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Abstract. The effect of weak annihilation and w-quark penguin contribution on the branching ratio
B — Kj7 at next-to-leading order of as are calculated using the LEET approach. It is shown that the value
of the LEET form factor remains the same in the range of the unitarity triangle phase a favored by the
standard model. The C P-asymmetry for the above mentioned decay has been calculated, and its suppres-
sion due to the hard-spectator correction has also been incorporated. In addition, the sensitivity of the
C'P-asymmetry on the underlying parameters has been discussed.

Exclusive decays involving the b — s transition are best
exemplified by the decay B — K*7, which abundantly
provide an issue for both theorists and experimentalists.
Higher resonances of kaons such as Kj(1430) are also
measured by CLEO [1] and the B factories [2, 3]. Recently,
Belle [4] has announced the first measurement of B —
K (1270)y,

BBt — K'y) = (4.2840.94+0.43) x 107°. (1)

There are several reason to focus on higher kaon reso-
nances. The first and most promising is that they share
many features with B — K™+, like that at the quark level
both of them are governed by b — svy. Therefore all the
achievements of b — sy can be used in these decays, e.g.
the same operators in the operator product expansion and
the same Wilson coefficients that are available. The light-
cone distribution amplitudes (DA) are the same except for
the overall factor of 5, and this gives a few differences in
many calculations [5—7]. Secondly, it was suggested that
B — K,es (— Kmm) v can provide a direct measurement of
the photon polarization [8, 9], and it was shown that a large
polarization asymmetry of ~ 33% is produced due to decay
of the B-meson through the kaon resonances. In the pres-
ence of anomalous right-handed couplings, the polarization
can be severely reduced in the parameter space allowed
by current experimental bounds of B — X,~. It was also
argued that the B factories can now make a lot of BB
pairs, enough to check the anomalous couplings through
the measurement of the photon polarization.

Theorists also face challenges from the discrepancy be-
tween their predictions and experiments. It was pointed
out that the form factor obtained using the LEET ap-
proach for B — K™~ is smaller compared to the values
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obtained by QCD sum rules or light-cone sum rules
(LCSR) [10]. At this stage, the source of this mismatch is
not well understood.

For the B — K;7 decay the situation is more compli-
cated. Based on the QCDF framework combined with the
LCSR results, it is predicted that B(B® — K9(1270)y) =
(0.828 £0.335) x 10~° at the NLO of ag, which is very
small as compared to the experimental value [cf. (1)] [5-7].
The value of the relevant form factor has been extracted
from the experimental data and is found to be Ffl(mm) (0)
= 0.324+0.03, which is large as compared to

FEYI270(0)| L osr = 0.14 4 0.03 as obtained by the LCSR.
This is contrary to the case of B — K*~y, where the form
factor obtained from LCSR is larger than the LEET value,
and the source of the discrepancy is not yet known. For
the B — K7 case the possible candidates to explain this
discrepancy, like higher twist effects in DA, non-zero mass
effects of the axial kaon, the framework of QCDF, pos-
sible mixing in K3 (1270) and K; (1400) and annihilation
topologies, have also been discussed in detail in the liter-
ature [11]. The calculation done in [11] is for the leading
twist, and it was pointed out that a higher twist may have
some effect on the form factors, because all others are
no suitable candidates. Recently it has been shown that
the value of the form factor is not sensitive to the higher
twists [12].

In this paper the effect of weak annihilation and also the
u-quark contribution A* from the penguin to the branch-
ing ratio for B — K7 at NLO of a4 are calculated using
the LEET approach [16,17]. We have followed the same
procedure as in the work of Ali et al. [10] for B — K*~, be-
cause B — K+ shares many of its characteristics with it.
As it is pointed out in the literature on B — K*+, the ef-
fect of the annihilation contribution to the charmed quark
part of the amplitude is numerically small, because only



652

the penguin operator with tiny Wilson coefficients can con-
tribute. On the other hand the annihilation contribution
to the up-quark part of the amplitude contributes signifi-
cantly, because of the lar§e Wilson coefficients but again
the CKM suppression |)\( | ~ 0.02 puts this large cor-
rection for B — K+ into perspectlve [18]. Finally, by in-
corporating these annihilation and u-quark contributions
we compute the C' P-asymmetry Acp (K 1i7) involving the
decay B — Ki7y. The C' P-asymmetry arises due to the in-
terference of the various penguin amplitudes which have
clashing weak phases, with the required strong interac-
tion phase provided by the O (as) corrections entering the
penguin amplitudes via the Bander—Silverman—Soni (BSS)
mechanism [19,20]. We find that the hard-spectator cor-
rections reduce the C'P-asymmetry calculated from the
vertex contributions alone. The resulting C P-asymmetry
depends rather sensitively on the ratio of the quark masses
m./mp. This parametric dependence combined with the
scale dependence of Acp (K 1 'y) makes the prediction of
direct C'P-asymmetry rather unreliable and the present
work will be devoted to the study of this issue.

