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1. B、Bs、Bc 纯湮灭道两体衰变过程 

• W annihilation 

• W exchange 

• Time-like penguin 

• Space-like penguin 

   Can not be universal for all decays, since 

not only one type 

----sensitive to many parameters 



◆ Pure annihilation B/Bs/Bc decays 

All final state quarks different from IS quarks 



1、Such kind of decays are important in  

     understanding the QCD and testing the SM  

2、These decays are power suppressed and  

       therefore rare decays,   

3、It is difficult to obtain  reliable theoretical   

      predictions. 

3、 In pQCD approach, one can calculate  this   

      kind of decays analytically:   

 ◆  Pure annihilation b meson decays 



◆  

◆ In the pQCD approach, the factorizable and non-

facttorizable annihilation Feynman diagrams. 
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    PR D85, 094003(2012) 
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-- Z.J.Xiao, W.F. Wang, and Y.Y. Fan,    

    Phys.Rev. D85, 094003(2012) 



◆  

TH:  C.D.Lu, EPJ C24(2002) 121; C28(2003)305 
        H. Zou et al., JPG 37 (2010)015002; 
        R.Mohanta et al., PL B540(2002) 241; 
                               PR D76(2007)057701.    



 ◆ pure annihilation Bc decays: 

       B_c → PP, PV, VV, SP, SV, AV, VA  

 

 
 ◆ Xin Liu, Z.J. Xiao and C.D. Lv, 

       [1]  Phys.Rev. D81, 014022 (2010); 

       [2]  Phys.Rev. D81, 074017 (2010);  

       [3]  Phys.Rev. D82, 054029 (2010);  

       [4]  J. Phys.    G38, 035009 (2011);  

       [5]  Phys.Rev. D84, 074033 (2011);  



    

   2、在pQCD因子化理论框架下对部
分B/Bs/Bc 介子纯湮灭道的计算 

       部分理论预言被实验证实 

 



1. B^0 → Ds
- K+,  …  
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The pQCD predictions:  C.D.Lu and K. Ukai, 
                                      EPJ C28(2003) 305,    

 These pQCD predictions were confirmed later 
by BaBar and Belle experiments: 



最近， LHCb 对 B^+ \to D_s^+  φ  做了测量： 

           1210.1089[hep-ex]:  

 Current theoretical predictions are: 
        (1-7) x 10(-7) 

 much smaller than the measured value. 

TH:  C.D.Lu, EPJ C24(2002) 121; 
        H. Zou et al., JPG 37 (2010)015002; 
        R.Mohanta et al., PL B540(2002) 241; 
                               PR D76(2007)057701.    



2. Bs
0 →  \pi^+ \pi^-  

◆  For Bs →  \pi^+ \pi^- , pQCD predictions for its 

btranching ratios are: 

～ 4.2 x 10-7 , Li, Lu, Xiao, Yu,  PR D70, 034009 (2004),   

～ 5.7 x 10-7 , Ali, Lu, et al.,      PR D76, 074018 (2007),   

 ◆  QCDF or other TH. Predictions are much    

       smaller:     ～ (0.2 -  1.2) x 10-7 ; 

  ---BBNS, Nucl.Phys. B675 (2003)333, etc; 



  Our pQCD prediction given at 2004 

   Br(Bs^0 \to \pi^+ \pi^-) =4.2 x 10^{-7} 

 

 



  The pQCD prediction given at 2007 

   Br(Bs^0 \to \pi^+ \pi^-) =5.7 x 10^{-7} 

 

 



 ◆     For  Bs →  \pi^+ \pi^- , CDF and LHCb 

reported their first measurements for the 

branching ratios, and confirmed our previous 

pQCD predictions;  

 

 ◆   but the measured values are much larger 

than QCDF or other TH. Predictions:     

            



 --- The first pQCD prediction given by Chen and 

Li at 2001 is very small: Phys.Rev.D63,014003 (2001)   

       Br(B^0 \to K^+ K^-) =5 x 10^{-8} 

      Only 1/3  of the measured value from CDF and 

LHCb:   Br(B^0 \to K^+ K^-) = 1.4  x 10^{-7}  

--- we recalculated both decays recently, and 

found   that :  

     Br(B^0 \to K^+ K^-) =1.5 x 10^{-7} 

     Well consistent with the data!    

3. B0 →  K^+ K^-  



  CDF Results 

 

F.Ruffini, 1107.5760ex  

 



  CDF Results 

 

F.Ruffini, 1107.5760ex  

 



  LHCb Results: 
A. Powell   PANIC 2011, MIT  

  New resluts:  1206.2794ex 
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3. B0 →  K^+ K^-  decays 
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 ◆ Our new work：Phys.Rev.D85, 094003(2012) 



 ◆  pQCD predictions 



 ◆ pQCD predictions 



 ◆ two  reasons: 

(a) DA’s of the kaon meson used by Li at 
2001 are very different from those 
popular ones used by us; 

(b) some new Gegenbauer moments are used in 
our new work. 

 ◆ Why 2 pQCD predictions so different ? 

--Ananlytic expressions as given in Li’s 

paper are confirmed by our calculation. 



4. Pure annihilation Bc decays 



 ◆ For the pure annihilation B_c decays, we 

have calculated about  200 chanels:  

         B_c → PP, PV, VV, SP, SV, AV, VA  

 

 
 ◆ Xin Liu, Z.J. Xiao and C.D. Lv, 

       [1]  Phys.Rev. D81, 014022 (2010); 

       [2]  Phys.Rev. D81, 074017 (2010);  

       [3]  Phys.Rev. D82, 054029 (2010);  

       [4]  J. Phys.    G38, 035009 (2011);  

       [5]  Phys.Rev. D84, 074033 (2011);  

 ◆ pQCD predictions to be tested at LHC 



 1、Bc → PP, PV, VV;  30decays; 

       P=K, \pi, \eta, \eta’;   V=K*,ρ,ω,φ    

 

 

         

 

 





---some important relations: 



 2、 Bc → AP;  32decays; 

       P=K, \pi, \eta, \eta’;   A=a1,b1,K1,f1   

 

 

         

 

 



--- some 
relations: 



  3、 Bc → AV/VA;  30 decays;   

 

 

         

 

 



 4、 Bc → SP, SV;  39 decays; 

       S=a0(980,1450), σ, κ, f0(980,1370,1500), k0*(1430)   

 

 

         

 

 



 5、 Bc → AA;  32 decays;        

 

 

         

 

 



◆ B/Bs/Bc介子的两体纯湮灭衰变道是一类重要的b
介子衰变过程。 

 

◆ 理论计算困难，实验数据少。部分pQCD理论预言
被B工厂、Tevatron和LHCb实验测量结果证实 

 

◆ 在pQCD因子化方法下，我们已经做了大量工作。 

   更多的理论预言有待今后实验的检验。 

 

 

  3、Summary 




