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Heavy baryons in  
a pion mean-field approach



Witten’s seminal idea: Baryon in the large Nc

-Problem in low-energy QCD: Large value of the strong coupling 
constant

The number of color as an implicit expansion parameter

 A baryon can be viewed as a state of Nc quarks bound  
by mesonic mean fields. 

NPB, 149(1979)285

Its mass is proportional to Nc, while its width is of order O(1). 
Mesons are weakly interacting  
(Quantum fluctuations are suppressed by 1/Nc: O(1/Nc)).

Baryons in large Nc
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= 0 : Solution of this saddle-point equation

This classical solution is regarded as a mean field.

Mean-field potential that is produced by  
all other particles. 

Nuclear shell models
Ginzburg-Landau theory for superconductivity
Quark potential models for baryons

Mean fields



 Baryons as a state of Nc quarks bound by mesonic mean fields. 

 Key point: Hedgehog Ansatz

⇡a(r) =

⇢
naF (r), na = xa/r, a = 1, 2, 3
0, a = 4, 5, 6, 7, 8.

It breaks spontaneously SU(3)flavor ⌦O(3)space ! SU(2)isospin+space

Se↵ [⇡
a] = �NcTrlog (i/@ + iMU�5 + im̂)
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Witten’s trivial embedding

Pion mean-field approach (Chiral Quark-Soliton model)

Effective chiral action:

Ch. Christov, H.-Ch.K et al. PPNP, 37 (1996) 91 Diakonov et al., NPB, 306 (1988) 809



Light baryons in the XQSM
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Nc Valence quarks 
bound by the pion mean fields

Light Baryon: Nc light quarks bound by the pion mean fields.



Heavy Baryon: Nc-1 light quarks govern a singly heavy baryon.

Heavy baryons in the XQSM



A light baryon: Nc quarks bound by the pion mean fields.

The lowest rotationally excited states: 

Grand spin: K = 0 ! T = J

Light baryons in the XQSM

Y 0 =
Nc
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Nc-1 quarks represent heavy-baryon spectra.

Y 0 =
Nc � 1

3

The lowest rotationally excited states 

Grand spin: K = 0 ! T = J

T=0 for a anti-triplet: J=0 for it. Combining a charm quark with spin 1/2,  
we have one anti-triplet. 

 T=1 for a sextet: J=1. We have two sextets with a charm quark. 
(1/2, 3/2).

Y 0 = 2/3

3⇥ 3 = 3+ 6

Heavy baryons in the XQSM
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Modified Collective Hamiltonian
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Moments of Inertia and Sigma pi-N term: sum over valence quark states:
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Hbr = ↵D
(8)
88 + �Y +

�p
3

3X

i=1

D
(8)
8i Ji

The collective Hamiltonian for SU(3) symmetry breaking

In the light-quark sector, we have fixed already these dynamical parameters as 

↵ = �2ms

3
� � �Y 0 = �(255.03± 5.82)MeV

� = �msK2

I2
= �(140.04± 3.20)MeV

� =
2msK1

I1
+ 2� = �(101.08± 2.33)MeV

↵ ! ↵̄ =
Nc � 1

Nc
↵

G. S. Yang,  HChK, PTP, 128, 397 (2012).

SU(3) symmetry breaking

For the singly heavy baryons:
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The ratio can be determined by  
the center values of the sextet  
masses

{
mc

= (68.1± 1.1)MeV

{
mb

= (20.3± 1.0)MeV

Remind you that all the parameters are  
the same as in the light baryon sector except  
for the hyperfine interaction.

Gh.S. Yang, HChK, M. Polyakov, M. Praszalowicz, PRD 94, 071501(R) (2016)

Hyperfine mass splittings (only new parameter)



Gh.S. Yang, HChK, M. Polyakov, M. Praszalowicz, PRD 94, 071501(R) (2016)

Results for the charmed baryon masses

⇠c = (Mth �Mexp)/Mexp
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The results are in remarkable agreement with the experimental data.

Results for the bottom baryon masses

⇠b = (Mth �Mexp)/Mexp
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The results are in remarkable agreement with the experimental data.
Prediction from the present work

Results for the bottom baryon masses

⇠b = (Mth �Mexp)/Mexp
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Collective operator for the strong vertices in SU(3) symmetric case

HChK, Polyakov, Praszalowicz, Yang, PRD, D96, 094021 (2017).

