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・Hadrons and QCD

1. Introduction

- Hadron properties are in-principle described by QCD dynamics
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ZQCD ⇡ Zhadron

Hadrons must respect symmetry properties of QCD

Chiral symmetry breaking U(1)A anomaly
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- mass generation
- low-energy theorem

- U(1)A non-conservation
- topological nature of QCD
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- Hadron properties are in-principle described by QCD dynamics
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- U(1)A non-conservation
- topological nature of QCD
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・Diquark in SHBs

1. Introduction

- We employ (heavy quark)-(diquark) picture for singly heavy baryons (SHBs)
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Qheavy quark
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= spectator 

- chiral symmetry breaking
- U(1)A anomaly

-heavy quark spin symmetry (HQSS)
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qq, qq(q̄q), · · ·

eg, Jaffe-Wilczek (2003). Hong-Sohn-Zahed (2004)

- Note: Diquarks are NOT observable (confinement) but are useful in
studying the baryon spectrum

quark model (constituent quarks are confined but useful)

- We try to describe SHBs with a field-theoretical method
based on chiral symmetry, U(1)A anomaly, and HQSS

Our approach
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・SHB in chiral models

1. Introduction
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(spin doublet)
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- Mass spectrum of SHB in charmed sector
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・SHB in chiral models

1. Introduction
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- Mass spectrum of SHB in charmed sector

- Some works were 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), Kim-Hiyama-Oka-Suzuki 
(2020), Kim-Oka-Suzuki (2021) Kim-Oka-Suenaga-Suzuki (2022)

- Chiral-partner structure on            at high T
was also examined
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- Mass spectrum of SHB in charmed sector

- The Roper-like SHBs are rather mysterious
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・Pentaquark picture for             and
- We invent pentaquark components made of tetra-diquark to describe

the Roper-like SHBs within a chiral model

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

⇤c(2765)

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>

conventional 
diquark

tetra-diquark <latexit sha1_base64="enjM/MhOv+OUIkRVdaxQR42UekE="></latexit>

⇤c(2765), ⌅c(2970)

<latexit sha1_base64="3ASOiJD3OTau9NzKzeOG5hDreoY="></latexit>

⇤c(2286), ⌅c(2470)
<latexit sha1_base64="U87VdDWT6D/QYCsTD4WXzPj2/UQ="></latexit>⇠

<latexit sha1_base64="U87VdDWT6D/QYCsTD4WXzPj2/UQ="></latexit>⇠

<latexit sha1_base64="2eUWM1Ys9pUIinX0Yj3/rIkPd2o="></latexit>✓
1

2

+◆

<latexit sha1_base64="2eUWM1Ys9pUIinX0Yj3/rIkPd2o="></latexit>✓
1

2

+◆

ground state

Roper-like state

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

⌅c(2970)

1. Introduction

<latexit sha1_base64="e7NMEB0YvN24uW+crsB4FvWMgO8="></latexit>

qq(q̄q)

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

<latexit sha1_base64="e7NMEB0YvN24uW+crsB4FvWMgO8="></latexit>

qq(q̄q)

mostly

mostly

Suenaga-Hosaka (2021, 2022)

<latexit sha1_base64="WlRR+gOZfuYQ3a1VyON+YFCVGnU="></latexit>

M(q̄q) ⇠ 500MeV

The mass difference is
<latexit sha1_base64="q2TMeqQftEdyXHq8rHULZeMpb1I="></latexit>

⇠ 500MeV

Sigma meson mass is 

reasonable
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・Pentaquark picture for             and
- Chiral partners are also predicted

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

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

⌅c(2970)

1. Introduction

- I present predicted mass spectrum and decay width of the chiral partners

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="RkdDJCQoasAlEQT+4+vWY+hc7F8="></latexit>

(1/2�)
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>
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<latexit sha1_base64="6f76k5xmeQze6aEYmp6V2vbDwDM="></latexit>

(1/2+)

(unobserved)partner

Suenaga-Hosaka, PRD 104, 034009 (2021)

all of them are 
HQS-singlet

mass degeneracy when chiral symmetry is restored

- Large decay widths of                and                are explained with
reasonable value with 

<latexit sha1_base64="cxFv/NdHOE2ZURgd5TbmfdPieCg="></latexit>

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

⌃(⇤)
c

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

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

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

⌅c(2970)
<latexit sha1_base64="RGfQYfAsQpsvT2+IZtiZlZze9+c="></latexit>

(axial charge) ⇠ 0.5

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

⌃(⇤)
c

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

<latexit sha1_base64="/oRBvC/xMDzFraDVxLKe9m4AQF0="></latexit>

⇤c(2286)

Suenaga-Hosaka, PRD 105, 074036 (2022)

This talk
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- The chiral representation and axial charges of                       aredR, dL, d
0
R, d

0
L
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i) conventional diquark

ii) tetra-diquark

i, j, k : flavor index
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a, b, c : color index
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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>

- We introduce two types of diquarks

・Diquark fields

3-quark 5-quark

2. Model

- The baryon fields are
<latexit sha1_base64="FVMp8Du9q2KKP9xKqBMFf6JvAvU="></latexit>

