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Part 1 

Significance of R value 



What is R value 
Definition：  

R value is the inclusive hadronic cross  

section in e+e annihilation normalized by Born cross section of +. 
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  R  the important input parameter in SM 
        experimental error  uncertainty of SM calculation  
         below 5 GeV  use measured value, above 5 GeV use pQCD prediction 

• Hadronic  contribution to  
     QED running coupling constant aQED(MZ) 
  
  
     Anomalous magenetic moment of the muon a= g2 

  

•  Strong coupling constant as determination; 

•  Global fitting of most probable Higgs mass in SM 

•  Charm quark mass mc determination; 

•   Resonance structure and components in open charm region 

•  X, Y, Z particles and other possible new resonances 

Why R value important  



Part 2 

R value measurement with BESII 

 



Measurement of R Value with scan data 

Nhad  observed hadronic events  

Nbg    background events  

L       integrated luminosity  

had  detection efficiency for Nhad  

1+       radiative correction factor  

s   Born cross section of  pair production in QED.  
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R value measured with 

Tasks in experiment: 



R measurements with 1998 and 1999 data 
R scan data were taken between 2-5 GeV 

Energy step: in 3.7– 5.0 GeV are 1020MeV, elsewhere is 100MeV 

Generation simulation: tuned LUARLW and JETSET 

Detector simulation: software based on EGS4  

Event selection: hadronic events with Nhad  2-prong are selected  

Statistic error: about 2~3 % 

Systematic error: about 5~8 % (event selection and efficiency are dominant) 

Results: PRL 84 (2000) 594,  PRL 88 (2002) 101802  



 Data at 2.60, 3.07 and 3.65 GeV were taken 

Statistical error: small, about 0.5% 

Generation simulation: LUARLW is retuned with improved way 

Detector simulation: is updated by GEANT3 based software 

Event selection: improved, Nhad  1-prong events are selected  

Systematical error: about 3.5%  

R measurements with 2004 data 

Measured values: 

Error terms (%): 



Overview of R value measured with BESII 



Determination of as with R 

Part 3 

Phys. Lett.B677, 239(2009) 



Determination of as with R value 



Parameters of heavy charmonium 

Part 4 

Phys. Lett. B660, 315(2008) 



Resonant structure 

Probability =31.8% 

PLB660 (2008)315 



BESII results quoted by PDG 
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Form factor of 4 

Part 5 

Chiral Dynamics 2006, World Scientific 

Nucl. Phys. (Proc. Suppl.)B162, 5(2006) 



The most successful theory for e+e→2(+) is the 

extend vector meson dominant model, which predicts : 

Theoretical model 

Born cross section: 

Final state factor : 

Form factor: 



2(+-) cross section  

The measured cross sections by BaBar and BES agree well 



Comparison between data and model 
The measured cross sections and form factors by CMD2, DM1 

and BES and the corresponding fitted curve with the VMD 

model 
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 e+ e →p p  

Phys. Lett. B630, 14 (2005) 



Cross section 

E.A.Kureav 

V.S.Fadin 

The total cross section of e+ e → p p is measured by 

The interesting cross section in physics is the Born level, which 

may be obtained by performing the various corrections: 

Number of pp 

Luminosity pp efficiency Trigger efficiency 

ISR correction  Coulomb correction 

Final state correction 

Sov. Nucl. Phys. 41, 1985, 466 - 472 
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         J.Schwinger 

Particle, Source and Field   

Landau: 



Form factor fitting 

Due to the limited statistics, 

BESII data can not measure 

the electric GE and magnetic 

GM form factors separately. 

Under the assumption of     

|GE| = |GM|≡|G|, cross section is 

simplified as: 

pQCD predicts pp form factor ~[αs(s)] 2, one often uses 

Λ= 0.3 GeV  is the QCD scale parameter   

 C is the free parameter 

PLB 630, (2005)14-20 
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BESII’s results improved  

SM calculations 



Contribution to aMZ  

Before BESII measurement After BESII measurement 

55% 

35% 

S. Eidelman (1995 )       H.Burkhardt & B.Pietrzyk (2001) 

)( 2)5(

Zhad Ma

)M( 2

Z

1a

0.0280 ± 0.0007                 0.0276 ± 0.00036 

128.90 ± 0.09                    128.936 ± 0.0046 

 BES’s    R              no  used                                    used 
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Contribution to (g-2) of  
use data 

use QCD 

前 

后 
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Progresses of g-2 measurement 
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Comparison between experiments and SM 
Summing all contribution terms in SM, one may see the difference between 
the prediction of SM and E821 experimentsE821： 

Status：considering error, experimental values and SM predictions are inconsistence 

significantly. 

