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Light meson and baryon spectroscopy 
 
Selected results: 
 J/ψ → γ π0π0     new 
 e+e- → π+π-γISR  new  B.Kloss talk 5/20  
 η’   → γ π+π-      prel    
 η’   → γ e+e-      new 



Light meson spectroscopy at BESIII 

• X(1835) in J/ψ→γπ+π-η’                                        PRL 106, 072002 
 
• X( ͞pp) in J/ψ→γ ͞pp                                                  PRL 108, 112003 
 
• X(1870) in J/ψ→ωηππ                                           PRL 107, 182001 
 
• X(1840) in J/ψ→γ3(π+π-)                                      PRD 88, 091502 
 
• X(1810) in J/ψ→γωφ                                              PRD 87, 032008 
 
• η(1405) in J/ψ→γ3π, (ω,φ)ηππ                              PRL 108, 182001; PRD 91, 052017 
 
 
• Y(2175) in J/ψ→ φηππ 
• PWA of J/ψ→γηη                                                  PRD 87, 092009 

 
Based on 225 M J/ψ data (now 1.31 M J/ψ) 

X(18??) states: 



First observed in decay to π+π−η′  in  
J/ψ   γπ+π−η′   (BESII PRL95 (2005) 262001)              BESIII  PRL106 (2011) 072002  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Possible interpretations 
• ͞pp  bound state 
• a second radial excitation of the η′    
• pseudo-scalar glueball   
 
Relation to  X( ͞pp) enhancement,    

X(1835) 



BESII PRL 91(2003)022001  

X(͞pp) 

Observed by BESII  in the decay J/ψ  γ ͞pp    
                                                          
(confirmed by BESIII and CLEO).  

Spin-parity analysis of J/ψ  γ ͞pp  
performed by BESIII and the JPC= 0−+.  
pp FSI ? 
Studies of other channels BESIII: 
Ψ’→γ ͞pp, J/Ψ→π ͞pp,  
J/Ψ→η ͞pp, J/Ψ→ω ͞pp 
  

Fig PRD91(‘15)074003 



Baryon spectroscopy at BESIII 

• PWA of ψ(3686) → ͞ppπ0                     PRL 110, 022001 
• PWA of ψ(3686) → ͞ppη                       PRD 88, 032010 
• Measurement of ψ(3686) → 𝛾𝛾 𝐾𝐾-Λ ͞Ξ+ + 𝑐𝑐. 𝑐𝑐.         arXiv:1504.02025  
• Observation of ψ(3686) → Λ Σ' ±𝜋𝜋∓ + 𝑐𝑐. 𝑐𝑐.            PRD 88, 112007 
  
 Based on 106 M ψ(3686) data 

  



The light scalar meson spectrum (JPC = 0++): 

Broad, overlapping states 

Lightest glueball state 

J/ψ radiative decay to π0π0 provides a clean 
environment to study this spectrum 

Radiative decays to two pseudoscalars, angular 
momentum + parity restricts the quantum numbers  
to JPC=0++,2++,4++… 

Neutral channel is cleaner than the charged channel 
 

Amplitude analysis: 

Mass independent fits  final state interactions of 
π0π0 

Mass dependent fits  extracting masses, widths, 
etc. of intermediate states 

π+π- π0 background 

background (not π+π- π0)  

BESII:  PLB 642,441  (2006) 

J/ψ → γπ+π 
- 

J/ψ → γπ0π0  

Amplitude analysis of π0π0 system 



Event Selection 
Initial selection criteria: 

No charged tracks 

 five good photons 

25 (50) MeV in the barrel (endcap) 

No timing requirement 

Perform 6C kinematic fit 

If multiple combinations of γπ0π0,  
keep event with smallest χ2 

 

Additional selection criteria: 

6C kinematic fit χ2 

χ2 < 20 for low mass region (<0.99 GeV/c2) 

