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𝑬

𝟎 very large 𝑁𝑐 valence quarks

sea quarks
(pion mean fields)

The presence 𝑵𝒄 valence quarks creates the pion mean fields

and valence quarks are self-consistently bound by it in the large 𝑵𝒄 limit.

One can put the real-world value 𝟑 into 𝑵𝒄 at the end of the calculation. 

Fig: https://phys.org/news/2017-03-proton.html

• Theoretical framework: Chiral soliton model



: Effective and relativistic low energy theory

: Large 𝑵𝒄 limit : meson fields 
→ Soliton (No quark degree of freedom)

: Quantizing SU(3) meson fields rotated in flavor and spin space
→ Collective Hamiltonian, model baryon states

Hedgehog Ansatz:

𝑈0 = 𝑒𝑖𝒏⋅𝝉 𝑃 𝑟 0
0 1

𝑁(940,1/2+)𝑁(940,1/2+)

𝑬 = 𝟎
𝑲𝒑 = 𝟎+

𝑲𝒑 = 𝟏/𝟐+

SU(2) Witten imbedding 

into SU(3):  SU(2) X U(1)

• Theoretical framework: Chiral soliton model
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• Motivation

heavy baryons (𝒒𝒒𝑸) excited baryons (𝒒𝒒𝒒′) tetraquarks (𝒒𝒒ഥ𝒒ഥ𝒒)

Colored mean field (soliton) consisting of 𝑵𝒄 − 𝟏 valence quarksColored mean field (soliton) consisting of 𝑵𝒄 − 𝟏 valence quarks

𝑁(940,1/2+)𝑁(940,1/2+)

𝑬 = 𝟎
𝑲𝒑 = 𝟎+

𝑲𝒑 = 𝟏/𝟐+

light SU(3) baryons (𝒒𝒒𝒒)
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SU(3) flavor symmetry breaking +  Isospin symmetry breaking

+

• Theoretical framework: Chiral soliton model (Collective hamiltonian)
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➢ Mass splittings from SU(3) flavor symmetry breakings

Recent results for heavy baryons in a chiral soliton model
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G.S Yang et al., Phys.Rev.D 94, 071502(R) (2016)

This results are from the soliton for the light baryons with a factor 𝑁𝑐 − 1 /𝑁𝑐This results are from the soliton for the light baryons with a factor 𝑁𝑐 − 1 /𝑁𝑐



➢ Strong decay widths of heavy baryons 
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➢ Strong decay widths of charmed baryons 

Yang, et al., Phys.Rev.D 96 (2017) 094021

Light quarks govern their structure of singly heavy baryons .

𝟐. 𝟑 ± 𝟎. 𝟑(Belle,2021 Sept)𝟐. 𝟑 ± 𝟎. 𝟑(Belle,2021 Sept)





Motivation for isospin mass differences of singly heavy baryons
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• EM self-energy for a soliton
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with 𝑵𝒄 − 𝟏

• Hadronic contributions from 𝑚d-𝑚u

𝚫𝑴𝐡𝐟 = 𝛿hf 𝑺𝟏 ⋅ 𝑺𝟐

• Strong hyperfine interaction 
for the light quarks inside a heavy baryon

𝚫𝑴 𝐬𝐨𝐥−𝐡
𝐂𝐨𝐮𝐥 = 𝛼sol−h ෠𝑄sol ෠𝑄h

• Coulomb interaction 
between a soliton and a heavy quark

G. S. Yang, et al., Phys. Lett. B 695, 214 (2011)
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GSYang, HchKim, Phys.Lett.B 808 (2020) 135619
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➢ Doubly heavy baryons 
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➢ Excited SU(3) baryons  
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Excited baryons (𝒒𝒒𝒒′)

Full expression with the grand spin K is

for one-quark (u, d) excited baryons

D. Diakonov etal. PhysRev D88 074030, 2013



Study for negative-parity excited states are in progressStudy for negative-parity excited states are in progress

Excited states with positive-parity Excited states with positive-parity 

SU(3) Multiplet Stucture  even in excited states !!!
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𝑲=𝟎

𝑩 𝟏𝟎 𝟓/𝟐+

𝑲=𝟏𝑩 𝟏𝟎 𝟓/𝟐+

𝑲=𝟏

𝑩 𝟖 𝟑/𝟐+

𝑲=𝟏𝑩 𝟖 𝟑/𝟐+

𝑲=𝟏



𝟏𝟒𝟎

𝟏𝟒𝟎

𝟏𝟒𝟎

𝐽𝑃(𝐵𝟏𝟎
𝑲=𝟎) = 1/2+

𝐽𝑃(𝐵𝟖
𝑲=𝟎) = 1/2+

𝐽𝑃(𝐵𝟏𝟎
𝑲=𝟏) = 1/2+

𝐽𝑃(𝐵𝟖
𝑲=𝟏) = 1/2+

𝐽𝑃(𝐵𝟏𝟎
𝑲=𝟏) = 3/2+

𝐽𝑃(𝐵𝟖
𝑲=𝟏) = 3/2+

𝐽𝑃(𝐵𝟏𝟎
𝑲=𝟏) = 5/2+

𝐽𝑃(𝐵𝟖
𝑲=𝟏) = 5/2+

Ground States Excited States (from u, d sector)

