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l Traditional quark model

l Exotic hadron: glueball, hybrid state,  tetraquark, etc.

⋯⋯

l Exotic spin-parity quantum numbers

0−−, 0+−, 1−+, 2+−
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�(2370) :    � = 2377 ± 9 MeV
                       � =  148−28

+80  MeV
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lMost theoretical analyses rely, to varying degrees, on specific model assumptions, 
leading to discrepancies among results obtained from different approaches and 
making it difficult to reach consistent conclusions.

l Due to the possible significant mixing between glueballs and conventional meson 
states, relying solely on mass spectrum information is often insufficient to 
unambiguously determine their nature.

l How to characterize, based on the fundamental symmetries of QCD, the decay 
mechanism of glueballs into light hadron final states—particularly the feature that 
glueballs should exhibit flavor-universal couplings in their decay processes—
remains an open issue.

Some limitations 

Therefore, in this work, we will apply the Fierz rearrangement method to 
systematically analyze the decay properties of two-gluon and three-gluon glueballs, 
and to determine the glueball components among the three glueball candidates  
��(1500), ��(1710) and η(2370).
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l some simplifying assumptions： 
1. the decay of glueballs is assumed to be dominated by two- or three-
constituent gluons
2. each gluon is converted into a quark–antiquark pair 
3. mesons are treated as quark–antiquark bound states
4. final-state interactions among the produced mesons are neglected

l the merits： 
1. use of the universal symmetries of QCD for analyzing the algebraic 
structure of glueball decay channels.
2. retain a certain degree of generality across different model settings 
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color side 

Lorentz side 

Method of the Feriz rearrangement
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Method of the Feriz rearrangement
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The amplitudes should be understood as 
effective couplings dominated by 
algebraic structures within a constituent 
picture.

Method of the Feriz rearrangement
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construct excited light 
meson operators

Excited light meson operators 
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l Convergence of OPE

l Sufficient amout of pole contribution

0.90GeV2 ≤ ��
2 ≤ 1.44GeV2

Excited light meson operators 
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Excited light meson operators 
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Excited light meson operators 
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Decay behavior
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In particular, the ϕϕ, ωω, and ϕω channel exhibit relatively 
large branching fractions.



Decay behavior

Radiative decays of P-wave bottom baryons from light-cone sum rules 22/25Fierz analyses on the decay properties of two- and three-gluon glueballs



Decay behavior

Radiative decays of P-wave bottom baryons from light-cone sum rules 23/25Fierz analyses on the decay properties of two- and three-gluon glueballs



Ø Introduction

Ø Method of the Feriz rearrangement

Ø Excited light meson operators analyses

Ø Decay behavior of two- and three-gluon glueballs

Ø Summary

Outline

24/25Fierz analyses on the decay properties of two- and three-gluon glueballs



lWe calculate the relative branching ratios of two-gluon glueballs with ��� =
�++/�−+ and three-gluon glueballs with  ��� = �++/�+−. In total, we derive 
nearly one hundred ratios for these glueballs.

l Our results suggest that the ��(����) and �(����) likely contain a significant 
gluon component, whereas the gluon component in ��(����) appears to be 
small.

lWe propose observing the three-gluon glueball with ��� = �++ in the ��� and 
��� channels, and the three-gluon glueball with ��� =/�+− in the ���, ���, 
and ��� channels.

l Our findings provide a theoretical framework to assist the search for glueball 
states in high-luminosity experiments, such as BESIII, GlueX, LHCb, and 
PANDA.

Summary
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