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Importance of B  to  Pion form factors

Determination of                    

Exploring QCD dynamics

New physics search: FCNC mode
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B meson LCSR at leading order
The correlation function(Khodjamirian, Mannel ,Offen,2005; 
De Fazio, Feldman, Hurth 2005)

Inserting complete set of Pion states
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OPE calculation of the correlation function 

Borel improved LCSRs

symmetry breaking
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QCD corrections to the correlation functions

diagrammatical factorization



Method of region: hard, hard-collinear and soft

Separation of energy scales

Soft cancellation

Calculation of  one-loop QCD corrections
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The NLO order correlation function 

Jet function

Hard function
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Jet  function:
In agreement with that computed in SCET sum rules, De Fazio et al 2005)

Hard function:
In agreement with the matching coefficient of QCD weak current to 
SCET I operator(Bauer et al, 2001;Beneke, Yang,2003)



Cancellation of  scale dependence



Running hard function and inverse moment of B meson

3-loop level 

Beneke, Rohrwild, 2011

Factorziation scale fixed at  hard collinear scale

Wang, Shen 2015



B Pion form factors at NLO

The effective wave functions

Symmetry 
breaking effect

End point singularity



The B meson LCDA 



Operator Renormalization of  tensor form factor 

Hard function of tensor form factor 

RGE 

Solution 

Vanishes at mb scale



RGE of jet function and wave function 

Lange-Neubert
function(2003)



Diagonal RGE

Integral transformation (Bell, Feldmann, Wang and Yip, 2013)

Formal solution



Behavior of the evolution factors

Shen ,Wang, Wei, Lu, 

in preparation



Jet function and  wave function in dual space 



B Pion form factors at NLO (running jet and wave 

function )

The effective 

wave functions



Scale dependence of the tensor form factor



Summary and outlook 

We establish a framework of  the NLO corrections to the 
B Pion form factors from B meson LCSRs

We perform a “complete” RGE evolution at one-loop level ;

Understanding the subleading correction is important, 
such as 3-particle DAs;

This framework can be extended to various heavy-to-light 
transition processes .



Form factors 

B meson DA 
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Strategy of calculation: method of regions 

Leading region
Hard  
Hard-collinear
soft

Infrared safe
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Soft cancellation

The convolution integrals involves              must be finite 

The symmetry breaking contribution must be infrared finite
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Strategy of calculation: method of regions

Leading region
Hard  
Hard-collinear
soft



Only hard collinear region is relevant in Pion vertex and box diagram

In the pion vertex diagram, the transverse momentum part in the B 
wave function is important



Evolution function
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