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QCD: non-Abelian gauge theory
flavor exotic state:
tetraquark, hybrid, 
glueball…
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Introduction
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Scalar

I = 1

I=1/2

I=0

below 1 GeV: 
9 states

above 1 GeV:
10 states



Experimental status

➢BESIII
• J/psi radiative decay

➢COMPASS
• proton-proton central production

➢PANDA
• proton-antiproton annihilation

➢GlueX
• photoproduction
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BESIII
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Theoretical research
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◼Flux-tube, bag model, constituent model etc.

◼AdS/QCD

◼QCD sum rule

◼Lattice QCD



Theoretical research
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𝑁𝑓=2 lattice QCD study   [W.S. et al, Chin.Phys.C 42(2018) no 9, 093103]
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Gauge configuration details
◼ 𝑁𝑓 = 2 anisotropic lattice

◼ Tadpole-improved gauge action
◼ Clover-improved Wilson fermion action
◼ Ground state scalar, pseudoscalar, tensor investigated



𝑁𝑓=2 lattice QCD study
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𝑁𝑓=2 lattice QCD study
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𝑁𝑓=2 lattice QCD study
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𝑁𝑓=2 lattice QCD study
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𝑁𝑓=2 lattice QCD study
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𝑁𝑓=2 lattice QCD study
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𝑁𝑓=2 lattice QCD study
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More about scalar channel [W.S. et al, EPJ Web Conf.175(2018) 05016]
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More about scalar channel
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I=0 scalar channel is much more complicated!



Pseudoscalar and topological charge density
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[W.S. et al, Chin.Phys.C 42(2018) no 9, 093103]

may contain glueball state

same state



Pseudoscalar and topological charge density
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[W.S. et al, Chin.Phys.C 42(2018) no 9, 093103]



Correlation of P(x) (𝑁𝑓=2)   [C.Helmes et al, EPJ Web Conf.175(2018)05025]
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Correlationof q(x) (𝑁𝑓=2) [W.S. et al, Chin.Phys.C 42(2018) no 9, 093103]
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Correlation of q(x) (𝑁𝑓=2+1)
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Correlationof q(x) (quenched)
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agrees with quenched pseudoscalar glueball



Summary of pseudoscalar results
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Continuum form of operators
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Summary
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◼ Ground state I=0 scalar, pseudoscalar and tensor states investigated by “glueball” operator

◼ large difference between topological charge density and pseudoscalar glueball operator

◼ Still no definite answer on the precise spectrum

◼ Need next:

◼ Control systematic errors(continuum limit, infinite volume, physical quark mass…)

◼ Include multi-hadron operators(especially for scalar channel)

Thank you!



Backup [W.S. et al, EPJ Web Conf.175(2018) 05016]
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backup
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