BR(L) ⇠ QdR(L)
<latexit sha1_base64="QICIoNk0HeGLF0TX6QvQUU6kE1E="></latexit>

B0
R(L) ⇠ Qd0R(L)
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・Lagrangian
- Our Lagrangian is invariant under                             chiral symmetry
but incorporate           anomaly, which can be separate into three parts:

2. Model

<latexit sha1_base64="phPpL7hn0x4xso00/RnLu9j2iUM="></latexit>

SU(3)L ⇥ SU(3)R
<latexit sha1_base64="53SThk5EOH+igF5pywot083+K7w="></latexit>

U(1)A
<latexit sha1_base64="2P5HbhKD8bR1lOeiv49d7rkbHTo="></latexit>

L = L3 + L5 + Lmix

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

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

- Our counting scheme:

1. include interactions invariant under                            chiral and
axial symmetry

<latexit sha1_base64="phPpL7hn0x4xso00/RnLu9j2iUM="></latexit>

SU(3)L ⇥ SU(3)R
<latexit sha1_base64="53SThk5EOH+igF5pywot083+K7w="></latexit>

U(1)A

2. add           breaking terms with minimum number of meson fields
<latexit sha1_base64="53SThk5EOH+igF5pywot083+K7w="></latexit>

U(1)A
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・Lagrangian
- More concretely

2. Model

<latexit sha1_base64="2P5HbhKD8bR1lOeiv49d7rkbHTo="></latexit>

L = L3 + L5 + Lmix

<latexit sha1_base64="xmQ9h67uoO+Lre9dFfDB2uAM4kw="></latexit>

L3 !
<latexit sha1_base64="ETfWEqcB+V6F9i3CG9m9y6JcKJw="></latexit>

L5 !
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="OXwHuTtSz3FhPOQXwfNLPe9vWA0="></latexit>⇡

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

<latexit sha1_base64="W/HNhYbFYuZu+O/zWrYN4Ih4Gfo="></latexit>

Lmix !
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="OXwHuTtSz3FhPOQXwfNLPe9vWA0="></latexit>⇡

is meson nonet

<latexit sha1_base64="rDrwyOWnhAdpEWo8u8gaY+NI3Uc="></latexit>

L3 =
X

�=L,R

(B̄�iv · @B� � µ1B̄�B�)�
µ3

f2
⇡

h
B̄L(⌃⌃

†)TBL + B̄R(⌃
†⌃)TBR

i

<latexit sha1_base64="iKwoto47Z7AiBVm7EWbTmQ0PVec="></latexit>

� g1
2f⇡

�
✏ijk✏abcB̄L,k⌃ia⌃jbBR,c + h.c.

�
� g01(B̄L⌃

⇤BR + h.c.)

<latexit sha1_base64="S3CmxoWcYMmYCxJd6PzUO/s/TpI="></latexit>

+g02
�
B̄0

R⌃
⇤B0

L + B̄0
L⌃

TB0
R

�

<latexit sha1_base64="J8XmCYDijegpC00jdYzt6lwWo28="></latexit>

L5 =
X

�=L,R
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0
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0
�)�
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f2
⇡

h
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R(⌃⌃
†)TB0

R + B̄0
L(⌃

†⌃)TB0
L

i

<latexit sha1_base64="mcqBxkFwzXK/xSLsna+opVk0Osw="></latexit>

� g2
6f3

⇡

h
(✏abc✏ijk⌃

†
ci⌃

†
bj⌃

†
ak)(B̄

0
R⌃

⇤B0
L) + h.c.

i
� g3

2f3
⇡

⇣
✏abc✏ijkB̄

0
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†
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†
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†
aj⌃

†
dkB

0
L,d + h.c.

⌘

<latexit sha1_base64="Co20cvmBPiA9pD7AQy3Och0GcEk="></latexit>

Lmix = �g4(B̄
0
R⌃

⇤BR + B̄L⌃
⇤B0

L + h.c.)
<latexit sha1_base64="1oE2cfU+lmddjpAgbIt3wVTLB9E="></latexit>

�µ0
1(B̄RB

0
L + B̄0

LBR + B̄LB
0
R + B̄0

RBL)

<latexit sha1_base64="htnQRqKq0SVyaqBy0xTH+7i7QV8="></latexit>

⌃ = S + iP ⇠ (3, 3̄)�2
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・Lagrangian
- More concretely

2. Model

<latexit sha1_base64="2P5HbhKD8bR1lOeiv49d7rkbHTo="></latexit>

L = L3 + L5 + Lmix
<latexit sha1_base64="rDrwyOWnhAdpEWo8u8gaY+NI3Uc="></latexit>

L3 =
X

�=L,R

(B̄�iv · @B� � µ1B̄�B�)�
µ3

f2
⇡

h
B̄L(⌃⌃

†)TBL + B̄R(⌃
†⌃)TBR

i

<latexit sha1_base64="iKwoto47Z7AiBVm7EWbTmQ0PVec="></latexit>

� g1
2f⇡

�
✏ijk✏abcB̄L,k⌃ia⌃jbBR,c + h.c.

�
� g01(B̄L⌃

⇤BR + h.c.)

