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BEPC II Storage ring: Large angle, double-ring 
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Beam energy: 1-2 GeV

Luminosity: 1×1033  cm-2s-1

Optimum energy:  1.89 GeV

Energy spread:    5.16 ×10-4

No. of bunches:  93

Bunch length: 1.5 cm

Total current: 0.91 A

SR mode:  0.25A @ 2.5 GeV
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World largest data sample directly collected in the 
t-charm region

4
t+t- DsDs DsDs

*DD

BESIII: ~40 fb-1 data in Ecm= 2-4.95 GeV

Charmonium physics

Light hadron physics

Charm physics

R-QCD physics

New physics searches  



Quark Model

QCD allows for hadrons beyond Quark Model 

5

Conventional & Exotic hadrons

dibaryon              Penta-quark         tetra-quark      

hybrid                glueball molecule

baryon          meson



J/y decays provide an ideal lab for light hadron physics

• Clean high statistics data samples
• “Gluon-rich” process
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Phys. Rev. D60 (1999) 034509 

l Evidence of gluon self interaction 

l Provide critical information on the gluon field 

l quantitative understanding of confinement

Glueball searches

Low lying glueballs with ordinary quantum number

àmixing with qqbar mesons

Systematic studies needed

• Outnumbering of conventional QM states

• Abnormal properties ?



Pseudoscalar glueball searches 

Long standing E-𝜄 puzzleWhere is the 0-+ glueball? 

• LQCD：0-+(2.3~2.6 GeV)
• Does 𝜼 𝟏𝟐𝟗𝟓 exist?
• the nature of the outnumbered 𝜼 𝟏𝟒𝟎𝟓 ?

MARKIII
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The small number of expected pseudoscalars in the quark model 
provide a clean and promising environment for the search of glueballs



f0(980) is extremely narrow: G @ 10 MeV. 
PDG: G(f0(980)) @ 40~100 MeV. 

@

Anomalously large isospin violation: 
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BESIII PRL 108 182001

Isospin-violating decay of η 1405 → f! 980 π!

àNo need for two pseudoscalars around 1.4 GeV
àLook for pseudoscalar glueball in higher mass region 

PDG2012

J.J.Wu et al, PRL 108, 081803(2012)



𝜼 𝟏𝟒𝟎𝟓 in J/ψ hadronic decays

J/ψàφηππ

PRL 107, 182001(2011) PRD100,092003(2019)PRD97,052017(2015)



arXiv:2209.11175, accepted by JHEP 

-- sizable 𝑠�̅� component
-- likely to be radial excited states ?

Phys. Rev. D97, 051101(2018)



• Dominant contribution from pseudoscalars: η(2225), η(2100) and X(2500)
• Three tensors f2(2010), f2(2300) and f2(2340)

Pseudoscalars  above 2 GeV
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Very little was known for pseudoscalars above 2 GeV. Experimental results are 
essential for mapping out the pseudoscalar excitations and searching for 0-+ glueball

Phys. Rev. D97, 051101 (2018)



EPJC 80, 746 (2020)

J/y®gKKh¢ X(2370) 

PRL129 (2022) 042001

X(2370): new glueball candidate ?

J/y®gpph¢
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J/ψ→γηʹπ+π-

PRL129 (2022) 042001

QCD sum rules
arXiv:2206.13133X(2600): new glueball candidate ?



Scalar glueball searches 
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• Why light scalar mesons are interesting? 
• There have been hot debates on the existence of   σ and κ
• σ,  κ and f0(980)  are also possible mutiquark states. They are all near threshold.
• Lattice QCD predicts the 0++ scalar glueball mass ~ 1.6 GeV. f0(1500) and f0(1710) are good 

candidates.

From M. Pennington

Overpopulated! 



f0(1710) /f0(1790) at BESII experiment
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Amplitude analysis of J/ψ → γηη
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Branching fraction of f0(1710) around 10 times larger than f0(1500) !

• f0(1710) and f0(2100) are  dominant scalars

• f2’(1525) is the dominant tensor

• f2(1810) and f2(2340) exist  



Amplitude analysis of J/ψ → γK"!K"!
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Branching fraction of f0(1710) also around 10 times larger than f0(1500) !

• f0(1710) and f0(2200) are  dominant scalars, f2’(1525), f2(2340)  are the dominant tensor



Mass-independent PWA of J/ψ→γπ0π0
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Extracted Intensity

ü Extract amplitudes in each M(π0π0) mass bin

ü Significant features of the scalar spectrum includes 
structures near 1.5, 1.7 and 2.0 𝐆𝐞𝐕/𝒄𝟐

Phys.	Rev.	D	92,	052003	(2015)



PWA of 𝐽/𝜓 → 𝛾𝜔𝜙

l Clear enhancement with JP= 0+

M= 1795±7+13-5 ±19(model) MeV/c2, 
Γ =95±10+21-34 ±75(model) MeV
l the same as f0(1710)/f0(1790), or a new state ? Pure glueball cannot decay to 𝝎𝝓

PRD 87, 032008(2013)
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PRD 106, 072012 (2022)

Since glueball decays to the ηη’ final state are suppressed 
due to gauge duality, the ηη’ final state is a crucial probe for 
distinguishing glueballs from conventional mesons

Amplitude analysis of J/ψ → γηη′



Scalar glueball candidate: f0(1710)
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Experimental results

𝒇𝟎(𝟏𝟕𝟏𝟎) largely overlapped with scalar glueball

*with chiral suppression
PRL 98 149103
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The dominant contributions are from the scalars, 
f0(2020), the same as f0(2010) in J/ψ → γη′η′, f0(2100) in 
J/ψ → γKsKs?

