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Features of the BEPC Energy Region 

 Rich of resonances: charmonia and charmed mesons 

 Threshold characteristics (pairs of , D, Ds, …) 

 Transition between smooth and resonances, perturbative 
and non-perturbative QCD 

 Energy location of the gluonic excitations and multi-quark 
states 
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Hadron spectrum 

• Hadron spectroscopy is a key tool to investigate QCD 
 
- testing QCD in the confinement regime  
- providing insights into the fundamental degrees of freedom 

Not unambiguously established yet 

Continuous  efforts in 
experiment and theory 
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Light meson spectroscopy 

 

 X(ppbar) and X(1835)  

 

𝜼(1405) 

PWA of J/ψ→γ φφ 

PWA of J/ψ→γ 𝜼 𝜼  

MIPWA of 𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎 

 

 PWA of 𝝌𝒄𝟏 → 𝜼𝝅+𝝅− 
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Charmonium decays provides an ideal hunting ground  
for light glueballs and hybrids 
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 “Gluon-rich” process 
  Clean high statistics data samples from e+e- production 
  I(JPC) filter in strong decays of charmonium 



PWA of 𝐽/𝜓 → 𝛾𝑝𝑝   

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

• It is much better than that without FSI 
effect (Δ2lnL = 5, 7.1𝜎) 

• Different FSI models  Model dependent 
uncertainty   

Spin parity, mass, width and branching ratio: 

𝐽𝑃𝐶 = 0−+, > 6.8𝜎 𝑏𝑒𝑡𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑜𝑡ℎ𝑒𝑟 𝐽𝑃𝐶𝑎𝑠𝑠𝑖𝑔𝑛𝑚𝑒𝑛𝑡𝑠, 
𝑀 = 1832−5

+19 𝑠𝑡𝑎𝑡 −17
+18 𝑠𝑦𝑠 ± 19 𝑚𝑜𝑑𝑒𝑙 𝑀𝑒𝑉/𝑐2, 

Γ = 13 ± 39 𝑠𝑡𝑎𝑡 −13
+10(𝑠𝑦𝑠) ± 4 𝑚𝑜𝑑𝑒𝑙 𝑀𝑒𝑉/𝑐2,  Γ < 76 𝑀𝑒𝑉/𝑐2 90% 𝐶𝐿 ,   

𝐵 𝐽/𝜓 → 𝛾𝑋 𝐵 𝑋 → 𝑝𝑝 = 9.0−1.1
+0.4 𝑠𝑡𝑎𝑡 −5.0

+1.5 𝑠𝑦𝑠 ± 2.3 𝑚𝑜𝑑𝑒𝑙 ∗ 10−5 

Phys. Rev. Lett. 108, 112003 (2012) 
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In J/ψ hadronic decays 

BESIII Phys. Rev. D 93, 052010 (2016) 
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X(1835) 

• Discovered by BESII in J/ψ→γη′π+π- 

• Confirmed by BESIII in J/ψ→γη′π+π- 

 M = 1836.5 ± 3.0−2.1
+5.6 MeV/𝑐2 

 Γ = 190 ± 9−36
+38 MeV/𝑐2 

 Angular distribution is consistent with 0- 
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BESII 

BESIII BESIII 

Phys. Rev. Lett. 106, 072002 (2011)  

Phys.  Rev.  Lett. 95, 262001 (2005) 



Phys.Rev.Lett. 115 091803(2015) 

The structure around 1.85 GeV/c2 in the 𝑲𝑺𝑲𝑺η 
mass spectrum is strongly correlated to f0(980) 

• X(1835)→𝐾𝑆𝐾𝑆𝜂 (the 𝐾𝑆𝐾𝑆 system is dominantly produced 
through the f0(980))  

 JPC=0-+, (> 12.9 𝝈) 

M=1844±9(stat)−25
+16(syst) MeV/c2, Γ=192−17

+20 −43
+62 MeV,                                      

Consistent with X(1835) observed in J/ψ → γπ+π−η′ 

B(J/ψ→𝛾X(1835)*B(X(1835)→KsKs𝜂)=(3.31−0.30 −1.29
+0.33 +1.96)*10-5 

 

• X(1560) → f0(980)𝜼:  JPC=0-+, (> 8.9 𝝈) 

M=1565±8−63
+0  MeV/c2, Γ=45−13

+14 −28
+21 MeV 

consistent with those of 𝜂(1405) / 𝜂(1475) within 2.0 𝝈  

Partial Wave Analysis for 𝑀(𝐾𝑆𝐾𝑆)<1.1 GeV/c
2 
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- Any relations? 
- What is the role of the ppbar threshold (and 

other thresholds)? 
- Patterns in the production and decay modes 

f1(1285) 

η(1405) 
X(1870) 

