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MLLA/LPHD prediction 
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MLLA: Modified Leading Log Approximation 

calculating partonic distribution 

LPHD:  Local Parton Hadronic Duality 

bridge of partonic distribution & hadronic distribution 

without PID 

The fitted 

line by BES 

data could 

descrtibe 

high energy 

e+e- data and 

ep data at 5% 

level. 

PRD 69 072002 (2004)  
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 e+e- → h + X: hadron h is identified with PID 

 Inclusive identified hadron at BESIII @ 𝒔 =[2.0, 3.65]GeV 

 data with 𝑠 < 10.0 GeV: ??? 

PRD 88 032011 (2013) 



Fragmentation function 
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Fragmentation function (FF)              : probability that hadron h is 

found in the debris of a parton carrying a fraction z of parton’s energy 
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 FF:  QCD first principle (NOT YET);  

 FF evolution function:  DGLAP  (similar to that of PDF) 

 Fitting: parametrization & experimental data (e+e-, SIDIS, pp and p 𝑝 ) 



e+e-→p  + X 
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 Lack of  data at low energy scale 

 BESIII energy: [2, 4.6]GeV 

 Poor precision 

 Lack data at high z=2Ehadron/ 𝒔 

 DASP: about 35 years ago 

 Stat. uncertainty: 18%  

PRL 111  062002 (2013) 

NPB 148  189 (1979)  



e+e-→p0  + X 
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data @ 3.65GeV 

 BESIII: ?  for p/K @ ???GeV 

 dE/dx & TOF for PID 

 Data at high z=2Ehadron/ 𝒔: NO  

Resolution Energy Position 

Barrel 2.5%@1GeV 6mm@1GeV 

Endcap 5.0%@1GeV 9mm@1GeV 

 p0 → 2g with EMC 

 e+e-→ p0 +X @BESIII 
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 Sets of FFs: KRE, HKNS, DSS, AKK:  

DSS FFs could describe H1 ep neutral pion’s pt data.  

DSS FFs could describe HERMES ep pion data at 10% level. 

Born level: DIS Q2 = e+e- cms s; e+e- data at low energy s: ???  

PRD 75 114010 (2007) 
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                                                       at large z AKK/KRE@DDSS@D gg
pp 

                                              for z ≤ 0.7  AKK@DDSS@D
ssss

p



p


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PRD 75 114010 (2007) 
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 Theory predictions at high z: with lage uncerainty 

PRD 86 074028 (2012)  

PRD 87 034014 (2013) 



e+e-→K + X 
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 Lack of  data at low energy scale 

 PLUTO: about 35 years ago 

 Stat. uncertainty: 41%  

PRL 111  062002 (2013) 

PLB 67 367 (1977) 
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PRD 75 114010 (2007) 

 DSS @ HERMES Kaon production 
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 Kaon FF @ DSS >> Kaon FF @ KRE & AKK 

 Inclusive Ks production @ BESIII 

PRD 75 114010 (2007) 



Strange quark polarization puzzle 
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  sum of polarization strange parton PDFs:   Δs(x)+Δs(x)  

polarized inclusive DIS: negative for all values of x 

Semi-inclusive DIS: positive for most of measured x 

PRD 84 014002 (2011) : HKNS FF, negative for SIDIS 

Inclusive DIS: e+N→e’+X 

parton density function PDF 

Semi-inclusive DIS: e+N→e’+h+X 

PDF and FF 

Inclusive kaon production 

puzzle 

PRD 84 014002 (2011)  



e+e-→h + X 
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|h> = |u𝒖 +d𝒅 -2s𝒔 > 

 Single spin asymmetry 

 Understand eta FF 

PRD 86 051101(R) (2013)  
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PRD 83 034002 (2011)  

 BESIII data @ [2.0  3.65]GeV??? 



e+e-→ f + X 
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 e+e- → vector + x 

Helicity density matrix of vector rmn：m/n=+1，0，-1 

 measure r00 via vector decay：q of kaon at f rest frame 

 spin alignment： r00 ≠ 1/3， f production at BESIII??? 

PRD 58 052003 (1998)  



Summary and outlook 
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 Inclusive p0/Ks production @ BESIII @ 𝒔 =[2.0, 3.65]GeV,  

    we could provide  

 data at at low energy scale 

 data at high z=2Ehadron/ 𝒔 

 Inclusive h production, study of eta fragmentation function 

 Inclusive f production, spin alignment of vector ? 

 Test MLLA/LPHD at low energy scale  

 Constrain  fragmentation function at low energy scale and high z 



R(QCD) and R(BES) 
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pQCD calculation agree amazingly well with BESII data. 



as and F2 
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PDG2012 


