G8XE2rXJwUL1sMN5fRexw0k="></latexit>

⇤c(g.s.)

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="fnRCCgdq84Orl1eA/kMA9PiVRSo="></latexit>

⌅c(g.s.)

<latexit sha1_base64="iRTKOMZuwvae0TsZdRb5SmW30KE="></latexit>

⌅c(2970)
<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

mass

<latexit sha1_base64="D8XBaDCjZ2U0qyn42dyvYL8zQLI="></latexit>

m(⇤⇤
c) = 2857MeV , m(⌅⇤

c) = 3029MeV (theory)

↑ no consideration of decay widths

- The decay widths are found to be too small in a NR quark model 
(with harmonic oscillator potential)

Roper resonance
<latexit sha1_base64="f9dZOQpWLnNk/azHEN0cDDrRBCo="></latexit>

N(1440)

<latexit sha1_base64="5Gs2uH5pYFcmOXstMLEVgQWh9dg="></latexit>

�th. = (1.6� 4.5)MeV
<latexit sha1_base64="3D9IxVaXyXlVHqQ8OfAhXZWMmKY="></latexit>

�ex. ⇡ 50MeVwhile Nagahiro-Yasui-Hosaka-Oka-Noumi (2017)

Yoshida-Hiyama-Hosaka-Oka-Sadato (2017)

- and               are called the Roper-like SHBs
<latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)
<latexit sha1_base64="iRTKOMZuwvae0TsZdRb5SmW30KE="></latexit>

⌅c(2970)

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

<latexit sha1_base64="+6zH2Xo3bnod4s+saur7F9Ao4Xg="></latexit>

1

2

+

mass

<latexit sha1_base64="bSM6fFTwEmZN9I5/kx08RqdwtlE="></latexit>

N(g.s.)

cf

analogy

<latexit sha1_base64="EvoJCqKWonJBTE9/cx+e+QDCK3M="></latexit>

⇤c(2765) ! ⌃(⇤)
c ⇡
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- The NR interaction up to             reads 

・Decay of Roper-like SHBs

<latexit sha1_base64="n2v5liaWdwMT3ZDmRkYMBqcq+r0="></latexit>⇡

Introduction

<latexit sha1_base64="E1fLcXuBs/ZtuMS2MFJZ5GHRJy8="></latexit>

O(1/m)

<latexit sha1_base64="RlN8xRCGpCXYNCnztG4WCyCnMns="></latexit>

HNR

<latexit sha1_base64="LqSjVLNUw5Mq7C1f8OQ9BWFhFDM="></latexit>

~q<latexit sha1_base64="hr3wX0TCIYtbCr1znpXdBRae/Jk="></latexit>

~pi

(from chiral Lag.)

<latexit sha1_base64="yzWJZNuoKQ7063YwydY14WE00Qo="></latexit>q <latexit sha1_base64="yzWJZNuoKQ7063YwydY14WE00Qo="></latexit>q
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- The NR interaction up to             reads 

・Decay of Roper-like SHBs

<latexit sha1_base64="n2v5liaWdwMT3ZDmRkYMBqcq+r0="></latexit>⇡
<latexit sha1_base64="cxFv/NdHOE2ZURgd5TbmfdPieCg="></latexit>

⇤c(2765)
<latexit sha1_base64="ETllbQMlyXkTHdI6dff0f6JMeJQ="></latexit>

⌃c,⌃
⇤
c

<latexit sha1_base64="a3HHKRAKsN4FrgB8788zeyGGDcc="></latexit>

�

Introduction

<latexit sha1_base64="E1fLcXuBs/ZtuMS2MFJZ5GHRJy8="></latexit>

O(1/m)

<latexit sha1_base64="RlN8xRCGpCXYNCnztG4WCyCnMns="></latexit>

HNR

- is of           which is very small in the low-energy limit

<latexit sha1_base64="WfJmpo1FR6pKAvVlvAQXDBA3Uxg="></latexit>⇢

<latexit sha1_base64="RlN8xRCGpCXYNCnztG4WCyCnMns="></latexit>

HNR

<latexit sha1_base64="LqSjVLNUw5Mq7C1f8OQ9BWFhFDM="></latexit>

~q<latexit sha1_base64="hr3wX0TCIYtbCr1znpXdBRae/Jk="></latexit>

~pi

: forbidden process

(from chiral Lag.)

cf, photoexcitation of
<latexit sha1_base64="f9dZOQpWLnNk/azHEN0cDDrRBCo="></latexit>

N(1440)

Kubota-Ohta (1976)

<latexit sha1_base64="befu8SjqzUPHBAPyecZ6UsiZNts="></latexit>

O(q2)

<latexit sha1_base64="qyKv0K3V1Ii8l2INCu0Kcl2ep/w="></latexit>

(n� : radial excitation)

<latexit sha1_base64="urApb8PUhOEGRT9HTnHczVrNiLQ="></latexit>

(n� = 1)
<latexit sha1_base64="nNODQ1K1FQxonusyb5INi7Sfw60="></latexit>

(n� = 0)

<latexit sha1_base64="c5/bYvgexKWY6X5iMr4heep+LK0="></latexit>

M ⇠ h n�=0| n�=1i ! 0
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- The NR interaction up to             reads 

・Decay of Roper-like SHBs

<latexit sha1_base64="n2v5liaWdwMT3ZDmRkYMBqcq+r0="></latexit>⇡
<latexit sha1_base64="cxFv/NdHOE2ZURgd5TbmfdPieCg="></latexit>

⇤c(2765)
<latexit sha1_base64="ETllbQMlyXkTHdI6dff0f6JMeJQ="></latexit>

⌃c,⌃
⇤
c

<latexit sha1_base64="a3HHKRAKsN4FrgB8788zeyGGDcc="></latexit>

�

Introduction

<latexit sha1_base64="E1fLcXuBs/ZtuMS2MFJZ5GHRJy8="></latexit>

O(1/m)

<latexit sha1_base64="RlN8xRCGpCXYNCnztG4WCyCnMns="></latexit>

HNR

- is of           which is very small in the low-energy limit

<latexit sha1_base64="WfJmpo1FR6pKAvVlvAQXDBA3Uxg="></latexit>⇢

<latexit sha1_base64="RlN8xRCGpCXYNCnztG4WCyCnMns="></latexit>

HNR

<latexit sha1_base64="LqSjVLNUw5Mq7C1f8OQ9BWFhFDM="></latexit>

~q<latexit sha1_base64="hr3wX0TCIYtbCr1znpXdBRae/Jk="></latexit>

~pi

: forbidden process

(from chiral Lag.)

cf, photoexcitation of
<latexit sha1_base64="f9dZOQpWLnNk/azHEN0cDDrRBCo="></latexit>

N(1440)

Kubota-Ohta (1976)

<latexit sha1_base64="befu8SjqzUPHBAPyecZ6UsiZNts="></latexit>

O(q2)

<latexit sha1_base64="qyKv0K3V1Ii8l2INCu0Kcl2ep/w="></latexit>

(n� : radial excitation)

<latexit sha1_base64="urApb8PUhOEGRT9HTnHczVrNiLQ="></latexit>

(n� = 1)
<latexit sha1_base64="nNODQ1K1FQxonusyb5INi7Sfw60="></latexit>

(n� = 0)

<latexit sha1_base64="c5/bYvgexKWY6X5iMr4heep+LK0="></latexit>

M ⇠ h n�=0| n�=1i ! 0

- The relativistic corrections of                can improve the shortcomings
Arifi-Suenaga-Hosaka (2021), Arifi-Suenaga-Hosaka-Oh (2022)

<latexit sha1_base64="fosWQ6pLtL3zmEMsNwr1hBWIe7s="></latexit>

O(1/m2)
<latexit sha1_base64="mNcmqp40WaCvmqmILRZrwW6w350="></latexit>

O(q1)(becomes          )

- Understanding from chiral symmetry (= symmetry of relativistic theory)
with field-theoretical method may be suitable for the Roper-like SHBs
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1. Introduction

2. Mass spectrum

3. Decays of SHBs

4. Conclusions
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q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit> q

<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q̄q
<latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="ixvEw+q1fqQFNSgRNUzVXegYcF8="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit>

- The chiral representation of                       aredR, dL, d
0
R, d

0
L

<latexit sha1_base64="9q2pThGBOZY5UovbsJu6IM8n5xQ="></latexit><latexit sha1_base64="9q2pThGBOZY5UovbsJu6IM8n5xQ="></latexit><latexit sha1_base64="9q2pThGBOZY5UovbsJu6IM8n5xQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="bB/aW9/CRdPL87338hkcUEhJ1m4="></latexit><latexit sha1_base64="bB/aW9/CRdPL87338hkcUEhJ1m4="></latexit><latexit sha1_base64="ZRJyv0pZRiKlfK6jGr1QHrDnYxM="></latexit><latexit sha1_base64="9q2pThGBOZY5UovbsJu6IM8n5xQ="></latexit><latexit sha1_base64="9q2pThGBOZY5UovbsJu6IM8n5xQ="></latexit><latexit sha1_base64="9q2pThGBOZY5UovbsJu6IM8n5xQ="></latexit><latexit sha1_base64="9q2pThGBOZY5UovbsJu6IM8n5xQ="></latexit><latexit sha1_base64="9q2pThGBOZY5UovbsJu6IM8n5xQ="></latexit><latexit sha1_base64="9q2pThGBOZY5UovbsJu6IM8n5xQ="></latexit>

i) conventional diquark

ii) mirror diquark

i, j, k : flavor index
<latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="M/t916LN9+Kt1Fde3u88ic42Cos="></latexit><latexit sha1_base64="M/t916LN9+Kt1Fde3u88ic42Cos="></latexit><latexit sha1_base64="MpwrAso2TMMkNCj/VJPdd3/NCt4="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit><latexit sha1_base64="1ytwnLB/THC/0wSIk3gw8N3RJZg="></latexit>

a, b, c : color index
<latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="PBOZU5SWQK5COinuInDCTn3KUzU="></latexit><latexit sha1_base64="PBOZU5SWQK5COinuInDCTn3KUzU="></latexit><latexit sha1_base64="3BBU9BbatqOAhMyH99PySEcms0w="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit><latexit sha1_base64="GIgHT17X/NPDtZRKo60IeBz1jUA="></latexit>