𝐽/𝜓 → 𝛾𝑝𝑝  

𝐽/𝜓 → 𝛾𝜂′𝜋+𝜋− 
𝐽/𝜓 → 𝛾𝜂𝐾𝑆𝐾𝑆 

𝐽/𝜓 → 𝛾𝜔𝜙 𝐽/𝜓 → 𝛾3(𝜋+𝜋−) 

𝐽/𝜓 → 𝜔𝜂𝜋+𝜋− 



• Use 1.09×109 J/ψ events collected by 
BESIII in 2012 

• Two decay modes of η′ 
– η′→γπ+π- 

– η′→ηπ+π-, η→γγ 

• Clear peaks of X(1835), X(2120), X(2370), 
ηc, and a structure near 2.6 GeV/𝒄𝟐

 
 

• A significant distortion of the η′π+π- line 
shape near the 𝐩𝐩  mass threshold 

 

New: connection is emerging 
 

14 

 PRL 117, 042002 (2016)  

 η′→γπ+π- 

 η′→ηπ+π- 
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X(𝐩𝐩 ) observed  in J/ψ→γ𝐩𝐩  X(𝟏𝟖𝟑𝟓) observed  in  J/ψ→γ𝛈′𝛑+𝛑− 

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

Connection is emerging 

X(1835)  JPC=0-- + 

M =  𝟏𝟖𝟒𝟒 ± 𝟗−𝟐𝟓
+𝟏𝟔 MeV/𝑐2 

Γ = 𝟏𝟗𝟐−𝟏𝟕−𝟒𝟑
+𝟐𝟎+𝟔𝟐 MeV/𝑐2 

X(𝐩𝐩 ) 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 

𝒑𝒑 , or a narrow state just below the 𝒑𝒑  mass threshold 
• Support the existence of a 𝒑𝒑  molecule-like state or bound state 

PRL 108, 112003 (2012) 
PRL 115, 091803 (2015)  

Phys. Rev. Lett. 106, 072002 (2011)  

 PRL 117, 042002 (2016)  



Glueballs from Quenched LQCD 

Phys. Rev. Lett. 110, 021601  

Phys. Rev. Lett. 111, 091601 

Phys. Rev. D 73, 014516   

Low lying glueballs have ordinary quantum number 
0++(1.5~1.7 GeV), 2++(2.3~2.4 GeV), 
0-+(2.3~2.6 GeV) 
mixing with qqbar mesons 

Systematic exp. studies are required: 
Over-population 

Map out the resonances 

Production patterns 
𝐉/𝝍 → 𝜸 /𝝎/𝝓 + X 
Other experiments: 𝛾𝛾 processes from  Belle2, … 

Decay patterns 
 “flavor blind”, ”chiral suppression”, … 
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LQCD and QCD inspired models 

Large Br in 𝐉/𝛙 radiative decays 
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0+ : experimental results saturated  

2+: complicated situation around 2 GeV  

0- simple in quark model （ η, η’）. Very little known above 2 GeV 

• f0（1710）/f0(1790）, one or two 
• Large production rate of f0(2100) in gluon 

rich environment ppbar annihilations and 
J/psi radiative decays  
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G.I.-States

0 ?++

2.0

• η(1295) exists? 
• η （1405）/ η(1475）? 
• X(18xx) ? 
• X(2370) 
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a1(1420)  

PRD 89 054038  

f0(980) is extremely narrow:   10 MeV.  

PDG: (f0(980))  40~100 MeV.  

Isospin-violating decay of η(1405)  f0(980) 

 

Anomalously large isospin violation:  

PRL 108, 182001 

Triangle singularity is proposed  
(PRL 108 081803) 

The long standing E-ι puzzle: 

η(1405)a0π, η(1475)K*K， overpopulation?  

Much larger than a0-f0 mixing (PRD 83 032003) 

An important 
dynamical effect of 

threshold 
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𝐽/𝜓 → 𝜔𝜂𝜋+𝜋− 
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PRL 107, 182001 
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 PWA of 𝐽/𝜓 → 𝛾𝜔𝜙  

 Confirmed the enhancement observed at BESII 

M= 1795±7+13
-5 ±19(model) MeV/c2,  

Γ =95±10+21
-34 ±75(model) MeV 

Spin-parity is determined to be 0+ 

  the same as f0(1710)/f0(1790), or a new state ? 

