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



Main projects of BESIII Physics 

BESIII 
physics 

Charm 

Uncharm 

τ 

R&QCD 

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

Mass 

Decay channels  

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 
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The main physical projects for R − QCD scan  

•  R value between 2.0 − 4.6 GeV 
•  ψ-family line shape and resonant parameters  
•  Form factors of mesons and baryons 

Motivation 
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What is R Value 

R
≡

µ-

e+

e-

µ+

hadrons-e

e+
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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…… 7 



R value measurements at BESII  

6.6% 

3.5% 
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The significance of R value to the SM   



R value is the direct evidence of number of color 
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R value measurements test QCD prediction 
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R value is the input parameter of α(s) 

Effective coupling 

Electromagnetic coupling fine structure constant when 

momentum transfer approach zero： 

 

 

According to the contributions to vacuum polarization 

① leptonic contribution： 
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In high energy processes, vacuum is polarized. The effective 

coupling interaction is energy dependent, the so called EM 

running coupling constant： 



•  top quark very heavy, contribution very small 

• 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 

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

scan ISR 

ISR 
scan 
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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    

R value is the input parameter of (g-2)µ 
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The Standard Model (SM) prediction for muon (g-2):  
R value is the input parameter of (g-2)µ 
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Discrepancy between SM and experiments:  
R value is the input parameter of (g-2)µ 
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The contribution of the hadronic cross section to (g-2):  

2π 

R value is the input parameter of (g-2)µ 

BEPCII/BESIII 
can contribute 
by scan & ISR 

ISR 

ISR ISR 

scan 

Experiment error 



Measurement of αs at by R values 
Solve equation 

PDG2006 

Obtain coupling constant at every energies，
and then evolve them to 5 GeV with 

Weighted average 

errors 
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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. 19 



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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Data samples of R − QCD scan  



R&QCD scan data taking plan 
•  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 charm resonant line shape  (2013−2014) 
    @ 3.800  −  4.590 GeV, 104 energy points, ∼ 800/pb 
•   Phase III: R&QCD scan (2015) 
     @ 2.000 − 3.080 GeV, 19+2 energy points, ∼ 500/pb 
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Phase I: R-QCD scan below open charm 

• BESIII collected data at 2.23, 2.4, 2.8 and 3.4 GeV 
during June 8−16, 2012; 

• Total integrated luminosity ∼12 pb-1; 
• Useful information for BEPCII/BESIII at low energy; 
• The data being used for MC generator tuning; 
• Necessary to establish analysis chain; 
• R value measurement ; 
• Baryon and meson form factors; 
• fragmentation function study. 
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Phase II: R line shape scan between 3.8 - 4.6 GeV 
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• Data taken 2013.12.9 - 2014.1.24; 
• 104 energy points in total, ∼800 pb-1; 
• >100k hadronic events each points. 
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Phase III: R scan between 2.0 – 3.08 GeV 
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Data samples between 2.0 − 3.08 GeV collected in 2015 

Data: 19+2 energy points 

Main goals 

1. R value 

2. Form factors 

3. New phenomenon? 

4. New states? 

Third run: R scan between 2.0 – 3.08 GeV 

See 
Yadi and Yaqian’s talks 
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J/psi line shape scan between 3.0500– 3.1200 GeV 
Data have been taken around the J/psi peak at 12 energy points in 2012 

Physical goal: measure the leptonic, hadronic and total widths 
of J/psi by following channels: 
1. e+e- → e+e- 

2. e+e- → µ+µ- 

3. e+e- → hadrons 

On line cross section and J/psi line-shape 



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: 
28 
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Data samples taken at BESIII 

Y(2175)                                              ~100 pb-1                                              2015 
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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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δεσ µµ +⋅⋅

−
⋅=

−+ had

bghad

L
NN

R
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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 corection: 
→ 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 LUARLW tuning: 
 two schemes are doing, cross check, largest error source?  
1+δ   → theoretical calculations:  
finished, error ~1.5%, including the contribution from ∆σ0

had 

Error analysis:   
on going, final goal  ∆R/R ~2.5−3.0% 
 33 
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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) 

(need tuning) 



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 the MC 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: 



N-particle system partial function in Lund area law 

Multiplicity distribution for preliminary fragmentation hadrons 

Approximate expression 

µ predicted by pQCD 

Parameters for primary hadron multiplicity 

c0, c1, c2 and α, β, γ are free parameters to be tuned. 
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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.  

40 
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Simulation of hadron production and decay  

Production:  LUARLW Decay: BesEvtGen Detector: GEANT4 

BESIII 
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Parameter tuning and optimization of LUARLW  
Scheme A:  optimization fit 
• Assume LUARLW is approximately described  
by a parameterized response function 
 
 
The phenomenological parameters in LUARLW are treated as free 
numbers in fit, the optimal values are obtained by simultaneously fit 
this function to the data.  
 • The channels ever measured by experiments use the experimental 
values, and the unmeasured 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 
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Parameter tuning and optimization of LUARLW  
Scheme B:  manual tuning first, optimization fit last 
Choose about 30 final state distributions, such as, charged and neutral 
multiplicity, cosθ, deposit energy, momentum, ratios of mesons and 
baryons, et al. Compare the differences between data and MC which 
only using LUARLW, tune the corresponding parameters within the 
reasonable ranges, again and again, until obtain a set of reasonable 
parameters, then use scheme A to optimize them.  

At present, the differences of the hadronic efficiency estimated by 
the two schemes are about ~2%.  
Next, more effort have to do, until systematic error of the efficiency 
no exceed 2%. 

LUARLW 



Heavy vector charmonia line shape 
Confirmed charmoniums family in BESII era 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Fit 

Aim to understand resonant structure 

Phys. Lett. B660 
(2008)315 

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

Resonant 
parameters 

Fit 



Theoretical 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 intrinsic/effective initial phase angle? 

 How amplitudes interfere between final states? 

 How guarantee the unitary of the interference?  

 How the total widths depend on energy? 

 How to express the continuous charm backgrounds in fit? 



Parameters of the excited charmonia resonances   

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 

47 Nov.12, 2014, CERN G.S. Huang: BES R 

Similar work like did at BESII, but improved measurement at BESIII 



PDG2012 



PDG2012 



PDG2012 



PDG2014 



Summary 
• Data taking plans of phaseI-III finished, data sets for R scan and QCD 

study between 2.0 − 4.6 GeV have been collected. 

• Data analysis for R value measurement between 2.2324-3.671 GeV 
are almost finished, but the analysis for other data samples need 
further optimization. 

• The LUARLW parameter tuning are in progress, which is a tough and 
challenge work, and could be the largest error source (1.5-2.0%) for  
R value measurement. 

• The related theoretical study about the heavy charmonia line shape 
fit are doing, which are crucial for obtaining reliable values. 

• Preliminary results of R measurement between 2.2324-3.671 GeV 
have reported inside BES Collaboration, the analysis for other energy 
points are in going. 
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