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Introduction:       Definition of R value

Theoretical definition
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Feynman diagrams

R
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Introduction:       R value by pQCD and experiments

R value were measured by many Collaborations:

BESII，
KEDR，VEPP，
DANE，DM2，DASP，PLUTO，Crystal-Ball，MARKI，MARKII，CLEO-c，AMY，JADE，
TASSO，CUSB，MD-1，MARKJ，SLAC-LBL，MAC， 2，

BESIII

PDG



Introduction:       Why R value important

QED running coupling constant (s)  one of the most important QED parameters
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BEPC energy region

15%

12%



Introduction:       Why R value important

Muon anomalous magnetic moment a the most precision test of SM
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Uncertainty contribution 

fractions of  (a) caused 

by error of R value from 

different region. 

15%

BESIII measured 2π cross 

section using ISR return 

method with (3770) data

New physics ?



Introduction:       Why R value important

6

Muon anomalous magnetic moment a the most precision test of SM



BEPCII and BESIII:   BEPCII

Physics energy region 

of BEPCII / BESIII

BEPCII: Beijing electron-positron collider II

Bird’s-eye view of 

BEPCII and BESIII
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BEPCII and BESIII:   BESIII

BESIII:    BEijing Spectrometer III   

Main parameters
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Methodology:   R value measurement
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Methodology:   data analysis strategy 

tough criterions loose criterions  at least one 0 + 1prong no cut applied  

?

?

Physics R value ~ analysis independent

observed R value ~ analysis dependent
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Signal simulation:   hadronic generator

General hadronization picture  Lund string fragmentation model

Transverse momentum (Gaussian-like form)：

Longitudinal momentum (Lund area law)：

At BEPC energy region, Lund area law formula:

Light-cone area



hep-ph/9910285
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Signal simulation:   LUARLW

.

5 GeV.



Function of LUARLW: it can simulate ISR inclusive continuous channels and resonant JPC = 1 

resonances from 2m 5 GeV,  parameters need tuning by data. 
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Signal simulation:   LUARLW

Good generator: MC simulations and data agree well for many final state distributions.
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Hadron production at vertex:  

LUARLW

Particles decay: 

JETSET table

Detector simulation:

GEANT4

BESIII

BESIII MC data

Methodology:   Monte Carlo simulation 
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Signal simulation:   MC data production by LUARLW

Nprg is the multiplicity of good charged tracks at detector level  
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Signal simulation:   MC data production by LUARLW

cos is the polar angle of good charged tracks at detector level  

Good agreement between data and MC means the simulated hadronic event efficiency is reliable 
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Signal simulation:   MC data production by LUARLW

Niso
2-prg is the number of isolated photon in 2-prong events  at detector level
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Signal simulation:   MC data production by LUARLW

E/(pc) is the ratio of deposited energy and momentum of charged tracks  



R definition:

R measurement:

Definition of 

ISR factor
（1+）=

Total hadronic cross section:

Radiator

Input of line-shape of 
R in full energy region

Line-shape of
vacuum polarization factor

Vertex correction

Maximum fraction of 
radiative initial pjoton

xm=1-4mπ
2/s

⊕

Signal simulation:   calculation of ISR correction factor in LUARLW
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Signal simulation:   calculation of ISR correction factor in LUARLW

Line-shape of total hadronic cross section and (1+) by different schemes

 Scheme error:

for same input 0(s), difference between different scheme is considered as theoretical uncertainty

 Input error:

for the nominal scheme, the change of (1+ ) by error of 0(s) line-shape is accounted as input error
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Systematic uncertainty
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Systematic uncertainty:  the hybrid model

The first attempt of exclusive simulations in determination of hadronic efficiency 

 : inclusively measured hadronic cross section

 : sum of exclusively measured cross section

Inclusive simulation  

by LUARLW

Exclusive simulation by

PHOKHARA  ConExc

HYBRID = PHOKHARA ⊕ ConExc ⊕ LUARLW
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Systematic uncertainty: the hybrid model

Construction of HYBRID generator 
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Systematic uncertainty: the HYBRID model

Nprg is the multiplicity of good charged tracks at detector level  



25

Systematic uncertainty: comparison between LUARLW and HYBRID

Comparison between LUARLW/HYBRID and data for a few observables  
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Systematic uncertainty: comparison between LUARLW and HYBRID

Effective ISR energy distributions in LUARLW and HYBRID simulations  
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Systematic uncertainty:  LUARLW and HYBRID
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Systematic uncertainty:  summary of uncertainty terms
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Summary:   results

PRL128(2022)06200
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Summary: prospect 

Data samples taken at BESIII  
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Summary: prospect 

Different methods: inclusive, exclusive, ISR return  



32

Summary and outlook 