O' =
3

M1 +M2

X

i=1,2,3


G0D

(8)
' i �G1 dibcD

(8)
' bŜc �G2

1
p
3
D(8)

' 8Ŝi

�
pi

�B1!B2+' =
1

2⇡
hB2 |O'|B1i

2 M2

M1
p

Decay widths G0 = �M +M 0

6f'
a1

G1,2 =
M +M 0

6f'
a2,3

No additional  
free parameter!

f⇡ = 93MeV, fK = 1.2f⇡

These parameters a_i have been determined  
by the hyperon semileptonic decays. 

G. Yang and HChK, PRC 92, 035206 (2015)

Strong decay rates



Decay widths of the charmed baryon sextet

Experimental data are taken from the PDG RPP 2019.

No additional free parameter!

Strong decays of heavy baryons

HChK, Polyakov, Praszalowicz, Yang, PRD, D96, 094021 (2017).



Decay widths of the bottom baryon sextet

Experimental data are taken from the PDG 2019. 
Note that the data was changed from the PDG 2016.

No additional free parameter!

Strong decays of heavy baryons

HChK, Polyakov, Praszalowicz, Yang, PRD, D96, 094021 (2017).



Magnetic moment and radiative transitions

Transition magnetic moments as  matrix elements of the EM current

Ji = q�iq

Collective operators based on the XQSM

µ̂(0) = w1D
(8)
Q3 + w2dpq3D

(8)
Qp · Ĵq +

w3p
3
D(8)

Q8Ĵ3,

µ̂(1) =
w4p
3
dpq3D

(8)
QpD

(8)
8q + w5

⇣
D(8)

Q3D
(8)
88 +D(8)

Q8D
(8)
83

⌘
+ w6

⇣
D(8)

Q3D
(8)
88 �D(8)

Q8D
(8)
83

⌘
.

Gh.-S. Yang and HChK, Phys. Lett. B781 (2018) 601

µ ⇠ 1

2
hB0

Q|r ⇥ J |BQi
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They were already determined in the light baryon sector.

wi =
(Nc � 1)

Nc
wi, i = 4, 5, 6. (Nc should be replaced by (Nc-1)!

Gh.-S. Yang and HChK, Phys. Lett. B781 (2018) 601

µ ⇠ 1

2
hB0

Q|r ⇥ J |BQi
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Parameters

w̃1 = �10.08± 0.24,

w2 = 4.15± 0.93,

w3 = 8.54± 0.86,

w4 = �2.53± 0.14,

w5 = �3.29± 0.57,

w6 = �1.34± 0.56.

Numerical values of the parameters

Numerical values of the dynamical parameters were fixed  
by using the experimental data on the magnetic moments  
of the baryon octet.

No free parameter to play.

Gh.-S. Yang and HChK, Phys. Lett. B781 (2018) 601



Magnetic moments

Results of the magnetic moments of the baryon sextet with spin 1/2



Magnetic moments

Results of the magnetic moments of the baryon sextet with spin 3/2

No additional  
free parameter!



Transition magnetic moments

For Charmed Baryons

Gh.-S. Yang and HChK, in preparation
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For Bottom Baryons

Gh.-S. Yang and HChK, in preparation

Transition magnetic moments

Except for the sign, they are the same as in the charmed baryons  
in the infinitely heavy quark mass limit.



Radiative decay rates

Gh.-S. Yang and HChK, in preparation

E2 moments were ignored, because they are negligibly tiny.



Results for radiative decay rates

For Charmed Baryons

Gh.-S. Yang and HChK, in preparation



Results for radiative decay rates

For Bottom Baryons

Gh.-S. Yang and HChK, in preparation



A pion mean-field approach (XQSM) describes both the light and 

singly-heavy baryons in a consistent way.  

A singly-heavy baryon consists of Nc-1 valence quarks bound by  
the pion mean fields, while a heavy quark is considered as a mere 
static color source in the limit of the infinitely heavy-quark mass.  

We first computed the mass spectra of the lowest-lying heavy 

baryons. 

Strong decay rates were studied without any free parameter. 

We investigated the magnetic and transition magnetic moments 
(No additional free parameters!) 

Summary & Conclusion



Hamlet Act 2, Scene 2 
by Shakespeare

Though this be madness,  
yet there is method in it.

Thank you very much for the attention!

Thanks a lot to my Collaborators! 
M. V. Polyakov, M. Praszalowicz, G.S. Yang 


