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   Why light hadron physics ? 

 QCD degrees of freedom at low energy 
 Understanding of the quark and gluon confinement 
 Particles beyond the QM 



Light meson spectra from QM 

 well established for several nonets 

 still far from complete 



Pseudoscalar nonets 

(𝟏𝟐𝟗𝟓) 
(𝟏𝟑𝟎𝟎) 

(𝟏𝟒𝟔𝟎) 

(𝟏𝟒𝟕𝟓) 

 Ground states: well described by QM 

 Radial excited states (21S0) 

  η(1295) and f1(1285) ? 

  η(1475) and  η(1405) , η(1760) ? 



 η(1295)  

 only observed in πp interactions 

 its existence is questionable                

 Due to interference between f1(1285) and η(ππ)S-wave   

                   E. Klempt and A. Zaitsev Phys. Reports 454,1(2007) 

E852, PLB516,264(2001) 

E852 

η(1295) & f1(1285)  

 More decays, e.g., 

J/ψ→{,, }X  

may shed light on η(1295)  

BESIII, arXiv:1412.5258 

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

 



 

 η(1440)       

 

 One or two resonances? 

η(1405) & η(1475)  

η(1405)a0π  

η(1475)K*K  

First observed:  (1405)f0(980)0 

BESIII,PRL 108, 182001 (2012) 

%25
))980()1405((

))980()1405((

0

0

0 








aBR

fBR
   

Large isospin breaking! 

Triangle Singularity (TS) 

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

one η(1440) is enough to 
describe the experimental 
data ! 



 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. 

Light scalar meson 



 

 Large coupling with KK indicates 

big  ss    component in f0(980) 

f0(980) BES II 
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Surprising result: very 
narrow width! 

PRL 108, 182001 (2012) 

BES III 

PL B607 (2005) 243  

η(1405)f0(980)π 



Unusual properties of  f0(1370), f0(1710) and f0(1790) 

 f0(1710): 

 It dominantly decays to KK (not to )     

 It is mainly produced together with  (not )  

 What is it ? 

 f0(1370) and f0(1790) 

 They dominantly decays to  (not to KK)  

 It is mainly produced together with  (not )  

 What are they ? 

 Scalar Puzzle 
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PRD 68 (2003) 052003 

f0(1710) at BESII 
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PWA of J/ 
• f0(1710) and f0(2100) are  
dominant scalars 

• f0(1500) exists (8.2σ) 

• f2’(1525) is the dominant 
tensor 

• f2(1810) and f2(2340) exist  
(6.4 and 7.6) 

• No evidence for fJ(2220)  

Phys. Rev. D. 87, 092009 (2013)  



Only 7 of them have been identified ! 

SS System – what do we know? 
Zs states? 

 

 Like charmonia, a similar pattern for the strangeonia is expected 

Much less well understood, most of them have not been observed yet 

  Strangeonia serve as a bridge between short and large distance behavior of 

QCD confinement potential 

 
    

      Strangeonia spectrum 

Also listed in JLAB physics program 
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   η and η’ physics 

B(’→π+π-π+π-)=(8.63± 0.69± 0.64) ×10-5 
B(η´→π+π-π0π0)=(1.82± 0.35± 0.18) ×10-4 

’→π+π-π+π- 

η´→π+π-π0π0 

η´→π0 

B(η´→π0)=[6.91± 0.51± 0.54± 0.20(PDG)] ×10-4 

(preliminary) 

B(’→π+π-π+π-)=(1.0± 0.3) ×10-4 
B(η´→π+π-π0π0)=(2.4± 0.7) ×10-4 ChPT+VMD 

Phys. Rev. D 85,014014 (2012) 

B(η´→π0): ~6×10-4 

Nucl. Phys. Proc. Suppl. 207-208, 224 (2010) 
R. Escribano, PoS QNP 2012, 079 (2012) 

PRL112,251801(2014)  



   Y(2175)/(2170) 

• hybrids or strangeonium ? 

