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- Singly heavy baryons (SHBs) provide us with suitable testing ground

・What are diquarks?

1. Introduction

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

Qheavy quark

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

= spectator 

SHBs are useful

- coupling with pions?, etc.

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

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

- Diquark is a “cluster” made of light two quarks

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

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

N
<latexit sha1_base64="wW8/XWd23J9DswxEAtBD+zD58O8="></latexit>

⇤,⇤c, · · ·

- Diquarks are not observable (confinement) but are useful in studying
the baryon spectrum

quark model (there must be confinement but useful)

- symmetry properties?
- kinetic properties?

eg, isotope shift (λ, ρ mode shift)
eg, Yoshida-Hiyama-Hosaka-Oka-Sadato (2015)



3/22

・Symmetry of diquarks

1. Introduction

diquark condensate (color superconductor)

- QCD with light flavors has the following symmetry properties:

eg, Alford-Schmitt-Rajagopal-Schäfer (2008)

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

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

U(1)A anomaly (or significant instanton effects)

- Try to extract the symmetry information of diquarks from SHB spectroscopy

R
R
R

L

L
L

<latexit sha1_base64="BbWif1baNsLtS2wRA/B8CTMCx3o="></latexit>

I

�
<latexit sha1_base64="0zDWTdT162F4Jr2x7h1FajH93WY="></latexit><latexit sha1_base64="0zDWTdT162F4Jr2x7h1FajH93WY="></latexit><latexit sha1_base64="0zDWTdT162F4Jr2x7h1FajH93WY="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="YeVl2PStupLdvZ04nnYvyYtTQI8="></latexit><latexit sha1_base64="YeVl2PStupLdvZ04nnYvyYtTQI8="></latexit><latexit sha1_base64="7IqLbTqWEKpjdOEJF1UoGjJl59M="></latexit><latexit sha1_base64="0zDWTdT162F4Jr2x7h1FajH93WY="></latexit><latexit sha1_base64="0zDWTdT162F4Jr2x7h1FajH93WY="></latexit><latexit sha1_base64="0zDWTdT162F4Jr2x7h1FajH93WY="></latexit><latexit sha1_base64="0zDWTdT162F4Jr2x7h1FajH93WY="></latexit><latexit sha1_base64="0zDWTdT162F4Jr2x7h1FajH93WY="></latexit><latexit sha1_base64="0zDWTdT162F4Jr2x7h1FajH93WY="></latexit>

⇡
<latexit sha1_base64="Ek1IgwjVdPdok8VS5my7GbVGmb4="></latexit><latexit sha1_base64="Ek1IgwjVdPdok8VS5my7GbVGmb4="></latexit><latexit sha1_base64="Ek1IgwjVdPdok8VS5my7GbVGmb4="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="Ua4ZfOArMqLCAXmJ0Tnb5gDYnaw="></latexit><latexit sha1_base64="Ua4ZfOArMqLCAXmJ0Tnb5gDYnaw="></latexit><latexit sha1_base64="X81X9TllsD9VBVn22l+LbwmnhUk="></latexit><latexit sha1_base64="Ek1IgwjVdPdok8VS5my7GbVGmb4="></latexit><latexit sha1_base64="Ek1IgwjVdPdok8VS5my7GbVGmb4="></latexit><latexit sha1_base64="Ek1IgwjVdPdok8VS5my7GbVGmb4="></latexit><latexit sha1_base64="Ek1IgwjVdPdok8VS5my7GbVGmb4="></latexit><latexit sha1_base64="Ek1IgwjVdPdok8VS5my7GbVGmb4="></latexit><latexit sha1_base64="Ek1IgwjVdPdok8VS5my7GbVGmb4="></latexit>

SHBs

eg, with chiral restoration?

ambition

any indication?

Relation with diquark baryons in two-color QCD at density ?
(with lattice QCD) Suenaga-Murakami-Itou-Iida; 2211.01789

Murakami-Suenaga-Itou-Iida; 2211.13472

①

②
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・SHB in chiral models

1. Introduction

<latexit sha1_base64="2ctn5cm3kP4ifYT7S+av/6yPqGc="></latexit>· · ·
<latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)

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

⇤c(g.s.)

