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Quark model and Exotic hadrons

Ø Quark Model: 𝑞𝑞" mesons and 𝑞𝑞𝑞 baryons
Ø Exotic Hadrons: hadrons beyond QM, such as

multiquarks, hybrids, glueballs...
Ø Hybrids and Glueballs: very distinctive

predictions of QCD!
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Glueballs: colorless bound states of gluons as gluons have a

self-coupling
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Ø Mixing with normal 𝑞𝑞" states, it is hard to isolate the pure glueballs
experimentally.

Ø No universal definition of constituent gluon: massless or massive?
Ø Plenty of theoretical studies in the past half century based on

various methods.



Mass spectrum of glueballs in LQCD
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Y. Chen et. al., PRD73(2006)014516

Lightest glueballs:

𝐽$% = 0((: 1710 ± 50 ± 80 MeV

𝐽$% = 2((: 2390 ± 30 ± 120 MeV

𝐽$% = 01(: 2560 ± 35 ± 120 MeV

There are some candidates in

these channels!



Scalar glueball: H.X.Chen et. al., RPP86(2023) 026201
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Average mass predictions:

𝑴|𝒈𝒈;𝟎889 ≈ 𝟏𝟔𝟓𝟎 MeV



Candidates: scalar light mesons

BESIII:Natl.Sci.Rev. 8 (2021)
nwab198
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Production rates in the gluon-rich 𝐽/𝜓 radiative decay processes:

PRL110(2010)021601 

𝑴|𝒈𝒈;𝟎889 ≈ 𝟏𝟔𝟓𝟎 MeV



PLB826(2022)36906
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|𝑛𝑛"⟩ =
|𝑢𝑢" + 𝑑𝑑̅9

2�
, 𝑓 = 𝑠𝑠̅ 𝑉 𝑔𝑔 = 𝑛𝑛" 𝑉 𝑔𝑔 / 2�

Mixing scheme:

𝑴 ≈ 𝟏𝟖𝟔𝟓 MeV

𝚪 ≈ 𝟑𝟕𝟎 MeV

Fractional glueball contents:

(𝟕𝟖 ± 𝟏𝟖)%



Tensor glueball: H.X.Chen et. al., RPP86(2023) 026201
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𝑴|𝒈𝒈;𝟐889 ≈ 𝟐𝟑𝟒𝟎 MeV

BESIII’s measurements

PRL113(2013)091601 



Pseudoscalar glueball:
RPP86(2023) 026201
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𝑴|𝒈𝒈;𝟎U89 ≈ 𝟐𝟑𝟔𝟎 MeV

Average mass predictions:
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Pseudoscalar candidate X(2370): BESIII

PRL132(2024)181901:

𝑱/𝝍 → 𝜸𝑲𝑺𝑲𝑺𝜼]

𝑀 = 2395 ± 111_`(ab	𝑀𝑒𝑉

Γ = 1881fg1hh(fi(fa`	𝑀𝑒𝑉

𝑱𝑷𝑪 = 𝟎1(

PRL106(2011)072002: 𝑱/𝝍 → 𝜸𝝅𝝅𝜼] EPJC80(2020)746: 𝑱/𝝍 → 𝜸𝑲𝑲𝜼]



Production rates in the radiative 𝑱/𝝍 decays:
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Close to the LQCD prediction of the pseudoscalar glueball

EPJC80(2020)746;
PRD93(2016)112011

PRD9100(2019)054511



Evidence for a t-channel exchanged odderon
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PRL127(2021)062003

The discrepancy suggests the existence of a t-channel exchanged
odderon with C=-. If exist, it should be a three-gluon glueball!



QCD sum rule calculations of glueballs
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The relativistic two-gluon and three-gluon operators:

PRD103 (2021) L091503;PRD104(2021) 094050

All spin-1 two- and three-gluon operators with C=+ vanish!

C=+
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Three-gluon operators: C=-

PRD103 (2021) L091503;
PRD104(2021) 094050
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Glueball sum rules:
Two-point correlation function:

Full gluon field propagator in the fixed point gauge

Gluon field strength tensor
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OPEs are calculated up to d=8 condensates
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Pseudoscalar glueball
PRD104(2021) 094050

Mass prediction:



Glueball mass spectrum
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PRD103 (2021) L091503;
PRD104(2021) 094050



Comparing to LQCD’s results
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RPP86(2023) 026201



Productions and decays
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𝐽/𝜓 radiative decay double pomeron exchange 𝑝𝑝̅ annhilation

Phys. Rept., 454:1–202, 2007 

PRD103(2021)L091503



Summary
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Ø The existence of glueball is one of the most distinctive prediction of

QCD, and essential to the confirmation of the theory!
Ø We systematically calculated the mass spectra of the two-

gluon and three-gluon glueballs.

Ø The ground state of spin-1 glueballs with C=+ do not exist in

the relativistic framework.

Ø Some gluon-rich processes are expected to detect glueballs.

Thank you