PRD 87, 032008(2013) 
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ω π+π- 

ωK+K- 

φ K+K- 

γ π+π- 

φ π+π- 

γ K+K- 

γ KSKS 

@BES2 

Mixing scheme 

0++ 

the most complex and controversial  

f0(1790) 



PWA of 𝐽/𝜓 → 𝛾𝜂𝜂  
(Phys. Rev. D87 092009 (2013)) 

 Br of f0(1710) and f0(2100)  are ~10x  
larger than that of f0(1500) 
 Possible large overlap with 

LQCD predictions of 0+ Glueball: 
PRL 110 021601 (2013)  

 
 Strong production of f2(2340) 
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Model Independent PWA of J/ψ→γπ0π0 
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Extracted Intensity Relative Phase 

• Solution  1 
• Solution  2 

 Extract amplitudes in 
each M(π0π0) mass bin 

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

 
 

 Multi-solution problem in 
MIPWA is usually 
unavoidable. 

Phys. Rev. D 92, 052003 (2015) 

 Model Dependent PWA 
of global PWA fit is still 
needed to extract 
resonance parameters 



• Dominant contribution from pseudoscalars 

• η(2225) is confirmed;  

• η(2100) and X(2500) are observed with large significance. 

• The three tensors f2(2010), f2(2300) and f2(2340) stated in -p reactions 

are also observed with a strong production of f2(2340). 

• Model-dependent PWA results are well consistent with the results 

from MIPWA 

Partial Wave Analysis of J/ψγφφ  
[PR D93 112011]  
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Besides η(2225) , very little was known in the sector of pseudoscalar 
above 2 GeV. The new experimental results are helpful for mapping out 
the pseudoscalar excitations and searching for 0-+ glueball 
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Amplitude analysis of 𝜒𝑐1 → 𝜂𝜋+𝜋− 

• 𝝌𝒄𝟏 provides another suitable environment to look for 1-+ 

• 𝝅𝟏(1600)  studied in 𝝌𝒄𝟏 decays by CLEO-c 

• only 𝝅𝟏(1400) has been reported decays to 𝜼𝝅   

• Properties of 𝒂𝟎
 and 𝒂𝟐 still need further studies 

compatible with a2(1700) hypothesis 

 arXiv:1610.02479 



27 

• 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. 



Light Baryon spectroscopy 

Charmonium decays can provide novel insights into baryons  
and complementary information to other experiments 
 
 Missing N* with small couplings to 𝜋𝑁 & 𝛾𝑁 , but large coupling to gggN : 
𝜓 → 𝑁𝑁 𝜋/𝜂/𝜂′/𝜔/𝜙, 𝑝 Σ𝜋, 𝑝 Λ𝐾 … 

 Not only N*, but also Λ∗, Σ∗, Ξ∗ 
 Gluon-rich environment: a favorable place for producing hybrid (qqqg) 

baryons 
 High statistics of charmonium @ BES III 
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Light meson decays 
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Observation of 𝜂′ → 𝜋+𝜋−𝜋+𝜋−, 𝜋+𝜋−𝜋0𝜋0 
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MD MI 

For the first time, ω contribution is observed  
Model dependent fit: the box diagram or (1450) is required 
Model independent fit: ω contribution and non-linear term is required 

𝜂′ → 𝛾𝜋+𝜋− decay dynamics 

 High term of WZW χPT → box anomaly 
 Studied by many experiments (CB, L3, …) 
 No consistent picture due to limited statistics 

 rho mass shift? 
 Box anomaly? 
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See also “Matrix element for 𝜂 → 𝜋+𝜋−𝜋0, 𝜂/𝜂′ → 𝜋0𝜋0𝜋0”   
BESIII PRD 92 012024(2015) 



Observation of 𝜂′ → 𝑉𝑒+𝑒− 
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𝜼′ → 𝜸𝒆+𝒆− 

Single pole form factor 
Pointlike case  

𝜼′ → 𝝎𝒆+𝒆− 
Phys.Rev. D92, 051101 (2015)           Phys.Rev. D92, 012001 (2015)           



Prospects of hadron spectroscopy at         

• BESIII collected world’s largest samples of J/,  (2S), 
(3770), Y(4260), … from e+e- production.  

• It will continue to run for a few years. 
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BESIII  Goal 

J/𝝍 1.3*109     21x BESII 10*109 

𝝍’ 0.6*109     24x CLEO-c 3*109 

𝝍(𝟑𝟕𝟕𝟎) 2.9 fb-1      21x CLEO-c 20 fb-1 

Above open charm 
threshold 

0.5 fb-1@𝝍(4040), 1.9 fb-1 @~4260,  
0.5 fb-1@4360, 1.0 fb-1 @4420, 0.5 fb-1 @4600 

5-10 fb-1 

R scan and tau 3.8-4.6 GeV at 105 energy points 
2.0-3.1 GeV at 20 energy points 

Y(2175) 100 pb-1 (2015) 

𝝍(4170) 3 fb-1  (2016) 

Opportunities for hadron spectroscopy of 
both light quarks and heavy quarks. 
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Thank you  