<latexit sha1_base64="waBsnAaGLOn3cCgme2ClddzE1cQ="></latexit>

I = 0

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

1

2

+

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

1

2

+

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

⌅c(g.s.)

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

⌅c(2970)

<latexit sha1_base64="+zjLSg1ZWBALtnehoxDxta8pZ60="></latexit>

I = 1/2

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

1

2

+

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

1

2

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

⌃c(2455)

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

⌃c(2520)

<latexit sha1_base64="FyWQYL3e9l7xSEcVs6PLhN+3XCI="></latexit>

I = 1

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

1

2

+

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

3

2

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

⌅0
c

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

⌅c(2645)

<latexit sha1_base64="+zjLSg1ZWBALtnehoxDxta8pZ60="></latexit>

I = 1/2

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

1

2

+

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

3

2

+

<latexit sha1_base64="2ctn5cm3kP4ifYT7S+av/6yPqGc="></latexit>· · ·

mass

(spin doublet)

(spin doublet)

- Mass spectrum of SHB in charmed sector
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(spin doublet)

(spin doublet)

・SHB in chiral models

1. Introduction

<latexit sha1_base64="2ctn5cm3kP4ifYT7S+av/6yPqGc="></latexit>· · ·
<latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)

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

⇤c(g.s.)

<latexit sha1_base64="waBsnAaGLOn3cCgme2ClddzE1cQ="></latexit>

I = 0

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

1

2

+

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

1

2

+

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

⌅c(g.s.)

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

⌅c(2970)

<latexit sha1_base64="+zjLSg1ZWBALtnehoxDxta8pZ60="></latexit>

I = 1/2

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

1

2

+

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

1

2

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

⌃c(2455)

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

⌃c(2520)

<latexit sha1_base64="FyWQYL3e9l7xSEcVs6PLhN+3XCI="></latexit>

I = 1

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

1

2

+

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

3

2

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

⌅0
c

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

⌅c(2645)

<latexit sha1_base64="+zjLSg1ZWBALtnehoxDxta8pZ60="></latexit>

I = 1/2

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

1

2

+

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

3

2

+

<latexit sha1_base64="2ctn5cm3kP4ifYT7S+av/6yPqGc="></latexit>· · ·

mass

- Mass spectrum of SHB in charmed sector

- The Roper-like SHBs are rather mysterious

Roper-like

- Comparably large decay width of            ,            (                   ) <latexit sha1_base64="BaHv3Xb2dlL4UTfIu45VqI33Ggk="></latexit>

⇤c(2765)
<latexit sha1_base64="eN+AToN25VTmZeXWetknCH8vfzs="></latexit>

�ex ⇠ 50MeV
<latexit sha1_base64="d7LXo2U+Vlg1+lwgnRHqd2NpFCE="></latexit>

�th ⇠ 5MeV in NON-relativistic quark model, but improved by rel. corrections

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

⌅c(2970)

- Universality of mass differences
<latexit sha1_base64="5FZ1D1xzk8GaFniOm4OFqeGHjlE="></latexit>

500MeV<latexit sha1_base64="U87VdDWT6D/QYCsTD4WXzPj2/UQ="></latexit>⇠

Arifi-Suenaga-Hosaka-Oh(2022)

Nagahiro et al (2017), Arifi-Suenaga-Hosaka (2021) → chiral model description
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・Pentaquark picture for             and
- We invented pentaquark picture for the Roper-like SHBs with the
tetra diquark in addition to the conventional one with chiral symmetry

<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

+◆

Suenaga-Hosaka (2021)

ground state

Roper-like state

- We also argued the presence of their 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�)

- Large decay width of              and              are reasonably explained
within our description

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

⇤c(2765)

Suenaga-Hosaka (2022)

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

⌅c(2970)

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

⌅c(2970)

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="6f76k5xmeQze6aEYmp6V2vbDwDM="></latexit>

(1/2+)

1. Introduction



7/22

・This work

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
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ground state Roper-like state

↓ ↓

- In this work, we study masses and decays of the negative-parity chiral
partner SHBs for future experiments

chiral partners
→ aim of this work

- In particular, we focus on (approximate)                            chiral symmetry
and           anomaly of the following two diquarks
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diquark

