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Motivation  



R scan at BESIII 
BESIII finished two phases of R scan data taking: 

 

First phase:  (2012.05.28  06.08) 

J/  scan:  3.050  3.12 GeV  

R     scan:  2.23   – 3.40 GeV  

Second phase:  (2013.12.09  2014.01.26) 

R    scan:   3.85  4.60 GeV 

 

Two scans cover the whole BEPCII energy region 

 

Main goals : 

   R value 

 Resonant line shape and resonance parameters 

 …… 
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R measurement in experiment 

Experimental expression： 

The basic tasks of R measurement： 

 Data taking (raw data) 

 Data analysis (BG removing, hadronic selection, luminosity measurement) 

 Theoretical studies (ISR calculation, generator tuning, efficiency) 

 Error analysis 

Theoretical definition： 
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MC and ISR in R measurement 

R value experiment is to measure the hadronic cross section.   

Observed total cross section: 
Not physical quantity,  

experiment dependent. 

Total cross section in physics : 

Hadronic detection efficiency: 

ISR factor : 

Main error  :  

Born cross section in physics : 

Physical quantity, 

experiment independent. 
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Energy dependence of (1+) 
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Initial state radiation factor: 

The ISR factor (1+)  is energy dependent. Energy dependence of 

(1+)  reflects the energy dependence of  the Born cross section 0(s).  



Problems need to solve  



Main problems in (1+) calculation 
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Interference:   

According to quantum mechanics principle, if an exclusive hadronic 

state can produce via N channels, it has N Feynman diagrams with 

amplitude Ai, the differential cross section:   

The measured distributions certainly contain interference effects.     



Main problems in (1+) calculation 
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Interference:  

In R scan above 3.85 GeV , DD states can produce via both continuous 

and resonant modes, the differences between them are the propagators 

In QCD, the expression of amplitude Ac of continuous channel are 

function of  form factors. But in most case, form factors are unknown. 

Feynman propagators 

For  wide resonance, like (4040),(4160) , (4415),  the hadronic 

widths are energy dependent.  

Amplitude of resonance Ar is described by Breit-Wigner form:    

Ar  



Main problems in (1+) calculation 
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Energy dependence of hadronic width:   

for unstable particle,  the width   1/ lifetime . the calculation of  

relay on nonperturbative QCD, one has to employ phenomenological 

models. For example: 

 Simple squared-potential well model:  

 increase with the energy s = Ecm2 = W2 smoothly. This model is 

too simple to describe the details of the hadronic decay dynamics.  
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Heavy  family has three decay modes : 

Effective Hamiltonians : 

Energy dependent width : 

(VPP) 

(V PV) 

(V VV) 

Where, GR are the generalized form-factors, and are the scalar functions 

of the 4-momentum of the initial and final particles. But no enough 

knowledge about them, they have to be treated as the free parameters. 
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Main problems in (1+) calculation 
  Hadronic width in equivalent interaction theory 
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Model dependence of line shape  

Hadronic width: 

squared-potential well model 

Hadronic width: 

equivalent interaction theory 

PDG 2008  2014 

Different model cause different 

resonant line shape. 



PDG cites BESII measurements 

14 



15 

Line shape measured at BESIII 

On line cross section of newly taken above 3.85 GeV 

What    Model 

 result 



D tag 
Determination of  need measure the branch ratio of DD states. 

We are going to use D tag package selecting DD events.   

Recoiled  D  

 
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D tag 
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D tag 
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D tag 

At present, our analysis is different from the measurements 

by CLEO, we have to check our method carefully. 



Main parameters to tune  



Pictures of Hadronic Production  

Hadronization belongs to QCD nonperturbative problem, 

and one has to employ phenomenological models. 

Two typical models： 

 Cluster decay model (HERWIG) 

 String fragmentation model (JETSET/PYTHIA)   
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hep-ph/9910285 

Motivation for Developing LUARLW 
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LUARLW simulation  
LUARLW can simulate the productions and decays of  inclusive continuous channels 

and JPC = 1  resonances with ISR return from 2  5 GeV to meet the needs of  R scan. 
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Bose-Einstein关联 Simulation of radiative events 

Momentum and polar angle distribution of radiative photon: 

In MC, hadronic events are classed into two types： 

① Nonradiative  events 

          Born, soft (k<k0) and virtual radiation. The effective c.m.s. energy of  the  

          hadronic system  equals to the initial e+e  energy 

  Weight: 

② Radiative events 

          Hard photon with k>k0, the effective c.m.s. energy of the hadronic system  

          smaller than the initial e+e energy, s’=s(1-k) 

     Weight: 

Note: for the narrow resonance, the effect of energy spread must be considered 24 



Multiplicity distribution 

Define partition function for string  n hadrons:  

Multiplicity distribution for string fragmentations:  

At some approximations:  

 may use QCD exponential form    

where c0, c1, c2, a, b, c are parameters to be tuned using data.   

