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Tree T Color Suppressed Tree   C

Penguin P Electroweak Penguin   PEW 
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OZI suppressed Penguin  POZI Color suppressed EW Penguin  

Annihilation   A
Exchange   E

Penguin Annihilation   PA

More  smaller contributions
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Consider decay of vector to two pseudoscalars. In the rest
frame this is described by
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Since the matrix element of the semi-leptonic operator can be
expressed through form factors, the non-factorizable
corrections contribute to the decay amplitude only through the
production of a virtual photon, which then decays into lepton pair.

Exist additional non-factorizable and long-distance contributions
Electromagnetic corrections of purely hadronic operators

Complete Hamiltonian
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implicit dependence 
on 
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In SM for this mode CP violation is very small. Ignoring the small CP 
violation  we have for the conjugate mode 
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Total 9 CP conserving observables
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We have the amplitudes (massless limit):

implicit dependence on 

Simple to define amplitudes in terms of  some new form factors as

includes 
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results in the relation

can easily be solved in terms of 

Note   free from the form factor and . Solutions in terms

of observables and form factor ratio . However, solutions are
iterative.
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Solutions for   with errors from 8 bin LHCb data 



Remember these are one and the same equation. However, 
sensitivity varies depending on form…
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q2

0 = (4.9 0.9) GeV2 [13]
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The seven form factors , , , , , and are calculated
via non-perturbative methods like QCD sum rules on the light cone
(LCSRs) when energies are large.
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In QCD factorization (QCDF) framework, and within heavy quark
and large recoil limit, all seven form factors can be written in terms of
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At leading order in and the transversity amplitudes become:
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One extra parameter hence expressions depend on 



At ∗ the meson is at rest and the two
leptons travel back to back in the B meson rest frame. There is no
preferred direction in the decay kinematics. Hence, the differential
decay distribution in this kinematic limit must be independent of the
angles and .
• The entire decay, including the decay takes place in a

plane resulting in a vanishing contribution to the “ ” helicity or
.

• Since the decays at rest, the distribution of is isotropic and
cannot depend on . It can easily be seen that this is only
possible if .

At , as all the transversity amplitudes vanish in
this limit. The constraints on the amplitudes result in unique values
of the helicity fractions and the asymmetries at this kinematical end-
point. Hiller, Ziwcky ’14



We study the values of and in the large region and
consider the kinematic limit .

at 

  at 

Both and go to zero at .  Hence take into account limiting 
values very carefully. 

Grinstein, Prijol ’04
C. Bobeth, G. Hiller and D. van Dyk, ’13





Assume that relation is valid up to order 

and 

   





It leads to a modification 
of the expressions for 
and 



63



64



65


