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 Theoretical framework: Chiral soliton model

Large N, arguments allows us to consider a classical pion mean field

(Witten): Relativistic Mean Field Approximation

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

1980s

sea quarks
(pion mean fields)

The presence N valence quarks creates the pion mean fields

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

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



 Theoretical framework: Chiral soliton model

: Effective and relativistic low energy theory

: Large N, 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

Hedgehog Ansatz: N(940,1/2%)
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 Motivation N(940,1/27)

heavy baryons (qqQ) excited baryons (qqq") tetraquarks (qqqq)

Colored mean field (soliton) consisting of N. — 1 valence quarks
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Heavy quark spin-flip is not taken into account : Heavy quark (spin) symmetry



» Theoretical framework: Chiral soliton model (Collective hamiltonian)
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Recent results for heavy baryons in a chiral soliton model
» Mass splittings from SU(3) flavor symmetry breakings
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Recent results for heavy baryons in a chiral soliton model
» Strong decay widths of heavy baryons
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» Strong decay widths of charmed baryons
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Light quarks govern their structure of singly heavy baryons.



PHYSICAL REVIEW D 104, 052003 (2021)

Measurement of the masses and widths of the X.(2455)*
and X.(2520)* baryons

(Belle Collaboration)

Measurements of the masses of all members of the two
isotriplets allow tests of models of isospin mass splittings.
In the model of [Yang and Kim [4]], for instance, the mass
splittings from the following four sources add: the electro-
magnetic corrections due to the light quarks, the differences
of the masses of the u and d quarks, the hyperfine
interactions between the light quarks, and the Coulomb
interactions between the soliton and charm quark. Most

Physics Letters B 808 (2020) 135619
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Motivation for isospin mass differences of singly heavy baryons
Why positive ?
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AMEP®R! = AME + AMYP + AMye + AMSof

* EM self-energy for a soliton
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> Doubly heavy baryons X
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» Excited SU(3) baryons



Full expression with the grand spin K is
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Excited states with positive-parity
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Summary
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 N, — (# of heavy quarks)

mean field for the heavy baryons based on N, 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.
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Strong decay widths of decuplet baryons
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Heavy quarks are too heavy ! o
Agcp(210~340 MeV) K m, (~1.2 GeV) K my(~4.5 GeV)
chiral symmetry heavy Quark symmetry
A | | ”
1 MeV ﬁa MeV 100 %eV 1 Gex{ Sj
c 1/m expansion

S

mg expansion  y d
[ M. Oka, Nucl.Phys A 914, 447 (2013) ]

light baryons (qqq) Singly heavy baryans (qqQ)

Mean meson field : N.—1 valence quarks

Mean meson field : N, valence quarks
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» Electromagnetic self-energy

e EM mass corrections

B(p) p p-k p B(p)

Electromagnetic (EM) self-energy

EM [MeV] Exp. 197

P = N)em 0.76+0.30

(Z*—Z)gy | -0.17£0.30 1321
=0_=)zy | -0.86+0.30

Gasser, Leutwyler, Phys.Rep 87, 77 “Quark Masses”
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> Electromagnetic self-energy
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27 w+iH " w+iH Qat’ Qb
(8) (8) (8) n(8) (8) (8)
o ZD Dy + o ZDQPDQer 3D Dy,
It can be further reduced to 4 ) N\
EM (2 (27) (27) 0(27) - E(Oﬁl 4@2+3()43)
o™ = (‘[DED Aoy T \/gDE[l’Am + Dy, xq-,)
1 1
(8) _ e Z
4 o(8) (\@DSO)A +D§\8K> _I_C(1)DE\1K c I <a1 9 3a3>
1 4
8R8=108, o8 W0 D27 D = o+ g0+ ag
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Because of Bose symmetry |