1. Introduction
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<latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="bs8QlLljyYde7WbNFuyzJJm+ZMk="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="FrFEvytxS7mPyHhU6vEyJTvDsFM="></latexit><latexit sha1_base64="ixvEw+q1fqQFNSgRNUzVXegYcF8="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit><latexit sha1_base64="J7WEJMowZCQ/Jk8lSAS7HVoZuuk="></latexit>

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

0
L

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

i) conventional diquark

ii) tetra diquark

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

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

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>

- 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:

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
<latexit sha1_base64="waeKMdTqn7kPoREYE95SNvXDvlE="></latexit>

L3 =
X

�=L,R

B̄�iv · @B� � µ1B̄�B� � µ0
1

2f2
⇡

✏abc✏
dec

h
B̄a

�(⌃⌃
†)beB�,d + h.c.

i

<latexit sha1_base64="ofuwqjkQZ83b36Eba/saLpCctPQ="></latexit>

�g1(B̄L⌃
⇤BR + B̄R⌃

TBL)
<latexit sha1_base64="2+zjtivEkuxQurtcppdBKcqZjWw="></latexit>

� g4
2f⇡

✏ijk✏lmn(B̄L,k⌃
T
li⌃

T
mjBR,n + B̄R,k⌃

⇤
li⌃

⇤
mjBL,n)

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

⌃ is meson nonet
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・Lagrangian
- Our Lagrangian is invariant under                             chiral symmetry
but incorporate           anomaly:

<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="PVQQqeJv1QEcZvuqEIiAYqP3ayk="></latexit>g1, g2, µ3only                terms are  
NON-invariant

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

U(1)A

<latexit sha1_base64="waeKMdTqn7kPoREYE95SNvXDvlE="></latexit>

L3 =
X

�=L,R

B̄�iv · @B� � µ1B̄�B� � µ0
1

2f2
⇡

✏abc✏
dec

h
B̄a

�(⌃⌃
†)beB�,d + h.c.

i

<latexit sha1_base64="ofuwqjkQZ83b36Eba/saLpCctPQ="></latexit>

�g1(B̄L⌃
⇤BR + B̄R⌃

TBL)
<latexit sha1_base64="2+zjtivEkuxQurtcppdBKcqZjWw="></latexit>

� g4
2f⇡

✏ijk✏lmn(B̄L,k⌃
T
li⌃

T
mjBR,n + B̄R,k⌃

⇤
li⌃

⇤
mjBL,n)

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

L = L3 + L5 + Lmix

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

⌃ is meson nonet

2. Model
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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>

3. Analysis

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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- Under chiral symmetry breaking

・3-quark SHBs with no mixing

- The mass of 3-quark SHBs with no mixing                is obtained as

<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)

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

M(⇤[3]
c (+)) = 2286MeV

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

M(⌅[3]
c (+)) = 2470MeVinput

①

②

③

normal

normal

inverse

Harada et al (2020)

with no anomaly

<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 (�))

①

②

③ inverse

<latexit sha1_base64="GcabAunKNLi6Lzvw448r7q4Ls80="></latexit>

µ0
1 term leads to normal hierarchy        ①②

<latexit sha1_base64="HsQ8w6PEjqvaP4G+V0TubRUlt4c="></latexit>g1Anomaly     term leads to inverse hierarchy        ③

3. Analysis

normal
normal

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

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

Lmix = 0
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・3-quark SHBs with no mixing
- Decay widths of             are evaluated 

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

⇤[3]
c (�)

- is quark model prediction
<latexit sha1_base64="11iLmELs8kDuFEEd/Pqg6donZiw="></latexit>

M(⇤[3]
c (�)) = 2890MeV

- is chiral-diquark model prediction
<latexit sha1_base64="4SB3R5Ffb15WdwAN45dSJj1X6PY="></latexit>

M(⌅[3]
c (�)) = 2765MeV

Yoshida-Hiyama-Hosaka-Oka-Sadato (2015)

Kim-Hiyama-Oka-Suzuki (2020)

- could be assumed to be recently observed              or
<latexit sha1_base64="fS8rdT/ZeF6A7mHzD8VH6eUhnpg="></latexit>

⌅[3]
c (�)

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

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

⌅c(2930)

3. Analysis
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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 ↔ cf,