The structure around 2.1 GeV has a large production in 
J/ψ radiative decays 

Coupled channel analysis is essential!

PRD 105, 072002 (2022)

Amplitude analysis of J/ψ → γη′η′



Tensor glueball searches
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Experimental results

J/ψ → γϕϕ

It is desirable to search for more decay modes 

f2(2010), f2(2300) and f2(2340) are observed 

with a strong production of f2(2340); consist with 

central production and pp-bar annihilations 



Landscape of light glueball has updated
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Scalar：Overpopulation

• LQCD : ground state 0+ glueball 
~1.7 GeV, first excitation ~2.1
GeV

Tensor：large uncertainty
• LQCD：2++(2.3~2.4 GeV)

Pseudoscalar：very little known 
above 2 GeV, puzzles in low mass 
region
• LQCD：0-+(2.3~2.6 GeV)

ü Strong production of 
f0(1710)/f0(2100) in 𝐉/𝛙 →
𝛄 𝛈𝛈/𝐊𝐊/𝛑𝛑 , the pattern 
consists with LQCD’s 
prediction

ü Strong production of 
f2(2340) in 𝐉/𝛙 → 𝛄𝛈𝛈/𝐊𝐊/
𝛑𝛑/𝛟𝛟； consists with 
LQCD’s prediction

ü Trajectory：
• f1(1285), no η(1295)
• η(1405) /η(1475) can be 

one resonance

pAbove 2 GeV: X(2370)?



Exotics searches  

• Mutiquarks

• States with exotic JPC

• Four quark matter: Zc particles
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Nature of 𝑎! 980 − 𝑓! 980
• The nature of ground state scalar a> 980 and f> 980 are controversial  

• 𝑎> 980 − 𝑓> 980 mixing (proposed in 1979) is very sensitive to KK coupling, 
which is an important probe to the internal structure of a> 980 and f> 980
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Quark model

q<q mesons, K>Kmolecules, tetraquarks, hybrids,…？

Experimental data



𝒂𝟎 𝟗𝟖𝟎 − 𝒇𝟎 𝟗𝟖𝟎 mixing
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7.4 σ

5.5 σ

First observation with > 5𝜎

PRD75 114012,PRD76, 074028 PR D78 074017

PRL 121,022001(2018)

Favors the multiquark model!



p+p threshold enhancement X(p+p) : Baryonium state?

• First observed in J/ψ → γp<p at BESII, 
confirmed by BESIII and CLEO-c
• PWA of J/ψ → γp<p : JBC = 0DE

• The fit with a BW and S-wave FSI (I=0) factor 
can well describe p1p mass threshold structure

• Non-observation in hadronic decays: not 
from pure FSI
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PRL 108 112003

PRD87,112014(2013) PRD93,052010(2016) PR D99 112010(2019)
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X(𝐩$𝐩)	observed		in	J/ψ→γ𝐩$𝐩X(𝟏𝟖𝟑𝟓)	observed		in		J/ψ→γ𝛈!𝛑"𝛑#

Anomalous line shape of ηʹπ+π- near 𝑝�̅� mass threshold

X(1835)		JPC=0-- +

M = 𝟏𝟖𝟒𝟒 ± 𝟗;𝟐𝟓=𝟏𝟔 MeV/𝑐?

Γ = 𝟏𝟗𝟐;𝟏𝟕;𝟒𝟑=𝟐𝟎=𝟔𝟐 MeV/𝑐?

X(𝐩$𝐩)	JPC=0-- +

M = 𝟏𝟖𝟑𝟐!𝟓 !𝟏𝟕
%𝟏𝟗 %𝟏𝟖 ± 𝟏𝟗 MeV/𝑐2

Γ = 13 ± 19 MeV/𝑐2
(< 𝟕𝟔 𝐌𝐞𝐕/𝐜𝟐@	90%	C.L.)

The anomalous line shape :

-- Suggest the existence of a state, either a broad state with strong 
couplings to 𝒑3𝒑, or a narrow state just below the 𝒑3𝒑 mass threshold

-- Support the existence of a 𝒑3𝒑 molecule-like state or bound state

PRL 108, 112003 (2012)PRL 106, 072002 (2011) 

PRL	117,	042002	(2016)	

connection between X(1835) and X(p1p) 



New decay modes of X(1835)
J/ψ→γ KsKsη
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PRL 115, 091803(2018)PRD 88, 091502 (2013)

X(1835)→𝐾𝑆𝐾𝑆𝜂 with JPC=0-+X(1840) → 3(π+π-) , new decay mode?

