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Ordinary vs hybrid baryons
• Bound state of three quarks within a gluonic field: ordinary baryon

• Bound state of three quarks within an excited gluonic field: hybrid baryon

➢ Excited gluonic field  Inclusion of a constituent gluon

• Hybrid baryons in a constituent approach

➢ QCD-inspired potentials

➢ Semi-relativistic kinematics 𝑝𝑖
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Quark core model
• Analogous to the quark-diquark model in baryons

• Interaction between quarks → quark core 𝐶

➢ 3-body system

• Interaction between the core and the gluon

➢ 2-body system

• Helicity of the gluon easier to consider
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Quark core Hamiltonian
• Similar structure to the baryon (3 quarks)

➢ Cornell-inspired potential

𝑉𝑞𝑞𝑞 𝑟 = 

𝑖<𝑗

𝐴 𝐹2 𝑖 𝒓𝑖 − 𝒓𝑗 + 𝐵 𝐹 𝑖 ⋅ 𝐹 𝑗 𝒓𝑖 − 𝒓𝑗
−𝟏

10-07-24 5



Quark core Hamiltonian
• Similar structure to the baryon (3 quarks)

➢ Cornell-inspired potential

𝑉𝑞𝑞𝑞 𝑟 = 

𝑖<𝑗

𝐴 𝐹2 𝑖 𝒓𝑖 − 𝒓𝑗 + 𝐵 𝐹 𝑖 ⋅ 𝐹 𝑗 𝒓𝑖 − 𝒓𝑗
−𝟏

10-07-24 5

Confinement



Quark core Hamiltonian
• Similar structure to the baryon (3 quarks)

➢ Cornell-inspired potential

𝑉𝑞𝑞𝑞 𝑟 = 

𝑖<𝑗

𝐴 𝐹2 𝑖 𝒓𝑖 − 𝒓𝑗 + 𝐵 𝐹 𝑖 ⋅ 𝐹 𝑗 𝒓𝑖 − 𝒓𝑗
−𝟏

10-07-24 5

Confinement Short-range interaction
(OGE)



Quark core Hamiltonian
• Similar structure to the baryon (3 quarks)

➢ Cornell-inspired potential

𝑉𝑞𝑞𝑞 𝑟 = 

𝑖<𝑗

𝐴 𝐹2 𝑖 𝒓𝑖 − 𝒓𝑗 + 𝐵 𝐹 𝑖 ⋅ 𝐹 𝑗 𝒓𝑖 − 𝒓𝑗
−𝟏

➢ 𝐴 and 𝐵 are constants [1]

10-07-24 5[1] L.P. Fulcher, Phys. Rev. D 50, 447 (1994)



Quark core Hamiltonian
• Similar structure to the baryon (3 quarks)

➢ Cornell-inspired potential

𝑉𝑞𝑞𝑞 𝑟 = 

𝑖<𝑗

𝐴 𝐹2 𝑖 𝒓𝑖 − 𝒓𝑗 + 𝐵 𝐹 𝑖 ⋅ 𝐹 𝑗 𝒓𝑖 − 𝒓𝑗
−𝟏

➢ 𝐴 and 𝐵 are constants [1]

➢ 𝐹2(𝑖) is the 𝑆𝑈(3) Casimir of the particle 𝑖 (for a quark 𝐹𝑞
2 = 4/3)

10-07-24 5[1] L.P. Fulcher, Phys. Rev. D 50, 447 (1994)



Quark core Hamiltonian
• Similar structure to the baryon (3 quarks)

➢ Cornell-inspired potential

𝑉𝑞𝑞𝑞 𝑟 = 

𝑖<𝑗

𝐴 𝐹2 𝑖 𝒓𝑖 − 𝒓𝑗 + 𝐵 𝐹 𝑖 ⋅ 𝐹 𝑗 𝒓𝑖 − 𝒓𝑗
−𝟏

➢ 𝐴 and 𝐵 are constants [1]