<latexit sha1_base64="S3CmxoWcYMmYCxJd6PzUO/s/TpI="></latexit>
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�
B̄0

R⌃
⇤B0

L + B̄0
L⌃

TB0
R

�

<latexit sha1_base64="J8XmCYDijegpC00jdYzt6lwWo28="></latexit>

L5 =
X

�=L,R
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0
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h
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†)TB0

R + B̄0
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†⌃)TB0
L

i

<latexit sha1_base64="mcqBxkFwzXK/xSLsna+opVk0Osw="></latexit>

� g2
6f3

⇡

h
(✏abc✏ijk⌃

†
ci⌃

†
bj⌃

†
ak)(B̄

0
R⌃

⇤B0
L) + h.c.

i
� g3

2f3
⇡

⇣
✏abc✏ijkB̄

0
R,l⌃

†
cl⌃

†
bi⌃

†
aj⌃

†
dkB

0
L,d + h.c.

⌘

<latexit sha1_base64="Co20cvmBPiA9pD7AQy3Och0GcEk="></latexit>

Lmix = �g4(B̄
0
R⌃

⇤BR + B̄L⌃
⇤B0

L + h.c.)
<latexit sha1_base64="1oE2cfU+lmddjpAgbIt3wVTLB9E="></latexit>

�µ0
1(B̄RB

0
L + B̄0

LBR + B̄LB
0
R + B̄0

RBL)

is meson nonet
<latexit sha1_base64="htnQRqKq0SVyaqBy0xTH+7i7QV8="></latexit>

⌃ = S + iP ⇠ (3, 3̄)�2

only                terms are  
NON-invariant

<latexit sha1_base64="53SThk5EOH+igF5pywot083+K7w="></latexit>

U(1)A

<latexit sha1_base64="kTy+LkkagITlVx1nPEgTWxbSk8U="></latexit>

g01, g
0
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0
1

anomaly
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・Quark line diagram

2. Model

<latexit sha1_base64="SiTYq7e4/TfBmR1cqsmTIy4VTU8="></latexit>

dR

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃ ×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃
<latexit sha1_base64="SiTYq7e4/TfBmR1cqsmTIy4VTU8="></latexit>

dR
<latexit sha1_base64="dsAd7S7oYHxmEcXtonjvTsmZpAE="></latexit>

µ3 � term

<latexit sha1_base64="SiTYq7e4/TfBmR1cqsmTIy4VTU8="></latexit>

dR

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃
×

<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃

<latexit sha1_base64="sJSolH4T6uX0a5OLRCZ+KqSYvAs="></latexit>

g1 � term
<latexit sha1_base64="ZWgOg+q/KXG5N3BD7mv8x1skS2c="></latexit>

g01 � term

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L
<latexit sha1_base64="x1r36iloXNwUwSm+U4VYU6re1/s="></latexit>

dL <latexit sha1_base64="SiTYq7e4/TfBmR1cqsmTIy4VTU8="></latexit>

dR

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃

<latexit sha1_base64="x1r36iloXNwUwSm+U4VYU6re1/s="></latexit>

dL

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L
<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L
<latexit sha1_base64="IylVy8D0mf1p4GQI40QYOOzohGQ="></latexit>

KMT

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L
<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="gGLvEYf6S41bqb9EPhxEUPAHAcU="></latexit>

d0R
<latexit sha1_base64="gGLvEYf6S41bqb9EPhxEUPAHAcU="></latexit>

d0R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="gGLvEYf6S41bqb9EPhxEUPAHAcU="></latexit>

d0R
<latexit sha1_base64="C0VMu0aqcVm+in6vA0MaLBjeTu8="></latexit>

d0L

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L
<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="1vnCda6xKb4sEynlAfyz7Mnb13Q="></latexit>

µ4 � term
<latexit sha1_base64="R4j5AlkphJi9qTI4ArVywjwrprk="></latexit>

g2 � term
<latexit sha1_base64="nBmAwHt3/7pxzjTgqn6dD7c2n2Q="></latexit>

g3 � term
<latexit sha1_base64="HEt45MVy3o/kQcdFuatRr7aNLKA="></latexit>

g02 � term

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
×

<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃

×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L
<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="gGLvEYf6S41bqb9EPhxEUPAHAcU="></latexit>

d0R

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="C0VMu0aqcVm+in6vA0MaLBjeTu8="></latexit>

d0L

×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
×

<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L
<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L
<latexit sha1_base64="gGLvEYf6S41bqb9EPhxEUPAHAcU="></latexit>

d0R
<latexit sha1_base64="C0VMu0aqcVm+in6vA0MaLBjeTu8="></latexit>

d0L
<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L
<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="IylVy8D0mf1p4GQI40QYOOzohGQ="></latexit>

KMT

×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃ ×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃

×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃

×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃

×
<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="gGLvEYf6S41bqb9EPhxEUPAHAcU="></latexit>

d0R
×

<latexit sha1_base64="UURf4wFTmTzLWn24jUS1RepqqJc="></latexit>

⌃

<latexit sha1_base64="SiTYq7e4/TfBmR1cqsmTIy4VTU8="></latexit>

dR
<latexit sha1_base64="VL3ZyI5qKdEKixXqTlQUjwm4cL0="></latexit>

g4 � term <latexit sha1_base64="9r6S8JSG3VxBAx4kmYEhDYQ6M4A="></latexit>

µ0
1 � term

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="SiTYq7e4/TfBmR1cqsmTIy4VTU8="></latexit>

dR

<latexit sha1_base64="IylVy8D0mf1p4GQI40QYOOzohGQ="></latexit>

KMT
<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="zJ79gB4h1+z88qnfjQvPKvrdSbk="></latexit>