Reasons：whether calculations of QED, EW and QCD are correct? Or new physics?  

Or g-2 measurement error? 

Solutions：before definite conclusion, need more precision measurements and 

theoretical calculations. 
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Without BESII data With BESII data 

Contribution to global fit of Higgs mass 



The most probable fit of Higgs mass 

SM predicts the global fitting in the two dimension 
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The update values of SM calculations and experiments search 

limit the possible Higgs mass into a very small region 



Standard fitting with ZFITTER 

When inspect the stability of the most probable Higgs mass in 

SM global fitting, when the error of         change one standard 

error, the corresponding error of Higgs mass change 48%. 



SM prediction for Higgs mass 
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Search for Higgs in experiments 
The present conclusion： 
If Higgs predicted by SM exists, its mass    

         115.5 GeV < MH < 127 GeV     (at 95% CL) 
CMS:    HZZllqq, llll, ll, ll, HWW, H, Hbb, H    

           MH < 127 GeV     

ATLAS:    HZZllll, HWW, H  

                   MH > 115.5 GeV  &     MH < 131 GeV 

Tevatron (CDF,D): HZZ,WW, , ,bb 

                 MH > 120 GeV,  MH < 150 GeV, MH > 175 GeV 
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Search for Higgs in experiments 
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Higgs search vs MS global fitting 

consistent  

or 

inconsistent 

Need more precision SM parameters 

…… R value …… 



R value contribution to error of a and a  

Before BESII R scan After BESII R scan 

BEPC 

BEPC 

BEPC 

BEPC 

BEPC 



as measurement with R value 
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PDG10: αs(MZ)=0.1184±0.0007 

BESII: with√s=2.60, 3.07, 3.65GeV 

           αs(MZ)=0.117+0.012 
-0017  

BEPC 

• pQCD calculation agrees well 

with BES data, 

• with slight deviation in 

  2.22.5 GeV. 

M. Davier, 2011 
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 R value measured with BESII improved some SM calculations 

 

 But SM calculations are needed to further improved 

 

 More accurate R value measurements are appealed 

 

 What next to do?     

 

 New plans are coming…… 
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Data taking (plan) with BESIII  



R Scan Strategies with BESIII 
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• Phase I: pre-study, 7 days 

    @ 2.2,  2.4, 2.8 and 3.4 GeV,  MC tuning, … 

• Phase II: scan continuum region, 10 days for R, or 100 day for FF 

    @ 15 points in 2.03.6 GeV, step 100 MeV, 100k+ hadrons<3 GeV. 

• Phase III: scan resonance region, 10 days, or 2 months 

    100 points in 3.84.6 GeV, 10k or 100k, step 1, 2 , 5, 10, 20 MeV. 

    (108 hadrons at 4040, 4160, 4415 for radiative decay search?) 

6% 
3.5% 

Babar 

Y(2175)? 

Charm baryons 

to extend? 



Full plan for R scan below charm  
Ecm(GeV) Nhad Lum. (1/nb) BESII 

rate(1/hr) 

Time (hr) Tuning (hr) 

2.0 10000 417.0 8.66 23.1 12 

2.1 10000 419.2 - 20.0 12 

2.2 10000 420.8 16.7 12.0 12 

2.3 10000 443.7 - 12.0 12 

2.4 50000 2332.9 29.5 33.9 12 

2.4 Separated beam 8.0 0 

2.5 10000 489.5 18.9 10.6 12 

2.6 10000 513.7 42.3 4.7 8 

2.7 10000 554.2 33.9 5.9 8 

2.8 50000 3068.0 35.8 27.9 8 

2.9 10000 630.6 51.3 3.9 8 

3.3 10000 717.7 - 4.2 4 

3.4 20000 1493.5 47.7 8.4 4 

3.4 Separeted beam 4.0 0 

3.5 10000 775.9 - 4.2 4 

Sum 182.8 116 
40 

12.5 days                   + 



R scan with BESII in 1999 

 Energy steps seem too large to figure out the fine charm resonant structures 

 Error of R value are large for precision SM calculations 
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Coming R scan with BESIII 

 Energy steps：1~2MeV； 

 Large enough samples for measuring R value and resonant parameters. 



