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Motivation 
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The valence-quark picture of proton in quark model: 

ep  e  p (space-like q2<0)           e+e- p p     (time-like q2>0) 

The dynamic structure of proton can be measured in 

two processes: 

Vector current of the interaction vertex with hadronic structure  

Structure functions F1 and F2 can be recombined into two form factors 

 Electronic: 

 Magnetic :  

More directly perceived through the senses, GE and GM relate to the spatial 

distribution of charge and magnetization in Breit frame,  

e.g, the charge density distribution.  

- 

BESIII 
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Two methods 
For time-like process 



BEPCII storage rings 

2017/5/7 China Three Gorges University 

Double-ring e+e- collider 
 Beam energy : 1.0 -2.3GeV 
 Crossing angle:  11 mrad 
 Design Luminosity:1X1033cm-2s-1 

 Achieved the goal 
 Energy spread: 5.16X10-4 

 Optimum energy:1.89 GeV 
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BESIII detector 
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MDC: main drift chamber (60%He +40% propane) 
TOF: time of flight (two layer plastic scintillators) 
EMC: electronic magnetic calorimeter(CsI(TI)) 
MUC: muon system (resistive plate chambers) 

Performance : 
                      MDC                MDC                          EMC                       TOF 
Expt.              wire                 dE/dx                      Energy                     time 
                  resolution          resolution               resolution               resolution 
CLEO             110um                5%                       2.2-2.4%       CDF      100ps 
BABAR          125um                7%                       2.67%            Belle     90ps 
Belle             130um                5.6%                    2.2 %              
BESIII            115um               <5%                      2.3%              BESIII    80ps(Barrel) 
                                                                                                                    110ps (ETOF) 
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BESIII data sample 
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Phase 1: test run at 2012 
 Ecm =[2.2324-3.400]GeV      
 4 energy points ~12 /pb 

Phase 2:  fine scan for heavy 
charm resonant at 2013-2014 
Ecm=[3.850 ,4.590] GeV 
 104 energy points  800 /pb. 

Phase 3:  R & QCD scan at 2015      
Ecm=[2.00-3.080]GeV 21 energy 
points ~ 550 /pb 
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Measurement of  pion Form Factor  
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Initial State Radiation  
aka Radiative Return 
A.D., W. Kluge, G.Venanzoni  
Phokhara event generator 
[H,Kuhn]  

Pion Muon Separation needed 
 →TMVA methods !  

e+e- →π+π-γISR 
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π-μ  Separation 

TMVA method (Neural Network) 
  trained using  μμγ and ππγ MC events 
 Information based on track level 
 Efficiency matrix(p,Ѳ) for data MC 
 Correct for data –MC differences 
 Cross checked for different TMVA 

methods 
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Data vs. MC comparison 

2017/5/7 China Three Gorges University 11 



Comparison with existing Data 
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0.9%  accuracy  normalization to 
luminosity/radiator function 
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Impact on Hadronic Vacuum Polarization 
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Good agreement found with KLOE ! 
BESIII  confirms the deviation at 3… 4 sigma level !!! 
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Phy. Lett. B753 （2016）629-632 
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Measurement of  proton Form Factor  
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e+e- →pp 

Overall uncertainty improved by 30% 

― 
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Extraction of Rem=|GE/GM| and |GM| 
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 R=|GE|/|GM| consistent with 1 
 |GM|(and |GE| extracted for the first time 
 Precision between 11% and 28% 

Phys. Rev. D91, 112004 (2015) 

e+e- →pp 
― 
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e+e- →ISRpp 
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e+e- →ISRpp 
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e+e- →ΛΛ 
Two channels for 2.2324GeV: 
  Charged channel: Λ→pπ+, 

Λ→pπ- 

 Neutral channel:Λ→nπ0 

Only charged channel for other 
data: 
Full reconstruction for 4 tracks 
Kinematic constraints applied 

Preliminary results for Λ 
Non-zero behavior at threshold 
Precision improved by 10% 

Measurement of  Λ Form Factor  
― 
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            Measurement of  Λc  Form Factor  
e+e- → Λc

+Λc
- ― 



Measurement of  kaon Form Factor  
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e+e- →K+K- 

  Cross sections of e+e- →K+K- measured 
with BESIII data at 2-3 GeV are 
consistent with those of previous 
experiments but with higher precision 

  A structure near 2.2 GeV is observed 
with  

      M=2229.8 ±5.3±17.2 MeV  
      Γ =143.7±12.0±7.8 MeV 
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 Form factor fitting function 

 Form factor extraction: 



Summary and prospect 
• With ISR method 

  σ(e+e- →π+π-) is measured with <1% uncertainty ; 
the deviation of (g-2)μ is confirmed. 

  Proton form factor is measured. 

•  Use Energy Scan method 

  proton and Λ , Λc form factors are measured. 

• A structure near 2.2GeV is observed in e+e-→K+K- 

• Form Factors of Neutron and other Hyperons will be 
studied in the near future. 
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Thanks for your attention ! 
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