L

<latexit sha1_base64="tJ8W5KKHMJ3LQtj/yIFAndkloug="></latexit>

R
<latexit sha1_base64="C0VMu0aqcVm+in6vA0MaLBjeTu8="></latexit>

d0L
terms include

KMT-type interactions

<latexit sha1_base64="kTy+LkkagITlVx1nPEgTWxbSk8U="></latexit>

g01, g
0
2, µ

0
1

<latexit sha1_base64="wgnu4sf+3ov/cQ8ScFJddUmV9bs="></latexit>

L3

<latexit sha1_base64="ixTnSVO1hGlmQeTfrmHalSnk3kk=">AAACbXichVG7SgNBFD1Z3/EVFUFQJBh8VGFWfGEl2lhYqDEm+CDsjmNcsi92NwFd/AFrwUIUFETEz7DxByzyCWJhoWBj4d3Ngqiod5iZM2fuuXNmRrV1zfUYq8akuvqGxqbmlnhrW3tHZ6Kre921yg4XWW7plpNXFVfomimynubpIm87QjFUXeTU0kKwn6sIx9Usc83bt8W2oRRNbVfjikfUhr/FFT25dFiYLCRSLM3CSP4EcgRSiGLZSlxjCzuwwFGGAQETHmEdClxqm5DBYBO3DZ84h5AW7gscIk7aMmUJylCILdFYpNVmxJq0Dmq6oZrTKTp1h5RJDLMHdsNe2D27ZY/s/ddaflgj8LJPs1rTCrvQedSXeftXZdDsYe9T9adnD7uYCb1q5N0OmeAWvKa vHJy8ZGZXh/0RdsmeyP8Fq7I7uoFZeeVXK2L1FHH6APn7c/8E6+NpeSo9sTKRmpuPvqIZ/RjCGL33NOawiGVk6VwTxzjDeexZ6pUGpMFaqhSLND34EtLoB3NhjWc=</latexit>

L5

<latexit sha1_base64="okfnwVap9a7QWsibK344PCzht/4="></latexit>

Lmix

anomaly

anomaly

anomaly
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3. Analysis and results

- Under chiral symmetry breaking

・3-quark SHBs with no mixing:
<latexit sha1_base64="J8hF2Zyh0k0Nz4030J+8e2IJXd4="></latexit>

h⌃i = f⇡diag(1, 1, A)
<latexit sha1_base64="504zVKc52SHfT2jLPmtKDJe0se0="></latexit>

with A = 1.38

<latexit sha1_base64="kwQZ5oiv+MSP1wxstW9qqkSxTew="></latexit>

B± =
1p
2
(BR ⌥BL)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>

ground-state

- The mass of 3-quark SHBs with no mixing                is obtained as
<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0

<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0
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- Under chiral symmetry breaking

・3-quark SHBs with no mixing:
<latexit sha1_base64="J8hF2Zyh0k0Nz4030J+8e2IJXd4="></latexit>

h⌃i = f⇡diag(1, 1, A)
<latexit sha1_base64="504zVKc52SHfT2jLPmtKDJe0se0="></latexit>

with A = 1.38

<latexit sha1_base64="kwQZ5oiv+MSP1wxstW9qqkSxTew="></latexit>

B± =
1p
2
(BR ⌥BL)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>

ground-state

- The mass of 3-quark SHBs with no mixing                is obtained as
<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0
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c
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[M
e
V
]

M(Λc
[3]
(-))	[MeV]

(I)
(II)
(III)

g'1=0
µ3=0

<latexit sha1_base64="qj5zqb/KqNs/E4qQewbAU+2cEwo="></latexit>

M(⇤[3]
c (+)) = 2286MeV

<latexit sha1_base64="beRY6vwNA6Mq+6qHy5Ulnkht9xI="></latexit>

M(⌅[3]
c (+)) = 2470MeVinput

<latexit sha1_base64="Ask0AWl+x+wZqhXTqghbiwLolUs="></latexit>

M(⇤[3]
c (+)) < M(⌅[3]

c (+)) < M(⇤[3]
c (�)) < M(⌅[3]

c (�))

<latexit sha1_base64="EtJop8Mn/deWEJcDSJkhirP23rE="></latexit>

M(⇤[3]
c (+)) < M(⇤[3]

c (�)) < M(⌅[3]
c (+)) < M(⌅[3]

c (�))

<latexit sha1_base64="0Gz99Wqx96tSTvrv6X4Kh4xPzFU="></latexit>

M(⇤[3]
c (+)) < M(⌅[3]

c (+)) < M(⌅[3]
c (�)) < M(⇤[3]

c (�))

(I)

(II)

(III) inverse

Anomalous      term can lead to the
inverse mass hierarchy        

normal
normal

normal
normal

inverse

Harada et al (2020)

with no anomaly

<latexit sha1_base64="ZNZgqy0MrjIuw000M9129LkX5cQ="></latexit>

g01

<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0

3. Analysis and results
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・3-quark SHBs with no mixing:
- Decay widths of             are evaluated 

<latexit sha1_base64="Y5JkPJWNAYqfLxhN/0BOIGSb9gk="></latexit>

⇤[3]
c (�)