➢ 𝐹2(𝑖) is the 𝑆𝑈(3) Casimir of the particle 𝑖 (for a quark 𝐹𝑞
2 = 4/3)

➢ 𝐹 𝑖 ⋅ 𝐹 𝑗 =
1

2
𝐹 𝑖 + 𝐹 𝑗

2
− 𝐹 𝑖 2 − 𝐹 𝑗 2
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Quark core Hamiltonian
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➢ Spin-1/2 only

➢ 𝐹 𝑖 ⋅ 𝐹 𝑗 = −1/6 for every pairs
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Quark core Hamiltonian
• Quark core Hamiltonian

𝐻𝐶 = 

𝑖

𝒑𝑖
2 + 𝑚2 + 

𝑖<𝑗

4𝐴

3
𝒓𝑖 − 𝒓𝑗 −

𝐵

6
𝒓𝑖 − 𝒓𝑗

−𝟏

• Resolution of the Schrödinger equation by the expansion in oscillator bases [2]

➢ Acces to the mass 𝑚𝐶 of the core, and the « size » 1/𝜆 of the system
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Core – gluon Hamiltonian
• Core – gluon interaction like gluon – gluon [4]

𝑉𝑔𝑔 𝑟 = 𝐴′𝑟 − 𝐵′
1

𝑟

• Spatial extension of the core considered

𝑉𝐶𝑔 𝒓 = න 𝑑𝒓 𝜌 𝒓 𝑉𝑔𝑔 |𝑹 + 𝒓|

➢ 𝜌 𝒓 is the quark density

𝜌 𝒓 =
𝜆3

𝜋3/2
𝑒−𝜆2𝑟2

10-07-24 8[4] V. Mathieu, F. Buisseret, C. Semay, Phys. Rev. D 77, 114022 (2008)



Core – gluon Hamiltonian
• Core – gluon Hamiltonian

𝐻𝐶𝑔 = 𝑝𝐶
2 + 𝑚𝐶

2 + 𝑝𝑔
2 + 𝑚𝑔

2 + 𝐴′
𝑒−𝜆2𝑟2

𝜋𝜆
+ 𝑟 +

1

2𝜆2𝑟
erf(𝑟) − 𝐵′

erf(𝑟)

𝑟

• Resolution of the Schrödinger equation by the Lagrange-mesh method [5]

10-07-24 9[5] D. Baye, Phys. Rep. 565, 1 (2015)
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➢ Helicity formalism of Jacob and Wick [6]

➢ Well-known for 2-body systems but less for 3- or 4-body systems: quark core model

• Basis of states ห ൿ𝐻±; 𝐽𝑃; 𝜆1𝜆2 with well-defined 𝐽𝑃 quantum numbers

➢ Expansion in canonical states ห ൿ2𝑆+1𝐿𝐽

| ۧ𝐽𝑀; 𝜆1𝜆2 = 

𝐿,𝑆

2𝐿 + 1

2𝐽 + 1

1/2

𝐿 0 𝑆 𝜆1 − 𝜆2 | 𝐽𝜆1 − 𝜆2 𝑠1 𝜆1 𝑠2 − 𝜆2 | 𝑆𝜆1 − 𝜆2 ห ൿ2𝑆+1𝐿𝐽

➢  States of quantum mechanics

10-07-24 10[6] M. Jacob, G.C. Wick, Ann. Phys. 7, 404 (1959)
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➢ Quark core model

➢ Helicity of gluon considered

• Extension to light quarks

➢ Current experiment at JLab

➢ Universal potential model

➢ Quark core favoured by heavy quarks

• Extension to large-𝑁𝑐 QCD
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and ordinary 𝑞𝑞𝑞 baryon [3]
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Lattice QCD results
• Lattice QCD results for light hybrid baryons [1]

10-07-24 42[1] J.J. Dudek, R.G. Edwards, Phys. Rev. D 85, 054016 (2012)



Flux tubes of hybrid baryons
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