
X?ð!hÞ ¼
Z 1

0
dz"?

K$ ðz;!hÞ
!
1þ !z

3!z2

"
; (12)

and

H?ðsc;!hÞ

¼
Z 1

0
dz
!
g?ðvÞ
K$ ðz;!hÞ&

1

4

dg?ðaÞ
K$

dz
ðz;!hÞ

"
Gðsc; !zÞ; (13)

where Gðsc; !zÞ is the penguin function [12]. The first three
integrals F?, G? and X? depend on the twist-2 DAwhile
H? depends on the twist-3 DAs. It turns out that X?ð!Þ
diverges with the standard SR twist-2 DA [12].

This isospin asymmetry was first computed in Ref. [12]
using sum-rules DAs evaluated at a scale !h ¼

ffiffiffi
5

p
GeV.

The diverging integral X? was regulated using a cutoff,
thus introducing an additional uncertainty in the theoretical
prediction. In Ref. [7], the contribution of the divergent
integral was neglected while other contributions beyond
QCDF—namely, long-distance photon emission and gluon
emission from quark loops—were taken into account.

Our goal in this paper is to compute the isospin asym-
metry given by Eq. (8) as well as the branching ratio given
by Eq. (7) using holographic AdS/QCD DAs for the trans-
versely polarized K$ meson. In doing so, we shall show
that the end-point divergence inX? can be avoided and that
we predict an isospin asymmetry that is consistent with
experiment. Moreover, we shall see that our AdS/QCD
prediction for the branching ratio at leading power
accuracy agrees with the sum-rules prediction and with
experiment.

We now turn to the derivation of the holographic AdS/
QCD DAs of the K$ meson. They are obtained using an
AdS/QCD holographic light-front wave function [13] for
the K$ meson. Our derivation is a generalization of our
earlier derivation [11] for the AdS/QCD DAs of the #
meson. We now account for unequal quark masses and
thus for the resulting SU(3) flavor symmetry-breaking
effects.

II. HOLOGRAPHIC ADS/QCD
DISTRIBUTION AMPLITUDES

The AdS/QCD holographic wave function [13,14] for a
ground-state vector meson in which the quark of mass mq

carries a fraction z of the meson light-front momentum
[15] can be written as [16]

"$ðz; %Þ ¼ N $
&ffiffiffiffi
'

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
zð1& zÞ

p
exp

!
&&2%2

2

"

' exp
!
&ð1& zÞm2

q þ zm2
!q

2&2zð1& zÞ

"
; (14)

where % ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
zð1& zÞ

p
r with r being the transverse separa-

tion between the quark and antiquark. This wave function is
obtained by solving the AdS/QCD holographic light-front

Schroedinger equation [13] for mesons where the interact-
ing potential in four-dimensional physical spacetime is
determined by the dilaton background field that breaks
conformal invariance in five-dimensional AdS space.
Theoretical and phenomenological considerations constrain
the form of the dilaton field to be quadratic [17]. In that
case, the parameter & is fixed by the meson mass: & ¼
MV=

ffiffiffi
2

p
. Note that we allow the normalization constant

N $ to depend on the polarization $ ¼ L, T of the vector
meson [18]. For the K$ vector meson, MV ¼ MK$ , q ¼ s
and !q ¼ !u or !d.
The AdS/QCD wave function of the K$ vector meson

can thus be written as

"$
K$ ðz; %Þ ¼ N $

&ffiffiffiffi
'

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
zð1& zÞ

p
exp

!
&&2%2

2

"

' exp
$
&
%m2

s & zðm2
s &m2

!qÞ
2&2zð1& zÞ

&'
; (15)

with & ¼ 0:63 GeV and where we have made explicit the
SU(3) flavor symmetry-breaking correction proportional to
(m2

s &m2
!q) in the last exponential.

The meson light-front wave functions can be written
in terms of the AdS/QCD wave function. In momentum
space [19]

"K$;$
h; !h

ðz;kÞ ¼
ffiffiffiffiffiffiffi
Nc

4'

s
SK

$;$
h; !h

ðz;kÞ"$
K$ ðz;kÞ; (16)

where

SK
$;$

h; !h
ðz;kÞ ¼ !uhðzPþ;&kÞffiffiffi

z
p e$:(

v !hðð1& zÞPþ;kÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1& zÞ

p ; (17)

and "$
K$ ðz;kÞ is the two-dimensional Fourier transform of

the AdS/QCD wave function given by Eq. (14). Note that
in Eq. (17), h is the helicity of quark and !h is the helicity of
the antiquark. The normalization N $ of the AdS/QCD
wave function is fixed by imposing that [18,20]

X

h; !h

Z d2k

ð2'Þ2 j"
K$;$
h; !h

ðz;kÞj2 ¼ 1: (18)

Choosing the longitudinal and transverse polarization
vectors as

eL ¼
!
Pþ

MK$
;&MK$

Pþ ; 0?

"
and eT ¼ 1ffiffiffi

2
p ð0; 0; 1;(iÞ;

(19)

where Pþ is the ‘‘plus’’ component of the four-momentum
of the K$ meson given by

P! ¼
!
Pþ;

M2
K$

Pþ ; 0?

"
(20)

and using the light-front spinors of Ref. [21], we find that
the spinor wave functions are given by
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