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Double-gluon hybrid curents



ÅIn sum rule analyses, we consider two-point correlation functions:

where η is the current which can couple to hadronic states.

ÅBy using the dispersion relation, we can obtain the spectral density

ÅIn QCD sum rule, we can calculate these matrix elements from QCD (OPE) and 
relate them to observables by using dispersion relation.

QCD sum rule method
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ÅBorel transformation to suppress the higher order terms:

ÅTwo free parameters

MB ,    s0

We need to choose certain region of (MB, s0).

ÅCriteria
1. Stability

2. Convergence of OPE

3. Positivity of spectral density

4. Sufficient amount of pole contribution

QCD sum rule method
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QCD sum rule results: Single-gluon hybrid states



QCD sum rule results: Double-gluon hybrid states



QCD sum rule results: Two- and three-gluon glueballs



QCD sum rule results Lattice QCD results

quenched unquenched
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Decay analyses – Glueball
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Decay analysesDecay analyses – Hybrid

Normal process Abnormal processes due to the QCD axial anomaly

The QCD axial anomaly ensures the ⱢⱢdecay mode 

to be a characteristic signal of the hybrid nature of the Ɫ .
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Compact tetraquark picture:
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Hadronic molecular picture:
 Maybe not as many states as the tetraquark picture
 Near thresholds
 Widths are possibly limited

Hybrid picture:
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Hybrid picture:
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 Two isosinglets: ▲▲▌, ▼▼▌

Indistinguishable!
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Summary

ÅWe systematically study two- and three-gluon glueballs as 
well as single-gluon and double-gluon hybrid states 
through QCD sum rule method.

ÅThe ╙╟╒ hybrid states are still of particular interest. 
We propose to investigate the ╪ Ⱬchannel in 
future experiments to further understand Ɫ .