𝟏𝟕𝟎

𝟖𝟐

𝟏𝟑𝟎

𝟏𝟒𝟑

𝟏𝟒𝟑

𝟏𝟒𝟑

𝟏𝟕𝟖

𝟑𝟐

𝟏𝟓𝟕

𝟏𝟒𝟐

𝟕𝟖

𝟏𝟎𝟒

𝟏𝟑𝟖

𝟏𝟑𝟖

𝟏𝟑𝟖

𝟏𝟒𝟎

𝟏𝟒𝟎

𝟏𝟒𝟎
𝛀?
𝟐𝟑𝟖𝟎∗∗

𝚵?
𝟏𝟗𝟓𝟎∗∗∗

𝚵?
𝟐𝟎𝟑𝟎∗

𝚵?
𝟐𝟐𝟓𝟎∗∗ 𝚵?

𝟐𝟏𝟐𝟎∗

𝛀?
𝟐𝟐𝟓𝟎∗∗∗



• Assuming that the valence quarks are bound by the pion mean fields,
we can regard the nucleon as a chiral soliton.

• The present pion mean-field approach indeed explains consistently
both the SU(3) light baryons and the heavy baryons.

• Dynamical parameters and flavor quantum numbers of the collective
operators and wave functions are modified by 𝑵𝒄 − # 𝒐𝒇 𝒉𝒆𝒂𝒗𝒚 𝒒𝒖𝒂𝒓𝒌𝒔
mean field for the heavy baryons based on 𝑵𝒄 mean field for the light baryons

• We have obtained excellent description of various physical observables
(Masses from isospin and SU(3) flavor symmetry breakings,
widths of strong and radiative decays, magnetic moments and transitions)

• Contributions from isospin symmetry breaking for a soliton
are significant to describe the isospin mass differences
of singly and doubly charmed and beauty baryons.

• It is shown that light quarks govern their structure of heavy baryons.

• We can see the multiplet stucture even in excited states as like octet, decuplet.

Summary





Yang, et al. Rev. C 92 035206 (2015)
Yang, et al, Phys. Lett. B 785 434    (2018)

• Strong decay widths of decuplet baryons



Heavy quarks are too heavy !

Λ𝑄𝐶𝐷 210~340 𝑀𝑒𝑉 ≪ 𝑚𝑐 ~1.2 𝐺𝑒𝑉 ≪ 𝑚𝑏(~4.5 𝐺𝑒𝑉)

𝒎𝒒

1 𝑀𝑒𝑉 10 𝑀𝑒𝑉 100 𝑀𝑒𝑉 1 𝐺𝑒𝑉

𝑢 𝑑 𝑠 𝑐 𝑏

𝜦𝑸𝑪𝑫 ℎ𝑒𝑎𝑣𝑦 𝑄𝑢𝑎𝑟𝑘 𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑦

𝑚𝑞 expansion 1/𝑚𝑄 expansion

𝑐ℎ𝑖𝑟𝑎𝑙 𝑠𝑦𝑚𝑚𝑒𝑡𝑟𝑦

𝑬 = 𝟎𝑲𝒑 = 𝟎+

𝑲𝒑 = 𝟏/𝟐+

𝒄 (𝒃)

light baryons (𝒒𝒒𝒒) Singly heavy baryons (𝒒𝒒𝑸)





ΔMB =  MB1
– MB2

=  (ΔMB )H +  (ΔMB )EM

B(p) B(p)

k

p pp - k

EM mass corrections

Electromagnetic (EM ) self-energy

EM [MeV] Exp. 

(p – n)EM 0.76±0.30

(Σ+ – Σ-)EM -0.17±0.30

(Ξ0 –Ξ-)EM -0.86±0.30

( p – n )exp~ – 1.293 MeV ( p – n ) EM ~0.76 MeV

938.3 939.6

1197 1189

1321 1315

( udd )  n p ( uud )

T3

( dss)Ξ-
Ξ0 ( uss )

Σ
-

Σ+

Λ

Σ0

-½-1 1½

-1

1

Y

Gasser, Leutwyler, Phys.Rep 87, 77 “Quark Masses”

➢ Electromagnetic self-energy



In the ChSM,

It can be further reduced to

Because of Bose symmetry

G. S. Yang, H.-Ch. Kim and M. V. Polyakov, Phys. Lett. B 695, 214 (2011)

➢ Electromagnetic self-energy


