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OUTLINE: 



Motivation 

•  On the theoretical side, these processes can provide an opportunity to investigate the 
time-like form factors : 

 In the two-body hadronic B meson decays in PQCD approach, the sizable strong 
phases are produced from penguin annihilation amplitudes, which involve time-like 
form factors.  

    

 The PQCD formalism for three-body B decay need to introduce the two-meson wave 
functions, whose parametrization involves time-like form factors associated with 
various currents. 
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•  Collinear Factorization 

Universal Hadron Wave Function, non-perturbative 

Hard Scattering Kernel, can be calculated perturbative 

Problems: End-Point Singularity & Double Logarithms 
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•   Considering the transverse momentum of valence quarks; 
      

•   The amplitude can be expressed as the convolution of the universal non-
perturbative hadronic distribution amplitudes and the perturbative hard scattering 
kernel by both longitudinal and transverse momentum. 

Universal Hadron Wave Function, non-perturbative 
Hard Scattering Kernel, can be 
calculated perturbative 
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Amplitudes 
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Double Log terms: Resummation 

Introduce Hadron  

Transverse Momentum 
Regularization 

Soft Divergences Cancelled each other  

Collinear Divergences absorbed into Hadron WFs 



Dominant contributions 

Time-like Form Factor 



Time-like Form Factors: 



with 



The time-like form factor can be expressed as the convolution of the hadron wave 
functions and the hard scattering kernel by both longitudinal and transverse 
momentum. 

In the hadron wave function, the double logarithms arising from the overlap of soft and 
collinear divergences, can be resumed into the Sudakov factor 



The single logarithms from ultraviolet divergences, can be resumed using the 
renormalization group equation method: 

The time-like form factor can be expressed as the convolution of the hadron wave 
functions and the hard scattering kernel by both longitudinal and transverse 
momentum. 



The time-like form factor can be expressed as the convolution of the hadron wave 
functions and the hard scattering kernel by both longitudinal and transverse 
momentum. 

H. n. Li and S. Mishima,  
Phys. Rev. D 80, 074024 (2009) 



Combing all the above ingredients, we obtain the factorization formula for the LO diagrams: 

And the factorization scales are: 

with h and E are defined by: 



Enhanced diagrams for the neutral vector (tensor) 
mesons production 

Gluon propagator in 
the first four diagrams 
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At present, the intrinsic transverse momentum dependence of WF is still unknown 
from the first principle of QCD. As an illustration, we use a simple model in which the 
dependence of the WF on the longitudinal and transverse momentum can be  
factorized into two parts: 

The transverse WF can be chosen as 

Phys. Rev. D 74, 014027 (2006) 

Phys. Lett. B 315,463 (1993)  
Phys. Lett. B 319,545(E) (1993) 
Phys. Lett. B 449,299 (1999) 

Models of the transverse momentum dependent wave functions 



Numerical Results 



Numerical Results 

Forbidden due to the 
C-parity and U-spin 
symmetry 

Broken by the SU(3) 
symmetry breaking effect 



In our results: 

R ratio 



R ratio 

Our results Experimental results 

 CLEO-c results 

Belle results 

10.52GeV  10.58GeV  10.876GeV 
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Others’ work: 
Our results: 

The experimental results: 



Summary 




