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Standard Model 

 

 

Background 
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 Hadron typical scale 

                                              

   𝚲𝑸𝑪𝑫 ≈ 𝟐𝟎𝟎𝑴𝒆𝑽 

    

 Light quark flavor 

                                            
  up, down, strange 
 

 Heavy quark flavor 

                                

  charm, bottom, top 



Open question in SM:   multi-scales 

 

 

   Qing-Hong Cao,  NJNU, 2018 
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Open question in SM:   color confining    

 

 

Non-perturbative 
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Anomalies in B/Bs/Bc decasy 

 

b to c/s anomalies 
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2012    R_D   R _D* 

 

 

 

 

2014  R_K  

   2017  R_K* 

 

2017 R_J/psi 

 

 

 BABAR, Belle,  LHCb 

 SM Predictions: 0.2-0.4 

 SM Predictions: 0.99 



 Ciezarek et. Al., 1703.01766 
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The decay width  formulae 
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Form factors 
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Theoretical studies for Bc into charmonium  
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Color-singlet model           

Perturbative QCD (PQCD)     

 

QCD  sum  rules 

 

Light-cone sum rules 

Relativistic quark model 

 

Light front quark model 

Nonrelativistic QCD (NRQCD) 

 

…  



Cohen et. Al., 1807.027306 
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Qq  heavy-light or Qqq  heavy-light-light system 

 

Heavy quark effective theory (HQET) 
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heavy quark flavor symmetry    

  heavy quark spin symmetry  

Manohar-Wise   HQP 
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Multiplets in HQET 

     s wave 

 

        

     p  wave 
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Calculations in HQET 

 Isgur Wise  function:       
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Results in HQET 
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Constraints in HQET 
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Model independent investigation of  R_J/psi 
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 Considering the vacuum expectation of  current operators 
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 Inserting the hadronic states 

 

 

 

 

Cross symmetry 
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 Inserting the hadronic states 

 

 

 

 

Cross symmetry 
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 Integration 

 

 

 

 

 

 

Similarly， 
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operator product expansion 
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Quark-hadron duality and the inequality 

 

 

 

 

 

Map to the unit disk 
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The inequality 

 

 

 

 

 

The new parametrization form 
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Results: 





227 





28 



Results: 
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The new physics effects? 
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Inputting the fitted parameters 
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Summary 

 

The theoretical uncertainties are reduced.  The unitary 

constraint on the form factors is model independent. 

 

Issue of b to c/s anomalies  is still  an open question, which 

      is hard to understand within the current data. 

 

The  helicity dependent observations and other 

independent  channels can provide more information to 

understand these anomalies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      