χ2 < 100 for high mass region (>=0.99 GeV/c2) 

|M(γπ0)-M(ω)| > 50 MeV/c2 

The invariant mass of the radiative photon  
paired with any π0 daughter photon must  
be greater than 150 MeV/c2 

After all cuts: 

Analysis done at Indiana U 
(in coll with JPAC) 



Results 

* Error bars are statistical only 

solutions 1 and 2 are 
degenerate 



Conclusions 

 

A mass independent amplitude 
analysis is performed 
Goal: Extract the function 

that describes the 
dynamics of the ππ 
interaction 

These results may be 
integrated with other, 
related data and fit by any 
arbitrary model, allowing 
for studies of  ππ 
dynamics 

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

* Error bars are statistical only 



 Published η/η' results from BESIII: 
* η´→π+π-η         DP       PRD83, 012003('11) 

* η/η´→π+π-,π0π0  CPV UL   PRD84, 032006('11) 

* η´→π+π-π0,π0π0π0 BR      PRL108, 182001('12) 
* η´→π+π-l+l-       BR      PRD87, 092001('13) 

* invisible decays    UL      PRD87, 012009('13) 

* weak decays       UL      PRD87, 032006('13) 

  η´→ 4π             BR      PRL112, 251801('14) 
 

 

 

 * These results are based on 226 J/Ψ  

BESIII as η’ factory 

  1.31x109 J/Ψ  events  ca 6x106 η’ 



η/η’ → π+π-γ 

Fit 

data 

[WASA PLB707 (2012) 243] 

𝜒𝜒2𝑁𝑁𝑑𝑑𝑓𝑓=8367 

α=1.31±0.08stat±0.40syst GeV-2 

PLB707 (2012) 184 

e+e-→π+π- 

Mππ=√s 

[KLOE PLB718 (2013) 910] 

α=1.89±0.25stat±0.59syst GeV-2 



η’ → π+π−γ 

Mππ=√s 

η' → π+π-γ 

BESIII 
CLAS 

KLOE PL B718, 910 ('13) 

sππ [GeV2] 

Mππ=√s 

DATA: CBarrel  PLB402,195 ('97);  



BESIII PRD87, 092001('13) 

158920±430 

BESIII data sample on η'→ π+π−γ 

Now 1.9 x 106 η → π+π-γ 
 
 
 



Model-dependent fit  

2). fit with ρ(770)-ω-ρ(1450) 
 
 

3). fit with ρ(770)-ω-box anomaly 
 
 

χ2/ndf=3.0 χ2/ndf=2.0 

1). fit with ρ(770)-ω 
 
 

 Beside ρ(770) resonance,  ω is needed 
 
 ρ(770)-ω is not enough; 
 
 Extra contribution (maybe ρ(1450) or box-anomaly, maybe both of them) is also 
 necessary  
 

Analysis: Liqing QIN,SDU,IHEP 



Model-independent fit  

P(sππ) = 1+ α sππ + β s2
ππ + δ BWω   P(sππ) = 1+ α sππ + β s2

ππ 

|FV(sππ)|2 

Crystal Barrel: α = (1.80±0.49±0.04)GeV-2 

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

GAMS-2000:   α = (2.7±1.0)GeV-2 
 
 

ω contribution  is necessary 

Linear polynomial is insufficient...  



Dalitz decays 

DATA: Lepton G: η' → μμγ   



Observation of η’→γe+e- 

arXiv:1504.06016 



Transition form factor of η’→γe+e- 



 
Summary 
 

• An excellent place to study light hadron spectroscopy (high 
statistics and low background), complementary to hadro- and 
photoproduction experiments 
 
• Many interesting results based on 225 M J/ψ and 106 M 
ψ(3686) data 
 
Expect much more results with 1.3 B J/ψ and  
    0.5 B ψ(3686) data 
 
• BESIII is also η’ factory 
 



BESIII Collaboration 
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