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Abstract We analyze the B—=KK decays with the soft-gluon corrections by using the QCD light-cone sum rules(1.CSR) . Although

one can calculate the leading order factorization parts and the radiative corrections from hard-gluon exchanges at a, order in QCD

factorization approach, it is worthwhile to estimate the nonfactorizable sofi-gluon contributions from all the tree and penguin dia-

grams systematically . Our results show that the soft-gluon effects always decrease the branching ratios and give a few percentage

corrections at most in the B—=>KK decays.
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1 Introduction

Recently, A. Khodjamirian'"’ has presented an ap-
proach to calculate the hadronic matrix elements of non-
leptonic B meson decays within the framework of the light-
cone sum rules, where the nonfactorizable soft contribut-
ions can be effectively dealt with. As we know, QCD fac-
torization approach™ provided that the hadronic matrix ele-
ments for B—=nn, Kx decays can be expanded in the pow-

Ao
my

ers of a, and and exhibited a considerablly strong

predicative potential . However, this approach cannot calcu-

izable contributions from the soft-gluon exchanges. Thus it
is interesting to evaluate the corrections from the soft-gluon
exchanges by using light-cone QCD sum rules.

In the previous paper’® , the role of the soft-gluon ex-
changes in B—> o has been studied by using the light-
cone QCD sum rules. Compared to Ref.[ 1], the calcula-
tions are carried out not only for the tree operators but also

Agep
my,

for the penguin ones. Ref.[3]showed that the

cor-
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rections from the soft-gluon exchanges are not always neg-
ligible in the process B—>nn and the nonfactorizable soft
contributions are almost as important as the O(a,) correc-
tion parts,and in some cases even have the same order ef-

fects as that of the factorization amplitude . Therefore it is

worthwhile to evaluate the nonfactorizable soft-gluon cont-

ributions in the process B—~KK.
2  Correlator and sum rules

Similar to the case of B>, we can calculate the
contributions from the soft-gluon exchanges in B—~KK in-
cluding the tree and penguin operators. We begin with the
effective Hamiltonian H 4 which is responsible for the B—
KK decays“: :

H %F[ Va Vi Cer (1) 00 (p) + 2 () 0, (1)) -

NG
10

VoV 31 ¢0,] + h.c.,
k)

w 2y (1)
where O, , are tile tree operators and ,— (0, denote the
penguin ones. By applying the Fierz transformation, the op-
erators which is related to the soft corrections to B— KK

can be clearly presented in effective weak Hamiltonian :
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(1)
3

0,(g) +2¢,(p)0, () + 1, (2)

G .
Ha = Z[VavaleGo +

where
0, = (slu) (ul¥b), (3)

and
0, = (s hu)(ards), @

the penguin operators are denoted by ellipses. In the above
L, =7,(1-7),Tr(A"A") =28 . To the operator 0, ,
we employ the results of QCD factorization approach di-
rectly to the contributions from the factorization and a,
corrections since the result of LCSR is consistent with the
prediction of the QCD factorization approach .

In order to calculate the nonfactorizable matrix ele-
ments induced by the operator bl , we choose a proper

vaccum-kaon correlation function:
Fi(ll ) (p g, k) - - J(l4xe-i(p-q):Jd4 yei(p-k) x

O T{i (0, (" ()} K (9)),
(5)

‘ = m,biy;d are the quark

where j¥ = wuy,7,sand ji¥ =
currents interpolating K and B mesons, respectively. The
decomposition of the correlation function Eq.(5) in terms
of independent momenta is straightforward and contains
four invariant amplitudes:
FOP = (p = k), FO0 4 g F % 4
kFOV 4+ g d P REY (6)

In what follows only the amplitude F @ is relevant. To
obtain F'*1’  we calculate the correlation function by ex-
panding the T-product of three operators, two currents and
5, ,near the light-cone z° ~ y* ~ (x - y)? ~ 0. To stay
away from hadronic thresholds in both channels of K and
B currents, we choose the following kinematical region in
Eq.(5):
¢ =p =k =0and [(p- k)|~ [(p-q)|~

| P> Agert (7
where P=p-k-gq.

