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1. The lowest hybrid nonets and phenomenology

+



𝐿

𝑆 = 1

Conventional QM states: Quantum numbers accessible by the quark-antiquark scenario: 

States in natural spin-parity: if 𝑃 = −1 𝐿+1 = −1 𝐽. 

Then with 𝑆 = 1 , one has 𝐶𝑃 = −1 𝐿+𝑆 +(𝐿+1) = +1

Mesons with natural spin-parity but 𝐶𝑃 = −1 will be forbidden:  

𝟎+−, 𝟏−+, 𝟐+− , 𝟑−+, …

Natural: 0++, 1−−, 2++, 3−−, …

Unnatural: ( 0−−), 1++, 2−−, 3++, …

+



𝐿

𝑆 = 0

Unnatural: 0−+, 1+−, 2−+, 3+−, …

Exotic mesons:

Quantum numbers 

cannot be accessed by 

the spin-orbital 

couplings between a 

pair of 𝑞ത𝑞.



A brief introduction to the flux-tube model

• Lowest gluon fields generate adiabatic potential on which the 

quark motion can be described. 

• The flux tube may be excited on which the quark motion in the 

adiabatic potential of such excited gluon field configurations will 

give access to hybrid states.

• The decays of both conventional and exotic hadrons can be well 

described by the flux tube breaking mechanism.

Transverse 

mode

Collinear 

mode
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Flux tube model Hamiltonian:
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G.S. Bali and A. Pineda, PRD69 (2004) 094001;
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Adiabatic gluonic potential for the gluonlump in 

the flux tube model compared with the LQCD 

simulation 

Quantum numbers of the hybrid mesons:

• Parity: 𝑃 = 𝜖 −1 𝐿+Λ+1

• Charge conjugation: 𝐶 = 𝜖𝜂 −1 𝐿+Λ+𝑆

where 𝜂 ≡ 𝑃𝐶 𝑔; Λ (= 0,1,2, … →

Σ, Π, Δ, … ) is the projection of the gluonic

angular momentum onto the 𝑞ത𝑞 axis. 

• The adiabatic gluonic potential for the 

gluonlump is denoted as Λ𝜂
𝑌 (𝑌 = ± is the 

so-called Y-parity).

Color octet

Color singlet
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
𝐿𝑞 = 0

𝑆𝑞 = 1

Lowest hybrid in the flux-tube model

+


𝐿𝑞 = 0

𝑆𝑞 = 1

𝑆𝑔 = 1

𝐿𝑔 > 0

𝐽𝑞
𝑃(𝐶)

= 1− −

𝑱𝑔 = 𝑺𝑔 + 𝑳𝑔, 

𝐽𝑔
𝑃𝐶 = 1+−

𝐽𝑃 𝐶 = 0, 1, 2 −(+)

+


𝐿𝑞 = 0

𝑆𝑞 = 0

+


𝐿𝑞 = 0

𝑆𝑞 = 0

𝑆𝑔 = 1

𝐿𝑔 > 0𝐽𝑞
𝑃(𝐶)

= 0− +

𝑱𝑔 = 𝑺𝑔 + 𝑳𝑔, 

𝐽𝑔
𝑃𝐶 = 1+−

𝐽𝑃 𝐶 = 1−−

Collinear mode Transverse mode

N. Isgur and J. Paton, PLB124 (1983) 247-251; PRL54 (1985) 869; PRD31 (1985) 2910



Recent Compass confirmation of 𝜋1 1600 Recent BESIII observation of 𝜂1 1855

• 𝜋1 1600 has been seen in 𝜂′𝜋, 𝑓1 1285 𝜋, 
𝑏1 1235 𝜋, and 𝜌𝜋 in various experiments.

• The Compass results favor a single 𝜋1 1600 , and 
do not support the existence of 𝜋1(1400). 

See Compass Collab., PRD105 (2022) 012005

• 𝜂1 1855 is seen in 𝐽/𝜓 → 𝛾𝜂𝜂′ at BESIII with 

𝑚𝜂1 = (1855 ± 9−1
+6) MeV and Γ𝜂1 = (188 ±

18−8
+3) MeV.

• Only one (𝐼 = 0, 𝐽𝑃𝐶 = 1−+) state is seen.

BESIII, 2202.00621 [hep-ex], 2202.00623 [hep-ex]
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Hybrid nonet and Gell-Mann-Okubo relation

• Flavor-blindness of the strong interaction

• Flavor octet and singlet mixing in the 𝐼 = 0 sector

• Gell-Mann-Okubo relation:

and

Note: With the input of 𝑚𝜋1 and 

𝜂1(1855) it is still insufficient for the 

determination of 𝜃,𝑚𝜂1𝐿/𝑚𝜂1𝐻, 𝑚𝐾∗. 