← chiral rep. is flipped like in a mirror

Q
<latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="nZh6X50hfU7j7YkLwwsf2md+1xU="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit>

Q
<latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="nZh6X50hfU7j7YkLwwsf2md+1xU="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit> q

<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit> q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q̄q
<latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="ixvEw+q1fqQFNSgRNUzVXegYcF8="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit>

[c.f. mirror nucleon for             ]N(1535)
<latexit sha1_base64="IHrrJbtlFTsjBhMzKMhMpaN8ogI="></latexit><latexit sha1_base64="IHrrJbtlFTsjBhMzKMhMpaN8ogI="></latexit><latexit sha1_base64="IHrrJbtlFTsjBhMzKMhMpaN8ogI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="ofHwEsogOKOg7ktrmON7WVzpqiE="></latexit><latexit sha1_base64="ofHwEsogOKOg7ktrmON7WVzpqiE="></latexit><latexit sha1_base64="oiSWu/Ue1ghknm9oTafbvt2gsdE="></latexit><latexit sha1_base64="IHrrJbtlFTsjBhMzKMhMpaN8ogI="></latexit><latexit sha1_base64="IHrrJbtlFTsjBhMzKMhMpaN8ogI="></latexit><latexit sha1_base64="IHrrJbtlFTsjBhMzKMhMpaN8ogI="></latexit><latexit sha1_base64="IHrrJbtlFTsjBhMzKMhMpaN8ogI="></latexit><latexit sha1_base64="IHrrJbtlFTsjBhMzKMhMpaN8ogI="></latexit><latexit sha1_base64="IHrrJbtlFTsjBhMzKMhMpaN8ogI="></latexit>

- We introduce two types of diquarks toward understanding both
the Roper-like and ground-state SHBs simultaneously

・Diquark fields

Jodo-Oka-Hosaka, PTP(2001)
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- The heavy baryons are simply given by adding a heavy      to the diquarks

・Heavy baryon fields
Q

<latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="nZh6X50hfU7j7YkLwwsf2md+1xU="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit>

Q
<latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="nZh6X50hfU7j7YkLwwsf2md+1xU="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit> q

<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

Q
<latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="nZh6X50hfU7j7YkLwwsf2md+1xU="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q̄q
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with meson nonet

Mass spectrum
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- The heavy baryons are simply given by adding a heavy      to the diquarks

・Heavy baryon fields
Q
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q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q̄q
<latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="ixvEw+q1fqQFNSgRNUzVXegYcF8="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit>mixing

Mass spectrum

⌃ = S + iP
<latexit sha1_base64="CtsotI5LxoYc99aXckfiQVY0NR4="></latexit><latexit sha1_base64="CtsotI5LxoYc99aXckfiQVY0NR4="></latexit><latexit sha1_base64="CtsotI5LxoYc99aXckfiQVY0NR4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="9ALSnJ4vIN04EX6TFREKV84wtwc="></latexit><latexit sha1_base64="9ALSnJ4vIN04EX6TFREKV84wtwc="></latexit><latexit sha1_base64="0B/EmWyBaQfE4HXYYB7wrE8LIDI="></latexit><latexit sha1_base64="CtsotI5LxoYc99aXckfiQVY0NR4="></latexit><latexit sha1_base64="CtsotI5LxoYc99aXckfiQVY0NR4="></latexit><latexit sha1_base64="CtsotI5LxoYc99aXckfiQVY0NR4="></latexit><latexit sha1_base64="CtsotI5LxoYc99aXckfiQVY0NR4="></latexit><latexit sha1_base64="CtsotI5LxoYc99aXckfiQVY0NR4="></latexit><latexit sha1_base64="CtsotI5LxoYc99aXckfiQVY0NR4="></latexit>

⌃ ! gL⌃g
†
R

<latexit sha1_base64="y53izUW4UboxFvn5Cv1QUUe6d4k="></latexit><latexit sha1_base64="y53izUW4UboxFvn5Cv1QUUe6d4k="></latexit><latexit sha1_base64="y53izUW4UboxFvn5Cv1QUUe6d4k="></latexit><latexit sha1_base64="y53izUW4UboxFvn5Cv1QUUe6d4k="></latexit>

with meson nonet
<latexit sha1_base64="+3CASAZbtxdAabNsMlszP0xUbOA="></latexit>

(�, a0, · · · )
<latexit sha1_base64="JdV/4MqJqrWzAlBDWX2weBjpHU0="></latexit>

(⌘,⇡, · · · )
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h⌃i = diag(�q,�q,�s)
<latexit sha1_base64="ljp460aItmHpf10D00hMABk8k20="></latexit><latexit sha1_base64="ljp460aItmHpf10D00hMABk8k20="></latexit><latexit sha1_base64="ljp460aItmHpf10D00hMABk8k20="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="K+g1gDrxDbPFmphF6j3KlfSLwII="></latexit><latexit sha1_base64="K+g1gDrxDbPFmphF6j3KlfSLwII="></latexit><latexit sha1_base64="IFy6GkYlsSspWwCU6fxexx6gIBo="></latexit><latexit sha1_base64="ljp460aItmHpf10D00hMABk8k20="></latexit><latexit sha1_base64="ljp460aItmHpf10D00hMABk8k20="></latexit><latexit sha1_base64="ljp460aItmHpf10D00hMABk8k20="></latexit><latexit sha1_base64="ljp460aItmHpf10D00hMABk8k20="></latexit><latexit sha1_base64="ljp460aItmHpf10D00hMABk8k20="></latexit><latexit sha1_base64="ljp460aItmHpf10D00hMABk8k20="></latexit>

with �1 = �2 ⌘ �q
<latexit sha1_base64="O6YClxoj6tWg2dafLPzFbppG15M="></latexit><latexit sha1_base64="O6YClxoj6tWg2dafLPzFbppG15M="></latexit><latexit sha1_base64="O6YClxoj6tWg2dafLPzFbppG15M="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="wEoAaw6ecawQ8H3HgZbtrOXeipU="></latexit><latexit sha1_base64="wEoAaw6ecawQ8H3HgZbtrOXeipU="></latexit><latexit sha1_base64="tOs11XFHvyroXW+tgt200SjA6jg="></latexit><latexit sha1_base64="O6YClxoj6tWg2dafLPzFbppG15M="></latexit><latexit sha1_base64="O6YClxoj6tWg2dafLPzFbppG15M="></latexit><latexit sha1_base64="O6YClxoj6tWg2dafLPzFbppG15M="></latexit><latexit sha1_base64="O6YClxoj6tWg2dafLPzFbppG15M="></latexit><latexit sha1_base64="O6YClxoj6tWg2dafLPzFbppG15M="></latexit><latexit sha1_base64="O6YClxoj6tWg2dafLPzFbppG15M="></latexit>

�3 ⌘ �s
<latexit sha1_base64="Glp8pRd0ESh6nCf2saDsm4SANr8="></latexit><latexit sha1_base64="Glp8pRd0ESh6nCf2saDsm4SANr8="></latexit><latexit sha1_base64="Glp8pRd0ESh6nCf2saDsm4SANr8="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="iOB1ScquF6NhQgXf9uYZJnVJDqk="></latexit><latexit sha1_base64="iOB1ScquF6NhQgXf9uYZJnVJDqk="></latexit><latexit sha1_base64="vwL7wiHNZo3R9oof3lZfFOsLLlM="></latexit><latexit sha1_base64="Glp8pRd0ESh6nCf2saDsm4SANr8="></latexit><latexit sha1_base64="Glp8pRd0ESh6nCf2saDsm4SANr8="></latexit><latexit sha1_base64="Glp8pRd0ESh6nCf2saDsm4SANr8="></latexit><latexit sha1_base64="Glp8pRd0ESh6nCf2saDsm4SANr8="></latexit><latexit sha1_base64="Glp8pRd0ESh6nCf2saDsm4SANr8="></latexit><latexit sha1_base64="Glp8pRd0ESh6nCf2saDsm4SANr8="></latexit>

- The corresponding eigenstates are

[        is a mass parameter used to define heavy baryon effective theory]mB
<latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="uM3zyvYwdMz+AFz8ZRJ8HyzIG7Q="></latexit><latexit sha1_base64="uM3zyvYwdMz+AFz8ZRJ8HyzIG7Q="></latexit><latexit sha1_base64="LumqEa63SnLk8X2UgqoXtrvpPZA="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="uM3zyvYwdMz+AFz8ZRJ8HyzIG7Q="></latexit><latexit sha1_base64="uM3zyvYwdMz+AFz8ZRJ8HyzIG7Q="></latexit><latexit sha1_base64="LumqEa63SnLk8X2UgqoXtrvpPZA="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit><latexit sha1_base64="9yF+JU+8SygZqSOXzHvK7ezMtc0="></latexit>

with�q = 93MeV
<latexit sha1_base64="P2Of1XdKln5++KFNndzKgtrWG2g="></latexit><latexit sha1_base64="P2Of1XdKln5++KFNndzKgtrWG2g="></latexit><latexit sha1_base64="P2Of1XdKln5++KFNndzKgtrWG2g="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="9boM5b5di7Qp2ZylzPs6J0i7AEY="></latexit><latexit sha1_base64="9boM5b5di7Qp2ZylzPs6J0i7AEY="></latexit><latexit sha1_base64="DCOeoNS0XcI1BFUrmAZYntMCH34="></latexit><latexit sha1_base64="P2Of1XdKln5++KFNndzKgtrWG2g="></latexit><latexit sha1_base64="P2Of1XdKln5++KFNndzKgtrWG2g="></latexit><latexit sha1_base64="P2Of1XdKln5++KFNndzKgtrWG2g="></latexit><latexit sha1_base64="P2Of1XdKln5++KFNndzKgtrWG2g="></latexit><latexit sha1_base64="P2Of1XdKln5++KFNndzKgtrWG2g="></latexit><latexit sha1_base64="P2Of1XdKln5++KFNndzKgtrWG2g="></latexit>