<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

3. Analysis

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

・5-quark SHBs with no mixing

3. Analysis

<latexit sha1_base64="SNVfJrBa3iv9xER9immqaoJFNTc="></latexit>g2- (and         ) can be absorbed into     <latexit sha1_base64="7gzQ0q1yUpw/MdqcieolOlpyMiA="></latexit>

G ⌘ g2 +A(g5 + g6) no anomaly effects<latexit sha1_base64="kM6BZ/aX1sH/O3e3AhRtM1sX7kk="></latexit>g5, g6

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
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・5-quark SHBs with no mixing

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="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)→→
<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 (�)

→ no strong decay as long as there is no mixing                :

<latexit sha1_base64="SNVfJrBa3iv9xER9immqaoJFNTc="></latexit>g2- (and         ) can be absorbed into     <latexit sha1_base64="7gzQ0q1yUpw/MdqcieolOlpyMiA="></latexit>

G ⌘ g2 +A(g5 + g6)

<latexit sha1_base64="CQEhovmkGifndHvXKyr64IVakTQ="></latexit>

h3q | 5qi ! 0

3. Analysis

no anomaly effects<latexit sha1_base64="kM6BZ/aX1sH/O3e3AhRtM1sX7kk="></latexit>g5, g6

(experiment)
(experiment)

Roper-like

- The mass of 5-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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- 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          )

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

f⇡, A

3. Analysis
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- When anomaly is absent,                             

・With mixing but no anomaly
<latexit sha1_base64="/oM0aK/dgb9/obDGLHtRGOIMnlM="></latexit>

g1 = g2 = µ3 = 0 →♯ of effective parameters: 7

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="9YvybLA2WVQlbImhQrkEtQ6CUKQ="></latexit>

M(⌅L
c (�)) = 2939MeV

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

M(⇤H

c
(�)) = 2890MeV

Width of             vs 
<latexit sha1_base64="Nioh6UxH4KUmfGc9FFgULjJ4GKg="></latexit>

⌅c(2930)
<latexit sha1_base64="15r8ZEZv4RWZ/koK9Hz3HUbDeoA="></latexit>

M(⌅H

c
(�))

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

�exp ⇡ 10MeV

allowedexcluded

3. Analysis
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- When anomaly is absent,                             

・With mixing but no anomaly
<latexit sha1_base64="/oM0aK/dgb9/obDGLHtRGOIMnlM="></latexit>

g1 = g2 = µ3 = 0 →♯ of effective parameters: 7

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

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

⌅c(2930)(              )

Width of             vs 
<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="15r8ZEZv4RWZ/koK9Hz3HUbDeoA="></latexit>

M(⌅H

c
(�))

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

�exp ⇡ 10MeV

allowedexcluded

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

(Qqq : Qqqq̄q)

3. Analysis
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- When anomaly is absent,                             

・With mixing but no anomaly
<latexit sha1_base64="/oM0aK/dgb9/obDGLHtRGOIMnlM="></latexit>

g1 = g2 = µ3 = 0 →♯ of effective parameters: 7

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

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

⌅c(2930)(              )

Width of             vs 
<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="15r8ZEZv4RWZ/koK9Hz3HUbDeoA="></latexit>

M(⌅H

c
(�))

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

�exp ⇡ 10MeV

allowedexcluded

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

(Qqq : Qqqq̄q)

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

� ⇠ 100MeV

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

� = too large

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

� ⇠ 1MeV
through HQSS-breaking

!

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

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

3. Analysis
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- For the case with anomaly effects, we can demonstrate allowed region of
some parameters (♯ of effective parameters: 9)

・With mixing and anomaly

3. Analysis

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 (diquark model)

- Only this region is allowed by decays of
<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
<latexit sha1_base64="xDkFSZm+bxqwsF/Vi2Pt8Nt5YWU="></latexit>

M(⇤L
c (�))
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- We argued 3-quark and 5-quark picture for heavy-quark spin-singlet SHBs
from chiral symmetry and anomaly

4. Conclusions

- When anomaly is absent, for instance we get the following mass spectrum
<latexit sha1_base64="pC87nETgfaWXI3IDe/U6N9vzu5A="></latexit>

(Qqq : Qqqq̄q)

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

� ⇠ 100MeV

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

� = too large

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

� ⇠ 1MeV
through HQSS-breaking

!

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

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

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