Ideal mixing: 𝜃 = 0∘, 𝛼 = arctan 2 ≃ 54.7∘



Decays of the 𝟏−(+) hybrid nonet into pseudoscalar meson pair

Longitudinal transition mode:

Transverse transition mode:

Decays via the quark pair creation (QPC) model

Collinear process

Recoiling process: 

Only contribute to the 

production of 𝑀2 as an 

isoscalar.

• For a conventional 𝑞ത𝑞 meson decay, 𝑀𝑎 ≫ 𝑀𝑏 .

• For a hybrid meson decay, 𝑀𝑎 ≃ 𝑀𝑏.



Note: 𝜂1𝐿 and 𝜂1𝐻 decays into 𝜋𝜋 and 𝐾ഥ𝐾 are forbidden by the Bose symmetry and G-parity conservation. 

They can only access 𝜂𝜂′ via the octet and singlet mixing.

• 𝛼𝑃 ≃ 42∘ is the mixing 

angle between 𝜂 and 𝜂′. 

• 𝑅 ≃ 𝑓𝜋/𝑓𝐾 ≃ 0.93
indicates the SU(3) 

flavor symmetry breaking 

effects in the production 

of the 𝑠 ҧ𝑠 pair.

• 𝑔1, 𝑔2, 𝛼 are the 

parameters to be 

determined.



The P-wave coupling for three vectors can be described as:

With the real photon the Lagrangian reduces to 

By defining the production potential for the hybrid via the 

𝐽/𝜓 radiative decay, i.e. 

We have 

The relative production rate for 𝜂1𝐿 and 𝜂1𝐻 can 

be obtained

2. Production of the 𝑱𝑷 𝑪 = 𝟏− + hybrid nonet in 𝑱/𝝍 radiative decays



The relative production rate for 𝜂1𝐿 and 𝜂1𝐻 in 𝐽/𝜓 → 𝛾𝜂1𝐿/𝛾𝜂1𝐻 → 𝛾𝜂𝜂′ can be expressed as

𝛿 ≡ 𝑔2/𝑔1

Hybrid: 𝛿 ∼ 1

Conventional meson: 𝛿 ≪ 1

Note that the phase 

space factor actually 

enhances the ratio. 

• Mixing angle 𝛼 is correlated with the undetermined masses of 𝐾∗ and 𝜂1𝐿/𝜂1𝐻.



Two schemes for the nonet

Scheme-I: 
Assuming that 𝜂1(1855) is the higher state, 

𝜂1𝐻, and 𝐾∗(1680) is the strange partner 

with 𝑚𝐾∗ = 1718 ± 18 MeV.  We have 

𝑚𝜂1𝐿 = 1712.5 ± 8.7 MeV. 

Correlation between 𝛼 and 𝑚𝐾∗

Imposing the experimental observation,

Hybrid nonet

𝛼 = 30∘ ± 13∘

𝛿 ≃ −1.0



Scheme-II: 
Assuming that 𝜂1(1855) is the lower state, 

𝜂1𝐿, one finds that 𝐾∗(1680) is no longer 

suitable to be the strange partner.  We 

thus impose the experimental observation 

as a constraint:

𝛼 ≃ 35∘ ± 10∘

𝑚𝐾∗ = 1.83 ∼ 1.90 GeV

𝑚𝜂1𝐻 ≃ 2.4 GeV

𝛿 ≃ 1.0

Hybrid nonet



3. Predictions for 𝑱/𝝍 → 𝑽𝑯

The coupling for 𝐽/𝜓 → 𝑉𝐻 can be parametrized as:

Then, the coupling constants for different decay 

channels can be expressed as:



4. Discussions and summary

• The gluonlumps will finally convert into quark-antiquark pairs. 

Phenomenologically, how to distinguish these effective degrees of  freedom 

from other scenarios? 

 The hybrid also favors strong couplings to an axial vector plus a pseudoscalar

[Burns, Close and Dudek, PRD 77 (2008) 034008]

• Why only one state 𝜂1(1855) is seen? Are we expecting its partner in the nonet? 

 If 𝜂1(1855) is associated with 𝐾1 1400 ഥ𝐾, should we expect to have 𝜂1(1763) associated with 

𝐾1 1270 ഥ𝐾 ? 

 Broad width of 𝐾1(1400) may cause problems in the molecular scenario.

• The width of 𝜂1 1855 is about 188 MeV. What are the dominant decay channels?  

 In the hybrid scenario 𝜂1 1855 cannot be a pure 𝑠 ҧ𝑠 ෤𝑔 or 𝑛ത𝑛 ෤𝑔. The S-wave decays into vector and 

pseudoscalar pairs may not be suppressed [Close and Dudek, PRD70 (2004) 094015, The 'Forbidden' 

decays of hybrid mesons to pi rho can be large] 

• More open questions …
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