- Under chiral symmetry breaking

・Heavy baryon masses

<latexit sha1_base64="AB9Fox+/W7Dbo8PgI8a42ILSvig="></latexit>

H/L , Higher/Lower

- The mass eigenvalues are obtained as

Q
<latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="nZh6X50hfU7j7YkLwwsf2md+1xU="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit> q

<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

Q
<latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="nZh6X50hfU7j7YkLwwsf2md+1xU="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q̄q
<latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="ixvEw+q1fqQFNSgRNUzVXegYcF8="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit>

<latexit sha1_base64="f/I+Jm5uwiX4Ap2CtF1pXc9gsn0="></latexit>

JP = 1/2+

<latexit sha1_base64="b3xAPJlRnrpuKF4zq//VXfqHaRc="></latexit>

JP = 1/2�

Mass spectrum

<latexit sha1_base64="ALjQuuXLZNXNlj+iBjvcoveA7WQ="></latexit>

B(0)
± =

1p
2
(B(0)

R ⌥B(0)
L )



29/40

D. S. , A. Hosaka, PRD 104 (2021) 3, 034009
D. S. , A. Hosaka, PRD 105 (2022) 7, 074036

⇤c(2286), ⇤c(2765), ⌅c(2470), ⌅c(2967) and ⇤c(2890)
<latexit sha1_base64="VxStDrttQbxSjHQRBj2ISRAe6wo="></latexit><latexit sha1_base64="VxStDrttQbxSjHQRBj2ISRAe6wo="></latexit><latexit sha1_base64="VxStDrttQbxSjHQRBj2ISRAe6wo="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="VEt2LQl1M+dz2h9AgB9vls8XZfE="></latexit><latexit sha1_base64="VEt2LQl1M+dz2h9AgB9vls8XZfE="></latexit><latexit sha1_base64="bSq3yUtpsSnV6mbOrbV/FhGVlGU="></latexit><latexit sha1_base64="VxStDrttQbxSjHQRBj2ISRAe6wo="></latexit><latexit sha1_base64="VxStDrttQbxSjHQRBj2ISRAe6wo="></latexit><latexit sha1_base64="VxStDrttQbxSjHQRBj2ISRAe6wo="></latexit><latexit sha1_base64="VxStDrttQbxSjHQRBj2ISRAe6wo="></latexit><latexit sha1_base64="VxStDrttQbxSjHQRBj2ISRAe6wo="></latexit><latexit sha1_base64="VxStDrttQbxSjHQRBj2ISRAe6wo="></latexit>

1

2

�

<latexit sha1_base64="3WgyAou485L7t5gfhDBiQh1VasI="></latexit><latexit sha1_base64="3WgyAou485L7t5gfhDBiQh1VasI="></latexit><latexit sha1_base64="3WgyAou485L7t5gfhDBiQh1VasI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="QCj/azy1waywADV5U+u59n4d7+U="></latexit><latexit sha1_base64="QCj/azy1waywADV5U+u59n4d7+U="></latexit><latexit sha1_base64="7lb0N54uuD9zPr4LaNJ6FM2poZM="></latexit><latexit sha1_base64="3WgyAou485L7t5gfhDBiQh1VasI="></latexit><latexit sha1_base64="3WgyAou485L7t5gfhDBiQh1VasI="></latexit><latexit sha1_base64="3WgyAou485L7t5gfhDBiQh1VasI="></latexit><latexit sha1_base64="3WgyAou485L7t5gfhDBiQh1VasI="></latexit><latexit sha1_base64="3WgyAou485L7t5gfhDBiQh1VasI="></latexit><latexit sha1_base64="3WgyAou485L7t5gfhDBiQh1VasI="></latexit>

(quark model prediction)

T. Yoshida, et al, 
PRD (2015)

1

2

+

(g.s.)
<latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="9mUuUYFRi4DqF8T/FrjJ5lU4WyM="></latexit><latexit sha1_base64="9mUuUYFRi4DqF8T/FrjJ5lU4WyM="></latexit><latexit sha1_base64="tqZ+06pN3YSdNC1jdvd+46VnN1w="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit>

1

2

+

(excited)
<latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="UEqLNzU6klPPHeQwav8nYF4vcPk="></latexit><latexit sha1_base64="UEqLNzU6klPPHeQwav8nYF4vcPk="></latexit><latexit sha1_base64="onxHs1p88ZuEUW1OAiPCmNBzB9I="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit>

1

2

+

(g.s.)
<latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="9mUuUYFRi4DqF8T/FrjJ5lU4WyM="></latexit><latexit sha1_base64="9mUuUYFRi4DqF8T/FrjJ5lU4WyM="></latexit><latexit sha1_base64="tqZ+06pN3YSdNC1jdvd+46VnN1w="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit><latexit sha1_base64="DPDwUECCVnYxqsh/cLZmEjr5otM="></latexit>

1

2

+

(excited)
<latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="UEqLNzU6klPPHeQwav8nYF4vcPk="></latexit><latexit sha1_base64="UEqLNzU6klPPHeQwav8nYF4vcPk="></latexit><latexit sha1_base64="onxHs1p88ZuEUW1OAiPCmNBzB9I="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit><latexit sha1_base64="hgMKtbx1rDwy0HxmfVniqyzVeTI="></latexit>

- Diquark masses without mixing from mirror ones measured by 
lattice simulation are also inputs

M(d+,i=1,2) = 906 MeV
<latexit sha1_base64="DwYW9L7zs6/XuqquLl80okkCeRA="></latexit><latexit sha1_base64="DwYW9L7zs6/XuqquLl80okkCeRA="></latexit><latexit sha1_base64="DwYW9L7zs6/XuqquLl80okkCeRA="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="NvEZ838CsaRN6SislVuKYr/SqiY="></latexit><latexit sha1_base64="NvEZ838CsaRN6SislVuKYr/SqiY="></latexit><latexit sha1_base64="pBcYoH4L+HuAcVxdfQSpY08p1FI="></latexit><latexit sha1_base64="DwYW9L7zs6/XuqquLl80okkCeRA="></latexit><latexit sha1_base64="DwYW9L7zs6/XuqquLl80okkCeRA="></latexit><latexit sha1_base64="DwYW9L7zs6/XuqquLl80okkCeRA="></latexit><latexit sha1_base64="DwYW9L7zs6/XuqquLl80okkCeRA="></latexit><latexit sha1_base64="DwYW9L7zs6/XuqquLl80okkCeRA="></latexit><latexit sha1_base64="DwYW9L7zs6/XuqquLl80okkCeRA="></latexit>

M(d+,i=3) = 725 MeV
<latexit sha1_base64="sHMl22CZwlkezNhwII/5zTr0k9w="></latexit><latexit sha1_base64="sHMl22CZwlkezNhwII/5zTr0k9w="></latexit><latexit sha1_base64="sHMl22CZwlkezNhwII/5zTr0k9w="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="I9VH4lIE0RHPJEVRgCIFlHZuLoI="></latexit><latexit sha1_base64="I9VH4lIE0RHPJEVRgCIFlHZuLoI="></latexit><latexit sha1_base64="pvgWtXwKwF0pCO2OymVtaV7DK6k="></latexit><latexit sha1_base64="sHMl22CZwlkezNhwII/5zTr0k9w="></latexit><latexit sha1_base64="sHMl22CZwlkezNhwII/5zTr0k9w="></latexit><latexit sha1_base64="sHMl22CZwlkezNhwII/5zTr0k9w="></latexit><latexit sha1_base64="sHMl22CZwlkezNhwII/5zTr0k9w="></latexit><latexit sha1_base64="sHMl22CZwlkezNhwII/5zTr0k9w="></latexit><latexit sha1_base64="sHMl22CZwlkezNhwII/5zTr0k9w="></latexit>

M(d�,i=1,2) = 1142MeV
<latexit sha1_base64="IQFBptXTABFT9jxCvMrtqITXZz8="></latexit><latexit sha1_base64="IQFBptXTABFT9jxCvMrtqITXZz8="></latexit><latexit sha1_base64="IQFBptXTABFT9jxCvMrtqITXZz8="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="9/XLHNdlGht+7BdHIPq84fqdnaw="></latexit><latexit sha1_base64="9/XLHNdlGht+7BdHIPq84fqdnaw="></latexit><latexit sha1_base64="8+vI+xPxXpXTBgYJB2rP+43Bjrc="></latexit><latexit sha1_base64="IQFBptXTABFT9jxCvMrtqITXZz8="></latexit><latexit sha1_base64="IQFBptXTABFT9jxCvMrtqITXZz8="></latexit><latexit sha1_base64="IQFBptXTABFT9jxCvMrtqITXZz8="></latexit><latexit sha1_base64="IQFBptXTABFT9jxCvMrtqITXZz8="></latexit><latexit sha1_base64="IQFBptXTABFT9jxCvMrtqITXZz8="></latexit><latexit sha1_base64="IQFBptXTABFT9jxCvMrtqITXZz8="></latexit>