<latexit sha1_base64="4SB3R5Ffb15WdwAN45dSJj1X6PY="></latexit>

M(⌅[3]
c (�)) = 2765MeV

<latexit sha1_base64="11iLmELs8kDuFEEd/Pqg6donZiw="></latexit>

M(⇤[3]
c (�)) = 2890MeV

quark model
(Yoshida et al 2015)

<latexit sha1_base64="JpQRNILsoL6PAee7EDl2mAxxXJY="></latexit>

Q� qqchiral           model
(Kim et al 2020)

with no anomaly

- Anomaly and          mixing can milder such sudden increase

- Decay widths abruptly increase above thresholds (chiral partner property)
<latexit sha1_base64="j+QcUe8u17nP+8VcLGyH6NjAc6I="></latexit>

⌘ � ⌘0

Kawakami-Harada-Oka-Suzuki (2020)

<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0

3. Analysis and results
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・3-quark SHBs with no mixing:
- Decay widths of             are evaluated 

<latexit sha1_base64="fS8rdT/ZeF6A7mHzD8VH6eUhnpg="></latexit>

⌅[3]
c (�)

- When assuming            to be recently observed               or              ,
the width becomes very large ↔ experimentally

<latexit sha1_base64="fS8rdT/ZeF6A7mHzD8VH6eUhnpg="></latexit>

⌅[3]
c (�)

<latexit sha1_base64="dupRE5ubqIZmelp5U+JLAS6UzQ0="></latexit>

⌅c(2923)
<latexit sha1_base64="Nioh6UxH4KUmfGc9FFgULjJ4GKg="></latexit>

⌅c(2930)

<latexit sha1_base64="dupRE5ubqIZmelp5U+JLAS6UzQ0="></latexit>

⌅c(2923)
<latexit sha1_base64="Nioh6UxH4KUmfGc9FFgULjJ4GKg="></latexit>

⌅c(2930)or               CANNOT be 3-quark (dominant) SHB

<latexit sha1_base64="jPSnqQ1hltzJJdHBJAHdfoMUcHQ="></latexit>

�exp ⇡ 10MeV

unknown JP

<latexit sha1_base64="4SB3R5Ffb15WdwAN45dSJj1X6PY="></latexit>

M(⌅[3]
c (�)) = 2765MeV

<latexit sha1_base64="11iLmELs8kDuFEEd/Pqg6donZiw="></latexit>

M(⇤[3]
c (�)) = 2890MeV

quark model
(Yoshida et al 2015)

<latexit sha1_base64="JpQRNILsoL6PAee7EDl2mAxxXJY="></latexit>

Q� qqchiral           model
(Kim et al 2020)

<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0

3. Analysis and results

with no anomaly
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- The mass of 5-quark SHBs with no mixing                is obtained as

・5-quark SHBs with no mixing:

- (and         ) can be absorbed into     no anomaly effects

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>

Roper-like

<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0
<latexit sha1_base64="QgfoIJYSyprP5/4l1XFmrzNSZp0="></latexit>

M(⇤[5]
c (±)) = mB + µ2 +A2µ4 ±Af⇡

⇥
A(g2 + g3) + g02

⇤
<latexit sha1_base64="yVzcvD5ylZaOFVksCC3KqWAbrF8="></latexit>

M(⌅[5]
c (±)) = mB + µ2 + µ4 ± f⇡

⇥
A(g2 + g3) + g02

⇤

<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0

<latexit sha1_base64="AMgQh256ZDm4eEY9uyepyDDhU6I="></latexit>g2, g3
<latexit sha1_base64="zPiHzCYVy9vDEwsc5fyx1kmE3W4="></latexit>

g02

3. Analysis and results

<latexit sha1_base64="6Z7a5wsrwcya85LgR8PqKKGMGuM="></latexit>

h ⌘ A(g1 + g3) + g02
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- The mass of 5-quark SHBs with no mixing                is obtained as

・5-quark SHBs with no mixing:

- (and         ) can be absorbed into     no anomaly effects

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>

Roper-like

<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0
<latexit sha1_base64="QgfoIJYSyprP5/4l1XFmrzNSZp0="></latexit>

M(⇤[5]
c (±)) = mB + µ2 +A2µ4 ±Af⇡

⇥
A(g2 + g3) + g02

⇤
<latexit sha1_base64="yVzcvD5ylZaOFVksCC3KqWAbrF8="></latexit>

M(⌅[5]
c (±)) = mB + µ2 + µ4 ± f⇡

⇥
A(g2 + g3) + g02

⇤

<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0

<latexit sha1_base64="AMgQh256ZDm4eEY9uyepyDDhU6I="></latexit>g2, g3
<latexit sha1_base64="zPiHzCYVy9vDEwsc5fyx1kmE3W4="></latexit>

g02
<latexit sha1_base64="6Z7a5wsrwcya85LgR8PqKKGMGuM="></latexit>

h ⌘ A(g1 + g3) + g02

<latexit sha1_base64="U87VdDWT6D/QYCsTD4WXzPj2/UQ="></latexit>⇠

<latexit sha1_base64="U87VdDWT6D/QYCsTD4WXzPj2/UQ="></latexit>⇠

<latexit sha1_base64="a8OjhXY4PF4xYPeDYH3ARebOE5o="></latexit>

2811MeV . M(⌅[5]
c (�)) < M(⌅[5]

c (+))
<latexit sha1_base64="279HSryPYwyvB46T8dmtyGYsxqw="></latexit>

2551MeV . M(⇤[5]
c (�)) < M(⇤[5]

c (+))
(= 2765 MeV) (= 2967 MeV)

assumption (P-wave) assumption (P-wave)→→

(exp.)
(exp.)

