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Hadron spectroscopy

• Testing QCD in the confinement regime
• Revealing the fundamental degrees of freedom
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QCD exotics
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QCD predicts 

new forms of hadrons

critical for the quantitative 

understanding of confinement

From Nature Rev.Phys. 1 (2019) no.8, 480



Many sources of data

4

CMD-3, SND

BESIII, KEDR

KLOE/KLOE2

BABAR, Belle



• Search for glueballs

5



Glueball
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Glueballs from Quenched LQCD

Low lying glueballs with 

ordinary quantum number

mixing with qqbar mesons

Systematic studies needed

What role do gluonic excitations play in the spectroscopy of light 

mesons, and can they help explain confinement?

PRD60, 034509; PRD73, 014516; 

PRD82, 034501; CPC 42 093103



Systematic study of glueball at BESIII
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“Gluon-rich” process
 Clean high statistics data samples from e+e- production
 I(JPC) filter in strong decays of charmonium

Charmonium decays provides an ideal hunting ground for light glueballs



Overpopulated scalar mesons
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From M. Pennington

Mixing scheme：
f0(1500) , f0(1710)

Which one has more gluonic component?



Amplitude analysis of J/ψ → γKSKS

0+

2+

MD analysis is well consist with MI analysis

+ MI solution 1

+ MI solution 2

- MD

Mass-dependent (MD) analysis using isobar with BW’s

Mass-independent(MI) analysis, partial wave decomposition in mass bins

BESIII PRD 98 072003 (2018)
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Amplitude analysis of J/ψ → γηη/KS
0KS

0

10

Br of f0(1710) ~10x larger than f0(1500)



Scalar glueball candidate?
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Experimental results

f0(1710) largely overlapped with scalar glueball?

*with chiral suppression

PRL 98 149103



Other information
Two photon couplings Bs → J/ψf0

is selective for ss
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PLB 797 (2019) 134789

observation of f0(1500) , 

non-observation of f0(1710)

However, a scalar in γγ → π0π0

Belle PRD 78 052004

“Stickness”

PDG2018

Assignment requires further study with more sophisticated model

f0(1370)? f0(1500)?



Tensor glueball candidate?
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Experimental results

BESIII J/ψ → γϕϕ

It is desirable to search for more decay modes 

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

stated in p-p reactions are observed 

with a strong production of f2(2340)



• Search for glueballs

• Scalars near KഥK threshold
• a0 980 − f0(980) mixing
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𝑎0 980 − 𝑓0 980 mixing

• The nature of ground state scalar a0 980 and f0 980 are 
controversial  

• 𝑎0 980 − 𝑓0 980 mixing (proposed in 1979) is very 

sensitive to KK coupling, which is an important probe to 
the internal structure of a0 980 and f0 980
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Quark model

qതq mesons, KഥK molecules, tetraquarks, hybrids,…？
Experimental data



𝑎0 980 − 𝑓0 980 mixing

• Using isospin violating decays of charmonia

• Upper limit of mixing intensity using 2009 data sets
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BESIII PR D83 032003

PR D75 114012,

PR D76 074028
PR D78 074017



𝑎0 980 − 𝑓0 980 mixing

• First direct measurement with > 5𝜎 , using high 
stat. data sets  
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Significance of 𝑎0 − 𝑓0 mixing signal VS. 

coupling of 𝑎0(𝑓0) → KK
, compared with model predictions of qതq, 

KഥK molecules, tetraquarks, hybrids

7.4 σ

5.5 σ

BESIII PRL 121 022001



• Search for glueballs

• Scalars near KഥK threshold
• a0 980 − f0(980) mixing

• Structures near NഥN threshold
• X(pതp) and X(1835)
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pതp threshold enhancement X(pതp)

• First observed in J/ψ → γpതp at BESII, 
confirmed by BESIII and CLEO-c

• PWA of J/ψ → γpതp : JPC = 0−+

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

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

PR D87 112014 PR D93 052010 PR D99 112010



X(1835)

• Observed by BESII in J/ψ→γη′π+π-, 
confirmed at BESIII

• PWA of J/ψ→γKsKsη
• X(1835)→𝐾𝑆𝐾𝑆𝜂 is observed (the 𝐾𝑆𝐾𝑆

system is dominantly produced 
through the f0(980))

• JPC=0-+
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PRL 106 072002

PRL 115 091803



21

X(𝐩ഥ𝐩) observed  in J/ψ→γ𝐩ഥ𝐩X(𝟏𝟖𝟑𝟓) observed  in  J/ψ→γ𝛈′𝛑+𝛑−

Anomalous line shape of η′π+π- near pതp mass 
threshold: connection between X(1835) and X(pതp)   

Connection is emerging

X(1835)  JPC=0-- +

M = 𝟏𝟖𝟒𝟒 ± 𝟗−𝟐𝟓
+𝟏𝟔 MeV/𝑐2

Γ = 𝟏𝟗𝟐−𝟏𝟕−𝟒𝟑
+𝟐𝟎+𝟔𝟐 MeV/𝑐2

X(𝐩ഥ𝐩) 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 can be modeled two models with equally good fit 

quality

• Suggest the existence of a state, either a broad state with strong 

couplings to 𝒑ഥ𝒑, or a narrow state just below the 𝒑ഥ𝒑 mass threshold

• Support the existence of a 𝒑ഥ𝒑 molecule-like state or bound state

PRL 108, 112003 (2012)