M(dL�,i=3) = 1265 MeV
<latexit sha1_base64="2els9M8U2wEaEKSQavSemGNHf4M="></latexit><latexit sha1_base64="2els9M8U2wEaEKSQavSemGNHf4M="></latexit><latexit sha1_base64="2els9M8U2wEaEKSQavSemGNHf4M="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="cbRFaZGv/PcRZc3acN+CtPH94Nk="></latexit><latexit sha1_base64="cbRFaZGv/PcRZc3acN+CtPH94Nk="></latexit><latexit sha1_base64="3J5/LBCbfqpNNXZMfe7mkaCGNUI="></latexit><latexit sha1_base64="2els9M8U2wEaEKSQavSemGNHf4M="></latexit><latexit sha1_base64="2els9M8U2wEaEKSQavSemGNHf4M="></latexit><latexit sha1_base64="2els9M8U2wEaEKSQavSemGNHf4M="></latexit><latexit sha1_base64="2els9M8U2wEaEKSQavSemGNHf4M="></latexit><latexit sha1_base64="2els9M8U2wEaEKSQavSemGNHf4M="></latexit><latexit sha1_base64="2els9M8U2wEaEKSQavSemGNHf4M="></latexit>

Y. Bi, et al, Chin. Phys. C (2016)
with M. Harada, et. al. , PRD (2020)  

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit> q

<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

- The following Baryons masses are inputs to fix parameters

・Parameter determination

conventional
diquark

Mass spectrum
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with mB = 2868MeV
<latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="r0si7HjMmeDZIQCQVhmZbfGHaS8="></latexit><latexit sha1_base64="r0si7HjMmeDZIQCQVhmZbfGHaS8="></latexit><latexit sha1_base64="f29VnLyWAElBRjVE/FdS8Xsbrbk="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit>

⇤c

✓
1

2

+◆

<latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="4k9/drHYbXv9HopQUPNxhpGa+co="></latexit><latexit sha1_base64="4k9/drHYbXv9HopQUPNxhpGa+co="></latexit><latexit sha1_base64="8oXawAMsxevaSS+9TD9IoK9dVEI="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit>

⇤c

✓
1

2

�◆

<latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="ZEOZbrQwNt39FIM8O8NAfzBFEBk="></latexit><latexit sha1_base64="ZEOZbrQwNt39FIM8O8NAfzBFEBk="></latexit><latexit sha1_base64="0L/n6A9aHpd0F6JihTnen79gD18="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit>

2286⇤
<latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="wRqSNHte6LC2TjMXZooiHBRXJTg="></latexit><latexit sha1_base64="wRqSNHte6LC2TjMXZooiHBRXJTg="></latexit><latexit sha1_base64="1+Uxq5mod3oxhaDNNHtcY3I04lI="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit>

2765⇤
<latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="01pMjYTGzuCwAgRIt/bmMSXe2cY="></latexit><latexit sha1_base64="01pMjYTGzuCwAgRIt/bmMSXe2cY="></latexit><latexit sha1_base64="5Lm0IBbkrJQfeU2jC/56sDTUJao="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit>

84.5% : 15.5%
<latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit><latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit><latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit><latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit>

15.5% : 84.5%
<latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="F9wf2QZux6DX5HMbVystt3kTZ9A="></latexit><latexit sha1_base64="F9wf2QZux6DX5HMbVystt3kTZ9A="></latexit><latexit sha1_base64="oagPx6a8u3UF5ICt3bGUNDfgYPQ="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit>

2890⇤
<latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="O3ZHW7EJ646p8EwZOSc+Lxi/Ywk="></latexit><latexit sha1_base64="O3ZHW7EJ646p8EwZOSc+Lxi/Ywk="></latexit><latexit sha1_base64="mLMMnsArhO41EOHs7MFscxexoCU="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit>

3529
<latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="ZI0919JtV8EcGxEKiyu1rTcovLE="></latexit><latexit sha1_base64="ZI0919JtV8EcGxEKiyu1rTcovLE="></latexit><latexit sha1_base64="l2mvMlbR2ZeBPVQx+WusAvzeFMs="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit>

53.6% : 46.4%
<latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="D3IfZWY2Fh0/ZTa316Bouf0mtn4="></latexit><latexit sha1_base64="D3IfZWY2Fh0/ZTa316Bouf0mtn4="></latexit><latexit sha1_base64="x+w0yXHoZ94AaWh6HG5s7x/+068="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit>

46.4% : 53.6%
<latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit><latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit><latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit><latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit>

75.2% : 24.8%
<latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="mtviuZgZ5socSygltCocdGQG27Q="></latexit><latexit sha1_base64="mtviuZgZ5socSygltCocdGQG27Q="></latexit><latexit sha1_base64="CvbOiuNNFyuo6hG295O0m1uxn5U="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit>

24.8% : 75.2%
<latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="RhE4u/XIPZ2VqpODJ28aFQQiafc="></latexit><latexit sha1_base64="RhE4u/XIPZ2VqpODJ28aFQQiafc="></latexit><latexit sha1_base64="uyFp1h5N6FxWdyLJ9qTXG0xcLRw="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit>

⌅c

✓
1

2

+◆

<latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="lrhHFOS9pTZ4M1a05gNvtQ1K89E="></latexit><latexit sha1_base64="lrhHFOS9pTZ4M1a05gNvtQ1K89E="></latexit><latexit sha1_base64="a0M8bh8alb/1ffcOgvi9Ow7cIgY="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit>

2470⇤
<latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="8j5SoKT+P60yTajezvzZMc+CmSU="></latexit><latexit sha1_base64="8j5SoKT+P60yTajezvzZMc+CmSU="></latexit><latexit sha1_base64="uPIqvWjVQopbnPOcrnAuIbxNAGI="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit>

2967⇤
<latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="2pQm4XlS/qhVozTkULRBTGeVwoc="></latexit><latexit sha1_base64="2pQm4XlS/qhVozTkULRBTGeVwoc="></latexit><latexit sha1_base64="vUZlBh/yVNAQArcWDG0rtBHh+pw="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit>

⌅c

✓
1

2

�◆

<latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="p6psDQy8NgvXwlNbaTKfq7obyRw="></latexit><latexit sha1_base64="p6psDQy8NgvXwlNbaTKfq7obyRw="></latexit><latexit sha1_base64="wQamtUL/92B5VUfU1bsnq290HvY="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit>

2732
<latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="KW8shpUvEJfrp/WjqmDALsGHOis="></latexit><latexit sha1_base64="KW8shpUvEJfrp/WjqmDALsGHOis="></latexit><latexit sha1_base64="/kSjTTOKo5yFF8QMYfTqF5fByc0="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit>

3302
<latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="aSEhe8tRbJI+Kaarc4eicSdDCD4="></latexit><latexit sha1_base64="aSEhe8tRbJI+Kaarc4eicSdDCD4="></latexit><latexit sha1_base64="GF59ECvrLktUICEVqHiu/0fVJlE="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit>

61.0% : 39.0%
<latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="c8lE2AhNHQhAfTNubpN6ku8qI2M="></latexit><latexit sha1_base64="c8lE2AhNHQhAfTNubpN6ku8qI2M="></latexit><latexit sha1_base64="oF6177G0LsgZ8ZeaPokEP1P1Wy0="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit>

39.0% : 61.0%
<latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="+Yw3weqDC85wQ5YA4N48kJJ0v84="></latexit><latexit sha1_base64="+Yw3weqDC85wQ5YA4N48kJJ0v84="></latexit><latexit sha1_base64="nFbUwASV3gaOu2R0B7Qcq6i5ueY="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit>

mass [MeV]
<latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="QqGuy9j5E+X0UXAajBBqa/I2Q5s="></latexit><latexit sha1_base64="QqGuy9j5E+X0UXAajBBqa/I2Q5s="></latexit><latexit sha1_base64="FrUADVcu1VGTHvnd9GxclvKTz50="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit>

�
Ratio is Qqq : Qqqq̄q

�
<latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="5Y7ubARsw6HCR5wq/xxTZZmd9z4="></latexit><latexit sha1_base64="5Y7ubARsw6HCR5wq/xxTZZmd9z4="></latexit><latexit sha1_base64="9YyEAU6tG4pq5GSaJioVR7Vegpk="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit>

93.5% : 6.5%
<latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="JfsxYFe8OpHXJ60rAbWbgaAkHXc="></latexit><latexit sha1_base64="JfsxYFe8OpHXJ60rAbWbgaAkHXc="></latexit><latexit sha1_base64="yZACqjIdZZc343PdbrDTuFIuQ+Y="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit>

99.0% : 1.0%
<latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="S/OvJp/7FwgPA1KBM2R4rLEbRJM="></latexit><latexit sha1_base64="S/OvJp/7FwgPA1KBM2R4rLEbRJM="></latexit><latexit sha1_base64="HFgEbMxFZvttaLGBuGkif+rTrjM="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit>

86.7% : 13.3%
<latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="+xfhZmLhJxtIQhyeOhax0mf6G8c="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="+xfhZmLhJxtIQhyeOhax0mf6G8c="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit>

99.9% : 0.1%
<latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="T11Cgq7MNumttW3hdC8vItG2YZk="></latexit><latexit sha1_base64="T11Cgq7MNumttW3hdC8vItG2YZk="></latexit><latexit sha1_base64="6x8SEua//A+6OLMzrW+BIBDj9xc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit>

