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Motivation 
Definition：  

R value is the inclusive hadronic Born cross  
section in e+e- annihilation normalized by Born cross section of µ+µ-. 
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Motivation 
  R - basic input parameter in SM 
        experimental error of R → uncertainty of SM calculation  
         below 5 GeV  use measured R value, above 5 GeV use pQCD prediction of R 
•  Hadronic  contribution to  
     - QED running coupling constant aQED(s) 

     - Anomalous magnetic moment of the muon am= gm-2 

•   Strong coupling constant αs determination; 
 
•   Global fitting of most probable Higgs mass in SM; 
•   Charm quark mass mc(mc) determination; 

•    Resonance structure and components in open charm region; 
•   X, Y, Z particles and other possible new resonances. 
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R	
  value	
  measurement	
  with	
  BESII	
  data	
  
(1998-­‐2008) 



R value measurement with data 

Nhad  observed hadronic events  
Nbg    background events  
L       integrated luminosity  
εhad  detection efficiency for Nhad  

1+δ       radiative correction factor  
σµµ   Born cross section of µ pair production in QED.  
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R value measured with 

Tasks in experiment: 



How R value measured? 
Observed cross section (no physics)： 

Efficiency corection: 
→ total cross section (physics) 

R value: 

ISR factor (1+δ) correction:  
→ Born cross section  



BESII: R value measurements  

6.6%	
  

3.5%	
  



Determination of αs with R value 
Phys.Lett.B677,(2009)239 



BESII: Heavy vector charmonia line shape 
Confirmed charmoniums  family in BESII era 

	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



Kamal. K. Seth	
  	
  	
  

Phys. Rev. D72, 017501 (2005) 
ü Constant u, d, s background 
ü  Linear form for charm continuous 
ü Constant total width  
ü  No interference    
ü  Using published (fixed) R value 

Simplified considerations used: 

“It is very gratifying that two independent 
measurements, made 20 years apart, are 
in such good agreement”. 

Crystal Ball 

BES 

BESII: Heavy Ψ family 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 factors: 

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

ü  How to introduce intrinsic/effective initial phase angle? 

ü  How amplitudes interfere between final states? 

ü  How guarantee the unitary of the interference?  

ü  How the total widths depend on energy? 

ü  How to express the continuous charm backgrounds in fit? 



Fit	
  

Resonant parameters extracting at BESII 

Phys.	
  LeY.	
  B660	
  
(2008)315 

	
  
Phys.	
  Rev.	
  LeYs.	
  88	
  
(2002)101802 



PDG2012 



PDG2012 



PDG2012 



PDG2014 
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R	
  value	
  measurement	
  with	
  BESIII	
  data 



R value from threshold to Z 
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scan	
  ISR	
  
(where	
  BESIII	
  can	
  contribute) 



Projects of BESIII Physics 

BESIII 
physics 

Charm 

Uncharm 

τ 

R&QCD 

R(s) fine scan (uds+c) 
QED & QCD α(s),  (g-2) 
Inclusive distributions 
Exclusive distributions 
Correlation functions 
Form factors 
Fragmentation functions  

Mass 

Decay channels  

Light hadron spectrum FJ/Ψ data 

Charmonium FΨ(2S) data 

D physics F Ψ(3770) data 
 
Heavy charmonium 

FΨ(4040) 
FΨ(4190) 
FΨ(4415) 
FX, Y, Z 
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Data samples taken at BESIII 

Y(2175)                                              ~100 pb-1                                              2015 



R 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. 

Nov.12,	
  2014,	
  CERN	
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Present status of R value measurement 

Nhad , Nbg  →  event selection: almost finished  
L       → integrated luminosity: finished, error ~ 1%  
εhad   → hadronic generator LUARLW tuning: in progress 

1+δ   → calculations: finished   
Error analysis:  on going 

 



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

resonances from 2-5 GeV,  phenomenological parameters need tuning.  