PRL 115, 091803 (2015) 
PRL 106, 072002 (2011) 

PRL 117, 042002 (2016) 



Observation of 𝜂 1475 and X(1835)
in 𝐽/𝜓 → 𝛾𝛾𝜙
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• Flavor filter: sizeable sതs component

BESIII PRD 97 051101

𝜂 1475

0−+

X(1835)

0−+



Search for X(1835) in J/ψ→ωη′π+π−
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Structures around pതp threshold
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J/ψ→γη′π+π−

J/ψ→γKsKsη

Threshold effect via J/ψ → γNഥN → γη′ππ ?
PRD 98 014005



Why not appear in J/ψ→γKsKsη? Check consistency with pതp cross sections

Fine study of lineshape in other channels is needed



• Search for glueballs

• Scalars near KഥK threshold
• a0 980 − f0(980) mixing

• Structures near NഥN threshold
• X(pതp) and X(1835)

• e+e− cross sections
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A dip in the six-pion cross sections
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DM2 PLB 107 145 FOCUS PLB 514 240

BABAR PRD 73 052003

A resonance? e.g. ρ(1900)



Cross section of e+e− → pതp
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Babar PRD 73 092005

CMD-3 PLB 759 634

CMD-3 PLB 794 64



Cross sections of e+e− →multi hadrons 
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Babar PRD 73 052003

CMD-3 PLB 723 82

CMD-3 PLB 794 64

Babar PRD 76 072008

CMD-3 PLB 794 64

e+e− → 3(𝜋+𝜋−) e+e− → 𝐾+𝐾−𝜋+𝜋−

Too narrow to be a ρ resonance (~1 MeV)

Can be described via optical NഥN potentials



Non-observations
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e+e− → 𝜋+𝜋−4𝜋0e+e− → 2(𝜋+𝜋−)

Cross section of pതp anhilation : 4𝜋 > 6𝜋 ≫ 𝐾𝐾𝜋𝜋
Why no structure in e+e− → 2(𝜋+𝜋−), but effect in 

e+e− → 𝐾+𝐾−𝜋+𝜋− is at the same level as for 6𝜋?

CMD-3 PLB 794 64 E. Solodov@Moriond 2019



• Search for glueballs

• Scalars near KഥK threshold
• a0 980 − f0(980) mixing

• Structures near NഥN threshold
• X(pതp) and X(1835)

• e+e− cross sections

• ϕ(2170)
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ϕ(2170)

• Observed by Babar in e+e− → γISRϕf0(980) , 
confirmed by BESII and Belle

• Many interpretations
sതsg hybrid

33S1 or 23D1 strangeonium

Tetraquark

Molecular of ΛഥΛ

ϕf0(980) resonance with FSI

Three body system of ϕKK
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e+e− → K+K−π0π0 at BESIII

• ϕ 2170 → KKππ has good discriminate power 
to several models

• K∗ 892 K∗(892): sതsg (forbidden), 33S1(favored)

• KK1(1400): sതsg (favored)

• KK (1460): sതsg (forbidden), 23D1(favored)

• Amplitude analysis has been performed to 
extract intermedia resonances
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e+e− → K+K−π0π0 at BESIII
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 M = (2127 ± 17 ±12) MeV/c2 and Γ = (107 ± 32 ±28) MeV

 Non-observation in K∗ 892 K∗(892): deviates from the 

prediction of 33S1 sതs
 Observation in KK(1460): inconsistent with the prediction of 

hybrid interpretation



e+e− → ϕη′
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*

* Babar PRD 77 092002



𝑒+𝑒− → 𝐾+𝐾−
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BESIII PRD 99 032001

Mass (width) is different from the PDG values for ϕ(2170) or ρ 2150 by 3(2)σ



e+e− → K+K−K+K− and K+K−ϕ
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BESIII arXiv:1907.06015

Enhancement observed at 𝑠 = 2.232 GeV



Summary

• Data from e+e− machines with unprecedented 
statistical accuracy provides great opportunities to 
map out light meson spectroscopy and study QCD 
exotics

• Advantages: low background; clearly defined 
initial and final state 

• BESIII collected 10 billions of J/ψ and will continue 
to run for more years; BelleII started data taking; 
CMD-3,SND are running

• Many new results bring answers and new 
questions
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Thank you



Nearby resonances around f0(1710)
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f0(1710) /f0(1790)

J/ψ → γωϕ

Scalar

M= 1795±7+13
-5±19(model) MeV/c2, 

Γ=95±10+21
-34±75(model) MeV

BESIII PRD 87, 032008(2013)



- Any relations?

- What is the role of the 𝐩ഥ𝐩 threshold?

- Patterns in the production and decay modes

Structures around pതp threshold
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