- For decays

3. Analysis and results
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- The mass of 5-quark SHBs with no mixing                is obtained as

・5-quark SHBs with no mixing:

- (and         ) can be absorbed into     no anomaly effects

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>

Roper-like

<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0
<latexit sha1_base64="QgfoIJYSyprP5/4l1XFmrzNSZp0="></latexit>

M(⇤[5]
c (±)) = mB + µ2 +A2µ4 ±Af⇡

⇥
A(g2 + g3) + g02

⇤
<latexit sha1_base64="yVzcvD5ylZaOFVksCC3KqWAbrF8="></latexit>

M(⌅[5]
c (±)) = mB + µ2 + µ4 ± f⇡

⇥
A(g2 + g3) + g02

⇤

<latexit sha1_base64="AIUUHE/q2Vlh+cyxhGKw/77h/fE="></latexit>

Lmix = 0

<latexit sha1_base64="AMgQh256ZDm4eEY9uyepyDDhU6I="></latexit>g2, g3
<latexit sha1_base64="zPiHzCYVy9vDEwsc5fyx1kmE3W4="></latexit>

g02
<latexit sha1_base64="6Z7a5wsrwcya85LgR8PqKKGMGuM="></latexit>

h ⌘ A(g1 + g3) + g02

<latexit sha1_base64="U87VdDWT6D/QYCsTD4WXzPj2/UQ="></latexit>⇠

<latexit sha1_base64="U87VdDWT6D/QYCsTD4WXzPj2/UQ="></latexit>⇠

<latexit sha1_base64="a8OjhXY4PF4xYPeDYH3ARebOE5o="></latexit>

2811MeV . M(⌅[5]
c (�)) < M(⌅[5]

c (+))
<latexit sha1_base64="279HSryPYwyvB46T8dmtyGYsxqw="></latexit>

2551MeV . M(⇤[5]
c (�)) < M(⇤[5]

c (+))
(= 2765 MeV) (= 2967 MeV)

assumption (P-wave) assumption (P-wave)→→

(exp.)
(exp.)

- For decays

<latexit sha1_base64="dupRE5ubqIZmelp5U+JLAS6UzQ0="></latexit>

⌅c(2923)
<latexit sha1_base64="Nioh6UxH4KUmfGc9FFgULjJ4GKg="></latexit>

⌅c(2930)- or               can be assigned to             
<latexit sha1_base64="D8z/AHlDv3HQkiZvJtqcQj+Haso="></latexit>

⌅[5]
c (�)

3. Analysis and results
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- When mixing between 3-quark and 5-quark is present, mass reads

・With mixing

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

H/L , Higher/Lower

<latexit sha1_base64="2kalmhUb1wsXNWoFeIrWaNiBSqc="></latexit>± : parity

- The mass eigenstates are
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>

♯ of effective parameters: 9
(except for          )

<latexit sha1_base64="U5hw3Qy4RdH7yo7dpURZ2XzMXZs="></latexit>

f⇡, A

<latexit sha1_base64="lusyvArMUn2opFuPZeLUaav22vM="></latexit>

M(BH/L

+,i
) = mB +

1

2

"
m[2]

+,i
+m[4]

+,i
±

r⇣
m[2]

+,i
�m[4]

+,i

⌘2
+ 4m̃2

+,i

#

<latexit sha1_base64="vbeWdjFZXiSqwLmTO5ffseBQpn8="></latexit>

M(BH/L

�,i
) = mB +

1

2

"
m[2]

�,i
+m[4]

�,i
±

r⇣
m[2]

�,i
�m[4]

�,i

⌘2
+ 4m̃2

�,i

#
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- When anomaly is absent,                             

・With mixing but no anomaly
→♯ of effective parameters: 7

- We take these 6 inputs
<latexit sha1_base64="j6bm1m8j9J5ssaVuRORFr0opWZo="></latexit>

+ (quark model)
(              )

<latexit sha1_base64="n/QzqsYo+hQN1Jt7RYmBlyNUTsE="></latexit>

M(⇤L
c (+)) = 2286MeV

<latexit sha1_base64="NNXZeVbeQKQUuMKzTbtcSkEo6zk="></latexit>

M(⇤H

c
(+)) = 2765MeV

<latexit sha1_base64="KBcq/n4y+Ua57+otJWA0W3MLAqM="></latexit>

M(⌅H

c
(+)) = 2967MeV

<latexit sha1_base64="i7Y5i008c2AgurA9a/F6eqoz23I="></latexit>

M(⌅L
c (+)) = 2470MeV

<latexit sha1_base64="9YvybLA2WVQlbImhQrkEtQ6CUKQ="></latexit>

M(⌅L
c (�)) = 2939MeV

<latexit sha1_base64="qV36CU27jRlsSDcEfu142QBl7xo="></latexit>

M(⇤H

c
(�)) = 2890MeV

allowed excluded

<latexit sha1_base64="dpO2ct/N/QjSCLMDyS9z6HP2p1A="></latexit>

g01 = µ0
1 = 0

<latexit sha1_base64="2c0kiXbkYQC8CN7X0npi0/R/NAM="></latexit>

�total
exp ⇡ 10MeV

<latexit sha1_base64="UIq9xLNFSDmIMVxISb9irUZitlM="></latexit>

⌅c(2930) ! ⌅c(2470) + ⇡
<latexit sha1_base64="HRPJvw7i7IoiILgS+dffuRkqzYo="></latexit>