Picture of Lund string fragmentation 



Basic formula of LUARLW 



ISR sampling in LUARLW simulation 

The	
  energy	
  and	
  polar	
  angle	
  distribu+on	
  of	
  	
  real	
  emission	
  photon	
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In the MC simulation, produced 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-­‐par+cle	
  system	
  par+al	
  func+on	
  in	
  Lund	
  area	
  law 

Mul+plicity	
  distribu+on	
  for	
  preliminary	
  fragmenta+on	
  hadrons 

Approximate	
  expression 

µ Predicted	
  by	
  pQCD 

Parameters for primary multiplicity 

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



Parameters for final state hadrons  
Related	
  to	
  ra+o	
  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.	
   



Effort and goal for LUARLW tuning 

•  Try to only use one set of parameters to control the 
simulations of continuous states and JPC = 1- -  resonances 
between 2.0 - 4.6 GeV.  

 
•  LUARLW must agrees with data well for most of the  
     inclusive distributions, ratios of the mesons and baryons. 
 



Multiplicity of charged track 
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Polar Angle cosθ of charged tracks 
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 Momentum of charged tracks  
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Multiplicity of neutral tracks  
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Deposit energy of neutral tracks 
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Number of pi0 
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Number of Ks 
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Number of ρ 

2.23	
  -­‐	
  4.59	
  GeV	
  
Red	
  dots:	
  BES	
  data	
  
Blue	
  	
  	
  	
  	
  	
  	
  :	
  LUARLW 



Number of Λ 
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Summary 
•  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	
  op+miza+on.	
  

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

•  The	
  related	
  theore+cal	
  study	
  about	
  the	
  heavy	
  charmonia	
  line	
  shape	
  
fit	
  are	
  doing,	
  which	
  are	
  crucial	
  for	
  resonances	
  fit.	
  

•  Preliminary	
  results	
  of	
  R	
  measurement	
  between	
  2.2324-­‐3.671	
  GeV	
  
have	
  reported	
  inside	
  BES	
  Collabora+on,	
  the	
  analysis	
  for	
  energy	
  points	
  
are	
  in	
  going.	
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Back	
  Up 



R value measurement 

1998	
  data	
  	
   Phys.Rev.Lett.84,(2000)594 



R value measurement 

1998	
  data	
  	
   Phys.Rev.Lett.84,(2000)594 



R value measurement 

1999	
  data	
  	
   Phys.Rev.Lett.88,(2002)101802-1 



R value measurement 

1999	
  data	
  	
  



R value measurement 

2004	
  data	
  	
   Phys.Lett.B677,(2009)239 



R value measurement 



αs measurement 

pQCD prediction: 

Method 1: Fit experimental value 

Method 2: Solve equations 



Heavy vector charmonia structure 



R&QCD data taking at BESIII 
•  Phase I:  test run (2012) 
    @  Ecm =  2.232, 2.400, 2.800, 3.400 GeV , 4 energy points, ∼12/pb 
•     Phase II:  fine scan 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 energy points, ∼ 500/pb 
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Energy calibration 
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Online cross sections 
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Accumulated integrated luminosity 
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Online luminosity 

12 hours data taking 
followed by 12 hours 
seperated beam data  
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Significance of accurate energies  
Experiment goal: Heavy charmonia fine structure (line shape) 

•  Hadronic cross section is the function of energy 
•  All cross sections together determine line-shape   
So, accurate energy is very important for scan 
Two ways to obtain the value of energies: 
①  fast scan of J/ψ & ψ(3686), set BEPCII parameter 
② measured with BEMS independently  Consistent	
  ? 

Obviously,	
  if	
  energies	
  have	
  
large	
  systema+c	
  errors,	
  the	
  
line	
  shape	
  will	
  be	
  
distorted.	
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Energy issue 
Comparison between BEMS and BEPCII 
• Only e+ energy compared 
• BEPCII energies read from data base (before correction) 
• Values measured by BEMS and given by BEPCII roughly change in similar trend   

(by	
  Jianyong	
  Zhang)	
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Interference 
Decay channels fc : 

Coherent summation : 

Module : 

Incoherent summation : 

Resonant cross section : 
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Beijing Electron-Positron Collider II (BEPCII) 
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Beijing Spectrometer III (BESIII) 


