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Main projects of BESIII Physics 

BESIII 
physics 

Charm 

Uncharm 

τ 

R&QCD 

Mass 

Decays  

Light hadron spectrum J/Ψ data 

Charmonium Ψ(2S) data 

D physics  Ψ(3770) line shape scan 
 
Heavy charmonium 

Ψ(4040) 
Ψ(4190) 
Ψ(4415) 
X, Y, Z… 

3 

Line 
shape 
scan 

R(s) fine scan in (u,d,s) energies 
QED & QCD α(s),  (g-2)µ 
Inclusive distributions 
Exclusive distributions 
Correlation functions 
Form factors 
Fragmentation functions  



•  R value in full BEPCII energies (2.0 − 4.6 GeV) 

•  ψ-family line shape and resonant parameters  

•  Form factors of mesons and baryons 

Main projects for R scan  
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What is R Value 

R
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e-
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q-

q

σ

σ flavor
color

= 
Σ

Qf
2

lowest
order

The Born cross section of e+e− annihilation into hadrons normalized by 
theoretical µ+µ- cross section. 

Feynman diagram of R value 

Groups ever measured R value： BESII，VEPP， DAΦNE，DM2，DASP，
PLUTO，Crystal-Ball，MARKI，MARKII，CLEO-c，AMY，JADE，TASSO，CUSB，
MD-1，MARKJ，SLAC-LBL，MAC， γγ2…… 5 



R value measurements at BESII  

6.6% 

3.5% 
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The significance of R value to the SM   



R values test QCD predictions 
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pQCD: 

Quark 
model: 



 quarks with flavors (u, d, s, c, b) 
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R value is the input parameter of α(s) 

BEPCII/BESIII 
can contribute 
by scan & ISR 

Improvement of  the precision of R value can 
decrease the uncertainty of ∆α(s) effectively. 

scan ISR 

ISR scan 

At high energies, vacuum is polarized, the effective coupling is energy 
dependent, the so called EM running coupling constant： 

Effective coupling 
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The Standard Model (SM) prediction for muon (g-2):  
R value is input parameter of (g-2)µ 

The contribution of the hadronic cross section:  

Experiment error 

BEPCII/BESIII 
can contribute 
by scan & ISR 
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Discrepancy between SM and experiments:  
Status of (g-2)µ in theory and experiment 

Questions : if SM agrees experiments? If new physics behind?  

Solutions  : more accurate theoretic calculations & precise experiments. 
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Data samples of R scan  



Status of R&QCD  data taking 
•  Phase I:  test run (2012) 
    @  Ecm =  2.232, 2.400, 2.800, 3.400 GeV , 4 energy points, ∼12/pb 
•   Phase II:  fine scan for heavy charmonium line shape  (2014) 
    @ 3.800  −  4.590 GeV, 104 energy points, ∼ 800/pb 
•   Phase III: R&QCD scan (2015) 
     @ 2.000 − 3.080 GeV, 21 energy points, ∼ 500/pb 

13 R value line shape has scanned in full of BEPCII energies.  
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Data samples between 2.0 − 3.08 GeV collected in 2015 

Data @ 21 energy points 

Main goals 

1. R value 

2. Form factors 

3. New phenomenon? 

4. New hadronic states? 

R scan below open charm 
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J/psi line shape scan 
Data have been taken around the J/psi peak at 12 energy points 

Physical goal: measure the resonant parameters of J/psi by channels: 
1. e+e- → e+e- 

2. e+e- → µ+µ- 

3. e+e- → hadrons 

On line cross section and J/psi line shape 



R line shape scan above open charm 
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• 104 energy points, total luminosity ∼800 pb-1; 
• More than100k hadronic events collected at each points. 
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Data samples have collected at BESIII 

Y(2175)                                              ~100 pb-1                                              2015 
D physics at 4.18 GeV                        ~ 3 fb-1                                  2016, no finished  
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Status of R value measurement  



R value measurement with data 

Nhad  observed hadronic events  
Nbg    background events  
L       integrated luminosity  
εhad   detection efficiency for hadronic events  
1+δ   radiative correction factor  
σµµ    Born cross section of µ pair production in QED.  
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In experiment, R values are measured with 

Tasks in experiment: 



The efficiency and ISR factor correction 
Observed cross section (no physics)： 

Efficiency correction: 
→ total cross section (physics) 

R value: 

ISR factor (1+δ) correction:  
→ Born cross section  
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Present status of R value measurement 

Nhad , Nbg  →  event selection:  
below open charm finished, above open charm in progress. 
L       → integrated luminosity:  
finished, error ~ 1%. 
εhad   → hadronic generator, exclusive ⊕ LUARLW: 
 parameters are optimized, cross checks, largest error source?  
1+δ   → theoretical calculations:  
finished, error ~1.5%, including the from ∆σ0

had 

Error analysis:   
 
 • final goal  ∆R/R ~2.5−3.0%. 
• being reviewed with in BES Collaboration. 
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The generators used in R measurement 

µ－,τ－ 

µ＋,τ＋ 

processes generators 

e+e-→e+e-    BABAYAGA (OK)  
               
 
  e+e-→μ+μ-  BABAYAGA (OK)     
  e+e-→τ+τ-   KKMC           (OK)               
 
 
 
  e+e-→γγ     BABAYAGA (OK)  
               
 
 
 e+e-→e+ e- X  TWOPHOTON  
 
 
 
e+e-→hadrons  LUARLW 
 

(need check) 

(being optimized) 
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Integrated luminosities of the data samples 

The luminosities at all of the 149 scanned energy points are measured 
with about precision of 1%.    

