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Brief introduction 

Bc 

A ground state of two heavy 
quarks system (𝑏 c) 

It provides us an ideal 
platform to understand the 
weak interaction of heavy 

quark flavor. 

T 

T denotes a light tensor 
meson with 𝐽𝑃 = 2+: 

𝑎2(1320), 𝐾2
∗(1430), 

𝑓2(1270), 𝑓2
′(1525). 

< 𝑇  𝐽𝜇   0 > = 0 ( 𝐽𝜇 is the 
(V±A)current or (S±P) density.) 

These decays are prohibited 
in naive factorization. 

D(D*) 
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 We use the PQCD approach,  which is based on the 
kT factorization. 

 
 This method is usually applied in the hadronic  two-body 

decays of B meson. Due to the heavy mass of B, the process is 
dominated by the exchange of hard gluons. Thus the process 
is factorized into the hard part which can be calculated 
perturbatively  and the soft part which can be absorded into 
wave function which is universal and nonperturbative.  

 

 The end-point singularity in collinear factorization can be 
avoided because of the transverse momentum. 

 

 The nonfactorizable and annihilation diagrams  are calculable 
by using this approach. 
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Theoretical framework 

 The key step is to calculate the transition matrix 
elements 

 

 The weak effective Hamiltonian can be written as 
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 𝑂𝑗 (j = 1, ..., 10) are the local four-quark operators: 

current-current (tree) operators 

 

 

 

QCD penguin operators 
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electro-weak penguin operators 
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 There are several typical scales 
 

 When the energy scale is higher than the W boson mass, the 
physics is the electroweak interaction which can be calculated 
perturbatively. 

 

 The physics between W boson mass scale and b quark  mass scale 
can be included in the Wilson coefficients C(t) of the effective  
four-quark operators. 

 

 The physics between b quark mass  and the factorization scale is 
included in the calculated hard part H(x,b) 

 

 The physics below the factorization scale is nonperturbative and 
described by the hadronic wave functions of mesons, which is 
universal for all decay modes. 
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 The decay amplitude can be factorized into the convolution 
of the  Wilson coefficients , the hard scattering kernel and 
the light-cone wave functions  of mesons characterized by 
different scales. 
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 In the PQCD approach, the initial and final state 
meson wave functions are the most important non-
perturbative inputs. 

 For Bc meson, we only consider the contribution from 
the first Lorentz structure, like Bq (q = u, d, s) meson 

 

 

 For D(D*) meson, in the heavy quark limit, the two-
parton LCDAs can be written as 
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Wave Functions 



 For tensor mesons, the ±2 polarizations do not 
contribute in the Bc -> D(D*)T decays  due to the 
angular momentum conservation argument. Because 
of the simplification, the wave functions for a generic 
tensor meson are defined by 

 

 

 

 

where  

and        is the polarization tensor. 
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Wave Functions 



Numerical results & Discussion 
 There are 6 types of diagrams contributing to  

    Bc -> D(D*)T decays. 
 Because the tensor meson can not be produced through local (V ± A) 
current and (S ± P) density. 

nonfactorizable emission diagrams  

nonfactorizable annihilation diagrams  factorizable annihilation diagrams  
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 Branching ratios (unit:10−6) and direct CP asymmetries 
(unit:%) of Bc → DT decays 

 calculated in the PQCD approach . 
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 Branching ratios (unit:10−6), direct CP asymmetries (unit:%) 
and the percentage of transverse polarizations RT (unit:%) 
of Bc → D*T decays calculated in the PQCD approach. 
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 For the theoretical uncertainties in our calculations, 
we estimated three kinds of them:  
 The first errors are caused by the hadronic parameters of mesons’ 

wave functions, such as the decay constants and the shape 
parameters of light tensor meson, charmed meson and the Bc 
meson. 

 The second errors are estimated from the uncertainty of ΛQCD = 
(0.25 ± 0.05) GeV and the choice of the hard scales which vary 
from 0.8t to 1.2t, which characterize the unknown next-to-leading 
order QCD corrections. 

 The third error is from the uncertainties of the CKM matrix 
elements. 

  It is easy to see that the most important theoretical 
uncertainty is caused by the non-perturbative 
hadronic parameters. 
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Theoretical Uncertainties 



 For all considered Bc -> D(D*)T decays, the factorizable  
emission diagrams do not contribute, because the tensor 
meson can not be produced through local (V ± A) current 
and (S ± P) density.  But these decays can get 
contributions from nonfactorizable and annihilation 
diagrams. 

 

 In fact, most of these decays are dominant by the W 
annihilation diagrams (A) as classified in the tables. 

  (enhanced by the large CKM elements Vcs(d)) 

 

 There are only four decay channels, which are dominated 
by the color suppressed (C) or penguin (P) diagrams. 
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Properties 



 In order to reduce the effects of the choice of input 
parameters, we define the ratios of the branching ratios 
between relevant decay modes: 
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Branching Ratios 

isospin symmetry 

SU(3) symmetry 



在此处键入公式。 

 Most of the predicted branching ratios are in the order of 
10−6 or even bigger. 

 The most promising decay modes for experiment  
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Br ~10−4 

Experiment Test  

~ 10% 

~ 50% 

~ 6% 

~ 89% 



 The direct CP asymmetries are all very small, because 
the contributions from penguin operators are too 
small to compare with the contributions from tree 
operators. 

 But there is one exception  

 

 

 

 

The tree contributions from 𝑓2
𝑞term are suppressed by the 

mixing angle , to be at the same level with penguin 
contributions from 𝑓2

𝑠 term. The interference is sizable.  
（the mixing angle θ is small) 
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Direct CP Asymmetries 



 The percentages of the transverse polarization are 
large because of  

W annihilation diagrams dominant decays 

Tensor meson S=J=1 

 

 

 

 

 

 

except 
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Transverse Polarization 



Summary 
 In this work, we investigate those Bc -> D(D*)T  decays 

in the perturbative QCD approach, based on kT 
factorization, where T denotes a light tensor meson. 

 We find that the annihilation amplitudes are 
dominant in these decays,  which are  calculable in the 
pQCD approach. 

 The branching ratios of many decays are in the order 
of 10−6 or even bigger, which can be detected in the 
ongoing experiments. 

21 



Summary 
 Most of the direct CP asymmetries are very small 

because the penguin contributions are too small to 
compare with the tree contributions. 

 

 We also predict large ratios of transverse polarizations 
around 70% or even bigger for those W annihilation 
dominant decays. 

 

22 



23 



24 



25 



26 



27 



28 



29 



30 



31 



32 



33 



34 



35 

Br ~10−3 

𝐷0𝜋+ → 𝐾−𝜋+𝜋+               

𝐷𝑠
+𝛾 


