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For tetraquark,

S. Pepin and Fl. Stancu, PRD 65, 054032(2002)
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Casimir Invariants

There are two Casimir operators in SU(3).

𝐶2: quadratic Casimir operator

𝐶3: cubic Casimir operator
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Casimir Invariants

For SU(N),

Casimir invariants does not depend on 𝑝𝑁.
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Casimir Invariants

Casimir invariants does not depend on 𝑝𝑁.
However, note that interaction factor can depend on total number of quarks.

For SU(N),
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The middle nucleon goes virtually to some excited state.

G.E.Brown et al, Nucl. Phys. A 115, 435(1968) J.Fujita and H.Miyazawa, Prog. Theor. Phys. 17, 360(1957)

E.Epelbaum, Prog. Part. Nucl. Phys. 57, 654(2006)

How about applying this concept to the three-quark potential?
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+ 1 ↔ 2 + (2 ↔ 3)
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+ 1 ↔ 2 + (2 ↔ 3)

{𝜆𝑎 , 𝜆𝑏} =
4

3
𝛿𝑎𝑏 + 2𝑑𝑎𝑏𝑐𝜆𝑐

[𝜆𝑎 , 𝜆𝑏] = 2𝑖𝑓𝑎𝑏𝑐𝜆𝑐
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New three-quark potentials: color-spin
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+ 1 ↔ 2 + (2 ↔ 3)
𝜎 ∙ 𝜎

𝜎 ∙ 𝜎 𝜎 ∙ 𝜎

𝜎 ∙ 𝜎
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New three-quark potentials: color-spin hybrid
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+ 1 ↔ 2 + (2 ↔ 3)
𝜎 ∙ 𝜎 𝜎 ∙ 𝜎

𝜎 ∙ 𝜎 𝜎 ∙ 𝜎
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New three-quark potentials: antiquarks
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{ ҧ𝜆𝑎, ҧ𝜆𝑏} =
4

3
𝛿𝑎𝑏 − 2𝑑𝑎𝑏𝑐 ҧ𝜆𝑐

[ ҧ𝜆𝑎 , ҧ𝜆𝑏] = 2𝑖𝑓𝑎𝑏𝑐 ҧ𝜆𝑐

For antiquarks,

where sign 𝑖 = −1 for antiquarks.
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Results

: Baryons, Tetraquarks, Dibaryons
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Baryon fitting

18With 3-quark potential
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Three-body color matrices for tetraquarks
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𝑇𝑐𝑐 : ത𝑢 ҧ𝑑𝑐𝑐

𝜒𝑐1: ҧ𝑐 ത𝑞𝑐𝑞
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Three-body potentials in tetraquarks
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𝑇𝑐𝑐

𝜒𝑐1(3872)

Unit: MeV



QNP2024 – The 10th International Conference on Quarks and Nuclear Physics

Three-body potentials in dibaryons
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𝐻:𝑢𝑢𝑑𝑑𝑠𝑠 𝐼 = 0, 𝑆 = 0 , (𝐹1, 𝐹27)

𝑁Ω: 𝑢𝑢𝑑𝑠𝑠𝑠 𝐼 = 1/2, 𝑆 = 2 , (𝐹27, 𝐹8)

Unit: MeV
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Summary

• Inspired by the three-body nuclear force, the three-quark potentials are 

newly constructed.

• When the three-quark potential is introduced, the baryon results fit better.

• When the three-quark potential is applied to exotic hadrons, it shows 

repulsive interaction for dominant states.

Thank you


