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Outline

• Quark model and exotic hadrons: pentaquark
• Coupled channel dynamics and ingredients 
• Chiral Lagrangians for D-mesons and Charmed baryons: Contact 

interaction
• Heavy-quark spin symmetry in the chiral Lagrangians
• Large-Nc operator analysis in the chiral Lagrangians
• Implications to the pentaquark @LHCb
• Conclusions
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Introduction to Khon Kaen University (KKU)
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• We have three faculty members, 
• two postdoc researchers, 
• Six PhD students, 
• Eight Master students, 
• Two undergraduate students.

Our research areas:
1. Beyond standard model theory and 

phenomenology
2. Gravitation and Cosmology
3. Hadron physics (of course)
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Quark model and SU(3) flavor symmetry

Credit. Thomson: Modern particle 
physics 5



But, in the low-energy regime, QCD is a strongly-coupled theory with many aspects 
poorly understood

 
  Can we understand the resonances and bound states of QCD in an efficient 

and systematic way? 

Nucleon resonances spectrum: Loring et.al. Eur. Phys. J. A 10, 395 (2001)
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Exotic hadrons

conventional hadrons

(qq) (qqq) 

Exotic hadrons

Hybrid Glueball Tetraquark

Pentaquark Hadronic molecule

u

d u d
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 

Proton 

Neutron 

Deuteron: p-n molecule 

Evidence for QCD exotic states is a missing piece 
of knowledge about the Nature of strong QCD.  
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Pentqquark @ LHCb
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Coupled channel dynamics on one page

• Resonances in QCD: Many hadrons are not elementary but arise 
dynamically from interactions

• Coupled-Channel Approach: consider scattering across multiple 
meson-baryon channels simultaneously

• Interaction kernel 𝑉𝑖𝑗 : derived from chiral Lagrangian (short-range) + 
meson exchange (long-range)

• Scattering Equation: 𝑇 = 𝑉 + 𝑉𝐺𝑇 ⇒  𝑇 = (1 − 𝑉𝐺)−1𝑉

   where 𝑇 = scattering amplitude, 𝐺 = loop function
• Resonances as Poles: Appear as complex poles of 𝑇(𝑠) in energy plane, 

often near thresholds
• Applications: Explains exotic states like 𝑃𝑐(4440), 𝑃𝑐(4457) as ᪄𝐷(∗)Σ𝑐  

bound states or molecules
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The interaction kernel from chiral Lagrangians

Long-range forces Short-range forces

D-mesons: JP = 0-, 1-  ----------
Charmed baryons: JP = 1/2 +, 3/2 + 

• The short-range needs to be parameterized in terms of a priori unknown contact terms
• The  chiral symmetry does not constraint such contact terms
• Use heavy-quark symmetry and large-Nc QCD to constrain the short-range forces
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Chiral Lagrangians of D-mesons and 
Charmed baryon: contact interactions

• The basic building blocks of the chiral Lagrangian in this work are

• Four-point interactions: two mesons and two baryons

• Discrete symmetries: Time-reversal, Charge-conjugate, Parity

• SU(3) flavor symmetry
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The chiral Lagrangian

20 terms of two charmed 

baryon spin-1/2 fields
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We get a total of 20 + 10 + 12 = 42 leading-order D-mesons and charmed baryons contact interactions

10 terms of two charmed 

baryon spin-3/2 fields

12 terms of charmed 

baryon spin 1/2 and 3/2 

fields
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Charm-quark axial-vector and vector currents

In QCD           and           are accessed by means of classical source terms,            

where           and            that couple to the currents directly via,

are up, down, strange and charm quarks
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Correlation functions of charm-changing currents

The D-meson fields couple to the external sources

We introduce

where with
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The matrix elements of the product of the two axial-vector currents
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The matrix elements of the product of the two vector currents
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The matrix elements of the product of the vector and axial-vector currents

18



D-mesons and charmed baryons in heavy-quark spin symmetry

In the heavy quark limit, we expect a spin multiplet with 

degenerate 0- and 1-  mesons. Same for  1/2+ and 3/2+  baryons

Super-multiplet fields
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Heavy-Quark Spin Symmetry (HQSS) effective Lagrangians

Tr and tr stand for traces in heavy-quark spin and flavor spaces, respectively
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HQSS sum rules

We found 35 sum rules, and there are 42 – 35 = 7 free parameters
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Large-Nc QCD: main idea

Large-Nc QCD is a generalization of QCD from the color group SU(3) 
to SU(Nc) where Nc is considered to be a parameter of the theory

‘t Hooft suggested to assume that

• Three gluons vertices  and quark-gluon vertices scale with 1/Nc1/2

• Four gluons vertices  scale with 1/Nc 

• Any closed quark line of a Feynman diagram in its double-line representation 
implies the factor Nc

• Non-planar diagrams are suppressed at least by the factor 1/Nc2

Nc counting rules
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In the large-Nc picture, baryons are bound states of Nc valence quarks with a 
completely anti-symmetric color wave function. A striking prediction of large-Nc 
QCD is the approximate degeneracy of the baryon octet and decuplet states

