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Outline
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• Nonleptonic B decays and factorization 
approach

• Annihilation diagrams in factorization 
approach

• Hard collinear contribution to the 
annihilation Diagrams

• Enhanced contribution at high order
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• Best place to study direct CP violation

• Best place to determine CKM phase angle

• Good place to test strong interaction theory

• Good place to search for the signal of new 
physics

Why nonleptonic B decays
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• Naïve(BSW) and generalized factorization approach(Cheng et al, Ali, 
Kramer, Lu)

• QCD factorization(BBNS,1999)

• SCET(Bauer etal,2001)

• PQCD approach(Li, Lu, Xiao,…)

Factorization approaches
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• Chiral enhanced contribution:

•Other power suppressed contributions

•Annihilation diagrams: sizable, large strong phase…

Nonleptonic B decays beyond leading power
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QCDF PQCD Zero-bin
subtraction

Leading region hard hard hard

factorization NO Yes Yes

strong phase nonzero nonzero zero

Annihilation diagrams in factorization approaches
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• Parameterization of 
logarithmic divergence

 The parameter XA contains strong phase, which is assumed to be 
caused by the soft rescattering

Parameterization of endpoint singularity in QCDF 
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PQCD approach and zero-bin subtraction
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• Asymptotic form of DAs of 
light mesons

Momentum
fractions

b-emission 
diagram

Light-emission
diagram

Hard gluon 1 1

Hard-collinear 
gluon

x~1, ҧ𝑥~𝜆,dx~𝜆
y~1, ത𝑦~1,dy~1

Soft gluon x~1, ҧ𝑥~𝜆,dx~𝜆
y~𝜆, ത𝑦~1,dy~𝜆

 1

3 

x~1, ҧ𝑥~1,dx~1
y~1, ത𝑦~1,dy~1

Power counting of different regions
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• The denominator of the propagators

 Factorization at tree level(leading twist)

Regularized the endpoint 
singularity 

Factorization of pure annihilation decays at tree levelFactorization of pure annihilation decays at tree level
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• Inserting  asymptotic form of light meson DAs  and  GN model  for 
B meson, we can obtain an approximate result

 A perturbative strong phase is generated

 In comparison with QCDF

The strong phaseThe Strong Phase



The enhanced higher order contribution
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• The pure annihilation decays such as                           
are penguin dominated

 The tree operators can provide enhancement at 
higher order of coupling constant



Weak annihilation amplitudes at NLO
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• The amplitude of  

• Symmetry relation indicates



Weak annihilation amplitudes at NLO
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• The NLO amplitude

• The triangle diagrams is vanishing for tree operator

• The charming loop with large Wilson coefficient or 
CKM matrix element enhanced NLO contribution
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The predicted amplitudes of The predicted amplitudes 



The predicted CP asymmetries
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Summary
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• We found the collinear gluon exchange can
contribution at leading power of annihilation
diagram which is missed in the previous studies,
and they can be formally factorized at tree level.

• The higher order contribution from quark loop
diagrams can significantly modify the CP violation
of pure annihilation B decays.



Discussions
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• We have not discussed the factorization property 
beyond tree level: LCDA at endpoint region?  Soft 
gluon exchange?

• We have not included the leading power multi-
particle contributions

• A more comprehensive study with soft-collinear 
effective theory is needed


