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Meson spectroscopy in LQCD 
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Bird view of BEPCII  
Linac 

Storage ring 

                    physics 

 Charmonium(-like) physics 

 Light hadron spectroscopy 

 Charm physics 

 τ  physics 

2004: start construction 
2008: test run  
2009-now: data taking    



μCounter 

  8- 9 layers RPC 

R=1.4 cm~1.7 cm  

Time Of Flight (TOF) 
T :  90 ps Barrel 
       110 ps endcap 

Drift Chamber (MDC)  

P/P (0/0) = 0.5%(1GeV） 

dE/dx (
0/0) = 6% 

EMC：  E/√E(0/0) = 2.5 % (1 GeV) 

(CsI)       z,(cm) = 0.5 - 0.7 cm/√E 

Super-conducting 
magnet (1.0 tesla)    

The BESIII Detector 
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Light meson spectroscopy 
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2009+2012 : 0.5 billion (2S) events   

                  1.3 biliion J/ events  



Phys.Rev.Lett. 115 091803(2015) 

X(1835)→𝐾𝑆𝐾𝑆𝜂  
JPC=0-+, (> 12.9 𝝈) 

M=1844±9(stat)−25
+16(syst) MeV/c2 

 Γ=192−17
+20 −43

+62 MeV                                      

 

PWA for 𝑀(𝐾𝑆𝐾𝑆)<1.1 GeV/c2 
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Observation of X(1835) in J/KsKsη 

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

M=1565±8−63
+0  MeV/c2, Γ=45−13

+14 −28
+21 MeV 

 𝜂(1405) / 𝜂(1475) within 2.0 𝝈  

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



Are they the same particle? 

   Comparisons of the observations at BES 
  

X(18??) near the threshold  position of pp  
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    ★  X(1840): JP unknown,J/ 3(+ -) PRD88,091502 

 

    ○ X(1870): JP unknown, J/  () PRL107, 182001 

  

     ▲ X(1835): JP =0
-
,  J/ (’) PRL106, 072002 

  

     ■ X(pp): JP=0
-, 

J/ (pp) PRL108,112003 

      

     ┼ X(1810): JP=0
+
,J J/  () PRD 87, 032008 



PWA of J/π0π0 
Phys. Rev. D 92, 052003  

Model independent 
 
 0++: σ, f0(1370), f0(1500) , 

   f0(1710) and f0(2020) 

 
2++:  dominant by f2(1270)  

 

 
 



• 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
-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/ψγ         
            (preliminary)  
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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 
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π π  S-wave:  
   N/D by A.Szczepaniak 
   PRD84, 112009  
a0(980):  
   dispersion integrals 
   PRD78,74023 

• 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 
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SU(6)xO(3) Classification of  Baryons 
Q
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still far from complete ! 
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Two new baryonic excited states are observed ! 

        PWA results on N* baryons in π0pp  
Phys.Rev.Lett. 110 (2013) 022001 
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N(1535) in pp 

M(p) 

Mass: 

Width: 

N(1535) 

M(p) 

• Clear structures were observed 

PRD 88, 112007 (2013)  

PRD 88, 032010(2013)  



Phys.Rev. D91 (2015) 092006  



Light meson decays 
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Model-dependent fit  

2). fit with r(770)-ω-r(1450) 

 

 

3). fit with r(770)-ω-box anomaly 
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1). fit with r(770)-ω 

 

 

 Besides r(770), the ω is needed 
 

 r(770)-ω cannot describe data well; 
 
 Extra contribution (maybe r(1450) or box-anomaly, maybe both of them) is also 

necessary  to provide a good description of data 

η →́π+π- decay dynamics  
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Model-independent fit  

   * Physics Letters B 707 (2012) 184-190 
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P(sππ) = 1+ a sππ + b O(s2
ππ) +  BW   P(sππ) = 1+ a sππ + b O(s2

ππ) 

|FV(sππ)|2 

Crystal barrel: a = (1.80± 0.49± 0.04)GeV-2 

                             b = (0.04± 0.36± 0.03)GeV-4 

GAMS-2000:     a = (2.7± 1.0)GeV-2 

   

  ω is necessary 

  Linear polynomial is insufficient    



Observation of  η´→e+e- 

  Investigate the inner structure of the meson 

  Transition form factor 

Consistent with theoretical predictions from ChPT, dispersion theory  



 η(1295)  

 only observed in πp interactions 

 Due to interference between f1(1285)  

and η(ππ)S-wave  E. Klempt  Phys. Reports 454,1(2007) 

E852, PLB516,264(2001) 

E852 

η(1295) & f1(1285)  

 More decays, e.g., 

J/ψ→{r, }X,may shed light on η(1295)  

BESIII, PRD91,052017(2015) 

 =21.0± 1.7 MeV 
M=1281.7± 0.6 MeV/c2 

 

BESIII, PRL107,182001(2011) 

 =22.0± 3.1+2.0
-1.5 MeV 

M=1285.1± 1.0+1.6
-0.3 MeV/c2 
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        Summary 
 

 Rich physics in light hadrons 

 meson spectroscopy→ QCD 
 search for missing baryons→ QCD, Quark model 
 light meson decays → test of ChPT 

…… 

 Mapping out the light hadron spectroscopy is crucial 

 1.3 billion J/Ψ and 0.5 billion Ψ’ @ BESIII  

 BESIII plays an important role in light hadron physics 

 



Thank you ! 


