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▸ Motivation 

▸ Chiral quark-soliton model 

‣ Mass splitting of the singly heavy baryons 

▸ Masse of the singly heavy baryons 

▸ Masse of the doubly heavy baryons

CONTENTS



▸ The mass of light baryons are well known in the ground state and 
this model extremely well explain the mass splittings. 

▸ We want to take account of the heavy baryon sector.
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MOTIVATION

▸ Heavy quark spin is conserved. it indicates that the soliton spin is 
conserved. 

▸ The soliton and heavy quark is decoupled and the heavy quark 
play a role of the static color source.
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▸ The masse of charmed baryons are well known. Thus we will check  
the validity of the present approach.

▸ There are unknown baryon masses in the bottom baryon sector. 
▸ We can predict the mass of the          without isospin symmetry 

breaking.
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MOTIVATION

▸ Moreover, there are observed particles       in LHCb. The particle is 
classified within chiral-quark soliton model by using model 
independent calculation[2]. 
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▸ Mass of the        is unknown. Recently, mass of the        and         are  
founded [1] therefore we can predict mass of        .
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CHIRAL QUARK-SOLITON MODEL

▸ Effective chiral action 

▸ Classical soliton mass for light baryon 

▸ Collective Hamiltonian

Se↵ = �NcTrLn(i�µ@
µ + im̂+ iMU�5)
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D. Diakonov, V. Y. Petrov and P. V. Pobylitsa, Nucl. Phys. B306, 809 (1988).
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CHIRAL QUARK-SOLITON MODEL

Change of the pion mean fields for Singly heavy baryon

E = +M

Eval

E = −M

Esea

E = +M

Eval

E = −M

Esea

Light baryon soliton Singly heavy baryon soliton Heavy quark

Nc Nc � 1

‣ The mass of the heavy baryon soliton changed under the pion 
mean field change.

M
sol

= (Nc � 1)E
val

+ E
sea

⇡ 1100MeV.

D. Diakonov, V. Y. Petrov and P. V. Pobylitsa, Nucl. Phys. B306, 809 (1988).



Change of the pion mean fields for Singly heavy baryon

CHIRAL QUARK-SOLITON MODEL

‣ The moment of inertias and dynamical parameters are also 
changed under the pion mean fields change. One can take 
account of the     .

I1 = (Nc � 1)Ival1 + Isea1

ms = 180MeV

I1

 [14] Gh. S. Yang, H.-Ch. Kim, M. V. Polyakov and M. Praszalowicz, Phys. Rev. D94, 071502 (2016) 
 [32]  T. Ledwig, A. Silva and H.-Ch. Kim, Phys. Rev. D82, 034022 (2010)



CHIRAL QUARK-SOLITON MODEL

ROTATIONAL ENERGY

⇢
Y = Nc/3 Light baryon

Y = (Nc � 1)/3 Singly heavy baryon

‣ The rotational energy yields the energy difference between    
the      and the    .63

M6,c �M3,c =
1

I1
.

⇢
M

cl

= M
sol

Light baryon

M
cl

= M
sol

+mQ Singly heavy baryon

MR,Q = Mcl +
1

2I1
J(J + 1) +

1

2I2
[C2(p, q)� J(J + 1)]� 3

8I2
Y

2
.

3 ! (p, q) = (0, 1) ! J = 0 antitriplet

6 ! (p, q) = (2, 0) ! J = 1 sextet.
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HYPERFINE MASS SPLITTING
▸ The mass difference between baryon spin 1/2 and 3/2 arised from 

the spin-spin interaction.
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 [1] Gh. S. Yang, H.-Ch. Kim, M. V. Polyakov and M. Praszalowicz, Phys. Rev. D94, 071502 (2016)

▸ The hyperfine mass splitting is determined by 
using experimental data[1]

CHIRAL QUARK-SOLITON MODEL



▸ Mass correction in the perturbation theory

SU(3) SYMMETRY BREAKING
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SU(3) SYMMETRY BREAKING
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CHIRAL QUARK-SOLITON MODEL

�3 = �203.6MeV, �6 = �117.4MeV,

model calculation 

�exp
3

= �178.5MeV, �exp6 = �120.7MeV,

model independent value
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B = hB,R|H(2)

sb

|B,Ri.



MASS SPLITTING OF THE SINGLY HEAVY BARYON

LIGHT BARYON

ms = 210MeV



MASS SPLITTING OF THE SINGLY HEAVY BARYON

CHARMED BARYON

ms = 177MeV



MASS SPLITTING OF THE SINGLY HEAVY BARYON

BOTTOM BARYON

ms = 167MeV
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CHARMED BARYON
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BOTTOM BARYON
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MASSES OF THE SINGLY HEAVY BARYONS

CHARMED BARYON
▸ The heavy baryon masses can be calculated by using the 

determined strange current quark mass.

  [14]Gh. S. Yang, H.-Ch. Kim, M. V. Polyakov and M. Praszalowicz, Phys. Rev. D94, 071502 (2016)



BOTTOM BARYON
▸ Especially, the mass of        can be predicted in the chiral quark-

soliton model.

MASSES OF THE SINGLY HEAVY BARYONS

  [14]Gh. S. Yang, H.-Ch. Kim, M. V. Polyakov and M. Praszalowicz, Phys. Rev. D94, 071502 (2016)
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HEAVY PENTAQUARK

MASSES OF THE SINGLY HEAVY BARYONS
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‣ The                  and the                 mass difference is 69MeV that 
would be hyperfine mass splitting for charmed baryon, which is 
the scenario of our model.
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HEAVY PENTAQUARK

MASSES OF THE SINGLY HEAVY BARYONS

  Gh. S. Yang, H.-Ch. Kim, M. V. Polyakov and M. Praszalowicz, Phys. Rev. D94, 071502 (2016)

‣ One can calculate the whole heavy 
pentaquark masses by using masses 
of the       particles.⌦0

c



MASSES OF THE DOUBLY HEAVY BARYONS

▸ Doubly charmed baryon consist of the 
two heavy quarks and               light 
quark. 

▸ One can get the masses of the        by 
using masses of the        and  
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▸ There is dependence of the strange current quark mass as a result 
of the SU(3) symmetry breaking 

▸ The strange current quark mass cannot be determined for now but 
one can predict the mass of the         as a function of the quark mass.

DOUBLY CHARMED BARYON

MASSES OF THE DOUBLY HEAVY BARYONS
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SUMMARY AND OUTLOOK

▸ Pion mean field play a important role in the heavy baryon sector. 

▸ Unfortunately, mass difference of the representations undershoots 
by 25%.  

▸ If the strange current quark mass determined in the doubly heavy 
baryon, one can predict the exact heavy baryon masses. 

▸ Decay width of the heavy baryon can be calculated in the chiral 
quark-soliton model as well.
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