J/ψ→γ 3(π+π-) J/ψ→γ γ f

X(1840) → γ f, sizable 𝑠�̅� component

PRD97, 051101(2018)

More experimental results needed to understand the structures around 1.85 GeV



Exotics (JPC=0--,0+-,1-+,2 +-,3-+,…) 

JPC exotic particles: beyond the naive quark model
easily to distinguish from others due to the exotic JPC

production rate and dynamics are not well understood
candidates? π1(1400), π1(1600), π1(2150)

Evidence of π1(1600) was seen !

cCJ decays:   an important source for exotics

PRD84 (2011) 112009 

l Only 𝜋F are observed. Isoscalar 1-+ is critical to establish the 
nonet

l Isoscalar 1-+ is expected to be produced J/ψ radiative decays
l J/ψ → γ + aF𝜋/ηfF/KFK/ηηG/ηfH /…,
l Synergies between other experiments with different production 

mechanism 



PRD95, 032002(2017) 

Search for exotics with JPC= 1-+ in cCJ →h𝛑!𝛑"

• Clear evidence for a2(1700) in χc1decays.
• First measurement of  𝒈𝜼"𝝅" ≠ 0 using 𝒂𝟎 𝟗𝟖𝟎 → 𝜼𝝅 line shape
• Measured upper limits for 𝝅𝟏(𝟏&') in 1.4 - 2.0 GeV/c2 region

h



PRL129(2022)192002

Observation of h1(1855) in J/ψ→γηηʹ
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Isoscalar state with exotic quantum numbers JPC=𝟏DE

Critical to establish the 1−+ hybrid nonet !

M = 𝟏𝟖𝟓𝟓 ± 𝟗D𝟏E𝟔 MeV/c2

G = 𝟏𝟖𝟖 ± 𝟏𝟖D𝟖E𝟑 MeV

PRL129, 192002(2022) 
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Prospects: 10B J/y and 2.7B y(2S) provide great opportunities

0+ 2+ 0-

J/ψ→γPP
J/ψ→γVV
J/ψ→γPPP
J/ψ→γPPPP

l 0+, 2+ : coupled channel analysis 
l J/ψ→γPP
l J/ψ→ω/φ + X

l 0- : trajectory >2 GeV, X(2370)
l J/ψ→γPPP
l J/ψ→γγ V 

l 1-+

l J/ψ→γ𝜂(
(")

l 𝜒+( → 𝜂𝜂(
("), 𝜋𝜋(

Flavor Filters：J/ψ→ω/φ + X

Anti filter: 
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Significance >8s
• M = 3899.0±3.6±4.9 MeV
• G = 46±10±20 MeV

PRL110, 252001 (2013)

Observation of four-quark state Zc(3900) in e+e-®p+p-J/ψ

Confirmed by Belle and CLEOc: established ! 

PWA indicates JP=1+

PRL119, 072001(2017)



The 𝒁𝒄 states

PRL112(2014)132001 PRL115(2015)182002

PRL113(2014)212002PRL111(2013)242001PRL115(2015)112003PRL110(2013)252001
𝒁𝒄(3900)+ 𝒁𝒄(3900)0 𝒁𝒄(4020)0𝒁𝒄(4020)+

PRL115(2015)222002PRL112(2014)022001
𝒁𝒄(3885)+ 𝒁𝒄(3885)0 𝒁𝒄(4025)0𝒁𝒄(4025)+

𝒆"𝒆# → p"p#J/ψ 𝒆"𝒆# → p𝟎p𝟎J/ψ 𝒆"𝒆# → p"p#hc 𝒆"𝒆# → p𝟎p𝟎hc

𝒆"𝒆# → p#(𝑫R𝑫∗)" 𝒆"𝒆# → p𝟎(𝑫R𝑫∗)𝟎 𝒆"𝒆# → p#(𝑫∗R𝑫∗)" 𝒆"𝒆# → p𝟎(𝑫∗R𝑫∗)𝟎
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Observation of 𝒁𝒄𝒔(3985): SU(3) partner of 𝒁𝒄

𝒆"𝒆# → 𝑲"(𝑫𝒔#𝑫∗𝟎 + 𝑫𝒔∗#𝑫𝟎)

PRL126(2021)102001

Z0
cs Z+

cs

Zc(3900)−
Zc(3900)0

Zc(3900)+

Z−
cs Z̄0

cs

𝒆"𝒆# → 𝑲𝒔
𝟎(𝑫𝒔"𝑫∗# + 𝑫𝒔∗"𝑫#)

PRL129(2022)112003 38



Summary

• Data with unprecedented statistical accuracy from BESIII provides great opportunities to 
search for glueballs and exotics

• To obtain a complete picture, different experiments with complementary information are 
needed

• To explore the high statistics data sets, more advanced tools and closer experimental-
theoretical cooperation  are needed

• It is crucial for theoretical studies to provide information of the production property

• BEPCII/BESIII  upgrades in 2024, then continues to take data till ~2030 
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Many thanks for your attention!


