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Motivation

Success of potential model in meson, baryon, and multi-quark states explanation

one gluon exchange, goldstone boson exchange, hidden local symmetry, etc.

Eur. Phys. J., C 83 (2023) 12, 1159



Motivation
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⇒ behavior of 𝑔𝑠 ？

⇒ naive: if the behavior of 𝑔𝑠 can be used to the quark-gluon interaction directly ?

⇒ if properties of hybrid can be inferred directly ？



Motivation

Most simple hybrid: 𝑞ത𝑞𝑔 ⇒ How we treat 𝑔 in 𝑞ത𝑞𝑔 ?

Phys. Rev., D 105 (2022) 5, 054503

lattice QCD: modeling effective potentials for excited gluon 
fields, which facilitate interactions between quarks

arXiV: 2503.01443

None business with 𝑔𝑠



Motivation

If this thing can be more interesting ?

gluon becomes a constituent as quark ? if yes, how much is its mass ?

Schwinger mechanism:

𝑚𝑔 ≈
1
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𝑚𝑝, 𝑚𝑢/𝑑 ≈
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𝑚𝑝, 𝑚𝑠 ≈ 526𝑀𝑒𝑉 ⇒ 𝑓𝑎𝑚𝑖𝑙𝑎𝑟 𝑣𝑎𝑙𝑢𝑒𝑠

Few Body Syst. 63 (2022) 2, 42



Motivation

Treating hybrid as a three-body problem

Keep the same model parameters as previous meson spectra calculations

Just adding only one parameter 𝒎𝒈: constituent gluon mass

Research object: 1−+ light hybrid ൞

𝑒𝑥𝑜𝑡𝑖𝑐 𝑞𝑢𝑎𝑛𝑡𝑢𝑚 𝑛𝑢𝑚𝑏𝑒𝑟
𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 𝑓𝑜𝑟 𝑐𝑟𝑜𝑠𝑠𝑐ℎ𝑒𝑐𝑘

𝜋1 1400/1600 , 𝜂1 1855 , 𝜋1 2015 𝑎𝑠 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒𝑠



Method

Three-body problem: GEM method

Derived from QCD Lagrangian

𝑓: 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠



Method

Wave function: Two coupling schemes

(a) Excited gluon mode, commonly used
(b) S-L coupling,  easier to construct spin

Color wave function:



Method

Decay mechanism:

Amplitude: Similar with Phys. Lett., B 650, 390-400



Parameter
𝐺𝐸𝑀: 𝑟𝑚𝑖𝑛 = 0.1 𝑓𝑚, 𝑟𝑚𝑎𝑥 = 2.0 𝑓𝑚, 𝑛𝑚𝑎𝑥 = 8

Confinement: screened, linear, square

Isospin-0 states are not so good mainly due to mixing

No change on the previous parameters



Spectra
arXiV: 2503.01443: constituent gluon in 1−+ light hybrid should be electric if wants lowest mass

⇒ 𝑇𝑟𝑎𝑛𝑠𝑙𝑎𝑡𝑖𝑛𝑔: 𝑆𝑞ത𝑞 = 1, 𝐿𝑞ത𝑞 = 0, 𝐿𝑞ത𝑞,𝑔 = 1, 𝐽𝑔 = 1, 𝐿𝑔 = 1, 𝐽 = 1, 𝑐𝑜𝑛𝑠𝑡𝑖𝑡𝑢𝑒𝑛𝑡 𝑔𝑙𝑢𝑜𝑛: 1+−
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1. Ground states are consistent
2. First excited states have two modes ?
3. There’s another 𝜂1 1640 ?⇒ 𝜃 ≈ 28.8° ⇒



Decays

1. Most of the decay widths are consistent

2. Width of 𝜋1 1600 → 𝑏1 1235 𝜋 are totally different

3. Mixing of 𝐾1(1
1𝑃1) and 𝐾1(1

3𝑃1) for 𝐾1 states

4. No 𝜂𝜂′ decay channel for 𝜂1(1855), OMG

5. Narrow width of ground 𝜋1 hybrid ?

6. Find 𝜂1(1855) on 𝐾1 1270 ഥ𝐾 channel ?

7. Find ground 𝐾1 hybrid on 𝐾1 1270 𝜋 channel ?

8. Verify 𝜂1(1640) on 𝑎1 1260 𝜋 channel ?



Summary

• Proper constituent gluon mass as the last piece to construct hybrid ?

• Nearly everything are constituent well with the same meson parameters.

• 𝜋1(1600) and 𝜂1 1855 , or decay mechanism, need to be studied further.

• Verify 𝜂1(1640) on 𝑎1 1260 𝜋 channel and 𝐾1 hybrid on 𝐾1 1270 𝜋 channel.

• Studies on other quantum numbers should be done to see if it’s coincidence.

Thank you ~
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