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Introduction
➢1. Exotic hadrons:

➢ tetraquark / pentaquark states and hadronic molecule.

➢ Glueball

➢hybrids (𝒒ഥ𝒒𝒈 ).

➢2. Experimental candidates for hybrids
➢ Isovector 𝟏−+states:

➢ 𝝅𝟏(𝟏𝟒𝟎𝟎) / 𝝅𝟏(𝟏𝟔𝟎𝟎), 𝜞𝒕𝒐𝒕 ∼ 𝟐𝟒𝟎𝑴𝒆𝑽

➢ 𝝅𝟏(𝟐𝟏𝟎𝟓)

➢ Isoscalar 𝟏−+ states: 𝜼𝟏(𝟏𝟖𝟓𝟓).

➢charmoniumlike 𝟏−+ counterpart 𝜼𝒄𝟏(𝒄ത𝒄𝒈) of 𝜼𝟏(𝟏𝟖𝟓𝟓). Exists?

➢3. Insights of the masses of hybrids predicted by Lattice QCD

➢ 𝒎𝝅𝟏 ∼ 𝟏. 𝟖 − 𝟐. 𝟎 𝑮𝒆𝑽,          𝒎𝜼𝟏 ∼ 𝟐. 𝟎 − 𝟐. 𝟑 𝑮𝒆𝑽,

➢ 𝒎𝜼𝒄𝟏 ∼ 𝟒. 𝟐 − 𝟒. 𝟒 𝑮𝒆𝑽.
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𝜼𝟏(𝟏𝟖𝟓𝟓) from 𝑱/𝝍 → 𝜸𝜼𝟏 → 𝜸𝜼𝜼′

BESIII : PRD.107,079901 (2023)
BESIII : PRL.130,159901 (2023)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.159901


Spectrum of charmoniumlike 1−+
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Lattice methodology: M&M method (C. McNeile & C. Michael, PLB 556 (2003) 177)
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Flux tube model
6



Hybrid in the Flux tube model
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Flux-tube model has selection rule:

𝑨𝑩 𝑯𝑰 𝑯 ∝ ∫ 𝒅𝟑𝒓 𝝓𝑯 𝒓 ⋯ න
𝟎

𝟏

𝒅𝝃 𝐜𝐨𝐬 𝝃𝝅 ⋅ 𝝓𝑨 𝝃𝒓 ⋅ 𝝓𝑩((𝟏 − 𝝃)𝒓)

1) Modes of two S-wave mesons are suppressed, SP-modes are favored.
2) Modes of two identical mesons are prohibited.

(P. Page et al., Phys.Rev.D 59 (1999) 034016 )

Open-charm and closed-charm decay modes
1 ） SP modes ： 𝐷1ഥ𝐷 , 𝜒𝑐1𝜂(𝜂′)
2 ） SS modes ：𝐷∗ഥ𝐷 , 𝐷∗ഥ𝐷∗ , 𝜂𝑐𝜂(𝜂′), 𝐽/𝜓𝜔(𝜙)



Lattice setup

• Tadpole improved Symanzik’s gauge action 

(C. Morningstar, PRD60(1999)034509)

• Anisotropic Lattice

• 𝑁𝑓 = 2 clover gauge ensembles with degenerate u, d quarks

See:  Jiang et al, Phys.Rev.D 107 (2023) 094510

• Distillation method:
(M.Peardon et al.(HSC.)(2009)PRD80,054506)

• disconnected diagrams are involved
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𝜂𝑐1 decay modes
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Decay amplitudes in M&M method
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Effective Lagrangian:



Lattice results
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Numerical results
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• 𝐷1 ഥ𝐷 dominates. 
• 𝐷∗ഥ𝐷 and 𝐷∗ഥ𝐷∗ are important. 

This observation is in striking contrast to 
the expectation of the flux-tube model.



Numerical results
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• 𝐷1 ഥ𝐷 dominates. 
• 𝐷∗ഥ𝐷 and 𝐷∗ഥ𝐷∗ are important. 

Due to 𝑚𝜂𝑐1 = 4.329(36)GeV from our lattice  

This observation is in striking contrast to 
the expectation of the flux-tube model.



Results v.s. Flux-tube model 
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This observation is in striking contrast to 
the expectation of the flux-tube model.