In MC simulation, various events are sampled according to multiplicity 

distribution of preliminary hadrons Pn, which can be derived from the 

Lund area law.      

An 
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Main parameters to be tuned 
 Parameters  and  in Lund area law 

 Parameters PARJ(*) in JETSET 
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PARJ(01)=0.15    !p(qq)/p(q)           suppression of diquark-antidiquark production 

PARJ(02)=0.30    !p(ss)/p(dd,uu)                       suppression of s quark production  

PARJ(03)=0.75    !P(us)/P(ud))/(P(s)/P(d))    extra suppression of strange diquark 

PARJ(04)=0.10    !P(ud1)/P(ud0)      suppression of  spin 1 diquark to spin 0 ones 

PARJ(05)=0.50    !P(BMB)/[P(BB)+P(BMB)]       relative probability for BMB to BB 

PARJ(06)=0.50    !extra suppression for having a ssbar       

PARJ(07)=0.50    !extra suppression for having a strange meson 

PARJ(11)=0.55    !ratio of light meson with spin 1/0  

PARJ(12)=0.55    !ratio of strange meson with spin 1/0 

PARJ(13)=0.75    !ratio of charm meson with spin 1/0  

PARJ(14)=0.05    !ratio of S=0 meson with L=1, J=1     

PARJ(15)=0.05    !ratio of S=1 meson with L=1, J=0     

PARJ(16)=0.05    !ratio of S=1 meson with L=1, J=1     

PARJ(17)=0.10    !ratio of S=1 meson with L=1, J=2  
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Functions of the main parameters 

Multiplicity distribution 

Parameters PARJ(**)  Fragmentation hadrons 

Momentum distribution 

An 

fragmentation hadrons 



Goal of tuning 

 Use two sets of parameters to control the simulations of 

continuous and JPC = 1   resonant states. 

 

 LUARLW could agree with data well for most of the 

inclusive distributions and DD final states at all energies.  
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Preliminary tuning  



Multiplicity below open charm 

2.23  3.65 GeV 

Red dots: BES data 

Blue       : LUARLW 
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2.23GeV 2.40GeV 2.80GeV 

3.093GeV J/ 3.1055GeV 

3.40GeV 3.65GeV 



Multiplicity above open charm 

3.25  4.59 GeV 

Red dots: BES data 

Blue       : LUARLW 
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3.850GeV 

4.100GeV 4.260GeV 4.360GeV 

4.410GeV 
4.450GeV 4.590GeV 

3.85GeV 
4.000GeV 4.050GeV 



2.23  3.65 GeV 

Red dots: BES data 

Blue       : LUARLW 
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Polar Angle cos below open charm 

2.23GeV 2.40GeV 2.80GeV 

3.093GeV 

J/ 

3.1055GeV 

3.40GeV 3.65GeV 

J/ 



Polar Angle cos above open charm 
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3.85GeV 

4.00GeV 4.05GeV 

4.100GeV 4.260GeV 4.360GeV 

4.410GeV 4.450GeV 4.590GeV 

3.850GeV 
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Momentum below open charm 

2.23  3.65 GeV 

Red dots: BES data 

Blue       : LUARLW 

2.23GeV 2.40GeV 2.80GeV 

3.093GeV J/ 3.1055GeV 

3.40GeV 3.65GeV 
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Momentum above open charm 

3.850GeV 4.00GeV 4.05GeV 

4.100GeV 4.260GeV 4.360GeV 

4.410GeV 4.450GeV 4.590GeV 



The parameters in LUARLW are tuning based on the data samples 

taken at BESIII from 2.23  4.59 GeV.  

 Present status: 

   LUARLW is tuned using two sets of parameters corresponding to the   

     below and above open charm thresholds data separately, but now the     

     parameters of LUARLW are far from the well tuned. 

   Criteria for inclusive hadronic events need to fix. 

   D tag package using for selecting DD final states has to study further.   

    Next to do: 

   Continue tuning the LUARLW parameters. 

    Study the theoretical calculations for interference effects. 

    Study the width energy dependence of (4040),(4160) and (4415). 

