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☞ Summary 

− 

− 

− 

+ − 



3 

Beijing Electron-Positron Collider II (BEPCII) 
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Beijing Spectrometer III (BESIII) 
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Data samples of BESIII 

Other newly collected data samples 
Y(2175)                                              ~100 pb-1                                              2015 



6 

 Part 1  



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 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 :  

• GE and GM relate to the spatial distribution of charge and magnetization in  
     Breit-frame,  the charge density distribution:  

- 

BESIII 
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Two methods 

This talk In progress 

For time-like process 

2 



9 

Cross section  

 • the Born cross section   

• Coulomb correction C is subtle and important near threshold (β→0).   

• Due to the limited statistics, early experiments assume |GE| = |GM| ≡ |G|   

 • BESII measured |G| and parameterized as (Λ: QCD scale, A: free parameter)   
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Some question to make clear 
• Recent years, statistics of data samples increased, the behavior of form 

factor seems clear, but some questions still left: 
 
    - steep rise toward threshold ? 
    - two rapid decreases around 2.25 and 3.0 GeV ? 
      Are  they true?      

  - ratio |GE/GM| disagreement by PS170 and BaBar 
  - poor precision (~11%, 43%) 
  - limited energy range 
    which one is reliable?    
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Measurement of cross section  
Experimental formula for cross section:  



Extraction of effective form factor 
• In order to compare with earlier measurements, it is still assumed   
    |GE|=|GM|≡|Geff|, and the cross section reads 

• The effective form factor could be extracted 
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• The BESIII results are consistent with other measurements within errors. 
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• Angular distribution: 

- Rem = GE(q2)/GM(q2) 
- θp : polar angle of proton 

• Fit function: 

the overall normalization 

• Results: 

@2.2324 GeV @2.40 GeV @(3.05,3.08) GeV 

Extraction of electromagnetic |GE/GM| ratio  
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• Moment method: 

- second moment of cosθp: 

- Estimator of cosθp:  

- Extraction of  |GE/GM| = R = 

- Uncertainty: 

• Result: 

• BESIII measurements  are consistent with BaBar’s, but not with PS170. 

Extraction of electromagnetic |GE/GM| ratio  
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The electromagnetic ratio |GE/GM|  
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 Part 2  
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Motivation 

• point-like fermion has magnetic moment 

• define Bohr magneton:  

• the magnetic moment of bare fermion:    

• considering the radiative correction of the vertex 

⇒ g ≠ 2 ⇒  anomalous magnetic moment:  aµ= (gµ-2)/2    
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Motivation 
The Standard Model (SM) prediction for muon (g-2):  
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Motivation 
Ratio of the contribution to theoretical uncertainty of (g-2) from the measured 
hadronic cross section in different energy region:  

K(s) ∝1/s      σ(s)∝1/s  

2π 
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Motivation 
Discrepancy between SM and experiments:  
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Initial state radiation (ISR return)  

L= 2.9 fb-1 Data taking at 
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Initial state radiation (ISR return)  
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Two normalization methods 
• Normalization to integrated luminosity 

• Normalization to µ+µ−γ events, i.e. R ration π+π−γ/µ+µ−γ 
            Lint, Hrad, δvac canceled,  uncertainty decreased. 
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Cross section of π+π− 

• ρ−ω interference clearly visible  
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Extraction of form factor 

• Non point-like particle ⇒ pion form factor: 

• The picture of pion structure in quark model: 
π+ 
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Comparisons between BESIII and BaBar/ KLOE  
• Pion form factor Fπ 

• New BESIII measurement agree with 
KLOE[1] and BaBar [2] 

 

• Small shift wrt BaBar’s results above 
ρ−ω interference 



27 

Contribution of  π+π− to aµ 

• Precision compatible with previous measurements  
 

• aµ(ππ,LO) = (370.0 ± 2.5stat ± 3.3sys)×10-10 
 

• Confirm deviation of (g-2) between experiment and theory larger than 3σ   
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 Part 3  

e+e- →Λc Λc 
+ - - 
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Charmed baryon family 
• Singly charmed baryongs 
   - ground states:   
   - excited states 
 
• LHCb Collaboration observed 

doubly charmed baryon Ξcc via 
decay                              , a  , 

       
 
• No triply charmed baryon observed 

++ 
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Λc: Charmed baryon family + 

• Quark component: ud-c 

• The lightest charmed baryon: 

• Most of charmed baryons decay to Λc 

• Λc is important tagging charmed baryon 
in high energy production. 

• Br(Λc→pK−π+) contributes dominant 
error for Vub via Λb decay  
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Data samples used for ΛcΛc measurements + - − 

BESIII data samples 
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Production cross sections of baryon pairs  
• Born cross section for the process  

- Baryon speed                                 , 

- Coulomb factor C results in a non-zero cross section at threshold                                  

• Belle Collaboration has measured the cross section 
of                           using ISR return method 

    PRL101, 172001(2008)  
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Cross section of ΛcΛc 
+ − − 

• The cross sections are measured 
with unprecedented precision  

• Enhanced cross section of process 
                              close to threshold      
     is discerned for the first time    

• The enhancement: the Coulomb 
effect or dynamics?    
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Fit of angular distribution of ΛcΛc 
+ − − 

• BESIII preliminary fit  

• First time that ratios |GE/GM| of     
   Λc are measured near threshold  
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Cabibbo Favored hadronic decays of Λc 
+ 

Branch ratios Bi of Λc hadronic decay  + 
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Decay Λc → pπ+π− and pK+K− 

 
+ 

• First observation of the singly Cabibbo suppressed decay Λc →p π+π- + 

• precision of decays Λc →p K+K- (non-φ) and Λc →pφ improved  



37 

Decay Λc → nKSπ+ + 

The first direct measurement of Λc decay involving neutron in final state  + 



Decay Λc → Λl+νl 
+ 

The first direct measurement of Λc semi-leptonic decay   + 
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Decay Λc → Λ X 
+ 

Preliminary result:  

• Sum of  known exclusive decays Λc →Λ Xi is (24.5±2.1)%, which 
means other unknown decays  
 

• No CPV is observed at current precision  

+ 
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Summary  
♦Proton pairs 
• The effective form factors are measured with improved errors 

• The ratio |GE/GM| are extracted with uncertainty of 25% − 30%  

• The ratio |GE/GM| are close to unity between 2.2 – 3.08 GeV 

 ♦Pion pairs 
• The cross section and form factor are measured with ISR return 

• The difference of ∆aµ between experiments and theory is confirmed 

• Systematic uncertainty (~0.9%) still dominant. 

♦ΛcΛc pairs 
• Cross section and form factor close to threshold are measured  

• Absolute branch ratio of Λc decays are studied  

+ - 