The effective Hamiltonian for b — sy can be written as

Gr
Heﬁ(b — 37) = \/ ‘/tb‘/ts Z C

i=1

where

Oép) = (szpi)VfA(pij)VfA s

O3 =Bibi)v-a Y (Gg)v-a,
g=u,c,t

04 = (Szbj)VfA Z (q]q%)V7A ’
q=u,c,t

Os = (8:bi)v_a Z (G g)v+a,
g=u,c,t

O = (5ibj)v—a Z (Ggi)vea,
g=u,c,t

eEMp_ .,
O7 = 8 2b st (l+'}/5)b F;w,
Os = ggw;’ S0 (14 75)TEb; G2, 3)

Here 4, j are color indices and p stands for the u- or c-
quark, and Gr is the Fermi coupling constant. We neglect
the CKM element V,,,V,), as well as the s-quark mass. The
leading contribution to B — Kj comes from the electro-
magnetic operator O7 as shown in Fig. 1.

As in the case of real photon emission (¢? = 0), the only

form factor appearing in the calculation is f(lKl). Therefore
one can write

(O7)a = (EKa(p/,

emy
= 2
+eppape e

€)7(q,€)|O7|B(p))
g(Kl [6*q(p—|—p/)e* 6*6*(]72 _pIQ)
Y¢*(p+p)°] , (4)
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0,

Fig. 1. Leading order contribution by the operator O7

with €*¥ and e* being the polarization vectors for axial
kaon and photon, respectively. The decay rate is straight-
forwardly obtained to be [5-7]

2 o 2im3
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x(l— > ’g”{l

where « is the fine-structure constant, o = a(0) =1/137
and C’?H(O) is the effective Wilson coefficient at leading
order.

At next-to-leading order of ag, one has to consider the
contributions from the operators O, and Og along with
that of O7 in B — K7y decay. For the operator O7 all the
subleading contributions shown in Fig. 2 are absorbed in
the form factor, whereas the Wilson coefficient contains
next-to-leading order parts

I'(B— Kiy) = Ve Vi |?

2
o]

( )Ceff(l)( )

O+

Ceff( )
On the other hand for operators Oy and Og the leading
order C( and Cg () are sufficient because these operators
contrlbute at NLO Each operator has its vertex contri-
bution and hard-spectator contribution terms which are
calculated explicitly in [12] and are depicted in Figs. 2-6
The branching ratio for B — Kj+y is given by

Bth(B — Kl"y) =1TRB Fth(B — Kl"y)
GralV Vi |?
3274

m2 2
() e

where my pole is the pole b-quark mass, M and mg, are
the B- and Kj-meson masses, and 7p is the lifetime of

K
bpoleM3 [ ( l):|

(6)
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Fig. 2. Feynman diagram contributing to the spectator correc-
tions involving the O7 operator in the decay B — Kjv. The
curly (dashed) line here and in the subsequent figures repre-
sents a gluon (photon)
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Fig. 3. Feynman diagram contributing to the spectator correc-
tions involving the Og operator in the decay B — Ki7. Row a:
a photon is emitted from the flavor-changing line; row b: photon

radiation off the spectator quark line
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Fig. 4. Feynman diagram contributing to the spectator correc-
tions involving the O2 operator in the decay B — Kj7. Row a:
a photon is emitted from the flavor-changing line; row b: photon
radiation off the spectator quark line

) 0,

Fig. 5. Feynman diagram contributing to the spectator cor-
rections involving the Og operator for the case when both the
photon and virtual gluon are emitted from the internal (loop)
quark line
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Fig. 6. Feynman diagram contributing to the spectator cor-
rections involving the Oz operator for the case when only the
photon is emitted from the internal (loop) quark line in the bsy
vertex
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the B%- or Bt-meson. The values of these constants are
taken from [10] for the numerical analysis. For this study,

we consider §(LK1) as a free parameter, and we will extract
its value from the current experimental data on B — K7
decays.