Baryons in large-Nc

The baryon masses scale with Nc, and the baryon and n-meson vertex scale with Nc1-n/2 

Baryon spin-1/2 and spin-3/2 states form a degeneracy in large-Nc QCD

The amplitudes of the meson-baryon scattering scaling with = Nc0 = 1

Consider the axial-coupling of the pi-N, the matrix 
elements scaling with Nc0. But from the diagrams, we 
find ℳ ~ Nc 𝑋𝑖𝑎 , 𝑋𝑗𝑏 . To make this consistent to the 
Nc scaling of meson-baryon scattering This leads to 
𝑋𝑖𝑎 , 𝑋𝑗𝑏 = 0, where 𝑋𝑖𝑎 is the spin-flavor axial-vector 

operator.
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The baryon matrix elements in 1/Nc expansion

All dynamical information of the correlation functions with physical states is 

transferred into the unknown coefficient functions, 𝑐𝑟 ҧ𝑝, 𝑝 , and the 𝜒  states 

reflect spin and flavor structures only. The effective 1/Nc operator 𝑂𝜇𝜈
(𝑟)

= 𝐽𝑙𝑇𝑚𝐺𝑛  
with 𝑙 + 𝑚 + 𝑛 = 𝑟.
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The large-Nc effective operators of ҧ𝐶𝑖𝑗  functions 
Up to the 1/Nc order, we find 11 operators
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Large-Nc sum rules

We found 29 sum rules, the free parameters in the Lagrangian are reduced 

from 42 to 42− 29 = 13 26



Combine HQSS and large-Nc analysis

The combination of the 
large-Nc sum rules with the 
HQSS leads to three 
additional sum rules,
𝑓2

(𝑆)
= 𝑓4

(𝑆)
= 𝑓2

(𝑇)
= 0.

Therefore, there are a total of 
38 independent sum rules, 
and the coupling constants 
of the Lagrangian are 
reduced to 42− 38 = 4 free 
parameters only
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Coupling Correlations from HQSS + Large-Nc in 𝑃𝑐  

• The contact potentials from HQSS+large-Nc sum rules:

𝑉᪄𝐷Σ𝑐
= 𝑉᪄𝐷∗Σ𝑐

+ 𝒪
1

𝑚𝑐
,

1

𝑁𝑐

𝑉᪄𝐷Σ𝑐
∗ = 𝑉᪄𝐷∗Σ𝑐

∗ + 𝒪
1

𝑚𝑐
,

1

𝑁𝑐

• Implication: once one channel's coupling is fixed (e.g., from LHCb 𝑃𝑐  

data), the others are automatically predicted

• Minimal freedom in fitting coupled-channel models for 𝑃𝑐  spectrum via 

Hidden-charm channels ( ᪄𝐷Σ𝑐 , ᪄𝐷∗Σ𝑐 , ᪄𝐷Σ𝑐
∗, ᪄𝐷∗Σ𝑐

∗ ) linked by HQSS+large-Nc
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Binding Energy Hierarchy Predictions

• Predicted ordering of bound states:

𝐸bind ᪄𝐷Σ𝑐 > 𝐸bind ᪄𝐷∗Σ𝑐  if 𝑉᪄𝐷Σ𝑐
> 𝑉᪄𝐷∗Σ𝑐

• Large-Nc + HQSS tends to predict nearly degenerate binding energies:

𝐸bind ᪄𝐷Σ𝑐 ≈ 𝐸bind ᪄𝐷∗Σ𝑐 + 𝒪(1/𝑁𝑐)

where 𝒪 1/𝑁𝑐 = 1/3 ≈ 30%

• We further approximate the predictions for the Σ𝑐
∗ counterpart (if they exist!!)

𝐸bind ᪄𝐷Σ𝑐
∗ > 𝐸bind ᪄𝐷∗Σ𝑐

∗  if 𝑉᪄𝐷Σ𝑐
∗ > 𝑉᪄𝐷∗Σ𝑐

∗

• Large-Nc + HQSS tends to predict nearly degenerate binding energies:

𝐸bind ᪄𝐷Σ𝑐
∗ ≈ 𝐸bind ᪄𝐷∗Σ𝑐

∗ + 𝒪(1/𝑁𝑐)
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Conclusions

• We construct the chiral Lagrangians of D-mesons and charmed baryons at 𝑄0 order, and we 

found 42 terms

• The HQSS provides the 35 sum rules, and there are 42 – 35 = 7 free parameters.

• The Large-Nc operator analysis up to 𝒪(1/𝑁𝑐) in 1/Nc expansion leads to the 29 sum rules 

and the free parameters are reduced from 42 to 42− 29 = 13.

• Combined the HQSS+large-Nc gives us additional 3 sum rules. We finally reduced 42 free 

parameters down to 42-35-3= 4 parameters only.

• The contact terms (short-range) interactions will greatly increase the predictions of the 

pentaquark states in coupled channel dynamics approach due to a less number of free 

parameters by using HQSS+large-Nc sum rules.

• HQSS+large-Nc sum rules also predicted the hierarchy of the pentaquark’s binding energy.
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