Following the standard procedure for QCD sum rule

calculation, we can obtain

A (B—~KK) = (K(p),K(- ¢)|0,|B(p - ¢q)) =
-i :: e R(:.mi.m;.s:) ,
mjo dsermi ds’ x
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2
m-:

e_r Im, Im, F

(s,s’,mf,), (8)

where si and s; are effective threshold parameters. A
straightforward calculation gives the following results for

the twist-3 and twist-4 contributions:

@) 0

. (0l
FOCD = F + FM ’ (9)
with
@) _ m, fax
RO T Jm{mix
9031((‘1;) x
(mi-(p-q)(1-a))(=Pvay-(p-k)(1-vay))
[(2-9)(q* k)+2(1-v)q - (p-K)1(q - (p-k)),
(10)
and
0, m,,fk 1
F! d Da, (a,
- J vj i )mf,—(p—q+qan)2 g

(4v - 6)(p - k)gq
(P -k - ‘st)z

+ beJ‘ dLJda,dQJ‘P (a,,a;) x
27

1 (2pg - 2vgk)(p - k) g _
[ml-(p-gq+g)] (p=-k-qu)

mhfl( :

2’ J’dv.[dagdf)z(ag) [m; - (p - qa;)*)’ *

2 1
(Zpgp—_Z!;‘qk__)fl:’a:)zk)q N ”;;{"Lduzvzjda_;d”z(a,) x
1 [(p-Kql®
palmi - (p ~ gay)*] (p = k - qua;)’
mbfl(

Jd (2v—2)dea D, (a;) x

1 [(p-k)ql®
mi - (p - qa;)* (p = k = qua;)*’

where the definitions of @, (a;), ¢ (a;) and ¢ (a,)
can be found in Ref.[5].
By taking the duality approximation and applying

Borel transformation, we get the following sum rule:

A (B— KK) = lmR(4 fJ dse F)

2 | ml MZ
m, d_ll_— L my fix dv
(ngm;,[ u e’ e [ Jo 1_’¢3xx
dv

(1 -u,u-v, 11)+ij s

u’;;z _ 1) @ (1 ; u,v)] .
sl -2) 20).

[3(;7L (1-u,u~-v,0) —(
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where the light-cone wave functions are introduced as the

following :
) ) - N
-qj—';vw—t)_—.gps (w,l-w-v,v) + ¢  (w,1-w-v,v)
J
L;(—v—)z @l(l—v,v). (13)
v

For the kaon distribution amplitudes in Eq.(12),we em-
ploy their asymptotic forms which were given by Ref. (5]:
en(a,) = 360a,a,a7, ¢, (a;) = 108°a5(1 - a3),

g.o‘(a,.) = - 400%a,a,a,. (14)

3 Decay amplitudes with the soft-gluon cor-
rections

The hadronic matrix elements of the penguin operator
can be obtained from the same procedure. In fact, they can
be represented by the tree diagram operators exactly. So
the calculations are simplified relatively . Here , to compare
with the calculated results, we write down the B—>KK de-
cay amplitudes for all decay channels in terms of the sum
of three parts: the factorization part M, the a, correction
term Mu_ and the soft-gluon contribution M ;:

= - G
M. (BKKY) = =i 2R (0) (mi = mi)

{V,,,V,: a, —la,0+(a3—2a6)R,]}, (15)

2
Ma(B KR = - L1V, Ve (2e - ¢)] A7,

2

(16)
o m
with R] - ('.Tl! + md)(md — mb).
‘g G ok

M, (B.~K'K ) =i —fxFo *(0)(mj - my) x

2
{Vuqu: a -V, V, [a,-2(a, +a,)R, +a10]}y

M (B >K'K ) =26,V Vie A" -
‘/EG?beV\: (Ca + 89)/1(6‘)7 (18)

2
my

Wlth Rz = r

m,-my)(m,+m,)’

¢ -
M., (B =K K) = —ir/—z_’fKFg (0)(m} - m}) x

[vovila-tag+ (~20,+ apr]}. 19

B2 H

- G . 7
Mnl'(B__)K KO) = _,\/—%[ Vthld (2C3 - {‘9)]'4((’)

(20)
my
with R, = . In order to do the nu-
(m,-my)(m, +m,)
merical calculation, we take " fx = 160MeV, sy =

1.62GeV* and M* =0.5 - 1.2GeV" for the parameters of
the kaon channel. For the B meson,we put f, = 180MeV,

m, = 4.7GeV, st = 35GeV’, p1, = +/my - mj = 2.4
GeV, M’* = 8 — 12GeV?, fiy (p2,) = 0.0035GeV*, &’
() =0.17GeV?, fox =0.32°", and f;, =0.277.