+⌅c(2930) ! ⇤c(2286) +K

Width of 
<latexit sha1_base64="T5O4WZNGvy0dJN28lU0KEjw9ZTE="></latexit>

⌅c(2930)

3-quark component in
can be at most 

<latexit sha1_base64="T5O4WZNGvy0dJN28lU0KEjw9ZTE="></latexit>

⌅c(2930)
<latexit sha1_base64="qu9mfw0WbcfLHTPgLZnxs6IzptY="></latexit>

⇡ 5.1%

3. Analysis and results

<latexit sha1_base64="Nioh6UxH4KUmfGc9FFgULjJ4GKg="></latexit>

⌅c(2930)
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Ratio	of	3-quark	states	in	Ξc(2930)	[%]

- When anomaly is absent,                             

・With mixing but no anomaly
→♯ of effective parameters: 7

- We take these 6 inputs
<latexit sha1_base64="j6bm1m8j9J5ssaVuRORFr0opWZo="></latexit>

+ (quark model)
<latexit sha1_base64="Nioh6UxH4KUmfGc9FFgULjJ4GKg="></latexit>

⌅c(2930)(              )

<latexit sha1_base64="n/QzqsYo+hQN1Jt7RYmBlyNUTsE="></latexit>

M(⇤L
c (+)) = 2286MeV

<latexit sha1_base64="NNXZeVbeQKQUuMKzTbtcSkEo6zk="></latexit>

M(⇤H

c
(+)) = 2765MeV

<latexit sha1_base64="KBcq/n4y+Ua57+otJWA0W3MLAqM="></latexit>

M(⌅H

c
(+)) = 2967MeV

<latexit sha1_base64="i7Y5i008c2AgurA9a/F6eqoz23I="></latexit>

M(⌅L
c (+)) = 2470MeV

<latexit sha1_base64="9YvybLA2WVQlbImhQrkEtQ6CUKQ="></latexit>

M(⌅L
c (�)) = 2939MeV

<latexit sha1_base64="qV36CU27jRlsSDcEfu142QBl7xo="></latexit>

M(⇤H

c
(�)) = 2890MeV

allowed excluded

<latexit sha1_base64="dpO2ct/N/QjSCLMDyS9z6HP2p1A="></latexit>

g01 = µ0
1 = 0

<latexit sha1_base64="2c0kiXbkYQC8CN7X0npi0/R/NAM="></latexit>

�total
exp ⇡ 10MeV

Mass spectrum
<latexit sha1_base64="pC87nETgfaWXI3IDe/U6N9vzu5A="></latexit>

(Qqq : Qqqq̄q)

<latexit sha1_base64="UIq9xLNFSDmIMVxISb9irUZitlM="></latexit>

⌅c(2930) ! ⌅c(2470) + ⇡
<latexit sha1_base64="HRPJvw7i7IoiILgS+dffuRkqzYo="></latexit>

+⌅c(2930) ! ⇤c(2286) +K

Width of 
<latexit sha1_base64="T5O4WZNGvy0dJN28lU0KEjw9ZTE="></latexit>

⌅c(2930)

fix the last parameter

3. Analysis and results
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- When anomaly is absent,                             

・With mixing but no anomaly
→♯ of effective parameters: 7

- We take these 6 inputs
<latexit sha1_base64="j6bm1m8j9J5ssaVuRORFr0opWZo="></latexit>

+ (quark model)
<latexit sha1_base64="Nioh6UxH4KUmfGc9FFgULjJ4GKg="></latexit>

⌅c(2930)(              )

<latexit sha1_base64="n/QzqsYo+hQN1Jt7RYmBlyNUTsE="></latexit>

M(⇤L
c (+)) = 2286MeV

<latexit sha1_base64="NNXZeVbeQKQUuMKzTbtcSkEo6zk="></latexit>

M(⇤H

c
(+)) = 2765MeV

<latexit sha1_base64="KBcq/n4y+Ua57+otJWA0W3MLAqM="></latexit>

M(⌅H

c
(+)) = 2967MeV

<latexit sha1_base64="i7Y5i008c2AgurA9a/F6eqoz23I="></latexit>

M(⌅L
c (+)) = 2470MeV

<latexit sha1_base64="9YvybLA2WVQlbImhQrkEtQ6CUKQ="></latexit>

M(⌅L
c (�)) = 2939MeV

<latexit sha1_base64="qV36CU27jRlsSDcEfu142QBl7xo="></latexit>

M(⇤H

c
(�)) = 2890MeV

<latexit sha1_base64="dpO2ct/N/QjSCLMDyS9z6HP2p1A="></latexit>

g01 = µ0
1 = 0

Mass spectrum
<latexit sha1_base64="pC87nETgfaWXI3IDe/U6N9vzu5A="></latexit>

(Qqq : Qqqq̄q)

<latexit sha1_base64="XfpH/XhynHRNYY4lLZYd01kkLlo="></latexit>

� = too large

<latexit sha1_base64="fETdnOdKLr2dGTWEOm1P0wgqPbw="></latexit>

� ⇠ 100MeV

<latexit sha1_base64="jgRus6hy+SzmD3nRdplLHyZNptw="></latexit>

� ⇠ 1MeV
through HQSS-breaking

!

