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Abstract 
We argue that the perturbative approach can be used to compute non-factorizable corrections to exclusive 
radiative B meson decays in the heavy quark mass limit. The explicit computation of first order QCD 
corrections is given. These, or the so-called hard spectator, corrections is done up to (αs) in the leading-
twist approximation. These results are combined with the already done renormalization group effect in the 
appropriate Wilson coefficients, the vertex corrections and the annihilation contributions to obtain a 
complete (αs) improvements to the lowest order decay width. The result is particularly applied to radiative 
decay B → ργ which the analysis is done for its branching ratio, isospin symmetry breaking and direct CP 
violation. 
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Abstrak 
Kami mendiskusikan bahwa pendekatan perturbasi bisa dipakai untuk menghitung koreksi yang tidak bisa 
difaktorisasi terhadap peluruhan eksklusif meson B pada aproksimasi berat kuark yang besar. Diberikan 
perhitungan untuk koreksi QCD orde pertama. Hal ini yang biasa disebut sebagai koreksi spektator keras 
dilakukan pada aproksimasi twist terendah sampai (αs). Hasil ini dalam koefisien Wilson dikombinasikan 
dengan efek dari grup renormalisasi yang telah dilakukan sebelumnya, yaitu koreksi verteks dan anihilasi 
untuk mendapatkan lebar peluruhan yang komplet untuk orde terendah. Hasil ini khususnya diaplikasikan 
pada peluruhan radiatif B → ργ, dimana analisis dilakukan terhadap branching ratio, isospin symmetry 
breaking dan CP violation. 

Kata kunci : perturbasi, faktorisasi, QCD, meson B, peluruhan jarang 

The radiative B meson decays are very 
attractive because they occur first at loop level. It 
is believed that these decay modes are very 
sensitive to the new physics enter through the 
loop. On the other hand, the experiments have 
already succeded in measuring the radiative 
decays B → K*γ1) and its inclusive mode B → Xs 
γ2). It is, further, highly expected that the radiative 
decays B → ργ would also be measured as well. 
This decay is important to determine the inner 
angles in the Cabibbo-Kobayashi-Maskawa 
matrix, i.e. ρ and η in the Wolfenstein 
parameterization. In this paper, let us concentrate 
only on this particluar decay, even though the 
analysis is valid for other decay modes by 
replacing the quark flavor and its appropriate 
hadron final state as well. 

The radiative decays can be measured 
inclusively over the hadronic final state, or 
exclusively by tagging a particular light hadron, 
typically a kaon. However, the inclusive 
measurement is experimentally much more 
difficult but theoretically simpler to interpret. In 

contrast, the easier detection of exclusive 
transition requires the development of a 
systematic theoretical framework.  

Focusing on the decays B → ργ, i.e. both 
its neutral and charged modes, is also motivated 
by non-trivial facts that in these decays the 
isospin violating ratio, 
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and the direct CP asymmetry3),  
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are non-zero4). 

The decays B → ργ are governed by the 
following amplitude 
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where the effective Hamiltonian describes the 
radiative weak-transition b → dγ 
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Here, are the CKM factors, and we 
have restricted ourselves to those contributions 
which will be important in what follows. The 
operators 
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1(μ) and 2(μ) are the four-quark 
operators 
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where ),1( 5γ−γ=Γ μμ α and β are the SU(3) 
color indices, C1 and C2 are the corresponding 
Wilson coefficients, and Fμν is the 
electromagnetic field strength tensor. 

The renormalization group effects and the 
vertex corrections enter in the Wilson coefficient 
C7

5), while the annihilation contributions 
(including the long distance effects) appear as the 
linear combination of C1 and C2

6). The hard 
spectator amplitude (HSA) turns out from the 
gluon emission in either b or d quark line 
connected to the spectator light quark line. It can 
be calculated in the form of a convolution formula 
whose leading O(αs) term can be expressed as7),  
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where Nc is the number of colours,  
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is the Casimir operator eigenvalue in the 
fundamental representation of SU(Nc) group, and 
Tijkl is the hard scattering amplitude. According to 
this convolution formula, it is argued that this so-
called non-factorizable contributions can be 
calculated perturbatively, because the hard 
scattering amplitude is calculable order by order. 
This technique has been done and proved up to 

 accuracy originally for the hadronic B 
decays
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8). However this proof is valid in the 
leading order of the inverse of the B meson mass, 
and the leading twist approximation for the two 

particle light-cone projector operators, `  and 
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The hard spectator corrections contribute 
to the branching ratio significantly, i.e. enhance 
the magnitude ∼10% in the whole region9). This 
enhancement is reduced very much in the isospin 
symmetry breaking, since the quantity is by 
definition normalized by the same effect as can be 
seen in Eq. (1). On contrary, the contribution is 
meaningless in the CP asymmetry since the hard 
spectator corrections up to  do not induce 

any additional strong phase. At  accuracy, 
however, there would be slightly changed. This 
will be discussed in the subsequent work. 
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