0.1% : 99.9%
<latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="4C16eX4HW5RCufXu8KXuUm2Pw64="></latexit><latexit sha1_base64="4C16eX4HW5RCufXu8KXuUm2Pw64="></latexit><latexit sha1_base64="9SBDFhcNKUAlYhefJZFlaAutBGo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit>

13.3% : 86.7%
<latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="idza/9tQOMUfVLC28Q0nRPkLXS0="></latexit><latexit sha1_base64="idza/9tQOMUfVLC28Q0nRPkLXS0="></latexit><latexit sha1_base64="WTs5xgSPncjp9fSKPsJbIp8uC2A="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit>

6.5% : 93.5%
<latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="RIxXPkXPlTAqdojVGHXWCIi9fhg="></latexit><latexit sha1_base64="RIxXPkXPlTAqdojVGHXWCIi9fhg="></latexit><latexit sha1_base64="83fEG440ktyYjw6Tf7Z0r8X6Exg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit>

1.0% : 99.0%
<latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="6KXvh8rXDTKLM7rUn2YknO8c8hw="></latexit><latexit sha1_base64="6KXvh8rXDTKLM7rUn2YknO8c8hw="></latexit><latexit sha1_base64="TpvmVJ3i+7zTc+PVJMTG75gRA4A="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit>

- The resultant mass spectrum 

mass
<latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="iNpggEYOzfjpwhqnislAXsJhkVM="></latexit><latexit sha1_base64="iNpggEYOzfjpwhqnislAXsJhkVM="></latexit><latexit sha1_base64="TtL9rAUQLvtKTgeqYoWSvlec8Eo="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit>

Qqq : Qqqq̄q for (I)
<latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="n1Ryo7XfWgpvlpsS0sHqCG4+dbI="></latexit><latexit sha1_base64="n1Ryo7XfWgpvlpsS0sHqCG4+dbI="></latexit><latexit sha1_base64="Lv7t+M9uMdb+2/x/3ahCLcGkK4o="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit>

Qqq : Qqqq̄q for (II)
<latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="NzvMjtFaf9Kae82MpwGYzfdrLrw="></latexit><latexit sha1_base64="NzvMjtFaf9Kae82MpwGYzfdrLrw="></latexit><latexit sha1_base64="Z/C1YxJNfUAlRkUf0ABBPQI7Emk="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit>

- We get physically distinct two parameter sets as

・Results

Mass spectrum
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with mB = 2868MeV
<latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="r0si7HjMmeDZIQCQVhmZbfGHaS8="></latexit><latexit sha1_base64="r0si7HjMmeDZIQCQVhmZbfGHaS8="></latexit><latexit sha1_base64="f29VnLyWAElBRjVE/FdS8Xsbrbk="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit><latexit sha1_base64="YNRE/OzSKcJmty5AhFaE5hOmY88="></latexit>

⇤c

✓
1

2

+◆

<latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="4k9/drHYbXv9HopQUPNxhpGa+co="></latexit><latexit sha1_base64="4k9/drHYbXv9HopQUPNxhpGa+co="></latexit><latexit sha1_base64="8oXawAMsxevaSS+9TD9IoK9dVEI="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit>

⇤c

✓
1

2

�◆

<latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="ZEOZbrQwNt39FIM8O8NAfzBFEBk="></latexit><latexit sha1_base64="ZEOZbrQwNt39FIM8O8NAfzBFEBk="></latexit><latexit sha1_base64="0L/n6A9aHpd0F6JihTnen79gD18="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit>

2286⇤
<latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="wRqSNHte6LC2TjMXZooiHBRXJTg="></latexit><latexit sha1_base64="wRqSNHte6LC2TjMXZooiHBRXJTg="></latexit><latexit sha1_base64="1+Uxq5mod3oxhaDNNHtcY3I04lI="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit>

2765⇤
<latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="01pMjYTGzuCwAgRIt/bmMSXe2cY="></latexit><latexit sha1_base64="01pMjYTGzuCwAgRIt/bmMSXe2cY="></latexit><latexit sha1_base64="5Lm0IBbkrJQfeU2jC/56sDTUJao="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit>

84.5% : 15.5%
<latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit><latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit><latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit><latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit>

15.5% : 84.5%
<latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="F9wf2QZux6DX5HMbVystt3kTZ9A="></latexit><latexit sha1_base64="F9wf2QZux6DX5HMbVystt3kTZ9A="></latexit><latexit sha1_base64="oagPx6a8u3UF5ICt3bGUNDfgYPQ="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit>

2890⇤
<latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="O3ZHW7EJ646p8EwZOSc+Lxi/Ywk="></latexit><latexit sha1_base64="O3ZHW7EJ646p8EwZOSc+Lxi/Ywk="></latexit><latexit sha1_base64="mLMMnsArhO41EOHs7MFscxexoCU="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit>

3529
<latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="ZI0919JtV8EcGxEKiyu1rTcovLE="></latexit><latexit sha1_base64="ZI0919JtV8EcGxEKiyu1rTcovLE="></latexit><latexit sha1_base64="l2mvMlbR2ZeBPVQx+WusAvzeFMs="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit>

53.6% : 46.4%
<latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="D3IfZWY2Fh0/ZTa316Bouf0mtn4="></latexit><latexit sha1_base64="D3IfZWY2Fh0/ZTa316Bouf0mtn4="></latexit><latexit sha1_base64="x+w0yXHoZ94AaWh6HG5s7x/+068="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit>

46.4% : 53.6%
<latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit><latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit><latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit><latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit>

75.2% : 24.8%
<latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="mtviuZgZ5socSygltCocdGQG27Q="></latexit><latexit sha1_base64="mtviuZgZ5socSygltCocdGQG27Q="></latexit><latexit sha1_base64="CvbOiuNNFyuo6hG295O0m1uxn5U="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit>

24.8% : 75.2%
<latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="RhE4u/XIPZ2VqpODJ28aFQQiafc="></latexit><latexit sha1_base64="RhE4u/XIPZ2VqpODJ28aFQQiafc="></latexit><latexit sha1_base64="uyFp1h5N6FxWdyLJ9qTXG0xcLRw="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit>

⌅c

✓
1

2

+◆

<latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="lrhHFOS9pTZ4M1a05gNvtQ1K89E="></latexit><latexit sha1_base64="lrhHFOS9pTZ4M1a05gNvtQ1K89E="></latexit><latexit sha1_base64="a0M8bh8alb/1ffcOgvi9Ow7cIgY="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit>

2470⇤
<latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="8j5SoKT+P60yTajezvzZMc+CmSU="></latexit><latexit sha1_base64="8j5SoKT+P60yTajezvzZMc+CmSU="></latexit><latexit sha1_base64="uPIqvWjVQopbnPOcrnAuIbxNAGI="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit>

2967⇤
<latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="2pQm4XlS/qhVozTkULRBTGeVwoc="></latexit><latexit sha1_base64="2pQm4XlS/qhVozTkULRBTGeVwoc="></latexit><latexit sha1_base64="vUZlBh/yVNAQArcWDG0rtBHh+pw="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit>

⌅c

✓
1

2

�◆

<latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="p6psDQy8NgvXwlNbaTKfq7obyRw="></latexit><latexit sha1_base64="p6psDQy8NgvXwlNbaTKfq7obyRw="></latexit><latexit sha1_base64="wQamtUL/92B5VUfU1bsnq290HvY="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit>

2732
<latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="KW8shpUvEJfrp/WjqmDALsGHOis="></latexit><latexit sha1_base64="KW8shpUvEJfrp/WjqmDALsGHOis="></latexit><latexit sha1_base64="/kSjTTOKo5yFF8QMYfTqF5fByc0="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit>

3302
<latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="aSEhe8tRbJI+Kaarc4eicSdDCD4="></latexit><latexit sha1_base64="aSEhe8tRbJI+Kaarc4eicSdDCD4="></latexit><latexit sha1_base64="GF59ECvrLktUICEVqHiu/0fVJlE="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit>

61.0% : 39.0%
<latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="c8lE2AhNHQhAfTNubpN6ku8qI2M="></latexit><latexit sha1_base64="c8lE2AhNHQhAfTNubpN6ku8qI2M="></latexit><latexit sha1_base64="oF6177G0LsgZ8ZeaPokEP1P1Wy0="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit>

39.0% : 61.0%
<latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="+Yw3weqDC85wQ5YA4N48kJJ0v84="></latexit><latexit sha1_base64="+Yw3weqDC85wQ5YA4N48kJJ0v84="></latexit><latexit sha1_base64="nFbUwASV3gaOu2R0B7Qcq6i5ueY="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit>

mass [MeV]
<latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="QqGuy9j5E+X0UXAajBBqa/I2Q5s="></latexit><latexit sha1_base64="QqGuy9j5E+X0UXAajBBqa/I2Q5s="></latexit><latexit sha1_base64="FrUADVcu1VGTHvnd9GxclvKTz50="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit>

�
Ratio is Qqq : Qqqq̄q

�
<latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="5Y7ubARsw6HCR5wq/xxTZZmd9z4="></latexit><latexit sha1_base64="5Y7ubARsw6HCR5wq/xxTZZmd9z4="></latexit><latexit sha1_base64="9YyEAU6tG4pq5GSaJioVR7Vegpk="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit>

93.5% : 6.5%
<latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="JfsxYFe8OpHXJ60rAbWbgaAkHXc="></latexit><latexit sha1_base64="JfsxYFe8OpHXJ60rAbWbgaAkHXc="></latexit><latexit sha1_base64="yZACqjIdZZc343PdbrDTuFIuQ+Y="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit>