BESIII, arXiv:1412.5258 



New forms of hadrons 

 Hadrons consist of 2 or 3 quarks： 

   Naive Quark Model： 

 

 

 QCD predicts the new forms of hadrons: 
• Multi-quark states ：Number of quarks >＝ 4  

• Hybrids ：   qqg，qqqg … 

• Glueballs ：   gg， ggg … 

• Exotics:  (JPC=0--,0+-,1-+,2 +-,3-+,…) 

    

Meson（ q  q ） 

Baryon（q q q） 



Meson spectroscopy in LQCD 
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 Spin-parity of X(ppbar): 

 

                    PWA of J/ψγpp 

>6.8σ better than other Jpc assignments 

• PWA of J/ψγpp was first performed 

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

•  It is much better than that without FSI 
effect, and Δ2lnL=51 (7.1σ) 

 

PRL 108,112003(2012) 

JPC=0-+  

PRD 87, 112004(2013)  

 No similar structure was observed in 
J/ψpp 



Confirmation of X(1835) and two new structures 

Resonance M( MeV/c2) ( MeV/c2) Stat.Sig. 

X(1835) 1836.5±3.0+5.6
-2.1 190.1±9.0+38

-36 >20σ 

X(2120) 2122.4±6.7+4.7
-2.7 83±16+31

-11 7.2σ 

X(2370) 2376.3±8.7+3.2
-4.3 83±17+44

-6 6.4σ 
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X(1835) consistent with 
 0 BESIII fit results: 

PRL 106, 072002(2011) 

f1(1510) 

two news!  

J/+ 

      + 

       

 
Nature of X(2120)/X(2370): pseudoscalar glueball ? / excited 

states?  



X(1870) in J/+ 
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f1(1285) (1405) 

Identification  
of X(1870): 
0+(?) 
It is X(1835)?  

X(1870):  
7.2 

PRL 107, 182001(2011) 



   Observation of X(1840) in J/3(+-) 
           

M=1842.2±4.2 +7.1-2.6 MeV/c2 

Γ = 83±14±11MeV 

21 

Mass is consistent with that of  X(1835), but the width is 

much smaller  than  Γx(1835) =190.1±9.0+38
-36 MeV 

 

 A new decay modes of X(1835)?  

 

PRD 88, 091502 (2013) 
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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) 



Are they the same particle?  It is crucial to identify these  

observations. 

   Comparisons of the observations at BES 
  

X(18??) near the threshold  position of proton-antiproton  
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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(pp): JP=0

-, 
J/ (pp) PRL108,112003 

      
     ┼ X(1810): JP=0

+
,J J/  () PRD 87, 032008 



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) 

 

 
Evidence of an exotic η′π amplitude [π1(1600) ?] was seen 
 
CJ: an important source for light hadron physics!  

PRD84 (2011) 112009  



BESIII:  Phys. Rev. D89,074030(2014) 

C1K+K-η′ 

106M Ψ' 
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                         Baryon spectroscopy 

• The established baryons are described to 3-quark 
(qqq) configurations  

 

• Non-relativistic quark model is successful in 
interpreting of the excited baryons 

 

• Also provides an explicit classification for light 
baryons in terms of group symmetry 

 

• Predicts more excited stated (“missing resonance 
problem”) 

 



SU(6)xO(3) Classification of  Baryons 
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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 π0pp  
Phys.Rev.Lett. 110 (2013) 022001 
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N(1535) in pp 

M(p) 

Mass: 

Width: 

N(1535) 

M(p) 

• Clear structures were observed 

PRD 88, 112007 (2013)  

PRD 88, 032010(2013)  



BESIII 

          Current facilities 

GlueX 

COMPASS 

PANDA 

https://halldweb1.jlab.org/wiki/index.php/File:Gluex_detector_3d.jpg
https://halldweb1.jlab.org/wiki/index.php/File:Gluex_detector_3d.jpg
http://wwwcompass.cern.ch/Pictures/CompassSetup2.png
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        Summary 
 

 Rich physics in light hadrons 

 search for exotics → QCD 
 study of strangeonia → Quark model 
 light meson decays → test of ChPT 
 Search for missing baryons→ QCD, Quark model 

…… 

 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 

 



More surprises @ Super -charm factory ! 



Thank you ! 


