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Quark level diagrams for radiative decay processes
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Motivation

1. Coupling constants gB*Bγ , gD*Dγ are the most important 
parameters in the heavy meson electromagnetic decay processes.

2. Values of gD*Dγ from experiments are more precise than theor-
etical calculations, inclusion of sub-leading power corrections is 
necessory .

3. Calculation of Sub-leading power corrections is an important 
way to understand QCD.
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Numerical values for coupling constants(GeV-1)
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Radiative B*Bγ and D*Dγ decays in light-cone QCD 
sum rules. (PhysRevD.54.857)

    Calculation of them up to tree level high twist, by using an old 
photon DA which is outmoded. (PhysRevD.51.6177)



    For the process D*      Dγ, what we can directly get from matrix element 
is coupling constant:

Framework

    To proceed LCSR calculations, we need to construct the vacuum to 
photon correlation function with an interpolating current for        and            
meson:
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Leading power perturbative 
diagrams:



    For the 4-point QCD amplitude: 
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The amplitude reads:

Sub-leading power tree diagram:

Framework



Factorization formula

Leading twist Photon distribution amplitudes :

Tree level formula:
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    Operator product expa-
nsion (OPE) on CF we get 
perturbative quantities and 
nonperturbative quantities 
(quark condensate or DA)

    Dispersion relation on 
CF we get the physical 
quantities which can be 
measured like masses of 
rensonance states, decay 
constans.

Lightcone sum rules
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Matching



Dispersion formula for correlation function

1. In complex plain, we use Cauchy formula:  

2. Interpolating hadron states in the correlation function:
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Quark-hadron duality, Borel transformation, continuum subtraction

with
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    Subleading power corrections result from the use 
of photon DA, we work on two aspects in the next：

1>  LO calculations at higher twist(up to twist 4) photon DA

2>  NLO QCD corrections at leading twist photon DA.
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Tree level higer twist 2-particle corrections
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Tree level higer twist 3-particle corrections
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CollinearHard

    From kinematics, we only need to 
consider hard region and collinear 
region, and from power conunting, hard 
region is the only one left to work on. 
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    Collecting everything together, we get the final result of NLO corrections:
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Coupling constant from leading power 

where

   With the aid of quark-hadron duality approximation, Borel transformation, 
continuum subtraction:



Tree level higher-twist corrections for 
coupling constant

2-particle higher twist:
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Tree level higher-twist corrections for 
coupling constant

with

3-particle with gluon:
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3-particle with photon:



with

NLO corrections for coupling constant
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Numerical analysis

Inputs:
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Numerical analysis
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Numerical analysis
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Summary

1. We calculate the subleading power corrections to B*     Bγ
and D*    Dγ based on LCSR for the first time, and with the 
most accurate subtraction schemes.

2. Our calculation is consistent with previous results in a model 
independent way.

3. We expect more precise results from experiments, lattice, and 
theoretical calculations in the future.
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