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1. B→D(*) lν decays, R(D) and R(D*) anomaly  



 SemiLeptonic B/Bs decays 

3.4σ deviation  
from SM(HQET) ! 

 ◆ BABAR measurements:    
        PRL 109, 101802 (2012); 
        Evidence for an Excess of  
        B \to D^(*) \tau \nu Decays 



◆  Semileptonic decays of B/Bs decays with τ lepton in the  
      final  state are sensitive to charged Higgs 
 
◆ The ratios of the branching ratios R(D) and R(D*) are  
     both theoretically and experimentally clean ! 



 ◆ BaBar’s anomaly of  R(D), R(D*) are    

     very hot topics since May 2012 !  

 ◆  J.P.~Lees , et al.  BABAR Collab.,  PRL 109, 101802 
(2012);   引用已经超过200次！ 



2. New measurements from Belle and LHCb 



 ◆ Belle new data:  

T.Kuhr, talk given at FPCP 2015;    

M.Huschel, ph.D Thesis, 2015.01 

Belle, 1507.03233v2 [hep-ex];  

R(D*)=0.336±0.027±0.030 

◆LHCb: 
1506.08614  



 ◆ Belle new results using its full data:  

--- Tag B determines charge and momenta of signal B 

---  All remaining particles must come from signal B 

---  Not possible at hadron colliders 
 

Belle new 

data:  



 ◆  BaBar + Belle, T. Kuhr, FPCP2015, May 2015, Japan  

◆ 



 ◆  C.Bozzi,  talk given at B2Tip,  Crakow, 2015.04.17 



 ◆  C.Bozzi,  talk given at B2Tip,  Crakow, 2015.04.17 



 ◆  C.Bozzi,  talk given at B2Tip,  Crakow, 2015.04.17; 

       G.Ciezarek, talk given at FPCP 2015, May 2015; 

       R.Aaij et al., LHCb Collab.  1506.08614  

R(D*)=0.336±0.027±0.030 



LHCb: R(D*)=0.336±0.040 

 ◆  LHCb, Measurements of R(D*),  1506.08614 [hep-ex]  



3. R(D) and R(D*),  pQCD predictions 



◆  Y.Y. Fan, W.F. Wang, S. Cheng, and Z.J. Xiao  

       Chin.Sci.Bull. 59 (2014) 125; 1301.6246 [hep-ph]  

◆  First SM interpretation for BaBar’s anomaly!         

3.1 R(D) and R(D*) in the pQCD approach 



◆  Differential decay rates  for B meson  decays:   
 
       The blue curve: pQCD predictions; 
       The red curve: The HQET predictions; 
           
◆   Similar but with a little difference ! 







3.2 R(D) and R(D*) in “pQCD + Lattice QCD input” 
arXiv:1505.07169 



◆ Some  points about  this work  

1  The Th.predictions strongly depend on the value and their 
q^2 dependence of the relevant FFs.   

2  The classical method is the HQET (see S.Fajfer’s papers ) 

3  For the calc of form factors, pQCD are reliable in the low 
q^2 region only, one has to make the extrapolation for FF 
to the high q^2 region by using the  “pole model param.”, 
this is the major source of uncertainty!   

4  The FFs can be evaluated reliably in q^2_{max} by using 
the Lattice QCD method ! 

5  We take the Lattice QCD predictions at q^2_{max}  as 
input to improve the extrapolation  !       



◆ Effects of the Lattice QCD input on the form factors 



◆ Effects of the Lattice QCD input on the form factors 

--  J.A.Baily et al.,  FermiLab Lattice and MILC Collab. PRD 85, 114502 (2012) 

     PRD 89, 114504 (2014);  Pos Lattice2010: 311 (2010). 

--  D.M.de Divitis et al., NPB 807, 373 (2009) 

pQCD only 

pQCD+Lattice 



◆ Effects of the Lattice QCD input on the form factors 

pQCD+Lattice 



LHCb: 0.336±0.040 

Th. predictions 

Exp 



3.3、Some works for SL B/Bs/Bc decays in pQCD approach 

◆  The semileptonic decays B/Bs → (π,K)(l^+ l^-,lν,νν) in the pQCD approach 
beyond the leading-order,  

      Wen-Fei Wang, Zhen-Jun Xiao, Phys.Rev.D86, 114025 (2012); 
 
◆ SL decays Bc → (\eta_c,J/\Psi) l ν in the pQCD approach 
     W.F. Wang, Y.Y. Fan and  Z.J. Xiao, Chin.Phys.C37, 093102 (2013). 
 
◆ SL decays Bs → (η,η’,G)(ll,lν,νν) in the pQCD approach beyond the LO 
     W.F. Wang, Y.Y. Fan, M. Liu and Z.J. Xiao, Phys.Rev.D87, 097501 (2013); 
 
◆ Study of Bs → (Ds^+,Ds^{*+}) l^- ν decays in the pQCD factorization approach,   
      Y.Y. Fan, W.F. Wang, and Z.J. Xiao, Phys.Rev.D89, 014030 (2014). 
 
◆ The SL decays of B/Bs meson in the pQCD approach: A short review 
       Z.J. Xiao et al.,  Chin.Sci.Bull. 59 (2014) 3787-3800.  
 
◆ The semileptonic decays Bc → D(s)^(*)(lν,ll,νν) in the pQCD approach 
     W.F. Wang, X.Yu, C.D. Lu, Z.J. Xiao,  Phys.Rev.D90,094018 (2014); 



◆ Based on the pQCD factorization approach, we can  
     provide an self-consistent SM    interpretation for R(D)-

R(D*)  anomaly. 
◆ With the “pQCD + Lattice input” methods,  the 

extrapolation of  the form factors from the low to high 
q^2 are improved. 

◆ LHCb and Super-B leading the precision frontier,   
    precision measurements  for the Brs, angles, CPV etc will  
    become true in the near future!   
◆ High precision measurements will play an important role  
     in testing the  SM or to find the signals of NP ! 

  4、Summary 



You are welcome to visit our group in NJNU 

     欢迎年轻人加入我们的研究团队！ 


