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Figure 1: Graphical representation of the factorization formula. Only one of the two
form-factor terms in (4) is shown for simplicity.

an operator Oi in the weak effective Hamiltonian is given by

⟨M1M2|Oi|B̄⟩ =
∑

j

F B→M1
j (m2

2)
∫ 1

0
du T I

ij(u) ΦM2(u) + (M1 ↔ M2)

+
∫ 1

0
dξdudv T II

i (ξ, u, v) ΦB(ξ) ΦM1(v) ΦM2(u)

if M1 and M2 are both light, (4)

⟨M1M2|Oi|B̄⟩ =
∑

j

F B→M1
j (m2

2)
∫ 1

0
du T I

ij(u) ΦM2(u)

if M1 is heavy and M2 is light.

Here F
B→M1,2

j (m2
2,1) denotes a B → M1,2 form factor, and ΦX(u) is the light-cone

distribution amplitude for the quark-antiquark Fock state of meson X. These non-
perturbative quantities will be defined precisely in the next subsection. T I

ij(u) and
T II

i (ξ, u, v) are hard-scattering functions, which are perturbatively calculable. The
hard-scattering kernels and light-cone distribution amplitudes depend on a factoriza-
tion scale and scheme, which is suppressed in the notation of (4). Finally, m1,2 denote
the light meson masses. Eq. (4) is represented graphically in Fig. 1. (The second
line of the first equation in (4) is somewhat simplified and may require including an
integration over transverse momentum in the B meson starting from order α2

s , see
the remarks after (12).)

As it stands, the first equation in (4) applies to decays into two light mesons, for
which the spectator quark in the B meson (in the following simply referred to as the
“spectator quark”) can go to either of the final-state mesons. An example is the decay
B− → π0K−. If the spectator quark can go only to one of the final-state mesons, as
for example in B̄d → π+K−, we call this meson M1 and the second form-factor term
on the right-hand side of (4) is absent.

The factorization formula simplifies when the spectator quark goes to a heavy
meson (second equation in (4)), such as in B̄d → D+π−. In this case the third term
on the right-hand side of (4), which accounts for hard interactions with the spectator
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