The values of Wilson coefficients ¢, , coefficients a, , and

scale parameter u = % are taken from Ref.[8].

Focusing on a numerical comparison of M., M, and

M, ,we write down the numerical results for the decay
amplitudes M = M" + M" by defining the tree amplitudes
M" =M+ MI‘ + M", and the penguin amplitudes M" =
M{+ M, + M.

M(B!—~K’K’) = MT(B] ~K’K") = V,, V, x

{[8.34568 x 107 "il +[ -2.96515x 107" -

1.39319x 1077i) + [ - 1.08188 x 107%il }, (21)

M(B~K'K ) =M (Bi~K K )+
MP(B!=K'K )=V, V. x
{11.0213x107°i] +[ -3.24748x 10"7+3.77232x 107 il +
[ -1.22115%x1077i) Y+ v, V. {[8.4483 x 107 "i] +
[ -2.97568 x 1077 - 1.56528 x 10 "i] +
[ -4.44113x107°i] }, (22)
M(B —~K'K )=M" (B —=K'K )=V, V; x
{01.02012x 10711 +[ -3.59909 x 10""-1.68011 x 107"i] +
[ -1.08188x 107*i] }. (23)

For comparison, we plot the branching ratios ( Br)
for these decay modes as a function of ¥ in Fig.1—Fig.3.
Eqs.(21)—(23) show that the soft-gluon contributions to
the decay amplitudes are much smaller than the factoriza-
tion parts in B—>KK decays. The contributions depend on
different decay modes. In the case of B°—=K’K’ , there are
only penguin diagram contributions and they come mainly
from the factorization and a, correction parts; soft-gluon
contribution is suppressed by the order of 10" with re-
spect to the former. The soft-gluon effects make the

branching ratio smaller and the results are shown in Fig.1.
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Fig.1.
weak phase ¥ in the B®—~K°K® channel. The dashed

Dependence of the branching ratio on the

and solid lines correspond to the values obtained with

M+ M, and Mi+ M, + M, respectively.
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Fig.2. Dependence of the branching ratio on the

weak phase ¥ in the B! »K* K~ channel. The dashed
and solid lines correspond to the values obtained with

M+ M, and My+ M, + M, respectively.

The dashed and solid curves correspond to the values ob-
tained from M, + M, and M.+ M, + M, respectively.
In the case of Bl—~K* K, the soft contribution has the
same order as the a, correction parts in the tree ampli-

tudes. In the penguin amplitudes, it has the amplitude of

order 1 07° , which is smaller than those of factorization
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and a, correction parts(of order 10°7) . It is shown from
Fig.2 that the total branching ratio is suppressed by soft-
gluon effects. In the case of B~ =KK™, the soft-gluon
amplitude is of order 10™°, which is obviously lower than
that of the factorization (of order 10™°)and «, correction
(of order 107 ") . Fig.3 shows that the total branching ra-
tio is decreased by soft-gluon effects, too.
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Fig.3. Dependence of the branching ratio on the

weak phase ¥ in the B~ KK~ channel. The dashed
and solid lines correspond to the values obtained with

M+ M, and M+ M, + M, respectively.

4 Summary

In this paper, we have analyzed the B—>KK decays
with the soft-gluon corrections by the QCD light-cone sum
rules. The soft contributions depend on decay modes, and
in most situations they have the amplitudes which are sup-
pressed by the order of 107" or 10 of factorization and
a, correction amplitudes. Only in the case of B —
K* K~ ,they have the same order amplitude with «, cor-
rection parts which is smaller than the factorization ampli-
tude. Qur results show that the soft-gluon effects on B>
KK are small and they always suppress the branching ratio

values with 2 % —3 % corrections.
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