𝑐 ҧ𝑐 Isoscalar hybrid width ~30MeV 

Flux tube model: light Isoscalar hybrid width ~150MeV 

(Isgur& Paton 1985)



The 𝑚𝜂𝑐1-dependence of partial decay widths

• For 𝑚𝜂𝑐1 = 4329(36) MeV, we have 

Γ𝐷1ഥ𝐷 = 258 133 MeV

Γ𝐷∗ഥ𝐷∗ = 150 118 MeV

ΓDഥ𝐷∗ = 88 18 MeV

Γ𝜒𝑐1𝜂 = sin2 𝜃 ⋅ 44 29 MeV

Γ𝜂𝑐𝜂′ = cos2 𝜃 ⋅ 0.93 77 MeV

• Given the mass above, 𝜂𝑐1 seems too wide to be

identified easily in experiments. 

• We suggest LHCb, BelleII and BESIII to search for 𝜂𝑐1 in 𝐷∗ഥ𝐷 and 𝐷∗ഥ𝐷∗ systems !  

𝑫∗ഥ𝑫∗
𝑪=+

𝑰=𝟎
=

𝟏

𝟐
𝑫∗+𝑫∗− + 𝑫𝟎∗ഥ𝑫𝟎∗

𝑳=𝟏

𝑺=𝟏

𝐿 + 𝑆 = even
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Conclusion



The 𝑚𝜂𝑐1-dependence of partial decay widths

• For 𝑚𝜂𝑐1 = 4329(36) MeV, we have 

Γ𝐷1ഥ𝐷 = 258 133 MeV

Γ𝐷∗ഥ𝐷∗ = 150 118 MeV

ΓDഥ𝐷∗ = 88 18 MeV

Γ𝜒𝑐1𝜂 = sin2 𝜃 ⋅ 44 29 MeV

Γ𝜂𝑐𝜂′ = cos2 𝜃 ⋅ 0.93 77 MeV

• Given the mass above, 𝜂𝑐1 seems too wide to be

identified easily in experiments. 

• However, 𝚪𝜼𝒄𝟏 is very sensitive to 𝒎𝜼𝒄𝟏. 

• If 𝒎𝜼𝒄𝟏 ∼ 𝟒. 𝟐 GeV, then 𝚪𝜼𝒄𝟏 ∼ 𝟏𝟎𝟎 MeV.  

The dominant decay channels are 𝑫∗ഥ𝑫 and 𝑫∗ഥ𝑫∗. 

• Especially for 𝑫∗ഥ𝑫∗, the measurement of the 

polarization of 𝑫∗ and ഥ𝑫∗ will help distinguish a  

𝟏−+ states from 𝟏−− states.  

• We suggest LHCb, BelleII and BESIII to search for 𝜂𝑐1 in 𝐷∗ഥ𝐷 and 𝐷∗ഥ𝐷∗ systems !

𝑫∗ഥ𝑫∗
𝑪=+

𝑰=𝟎
=

𝟏

𝟐
𝑫∗+𝑫∗− + 𝑫𝟎∗ഥ𝑫𝟎∗

𝑳=𝟏

𝑺=𝟏

𝐿 + 𝑆 = even

𝑫𝟏
ഥ𝑫 threshold ≈ 𝟒𝟐𝟗𝟎𝑴𝒆𝑽 16



Possible production in experiments

17

𝟏) 𝜼𝒄𝟏 production on 𝒆+𝒆− collider experiments: (BESIII)
𝒆+𝒆− → 𝝍 𝒏𝑺 → 𝜸𝜼𝒄𝟏

𝟐) 𝜼𝒄𝟏 production from 𝑩 meson weak decay
𝑩 → 𝜼𝒄𝟏ഥ𝑲 (LHCb and Belle):

Summary
✓We give the first Lattice QCD prediction of the partial decay widths of the 

charmoniumlike 𝜂𝑐1.

✓Disfavor the results of the Flux-tube model (Disfavor the S-wave suppression).

✓We provide the theoretical information for the experimental search for 
charmoniumlike hybrid 𝜂𝑐1.



Backup slides
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Meson spectrum on our lattice
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Partial-wave operators



Fitting stability
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