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Abstract. We consider the semileptonic Bc to Ds1 transitions in the frame work of three-point 
QCD sum rules. Here, we investigate the Ds1 meson as a conventional  meson in the pure 
state. The obtained results for the form factors are used to evaluate the decay rates and 
branching ratios. Any future experimental measurement on these form factors as well as decay 
rates and branching fractions and their comparison with the obtained results in the present 
work can give considerable information about the structure of this meson.  

1.  Introduction 
In this work, taking into account the gluon condensate corrections, we analyze the rare semileptonic 

,  transition in three-point QCD sum rules (3PSR) approach. Note that, the 
 transitions have been studied in Ref. [1], but assuming the Ds1 only as 

. The  [2], , (q=d,s) [3] transitions have also been analyzed in the 
same framework. 

The rare semileptonic  decays occur at loop level by electroweak penguin and weak 
box diagrams in the standard model (SM) via the flavor changing neutral current (FCNC) transition of 

. The FCNC decays of Bc meson are sensitive to new physics (NP) contributions to penguin 
operators. Therefore, the study of such FCNC transitions can improve the information about: 

• The CP violation, T violation and polarization asymmetries in  penguin channels, that 
occur in weak interactions. 

• New operators or operators that are subdominant in the SM. 
• Establishing NP and flavor physics beyond the SM.  

2.  Transition form factors 
To calculate the form factors within three-point QCD sum rules method, the following three-point 
correlation functions are used [1-4]: 

  (1) 

  (2) 

where  and  are the interpolating currents of initial and final meson 
states, repectively.  and  are the vector-axial vector 
and tensor-pseudo tensor parts of the transition currents. In QCD sum rules approach, we can obtain 
the correlation function of Eq. (1) and Eq. (2) in two sides. The phenomenological or physical part is 
calculated saturating the correlator by a tower of hadrons with the same quantum numbers as 
interpolating currents. The QCD or theoretical part, on the other side is obtained in terms of the quarks 
and gluons interacting in the QCD vacuum. We calculate the phenomenological part of the correlators 
in 3PSR. Therefore, we have, 
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  (3) 

   

    (4) 
where  and  are the transition form factors. On the QCD side, using the 
operator product expansion (OPE), we can obtain the correlation function in quark-gluon language. 
For this aim, by performing the double Borel transformations over the variables  and  on the 
physical as well as perturbative parts of the correlation functions and equating the coefficients of the 

selected structures from both sides, the sum rules for the form factors  are obtained: 

   

   (5) 

where  and for the form factors , we get 

   

   (6) 

where . The  and  are the continuum thresholds in Bc and Ds1 channels, respectively and 

lower bound  in the integrals. We calculate the explicit expressions of the coefficients  

correspond to gluon condensates. 

3.  Conclusion 
we would like to consider the Ds1 meson as the pure  state. We choose the values of the 
condensates, leptonic constants, CKM matrix element, quark and meson masses [5,6,7]. To calculate 
the branching ratios of the  decays, we use the total mean life time 

 [7]. Our numerical analysis shows that the contribution of the non-perturbative 
part (the gluon condensate diagrams ) is about 12% of the total and the main contribution comes from 
the perturbative part of the form factors. The values for the branching ratio of these decays are 
obtained as presented in Table 1, when only the short distance (SD) effects are considered. 

Table 1. The branching ratios of the semileptonic  decays with SD effects. 

MODS BR MODS BR 
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