The function A®) in (6) can be decomposed into the fol-
lowing three components:

AW () = AQ () + AL (1) + ADF (). (7)

Here, A () and AL are the O(as) (i.e. NLO) corrections
due to the Wilson coefficient C$% and in the b — sy ver-

tex, respectively, and Agll) ! is the O(as) hard-spectator
correction to the B — K;v amplitude. Their explicit ex-
pressions are as follows:

( ) 1)e
o O ), (®)

s 32 e
4(%) {81 {13050)( )+27CL0 (1)
my 20

-4%%me

AG) () =
AR () =

ver

5 O )

. 1 (33252 +67r1) OO ()

Hﬂw@Wm}, (9)

as(psp) 28F 5V () OO,y
4 9£(K1 7 Hsp

(K1)
6
+%Wﬁ%ak— ““<%“]

(@ 1)V (ugp)
hUK1) (2, NSP)

w&m@J}'

(10)

Agllo)Kl (psp) =

3 i) |1

(a1

The terms proportional to AFJ(_p ) (psp) above are the O (o)
hard-spectator corrections which should be evaluated at
the typical scale psp = v/pAn of the gluon virtuality. The
complex function ro(2) of the parameter z = m?2/mZ, and
the Wilson coefficients in the above equations can be found
in [13-15]; the function h(")(z, ) and the dimensionless
quantity AFJ(_’) ) () are defined through (25) and (27), re-
spectively, of [12]. Now C§1)eﬁ(p) and A\(,?r(,u) are process
independent and encode the QCD effects only, whereas
Ag)) (psp) contains the key information about the out-going
6a<Kl)(/-Lsp)
11
1) (usp)
due to the Gegenbauer moments.
By calculating the numerical value from the above
expressions and varying the parameters in the standard
range, the value of the form factor is extracted from the
experimental measurements (1) and is found to be [11]

K
0 =

mesons. The factor appearing in (10) arises

0.32£0.03,

which is for the leading twist and remains unchanged if one
includes the higher twist effects [12].
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It is already pointed out in the literature that it is
unlikely that the annihilation topology would give con-
siderable contributions [11], but these are important if
one wants to study the C' P-asymmetry and this is one of
the purposes of this article. Before calculating the C'P-
asymmetry we will check the effects of the annihilation
contribution on the branching ratio of B — K7+ decays.

Since weak annihilation is a power correction, we will
content ourselves with the lowest order result (O(a?)) for
our estimate with a check of its effect on the branching
ratio. The reason for including this class of power correc-
tions is that they come with numerical enhancement from
the large Wilson coefficients C1 2 (Cy &~ 3C7) but are CKM
suppressed, and thus these contributions are expected to
be very small for the decay under consideration. The am-
plitude for charged B-meson decay in terms of weak anni-
hilation A, charmed penguin P, gluonic penguin M and
short-distance amplitude P; can be written as [following
the notation of [25]]

A(B~ = Ki7) =APa+Ap,
A(B® = K07) = A (Pt + (M“) — Pé”)

).

a=A—P.andp=P,+M—P,. As it

(11)

(12)

where )\((18) =V Vs,
is known [25]

P.~02A,A~0.3P;,
i.e. we can safely neglect charmed penguin P. and glu-
onic penguin M amplitudes relative to the short-distance

amplitude P, and the weak annihilation amplitude A.
Thus (11) becomes

A g
AB™ > Kiy)=A9p 14+
( 1 'Y) t )\ES) P

s . )\(3)
=AVp [ 1+ eqeita )
At

A (B° — KYv)

and
="p,

where €4e'%4 =a/p, ¢4 is the strong interaction phase
which disappears in O () in the chiral limit. Hence we
will set it equal to zero in the subsequent calculation. Fol-
lowing the same lines as for the charged B-meson, the ratio
of the branching ratios for charged to neutral B-meson de-
cays can be written as

B(B_—>Kf7) Vo Vi, |?
1 a0 s 13
B(B®— KYv) eac Vin Vi (13)

The estimates in the frame work of the light-cone QCD
sum rules yield typically [26,27] e4 = —0.35 and €4 = 0.046
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for the decays B~ — K; v and BY — K, respectively.
Let us define

VaVi,
Vin Vi

Vo Vs

%= Fy +iF.
ViV e 1+1Fs,

(14)

where « is the unitarity triangle phase.

We also recall that the operator basis in Heg is larger
than what is shown in (2) in which the operators multi-
plying the CKM factor V,;V,); have been neglected. To
calculate C'P-asymmetry we have to put them back. Doing
this, and using the unitarity relation Vo,V = —V,, Vi —
Vis V5, the effective Hamiltonian reads [28]

Vs Vis[C7 (1) O7 (1) + Cs (1) Os (1)
Gp | TCWO01 (1) +Co(p)O2(p)]

Vb Vs [C1 (1) (O (1) — O1(p1))
+Co(p )(02u( )= O2(p) + ... 15)

In the above equation the ellipsis denotes the terms pro-
portional to the Wilson coefficients Cj ... Cg, and we have
dropped them because they are very small as compared to
C1 and C5. The operators Oy, and Os,, are defined as

O1u(p) =
O2u (1) =

(319 T%us) (ary"Taby)
(5Lypur) (@ny*or) -

The values of the Wilson coefficients in (15) are the same as
we have already used in (8)—(10). Thus by including the an-
nihilation contribution and also the effect of the operator
O1,, and Os,, the branching ratio from (6) can be written
as