99.0% : 1.0%
<latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="S/OvJp/7FwgPA1KBM2R4rLEbRJM="></latexit><latexit sha1_base64="S/OvJp/7FwgPA1KBM2R4rLEbRJM="></latexit><latexit sha1_base64="HFgEbMxFZvttaLGBuGkif+rTrjM="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit>

86.7% : 13.3%
<latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="+xfhZmLhJxtIQhyeOhax0mf6G8c="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="+xfhZmLhJxtIQhyeOhax0mf6G8c="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit>

99.9% : 0.1%
<latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="T11Cgq7MNumttW3hdC8vItG2YZk="></latexit><latexit sha1_base64="T11Cgq7MNumttW3hdC8vItG2YZk="></latexit><latexit sha1_base64="6x8SEua//A+6OLMzrW+BIBDj9xc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit>

0.1% : 99.9%
<latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="4C16eX4HW5RCufXu8KXuUm2Pw64="></latexit><latexit sha1_base64="4C16eX4HW5RCufXu8KXuUm2Pw64="></latexit><latexit sha1_base64="9SBDFhcNKUAlYhefJZFlaAutBGo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit>

13.3% : 86.7%
<latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="idza/9tQOMUfVLC28Q0nRPkLXS0="></latexit><latexit sha1_base64="idza/9tQOMUfVLC28Q0nRPkLXS0="></latexit><latexit sha1_base64="WTs5xgSPncjp9fSKPsJbIp8uC2A="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit>

6.5% : 93.5%
<latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="RIxXPkXPlTAqdojVGHXWCIi9fhg="></latexit><latexit sha1_base64="RIxXPkXPlTAqdojVGHXWCIi9fhg="></latexit><latexit sha1_base64="83fEG440ktyYjw6Tf7Z0r8X6Exg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit>

1.0% : 99.0%
<latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="6KXvh8rXDTKLM7rUn2YknO8c8hw="></latexit><latexit sha1_base64="6KXvh8rXDTKLM7rUn2YknO8c8hw="></latexit><latexit sha1_base64="TpvmVJ3i+7zTc+PVJMTG75gRA4A="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit>

- The resultant mass spectrum 

mass
<latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="iNpggEYOzfjpwhqnislAXsJhkVM="></latexit><latexit sha1_base64="iNpggEYOzfjpwhqnislAXsJhkVM="></latexit><latexit sha1_base64="TtL9rAUQLvtKTgeqYoWSvlec8Eo="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit><latexit sha1_base64="KY70vEE01zBBZmYw1fNUU3eY72k="></latexit>

Qqq : Qqqq̄q for (I)
<latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="n1Ryo7XfWgpvlpsS0sHqCG4+dbI="></latexit><latexit sha1_base64="n1Ryo7XfWgpvlpsS0sHqCG4+dbI="></latexit><latexit sha1_base64="Lv7t+M9uMdb+2/x/3ahCLcGkK4o="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit><latexit sha1_base64="UWi0kvEnvor4mOUGwzqdTUR46lA="></latexit>

Qqq : Qqqq̄q for (II)
<latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="NzvMjtFaf9Kae82MpwGYzfdrLrw="></latexit><latexit sha1_base64="NzvMjtFaf9Kae82MpwGYzfdrLrw="></latexit><latexit sha1_base64="Z/C1YxJNfUAlRkUf0ABBPQI7Emk="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit><latexit sha1_base64="jLAfn9XvaPivDvu5TW6+nudF0bE="></latexit>

- We get physically distinct two parameter sets as

・Results

Excited                is mostly
while                is mostly

⇤c(2765)
<latexit sha1_base64="ahtr9SZ2M1E3Md3QurYdbU5UvqQ="></latexit><latexit sha1_base64="ahtr9SZ2M1E3Md3QurYdbU5UvqQ="></latexit><latexit sha1_base64="ahtr9SZ2M1E3Md3QurYdbU5UvqQ="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="cxNVVTyKb9JietZn707VvBa+ndY="></latexit><latexit sha1_base64="cxNVVTyKb9JietZn707VvBa+ndY="></latexit><latexit sha1_base64="18PZ0E9YONY39s9Mm2LbJzzDHMY="></latexit><latexit sha1_base64="ahtr9SZ2M1E3Md3QurYdbU5UvqQ="></latexit><latexit sha1_base64="ahtr9SZ2M1E3Md3QurYdbU5UvqQ="></latexit><latexit sha1_base64="ahtr9SZ2M1E3Md3QurYdbU5UvqQ="></latexit><latexit sha1_base64="ahtr9SZ2M1E3Md3QurYdbU5UvqQ="></latexit><latexit sha1_base64="ahtr9SZ2M1E3Md3QurYdbU5UvqQ="></latexit><latexit sha1_base64="ahtr9SZ2M1E3Md3QurYdbU5UvqQ="></latexit>

⇤c(2286)
<latexit sha1_base64="TzdqqV+FPqHZQNdZezA7bh1Frx4="></latexit><latexit sha1_base64="TzdqqV+FPqHZQNdZezA7bh1Frx4="></latexit><latexit sha1_base64="TzdqqV+FPqHZQNdZezA7bh1Frx4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="5NXFOdrAK/CIsVqqh5UYjTwA1g4="></latexit><latexit sha1_base64="5NXFOdrAK/CIsVqqh5UYjTwA1g4="></latexit><latexit sha1_base64="qXiz2jOl4Zv5QnSCddCqNuQzr6w="></latexit><latexit sha1_base64="TzdqqV+FPqHZQNdZezA7bh1Frx4="></latexit><latexit sha1_base64="TzdqqV+FPqHZQNdZezA7bh1Frx4="></latexit><latexit sha1_base64="TzdqqV+FPqHZQNdZezA7bh1Frx4="></latexit><latexit sha1_base64="TzdqqV+FPqHZQNdZezA7bh1Frx4="></latexit><latexit sha1_base64="TzdqqV+FPqHZQNdZezA7bh1Frx4="></latexit><latexit sha1_base64="TzdqqV+FPqHZQNdZezA7bh1Frx4="></latexit>

Qqq
<latexit sha1_base64="Myb7S6qzxJwmK15MsXIBzABDIsw="></latexit><latexit sha1_base64="Myb7S6qzxJwmK15MsXIBzABDIsw="></latexit><latexit sha1_base64="Myb7S6qzxJwmK15MsXIBzABDIsw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="0b9WgpBPOkmHiH1M5gaRqydmrA0="></latexit><latexit sha1_base64="0b9WgpBPOkmHiH1M5gaRqydmrA0="></latexit><latexit sha1_base64="P+bQ35wkFGn44MoTxTMf34BsRrQ="></latexit><latexit sha1_base64="Myb7S6qzxJwmK15MsXIBzABDIsw="></latexit><latexit sha1_base64="Myb7S6qzxJwmK15MsXIBzABDIsw="></latexit><latexit sha1_base64="Myb7S6qzxJwmK15MsXIBzABDIsw="></latexit><latexit sha1_base64="Myb7S6qzxJwmK15MsXIBzABDIsw="></latexit><latexit sha1_base64="Myb7S6qzxJwmK15MsXIBzABDIsw="></latexit><latexit sha1_base64="Myb7S6qzxJwmK15MsXIBzABDIsw="></latexit>

Qqqq̄q
<latexit sha1_base64="S0z+XGusQJv/rrTYSjkTfJH1pws="></latexit><latexit sha1_base64="S0z+XGusQJv/rrTYSjkTfJH1pws="></latexit><latexit sha1_base64="S0z+XGusQJv/rrTYSjkTfJH1pws="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="agBGLA0K+LdzR+4XhUws1G8w73c="></latexit><latexit sha1_base64="agBGLA0K+LdzR+4XhUws1G8w73c="></latexit><latexit sha1_base64="Kno+nrExVClv6KWcpTiywnIImu8="></latexit><latexit sha1_base64="S0z+XGusQJv/rrTYSjkTfJH1pws="></latexit><latexit sha1_base64="S0z+XGusQJv/rrTYSjkTfJH1pws="></latexit><latexit sha1_base64="S0z+XGusQJv/rrTYSjkTfJH1pws="></latexit><latexit sha1_base64="S0z+XGusQJv/rrTYSjkTfJH1pws="></latexit><latexit sha1_base64="S0z+XGusQJv/rrTYSjkTfJH1pws="></latexit><latexit sha1_base64="S0z+XGusQJv/rrTYSjkTfJH1pws="></latexit>

Q
<latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="nZh6X50hfU7j7YkLwwsf2md+1xU="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

q̄q
<latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="ixvEw+q1fqQFNSgRNUzVXegYcF8="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit>

Q
<latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="hBy3GlNLCbvqFj0dIFI6s0KsIMI="></latexit><latexit sha1_base64="nZh6X50hfU7j7YkLwwsf2md+1xU="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit><latexit sha1_base64="6K+Ams7AaoELaw9nycgNx6B4kwc="></latexit>

q
<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit> q

<latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="Xz/N5+m4vwrJ93HHQvzAI8/Sj+0="></latexit><latexit sha1_base64="kuabi6trYoi6rd0iW30q/AtrSzk="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit><latexit sha1_base64="Ag6XMyr58orstnV08RCdBEZe1ag="></latexit>

Mass spectrum
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Mass differences are related to
NG boson emission decay ⇤c

✓
1

2

+◆

<latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="4k9/drHYbXv9HopQUPNxhpGa+co="></latexit><latexit sha1_base64="4k9/drHYbXv9HopQUPNxhpGa+co="></latexit><latexit sha1_base64="8oXawAMsxevaSS+9TD9IoK9dVEI="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit><latexit sha1_base64="Z/tQZp/THF/7jh28+822kFg84c4="></latexit>