⊕BESIII Simulation 

• The QED processes  

are used to measure luminosity.  



Functions of LUARLW 
LUARLW can simulate ISR inclusive continuous channels and JPC = 1− − 

resonances from 2−5 GeV,  phenomenological parameters need tuning.  
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Picture of Lund string fragmentation 
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Basic formula of LUARLW 
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ISR sampling in LUARLW simulation 

The energy and polar angle distribution of real emission photon  
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In LUARLW simulation, the events are classed into two types 

① non real radiation: tree level, virtual and soft radiations events.   

          Weight: 

 

② real radiation: hard bremsstrahlung events.                         

  Weight: 
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Theoretic cross section and ISR factor  

Hadronic Born and total cross section Initial state radiation factor (1+δ) 
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Simulation of hadron production and decay  

Production:  ConExe ⊕ LUARLW Decay: BesEvtGen Detector: GEANT4 

BESIII 
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The known and unknown channels   

The hadronic channels ever measured are called KNOWN: 

Other possible channels but no ever measured are called UNKNOWN. 
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Parameter optimization of LUARLW  
• Assume LUARLW is approximately described  
by a parameterized response function 
 
 
The parameters in LUARLW are treated as free numbers in fit, the 
optimal values are obtained by fit this function to the data.  
 • The known channels employ experimental values, the unknown 
channels use LUARLW. 

+ total hadronic cross section, 
+ sum of the cross section ever measured exclusive  
channels 

Known channels, simulate by exclusive  method 

Unknown channels, simulate by LUARLW 



Parameters for string fragmentaion hadrons  
Related to ratio of  baryon and meson with different quantum number 

By comparing data with MC, it is found that in BEPC energy region, some parameters 
in the table are not constants, they are slightly energy dependent.  
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Parameter optimization of LUARLW @3.65GeV  
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Parameter optimization of LUARLW @3.06GeV  



35 

Multiplicity of data and MC  



Heavy vector charmonia line shape 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fit 

Aim to understand resonant structure 

Phys. Lett. B660 
(2008)315 

 
Phys. Rev. Letts. 88 
(2002)101802 R values 

Resonant 
parameters 

Fit 



PDG2012 



PDG2014 



PDG2012 



Theoretic problems in resonant parameters fit  

The measurement of R value and the resonant parameters are closely 
related and affected by the following theoretical factors: 

 What is the correct Breit-Wigner form for wide resonance? 

 How to introduce the effective initial phase angle? 

 How amplitudes interfere between final hadronic states? 

 How guarantee the unitary of the interference expressions?  

 How the total widths depend on energy? 

 How to express the continuous charm backgrounds in fit? 



Parameters of the excited charmonia  

At BESII, parameters (M, Γtot, Γee ) of  the JPC = 1– – conventional  
charmonia ψ(3770), ψ(4040), ψ(4160), ψ(4415)  
remain quite uncertain and model dependent: 
 
 

M, MeV Γtot , MeV Γee , keV δ, deg 

ψ(3770) 3772.92 ± 0.35  27.3 ± 1.0  0.265 ± 0.018  PDG09 

3772.0 ± 1.9  30.4 ± 8.5   0.22 ± 0.05   0 BES08 

ψ(4040) 4039 ± 1  80 ± 10  0.86 ± 0.07  PDG09 

4039.6 ± 4.3  84.5 ± 12.3   0.83 ± 0.20   130 ± 46 BES08 

ψ(4160) 4153 ± 3  103 ± 8  0.83 ± 0.07  PDG09 

4191.7 ± 6.5  71.8 ± 12.3 0.48 ± 0.22  293 ± 57  BES08 

ψ(4415) 4421 ± 4  62 ± 20  0.58 ± 0.07  PDG09 

4415.1 ± 7.9  71.5 ± 19.0 0.35 ± 0.12  234 ± 88  BES08 
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Similar work like did at BESII, but improved measurement at BESIII 



Summary 
• The planed data sets for R scan in full BEPCII energies have been 

collected. 

• Data analysis between 2.2324-3.671 GeV  finished, the analysis for 
data above 3.8 GeV are in progress. 

• The integrated luminosity at all 149 energy points are measured with 
about 1% precision. 

• The LUARLW parameters are being optimized, uncertainty of εhad 
could be about 2%, but need further check. 

• The theoretical study of heavy charmonia line shape fit are doing. 

• Preliminary results of R value measurement between 2.2324-3.671 
GeV  are being reviewed in BES Collaboration, and analysis for other 
energies are in progress. 
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Back Up  
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Beijing Electron-Positron Collider II (BEPCII) 
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Beijing Spectrometer III (BESIII) 
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Integrated luminosities of the data samples 
• The QED processes  

are used to measure luminosity.  
• BabayagaV3.5 with precision of 

0.5%  is used to determine cross 
section and efficiencies.  

Esum1 Esum2 

For e+e-→(γ)e+e-, the remained 
background levels are very low:   



Energy calibration 
During the data taking, sever times J/psi and psi(3686) fast scan were 
done, and fit the on line cross section to calibrate the beam energy. 

J/psi psi(3686) 

Calibration: 
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R value error → error of αs  

So,  αs can be determined based on R,  and independent of any model, but the error 
of αs larger than that of  R value, it is not  an “economical”way. 49 



Uncertainty range of R within 1σ Uncertainty range of αs within 1σ 
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R value error → error of αs  
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