Bu (B — Kiy) =75+ [in(B* — Kiy) =
3
G2a|Vi Vit |2 mi K1) ]2
TB+ F 3974 ¢ bpoleM3 - Mgl [ (L 1)(0)]

2
{ (C(O off | Ag)) + (F2+ F2) (AR + LY + 2F,

[C(O efT(Au + LY+ A(l L“}:F2F2 [C(O eﬂ?A“ Ag)Llﬁ}}:
(16)

where Ly = €4C% (O 2nd the subscripts R and I denote the
real and imaginary parts of the quantities involved. A(!)
is the same as defined in (7), and A" corresponds to the

contribution from O1,, and O3, which can be written as

O‘S(Hsp) 02(0)

wi oy as(i) 0
Ay = el ) bte) =010
Kq 1
X (ﬂsp) AFJ_ (:U’Sp) h(K )(Z :U’Sp) (17)

HEY ()

We now proceed to the numerical calculation of the
branching ratios for the decay B* — K . Using the value

D) (a-
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B(B - Kiy) [107°]

S~

0 0.5 1 1.5 2 2.5 3
o

Fig. 7. Branching ratio for B — K1+ decay versus the unitar-
ity triangle phase a

of the CKM elements from [29], the values of A (u)

from [12] and the value of Céo) (1) from [13-15], the
branching ratio is plotted with the unitarity triangle phase
« as shown in Fig. 7.

One can easily see that varying the value of « in the
range 77° < a < 113° with a =93° as the central value,
there is a slight change in the value of the branching
ratio for the decay B — K;(1270)y leaving the value of

o

.00006

o

.00005

o

.00004

o

.00003

B(B - KiY)

o

.00002

o

.00001

0.25 0.3 0.35 0.4
£.5(0)

Fig. 8. Branching ratio for B — K7+ decay versus the LEET
form factor for the fixed value of o = 93°
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the form factor unchanged in this range as shown in
the Fig. 8. We also note that the region of a where the
branching ratio is effected is not allowed by the CKM uni-
tarity constraints within the SM which typically yields
77° <a <113°.

We now compute the leading order CP-asymmetry
Acp (Kiy) for the decay B* — K 7. The C'P-asymmetry
arises from the interference of the penguin operator O7 and
the four-quark operator Oy [21-24]. The direct CP-asym-
metry in the B* — Kli'y is

B(B~ —Kiv)-B(BT— K{~)
B(B~ = K{v)+B(Bt— K{~)
2P (4f —ean)

T (14264 [Fy+ Jea (F2+FR)])
(15)

Ace (Kiy) =

The dependence of the C' P-asymmetry on the different pa-
rameters involved is shown in Figs. 9 and 10. In Fig. 9 we
have plotted the C' P-asymmetry versus the unitarity trian-
gle phase a. It is seen that in the SM favored interval of a,
77° < a <113°, the C P-asymmetry increases and reaches
its maximum value which is 0.75% and is negative. This
reduces to the value of 0.45% if one includes the hard-
spectator corrections in addition to the vertex corrections
and annihilation contributions.

Figure 10 shows the plot of Acp (K 1i7) with « at
different values of the scale u. It is very clear that the
C P-asymmetry has a marked dependence on the scale p.
The value of the C P-asymmetry decreases from 0.8% to

—

0 0.5 1 1.5 2 2.5 3
o8
Fig. 9. CP-asymmetry (Acp%) versus the unitarity trian-
gle phase «; the dashed line shows the value without hard-
spectator correction and the solid line shows the value with
hard-spectator correction
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Fig. 10. C P-asymmetry (Acp %) versus the unitarity triangle
phase « for different value of the scale p; the dashed line shows
the value at my, ,o10/2; the solid line shows the value at my, pole
and the dotted line shows it at 2my, ;e

0.3% in the interval mp pote/2 < pt < 2myp pole. A similar dis-
cussion for B — py is given in [10].

In conclusion, we have incorporated the effect of the
annihilation and u-quark penguin contributions on the
branching ratio for the decay B — K7(1270)~. It is shown
that the value of the LEET form factor remains the
same even with inclusion of these annihilation contribu-
tions for the value of the unitarity triangle phase « fa-
vored by the standard model. Then, the C' P-asymmetry
Acp (Kli'y) for B — K1(1270)~y has also been calculated.
The C P-asymmetry received a contribution from the hard-
spectator corrections which tend to decrease its value es-
timated from the vertex corrections alone. Unfortunately,
the predicted value of the C' P-asymmetry is sensitive to
the choice of scale as well as to the quark mass ratio. The
typical value of the CP-asymmetry lies around —0.5%
which is almost same as for B to K* decays.
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