The taken data for R below charm 

Ebeam 

(GeV) 

Ecm 

(GeV) 

Nhad 

(offline) 

Lum. actual (plan)  

(1/pb) 

Testimated 

(hour) 

Tactual(Tpure) 

(hour) 

1.7 3.4 20000 1.6583  (1.4935) 8.4+4 10 (4.8) 

1.7 3.4 Separated 

beam 

4 5.3 (4.0) 

1.4 2.8 50000 3.0993  (3.0680) 28+8 37 (17.5) 

1.2 2.4 50000 2.3409  (2.3329) 34+12 94 (35.4) 

1.2 2.4 Separated 

beam 

4 6.5 (4.1) 

1.1162 2.2324 35000 1.4657  (1.5000) 42+12 45.6 (27.9) 

June 7-15, 2012 

 Data quality check and analysis  MC LUARLW tuning  

 Statistic error < 1%   Systematic error ?  



J/  scan (5.256.07) 
No. Ebeam 

(MeV) 

Ecm   
(MeV) 

luminosity  
(pb－１) 

１ 1525.00 3050.0 14.0  

２ 1530.00 3060.0 14.0  

３ 1541.50 3083.0   2.50 

４ 1545.00 3090.0 14.0  

５ 1546.50 3093.0 14.0  

Extra point 1546.90 3093.8   0.5 

６ 1547.25 3094.5 2.50  

7 1547.60 3095.2 2.25 

8 1547.90 3095.8 2.00 

9 1548.45 3096.9 2.00      

10 1549.10 3098.2 2.00 

11 1549.50 3099.0 2.00 

12 1550.75 3101.5 2.00 

13 1552.75 3105.5 2.25     

14 1556.00 3112.0 2.25      

15 1560.00 3120.0 2.00 
BEPCII Energy spread @J/ : ~ 0.83MeV 
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LUARLW tuning  



Lund area law generator  

Hadron production via string fragmentation: 

Effective matrix element (gluon emission is neglected) 

String fragmentation: 

Transverse momentum (Gaussian) 

Longitudinal momentum (Lund area law): 

Simulation of ISR has been  built in LUARLW with the angle 
and momentum distributions 

Hadronization picture : 



Improvement of LUARLW 
Up to now，LUARLU can simulate ISR inclusive continuous channels and JPC = 1  

resonances from hadronic threshold to 5 GeV.  But parameters have been waiting for 

data to tune.  



Charmonia decay modes 

The productions and decays of the 

charmonia are simulated based on  

their Feynman figures, discovered 

or possible channels.  

 

Branch ratio are phenomenological 

parameters and have to be set by 

data in MC tuning. 



Comparisons between data and LUARLW  

@ 3.65 GeV 



LUARLW tuning with BESIII data 

Non BEPC region BEPC designed region 

Hadronic state                          continuum            continuum                    fine scan    

                                                                            J/            (3686,3770,4040)  (4150,4415)    

 Data  sample  status                       X                         X                        X     X                   



Projects related to R scan data 
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☞R value (scan and ISR return)：precision ～2.5% 

☞ QCD running coupling constant as (s)  

☞ charm quark mass mq ： precision ~30% 

☞charmonium parameters：fine scan, find new states 

☞form factors：proton |GM | and |GE|，and other mesons and baryons FF 

☞multiplicity：Pn (s)，<n>，R2 (s)，F-B correlation <nf >= c0 +c1 <nb > 

☞fragmentation function： 

☞inclusive distributions：x，y，，， pt ，cos，CS ，CL  

☞topological properties ：sphericity S  and thrust T 

☞Bose-Einstein correlation：C2 (Q
2)  hadronic space-time structure fc (x) 

☞fractal properties of final state phase sace：FV(y)和 FH(y)  Fq (Q- )  

)(zDh

q sEz h /2=