<latexit sha1_base64="skjEqTW0KbM3aSL1O9cFC9ssPlo="></latexit>

� = 10MeV
through small
mixing of 3q-5q

allowed excluded

<latexit sha1_base64="2c0kiXbkYQC8CN7X0npi0/R/NAM="></latexit>

�total
exp ⇡ 10MeV

<latexit sha1_base64="UIq9xLNFSDmIMVxISb9irUZitlM="></latexit>

⌅c(2930) ! ⌅c(2470) + ⇡
<latexit sha1_base64="HRPJvw7i7IoiILgS+dffuRkqzYo="></latexit>

+⌅c(2930) ! ⇤c(2286) +K

Width of 
<latexit sha1_base64="T5O4WZNGvy0dJN28lU0KEjw9ZTE="></latexit>

⌅c(2930)

fix the last parameter

3. Analysis and results
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- As for the case with anomaly effects, one can consider inverse mass 
hierarchy for 3-quark dominant SHBs

・With mixing and anomaly

input
<latexit sha1_base64="j6bm1m8j9J5ssaVuRORFr0opWZo="></latexit>

+ (quark model)
<latexit sha1_base64="Nioh6UxH4KUmfGc9FFgULjJ4GKg="></latexit>

⌅c(2930)(              )

<latexit sha1_base64="n/QzqsYo+hQN1Jt7RYmBlyNUTsE="></latexit>

M(⇤L
c (+)) = 2286MeV

<latexit sha1_base64="NNXZeVbeQKQUuMKzTbtcSkEo6zk="></latexit>

M(⇤H

c
(+)) = 2765MeV

<latexit sha1_base64="KBcq/n4y+Ua57+otJWA0W3MLAqM="></latexit>

M(⌅H

c
(+)) = 2967MeV

<latexit sha1_base64="i7Y5i008c2AgurA9a/F6eqoz23I="></latexit>

M(⌅L
c (+)) = 2470MeV

<latexit sha1_base64="qV36CU27jRlsSDcEfu142QBl7xo="></latexit>

M(⇤H

c
(�)) = 2890MeV

<latexit sha1_base64="wEjwpvFcjZbWTzpfagPhIT3e4jY="></latexit>

M(⌅H

c
(�)) = 2939MeV

<latexit sha1_base64="LddU/RUoBPiP9/nCrMYvQ/H74v0="></latexit>

M(⌅L
c (�)) = 2765MeV (ch. model)

<latexit sha1_base64="8pmHk5+sB7biC5Yoe/OWyN1sGbQ="></latexit>

�[⌅c(2930)] ⇡ 10MeV
<latexit sha1_base64="fR0E18ySWwU3tK9+AIHHcyudR+o="></latexit>

�[⌅c(2967)] ⇡ 20.9MeV

- Constraint for                 is also obtained,
which is typically

<latexit sha1_base64="xDkFSZm+bxqwsF/Vi2Pt8Nt5YWU="></latexit>

M(⇤L
c (�))

<latexit sha1_base64="JpQRNILsoL6PAee7EDl2mAxxXJY="></latexit>

Q� qq
inverse

- One can get constraint in, eg,              plane
from decay widths of

Γ(Ξc(2970))=20.9	MeV
Γ(Ξc(2930))=10	MeV
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<latexit sha1_base64="nbmJPCYQR10Cit/jLclX52tdB4g="></latexit>

g4 � µ0
1

and

Only this region is allowed

<latexit sha1_base64="jLVmkqzvybYK2JeImG8VEtVTi3g="></latexit>

M(⇤L
c (�)) ⇠ 2700MeV

3. Analysis and results



27/27

- We argued 3-quark and 5-quark picture for HQS-singlet
SHBs from chiral symmetry and anomaly

4. Conclusions

- When anomaly is absent, for instance we get the following mass spectrum
with small mixings of 3-q and 5-q

- Anomaly can lead to inverse mass hierarchy of 3-quark SHBs
- Anomaly does not affect mass of 5-quark SHBs

<latexit sha1_base64="pC87nETgfaWXI3IDe/U6N9vzu5A="></latexit>

(Qqq : Qqqq̄q)

<latexit sha1_base64="XfpH/XhynHRNYY4lLZYd01kkLlo="></latexit>

� = too large

<latexit sha1_base64="fETdnOdKLr2dGTWEOm1P0wgqPbw="></latexit>

� ⇠ 100MeV

<latexit sha1_base64="jgRus6hy+SzmD3nRdplLHyZNptw="></latexit>

� ⇠ 1MeV
through HQSS-breaking

!

<latexit sha1_base64="skjEqTW0KbM3aSL1O9cFC9ssPlo="></latexit>

� = 10MeV
through small
mixing of 3q-5q

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>

tetra-diquark