⇤c

✓
1

2

�◆

<latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="ZEOZbrQwNt39FIM8O8NAfzBFEBk="></latexit><latexit sha1_base64="ZEOZbrQwNt39FIM8O8NAfzBFEBk="></latexit><latexit sha1_base64="0L/n6A9aHpd0F6JihTnen79gD18="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit><latexit sha1_base64="aKIbtm7ROSKwam8NrYMEMozTicg="></latexit>

2286⇤
<latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="wRqSNHte6LC2TjMXZooiHBRXJTg="></latexit><latexit sha1_base64="wRqSNHte6LC2TjMXZooiHBRXJTg="></latexit><latexit sha1_base64="1+Uxq5mod3oxhaDNNHtcY3I04lI="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit><latexit sha1_base64="U8xD0jj9r5X+wdzL/ztj0Gwd0No="></latexit>

2765⇤
<latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="01pMjYTGzuCwAgRIt/bmMSXe2cY="></latexit><latexit sha1_base64="01pMjYTGzuCwAgRIt/bmMSXe2cY="></latexit><latexit sha1_base64="5Lm0IBbkrJQfeU2jC/56sDTUJao="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit><latexit sha1_base64="8c/UYEG5D1txVDwM3Crm8Lm8NBI="></latexit>

84.5% : 15.5%
<latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit><latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit><latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit><latexit sha1_base64="lgoVqSVioR1UhRXM1N+vROw5Nx0="></latexit>

15.5% : 84.5%
<latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="F9wf2QZux6DX5HMbVystt3kTZ9A="></latexit><latexit sha1_base64="F9wf2QZux6DX5HMbVystt3kTZ9A="></latexit><latexit sha1_base64="oagPx6a8u3UF5ICt3bGUNDfgYPQ="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit><latexit sha1_base64="Q+0zQCXahnPoC63dlYDTagSFNzk="></latexit>

2890⇤
<latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="O3ZHW7EJ646p8EwZOSc+Lxi/Ywk="></latexit><latexit sha1_base64="O3ZHW7EJ646p8EwZOSc+Lxi/Ywk="></latexit><latexit sha1_base64="mLMMnsArhO41EOHs7MFscxexoCU="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit><latexit sha1_base64="JzbCRs3ZR7Aowq09JgzR0G2nK9A="></latexit>

3529
<latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="ZI0919JtV8EcGxEKiyu1rTcovLE="></latexit><latexit sha1_base64="ZI0919JtV8EcGxEKiyu1rTcovLE="></latexit><latexit sha1_base64="l2mvMlbR2ZeBPVQx+WusAvzeFMs="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit><latexit sha1_base64="FWZKTx1m1jJJEj15I8kMAUzFEA0="></latexit>

53.6% : 46.4%
<latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="D3IfZWY2Fh0/ZTa316Bouf0mtn4="></latexit><latexit sha1_base64="D3IfZWY2Fh0/ZTa316Bouf0mtn4="></latexit><latexit sha1_base64="x+w0yXHoZ94AaWh6HG5s7x/+068="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit><latexit sha1_base64="NQYKDqYMnAvOU53Xyw7bGs9fnC4="></latexit>

46.4% : 53.6%
<latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit><latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit><latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit><latexit sha1_base64="sr1ObFgk3a5fkMfxNTvfAuKSTcU="></latexit>

75.2% : 24.8%
<latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="mtviuZgZ5socSygltCocdGQG27Q="></latexit><latexit sha1_base64="mtviuZgZ5socSygltCocdGQG27Q="></latexit><latexit sha1_base64="CvbOiuNNFyuo6hG295O0m1uxn5U="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit><latexit sha1_base64="J1nmbB38nBTWjVNhQm2/pmBYiP8="></latexit>

24.8% : 75.2%
<latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="RhE4u/XIPZ2VqpODJ28aFQQiafc="></latexit><latexit sha1_base64="RhE4u/XIPZ2VqpODJ28aFQQiafc="></latexit><latexit sha1_base64="uyFp1h5N6FxWdyLJ9qTXG0xcLRw="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit><latexit sha1_base64="C78Wr21IYe/1ECrybgZ9EaOPtE0="></latexit>

⌅c

✓
1

2

+◆

<latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="lrhHFOS9pTZ4M1a05gNvtQ1K89E="></latexit><latexit sha1_base64="lrhHFOS9pTZ4M1a05gNvtQ1K89E="></latexit><latexit sha1_base64="a0M8bh8alb/1ffcOgvi9Ow7cIgY="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit><latexit sha1_base64="RQcn5j6L4fblbhCM18ER4sNqIT0="></latexit>

2470⇤
<latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="8j5SoKT+P60yTajezvzZMc+CmSU="></latexit><latexit sha1_base64="8j5SoKT+P60yTajezvzZMc+CmSU="></latexit><latexit sha1_base64="uPIqvWjVQopbnPOcrnAuIbxNAGI="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit><latexit sha1_base64="g5aoP6bJ6HdhgUXPkP27+3yoQ6I="></latexit>

2967⇤
<latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="2pQm4XlS/qhVozTkULRBTGeVwoc="></latexit><latexit sha1_base64="2pQm4XlS/qhVozTkULRBTGeVwoc="></latexit><latexit sha1_base64="vUZlBh/yVNAQArcWDG0rtBHh+pw="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit><latexit sha1_base64="31dOjE1WkFjDrqnGvW7jANPYZXI="></latexit>

⌅c

✓
1

2

�◆

<latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="p6psDQy8NgvXwlNbaTKfq7obyRw="></latexit><latexit sha1_base64="p6psDQy8NgvXwlNbaTKfq7obyRw="></latexit><latexit sha1_base64="wQamtUL/92B5VUfU1bsnq290HvY="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit><latexit sha1_base64="Y8pOr4S9wkm5M9rS4BVgDzTnhEc="></latexit>

2732
<latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="KW8shpUvEJfrp/WjqmDALsGHOis="></latexit><latexit sha1_base64="KW8shpUvEJfrp/WjqmDALsGHOis="></latexit><latexit sha1_base64="/kSjTTOKo5yFF8QMYfTqF5fByc0="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit><latexit sha1_base64="0I7WjIQy0933uoegmZLcTG+63Wg="></latexit>

3302
<latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="aSEhe8tRbJI+Kaarc4eicSdDCD4="></latexit><latexit sha1_base64="aSEhe8tRbJI+Kaarc4eicSdDCD4="></latexit><latexit sha1_base64="GF59ECvrLktUICEVqHiu/0fVJlE="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit><latexit sha1_base64="cILF+4Wg0KXx7XoFlaQciZPl4og="></latexit>

61.0% : 39.0%
<latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="c8lE2AhNHQhAfTNubpN6ku8qI2M="></latexit><latexit sha1_base64="c8lE2AhNHQhAfTNubpN6ku8qI2M="></latexit><latexit sha1_base64="oF6177G0LsgZ8ZeaPokEP1P1Wy0="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit><latexit sha1_base64="jhE2fiVoMJa4IvItQO5by6pIj8Y="></latexit>

39.0% : 61.0%
<latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="+Yw3weqDC85wQ5YA4N48kJJ0v84="></latexit><latexit sha1_base64="+Yw3weqDC85wQ5YA4N48kJJ0v84="></latexit><latexit sha1_base64="nFbUwASV3gaOu2R0B7Qcq6i5ueY="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit><latexit sha1_base64="u4FokVVyW3w8UnoaespWr0PoaUs="></latexit>

mass [MeV]
<latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="QqGuy9j5E+X0UXAajBBqa/I2Q5s="></latexit><latexit sha1_base64="QqGuy9j5E+X0UXAajBBqa/I2Q5s="></latexit><latexit sha1_base64="FrUADVcu1VGTHvnd9GxclvKTz50="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit><latexit sha1_base64="UmBQuE2KvklorZOeM0sCHcSWP8w="></latexit>

�
Ratio is Qqq : Qqqq̄q

�
<latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="5Y7ubARsw6HCR5wq/xxTZZmd9z4="></latexit><latexit sha1_base64="5Y7ubARsw6HCR5wq/xxTZZmd9z4="></latexit><latexit sha1_base64="9YyEAU6tG4pq5GSaJioVR7Vegpk="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit><latexit sha1_base64="Zg6cX4ApGDsvtwOKO9lgBHBu0rw="></latexit>

93.5% : 6.5%
<latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="JfsxYFe8OpHXJ60rAbWbgaAkHXc="></latexit><latexit sha1_base64="JfsxYFe8OpHXJ60rAbWbgaAkHXc="></latexit><latexit sha1_base64="yZACqjIdZZc343PdbrDTuFIuQ+Y="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit><latexit sha1_base64="7eSHXk/sVwpLbzJNbxAZnuAetyk="></latexit>

99.0% : 1.0%
<latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="S/OvJp/7FwgPA1KBM2R4rLEbRJM="></latexit><latexit sha1_base64="S/OvJp/7FwgPA1KBM2R4rLEbRJM="></latexit><latexit sha1_base64="HFgEbMxFZvttaLGBuGkif+rTrjM="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit><latexit sha1_base64="gcIih+W71DcaJA9cAH997D7egQI="></latexit>

86.7% : 13.3%
<latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="+xfhZmLhJxtIQhyeOhax0mf6G8c="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="n/YwiIcSiQmO+JOdhlB5ipn58/I="></latexit><latexit sha1_base64="+xfhZmLhJxtIQhyeOhax0mf6G8c="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit><latexit sha1_base64="REDjjj/nPJZER1/+FnV+CPsmc/I="></latexit>

