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Introduction

The study of semileptonic decay processes
of heavy-quark mesons not only describe the
internal structure of hadrons such as the
hadron wave function and the hadron trans-
verse momentum distribution, but also pro-
vides us an ideal field to study the mixing be-
tween different generations of quarks by ex-
tracting the most accurate values of Cabibbo-
Kobayashi-Maskawa (CKM) matrix elements.
CKM matrix elements can help us to test the
Charge-Parity (CP) violation in the Standard
Model (SM) and to search for new physics
beyond the SM. The great virtue of semilep-
tonic decay processes is that the effects of the
strong interaction can be separated from the
effects of the weak interaction into a set of
Lorentz-invariant form factors, i.e, the essen-
tial informations of the strongly interacting
quark/gluon structure inside hadrons.

LHCb is a specialized B-physics experiment
collecting data at the Large Hadron Collider
(LHC) accelerator at CERN. LHCb is primar-
ily designed to investigate the decays of B-
particles and so provide an insight into the
phenomenon of CP violation. Such studies
can help to explain the Matter-Antimatter
asymmetry of the Universe. It is also opti-
mized for the study of rare B decays, which
open a window onto new physics beyond the
SM. The rare B decays proceeding through
b → s flavour changing neutral currents (FC-
NCs) transitions provide particularly sensitive
probes for physics beyond SM. Theoretical
investigation of these rare decays is usually
based on the effective Hamiltonian[1]. Appli-
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cations of the operator product expansion al-
lows one to separate short and long distance
effects which are assumed to factorize. The
short-distance contributions are described by
the Wilson coefficients which are calculated
perturbatively. The long-distance part is at-
tributed to the set of operators, where ma-
trix elements between initial and final meson
states are usually parameterized by the set of
the invariant form factors. The calculation
of these form factors requires application of
the nonperturbative methods. Since, the non-
perturbative effects are small in heavy meson
systems, it makes the study of rare B meson
decays sensitive for the existence of new par-
ticles. In particular, these decays have the po-
tential of revealing the existence of new cou-
plings not present in the SM and are also very
sensitive to heavy particles like SUSY and
heavy Higgs.

In the present work, we have calculated the
form factors for the decay B+ → K+`¯̀ in
light-cone framework.

Light-cone framework

The light-cone quark model (LCQM) is used
to perform the calculation of the hadronic
form factors. LCQM provides an advantage
of the equal light-cone time (x+ = x0 + x3)
quantization and includes the important rela-
tivistic effects which are neglected in the tra-
ditional constituent quark model. In addition,
the vacuum state in this approach is much
simpler than that in other approaches. The
light-cone wave functions are independent of
the hadron momentum and thus are explicitly
Lorentz invariant[2].

A meson bound state consisting of a quark
q1 and an antiquark q̄2 with total momentum
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P and spin S can be written as[3]

|M(P, S, Sz)〉 =

∫
dp+1 d

2p1⊥
16π3

dp+2 d
2p2⊥

16π3
16π3

×δ3(P̃ − p̃1 − p̃2)

×
∑
λ1,λ2

ΨSSz (p̃1, p̃2, λ1, λ2)

×|q1(p1, λ)q̄2(p2, λ)〉, (1)

where p1 and p2 are the on-mass-shell light-
front momenta,

p̃ = (p+, p⊥), p⊥ = (p1, p2), p− =
m2 + p2

⊥
p+

,

and

|q(p1, λ1)q̄(p2, λ2)〉 = b†λ1
(p1)d†λ2

(p2)|0〉,

{bλ′(p′), b†λ(p)} = {dλ′(p′), d†λ(p)}
= 2(2π)3 δ3(p̃′ − p̃) δλ′λ.

The momenta p1 and p2 in terms of light-cone
variables are

p+1 = xP+, p+2 = (1− x)P+,

p1⊥ = xP⊥ + k⊥, p2⊥ = (1− x)P⊥ − k⊥.

The momentum-space light-cone wave func-
tion ΨSSz in 1 can be expressed as

ΨSSz (p̃1, p̃2, λ1, λ2) = RSSz

λ1λ2
(x,k⊥) φ(x,k⊥),

(2)
where φ(x,k⊥) describes the momentum dis-
tribution of the constituents in the bound
state and RSSz

λ1λ2
constructs a state of defi-

nite spin (S, Sz) out of the light-cone helicity
(λ1, λ2) eigenstates. For convenience, we use

the covariant form for RSSz

λ1λ2
which is given by

RSSz

λ1λ2
(x,k⊥) =

√
p+1 p

+
2

√
2 M̃0

ū(p1, λ1)Γv(p2, λ2).

(3)

Form factors for semileptonic
B+ → K+ decay

The decay B+ → K+`¯̀ is explained
through b → s`¯̀ transition at quark level.

With the light-cone wave functions given
above, we can evaluate the form factors f+(q2)
and FT (q2) in q+ = 0 frame for B+ → K+

transition from the hadronic matrix elements
given by[1]

〈K+|s̄γµb|B+〉 = f+(q2)[PµB+ + PµK+

−
M2
B+ −M2

K+

q

2

qµ] + f0(q2)
M2
B+ −M2

K+

q2
qµ,

〈K+|is̄σνµγ5qνb|B+〉 =
1

MB+ +MK+[
q2(PµB+ + PµK+)− (P · q)qµ

]
FT (q2).

The form factors f+(q2) and FT (q2) can be
expressed in explicit form as

f+(q2) =

∫ 1

0

dx

∫
d2k⊥
16π3

φ∗(x,k′⊥)φ(x,k⊥)

× AsAb + k′⊥ · k⊥√
A2
s + k′2⊥

√
A2
b + k2

⊥

,

FT (q2) =

∫ 1

0

dx

∫
d2k⊥
16π3

φ∗(x,k′⊥)φ(x,k⊥)

×
x(MB+ +MK+)

[
Ab + (ms −mb)

k⊥·q⊥
q2
⊥

]√
A2
s + k′2⊥

√
A2
b + k2

⊥

,

where k′⊥ = k⊥−xq⊥, As = msx+mq(1−x)
and Ab = mbx+mq(1− x)
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