    Calculate ISR factor employing above improvements. 

   Check if the related QED generator work well.  

Summary 
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Back Up 
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Key Points of Lund Area Law   

Hadron production process： 

“Matrix element”： 

Lund model: 

Transverse momentum (Gaussian)： ， 

Longitudinal momentum (area law)： ， 

Probability for string fragmenting into n hadrons： 

Fraction of light-cone momentum: 
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Solutions of  Lund Area Law   

 String  2 hadrons 

 String  3 hadrons 

 String  n hadrons (n4) 
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J/ and (2S) are charmonia with JPC   = 1 . Decay modes predicts by QCD  

(a) Electric-magnetic lepton decay  

(b) Strong interaction decay 

(c) Electric-magnetic hadronic decay 

(d) Radiative hadronic decay 

(e) Radiative M1 transision 

           (c)                         (b)                      (d) and(e) 
   quark-antiquark            triplex gluons             double gluons 

      single string               closed string              parallel strings 

Charmonium Decay Modes 

In the Lund string fragmentation, J/ and (2S) contain three types of string structures 

Due to Lund area law has the 

invariant relativistic property, it 

can be used to treat substring 

fragmentation independently.    
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Event List 

Continum states 

41 



Event List 

J/ production and decay 
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Event List 

M1 radiative transition J/ production and decay 
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Event List 

(2S) production and decay 
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Main problems in generator tuning 
  Some of free parameters in LUARLW need to tune via comparing 

the related experimental data.   

  Before parameter tuning, one has to have a set of event selection 

criteria and obtain a group of hadronic spectra. 

  For data below open charm threshold, hadronic events selection 

conditions are almost fixed. But for the data newly taken above 3.85 

GeV, we are studying the criteria for DD states, there are many 

problems to discuss.  



DD DD* D*D* 

DDπ 

DD*π 

Λ+
c Λ


c 

Sum of all exclusive contributions 

Only small room for unaccounted contributions 
• Charm strange final states  

Limited inclusive data above 4.5 GeV 
• Charm baryons final states 
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Interferential in resonant line shape 
For example, the line shape of heavier  family 

Interferential term 



• Hadron D decay reconstruction to find all    

   possible D candidates (tags) 

• Check the D tag information if no tag is found, the 

event is discarded 

• Only the events with tags are kept , and compare 

data with MC 

• Tag methods : single D tag and Double D tag 

D tag 



D-Tag Candidates (1)  

• ∆E =ED-Ebeam 

•  mBC= 𝐸𝑏𝑒𝑎𝑚
2 − 𝑃𝐷

2 

• D0 modes : K+π-,K+π-π0, K+π+π-π- 

• D+ modes:  K-π+π+, Kπ+π+π0, Ksπ
+, Ksπ

+π0,     

                      Ksπ
+π+π-, K-K+π+ 

• Ds
+ modes: KsK

+,K-K+π+,KsK
+π0 

• Charge-conjugate modes implied 

 

D tag 



D-Tag Candidates (2) 

• Ingredients: 

–  charged K/π  pass vertex and PID cuts 

–  Ks from π+π+ ,  π0 from γγ, invariant mass cuts 

• Cut on ΔE and fit mBC distributions to extract yields 

• Analyze MC  samples with same procedure 

• Compare Data’s distribution  with MC’s   

D tag 
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 Summary for D tag prestudy 



e+ e  

BESIII detector 

true raw data 

reconstruction 

data analysis 

    

results 

generator 

event simulation 

detector simulation 

MC raw data  

e+ e collide 

hit, interaction，
production, decay, 

noise, BG, signal 

trigger，digital, 

data record 

MC 

MC detector efficiency 

reconstruction 

data analysis calibration 

tracking 

BGs，signal 

event produce 

Procedure of R measurement 

systematical error 

central value  error 

True processes Simulation procedures 
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Compare true data with MC simulated distributions 

Trigger 
trg 

Raw data 

Generator 
  LUARLW 

 BESIII 
simulation 

Event 

selection 

Nobs
 data 

Ngen 
data    (unknown) 

Ngen 
MC 

Nobs
MC 

BES III 

raw date Tune 

parameters 

If： 

1. LUARLW “correct” 

       particles, ratio, momentum … 

2.  BES simulations reliable 

       time、space, decay…  

had  Nobs
dataNgen

data        

= Nobs
MC

 Ngen
MC 

then：all distributions of data 

and MC simulations agree well 

 good MC parameters set 

Parameters Tuning Flow Chart 
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