99.9% : 0.1%
<latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="T11Cgq7MNumttW3hdC8vItG2YZk="></latexit><latexit sha1_base64="T11Cgq7MNumttW3hdC8vItG2YZk="></latexit><latexit sha1_base64="6x8SEua//A+6OLMzrW+BIBDj9xc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit><latexit sha1_base64="ZqdiiepwyR8QIRbFI06e0tHBKzc="></latexit>

0.1% : 99.9%
<latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="4C16eX4HW5RCufXu8KXuUm2Pw64="></latexit><latexit sha1_base64="4C16eX4HW5RCufXu8KXuUm2Pw64="></latexit><latexit sha1_base64="9SBDFhcNKUAlYhefJZFlaAutBGo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit><latexit sha1_base64="ZKVUX62WiXiVwR2H2VDXkSULcHo="></latexit>

13.3% : 86.7%
<latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="idza/9tQOMUfVLC28Q0nRPkLXS0="></latexit><latexit sha1_base64="idza/9tQOMUfVLC28Q0nRPkLXS0="></latexit><latexit sha1_base64="WTs5xgSPncjp9fSKPsJbIp8uC2A="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit><latexit sha1_base64="+siVnJLybxzeYm8DVLVKWEhXRoM="></latexit>

6.5% : 93.5%
<latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="RIxXPkXPlTAqdojVGHXWCIi9fhg="></latexit><latexit sha1_base64="RIxXPkXPlTAqdojVGHXWCIi9fhg="></latexit><latexit sha1_base64="83fEG440ktyYjw6Tf7Z0r8X6Exg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit><latexit sha1_base64="N+IECn83CuapGrmiGQSdGs8bgdg="></latexit>

1.0% : 99.0%
<latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="6KXvh8rXDTKLM7rUn2YknO8c8hw="></latexit><latexit sha1_base64="6KXvh8rXDTKLM7rUn2YknO8c8hw="></latexit><latexit sha1_base64="TpvmVJ3i+7zTc+PVJMTG75gRA4A="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit><latexit sha1_base64="fHUulVyCswacjh+Ynct/SEMPzUs="></latexit>

four      masses      four      masses⇤c
<latexit sha1_base64="tc84SJh0xabGK1eGLrUkRrus0rI="></latexit><latexit sha1_base64="tc84SJh0xabGK1eGLrUkRrus0rI="></latexit><latexit sha1_base64="tc84SJh0xabGK1eGLrUkRrus0rI="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="bkSKyZoGzmCpMOF/Z9uk7m9Ej/E="></latexit><latexit sha1_base64="bkSKyZoGzmCpMOF/Z9uk7m9Ej/E="></latexit><latexit sha1_base64="3AftJmi/zidJbnY3o20usoUwXvQ="></latexit><latexit sha1_base64="tc84SJh0xabGK1eGLrUkRrus0rI="></latexit><latexit sha1_base64="tc84SJh0xabGK1eGLrUkRrus0rI="></latexit><latexit sha1_base64="tc84SJh0xabGK1eGLrUkRrus0rI="></latexit><latexit sha1_base64="tc84SJh0xabGK1eGLrUkRrus0rI="></latexit><latexit sha1_base64="tc84SJh0xabGK1eGLrUkRrus0rI="></latexit><latexit sha1_base64="tc84SJh0xabGK1eGLrUkRrus0rI="></latexit>

⌅c
<latexit sha1_base64="s686BYHXkppWZ4RC/siWJyLcEBA="></latexit><latexit sha1_base64="s686BYHXkppWZ4RC/siWJyLcEBA="></latexit><latexit sha1_base64="s686BYHXkppWZ4RC/siWJyLcEBA="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="46lLv/hiwBV8p3YcFaRwbxLKweE="></latexit><latexit sha1_base64="46lLv/hiwBV8p3YcFaRwbxLKweE="></latexit><latexit sha1_base64="l1y4CA3Y7Oe57KVS+F21CP1KTHQ="></latexit><latexit sha1_base64="s686BYHXkppWZ4RC/siWJyLcEBA="></latexit><latexit sha1_base64="s686BYHXkppWZ4RC/siWJyLcEBA="></latexit><latexit sha1_base64="s686BYHXkppWZ4RC/siWJyLcEBA="></latexit><latexit sha1_base64="s686BYHXkppWZ4RC/siWJyLcEBA="></latexit><latexit sha1_base64="s686BYHXkppWZ4RC/siWJyLcEBA="></latexit><latexit sha1_base64="s686BYHXkppWZ4RC/siWJyLcEBA="></latexit>

=<latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="CzvJHTUlRigNdOB0dl6+3AFVccs="></latexit><latexit sha1_base64="CzvJHTUlRigNdOB0dl6+3AFVccs="></latexit><latexit sha1_base64="skzKjTfXCJylv5DBvAtEkKGJS3s="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="CzvJHTUlRigNdOB0dl6+3AFVccs="></latexit><latexit sha1_base64="CzvJHTUlRigNdOB0dl6+3AFVccs="></latexit><latexit sha1_base64="skzKjTfXCJylv5DBvAtEkKGJS3s="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit><latexit sha1_base64="i1+4s1DaH9yd+E69nsvu4t7UECE="></latexit>

Mass formula

extended Goldberger-Treiman relation

・General relations

Mass spectrum

Distinct from quark models
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<latexit sha1_base64="cxFv/NdHOE2ZURgd5TbmfdPieCg="></latexit>

⇤c(2765)
<latexit sha1_base64="Jp8TnJk2/9ijkpRXPdLZmvONBRk="></latexit>

⌃(⇤)
c

<latexit sha1_base64="SvXtAGQv47gQPVReAKaSGUZcOw8="></latexit>

Pf
<latexit sha1_base64="oAkBVJbTlmV7+C74AMjNdlqfCRg="></latexit>

Pi

<latexit sha1_base64="0+1GfUDYkY9d3eopsdmtHpvOQnA="></latexit>p⇡

<latexit sha1_base64="OXwHuTtSz3FhPOQXwfNLPe9vWA0="></latexit>⇡ <latexit sha1_base64="M7MyAfTQJ6XGKh9TN8YVxPfZw6E="></latexit>

K̄
<latexit sha1_base64="QV+OtHpA2tmWlF/NKiANOkcWQMo="></latexit>pK̄

<latexit sha1_base64="Jp8TnJk2/9ijkpRXPdLZmvONBRk="></latexit>

⌃(⇤)
c

<latexit sha1_base64="SvXtAGQv47gQPVReAKaSGUZcOw8="></latexit>

Pf
<latexit sha1_base64="oAkBVJbTlmV7+C74AMjNdlqfCRg="></latexit>

Pi
<latexit sha1_base64="SvXtAGQv47gQPVReAKaSGUZcOw8="></latexit>

Pf
<latexit sha1_base64="oAkBVJbTlmV7+C74AMjNdlqfCRg="></latexit>

Pi

<latexit sha1_base64="OXwHuTtSz3FhPOQXwfNLPe9vWA0="></latexit>⇡

<latexit sha1_base64="TH/nIS3rE6AA4EH8c+bPL80XUlk="></latexit>

⌅0
c [⌅c(2645)]

<latexit sha1_base64="0+1GfUDYkY9d3eopsdmtHpvOQnA="></latexit>p⇡

・Decays of the Roper-like SHBs

Decays of SHBs

- We evaluate decays of the Roper-like SHBs by the following diagrams

- Our model reads suppression of direct decays of e.g.
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- Heavy quark spin-doublet SHBs are denoted by
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flavor symmetric
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- The chiral invariant Lagrangian reads

・Lagrangian for the decays

with
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- Surprisingly this concise Lagrangian describes all of the following decays
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The mixing angles appear reflecting the Roper-like and
ground-state baryons described by mixings of         and
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- By using decay widths of HQS-doublet as inputs, we find

・Decay widths of Roper-like SHBs

Λc(2765)+ Ξc(2970)+

Λc(2765) (PDG)

Ξc(2970)+ (PDG)

0.50 0.52 0.54 0.56 0.58 0.60 0.62
0

20

40

60

80

R

W
id
th

[M
eV

]

<latexit sha1_base64="Y8rtL7mrycru9fcVwLzJaEuZvJg="></latexit>

g+L
A,i=3 ⇡ g+L

A,i=1,2 ⇡ 0.512 (mostly flavor independent)

- Decays of Roper-like                and                are examined simultaneously
with the following one parameter:
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- By using decay widths of HQS-doublet as inputs, we find
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A,i=1,2 ⇡ 0.512 (mostly flavor independent)

- Decays of Roper-like                and                are examined simultaneously
with the following one parameter:
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- By using decay widths of HQS-doublet as inputs, for bottom sector we find

・Results for bottom sector

(again mostly flavor independent)
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- Decays of Roper-like                and            are examined simultaneously
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R dependence of the widths

We employ 6255 MeV for            mass
quark model: Chen-Wei-Liu-Zhang PRD(2018)

mass dependence
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- We presented the chiral model describing mass spectrum and decays
of the Roper-like SHBs 

Conclusions

- We proposed that the Roper-like SHBs are mostly pentaquark states

- The large decay width of the Roper-like SHBs                   was naturally
explained in our chiral model
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- In order to further confirm the pentaquark nature of the Roper-like SHBs,
we are exploring their decays with U(1)A viewpoint (with Prof. M. Harada, M. Oka)

- Properties of the negative-parity HQS-singlet SHBs (“chiral partners”)
were also presented

× NR quark model
◎ our chiral model

Future prospect

- Quark model computation for pentaquark picture for the Roper-like SHBs
- Modifications in medium (→ Any hints of diquark condensate?)


