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Abstract We analyze D* —K°K* decay at the leading order, o, corrections with the QCD factorization approach and the soft-gluon

effects with the light cone QCD sum rules. We find the prediction of naive factorization is far from the experimental data, and the

QCD factorization result approaches to the experimental data. However, in QCD factorization method, if we consider the soft-gluon ef-

fects, then the result is in accordance with the experimental data well. Our calculation shows that the soft-gluon contributions which

are firstly calculated in D meson nonleptonic decay are noticeable. So, it can’t be neglected in the decay channel.
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1 Introduction

The study of heavy meson decays is important for un-
derstanding the standard model (SM) and searching for
the sources of CP violation. However, The hadronic two-
body weak decays of D mesons involve nonperturbative
strong interactions and spoil the simplicity of the short
distance behavior of weak interactions. Therefore, a sim-
plified approach in which the amplitudes of these process-
es are given by a factorizable short distance current-cur-
rent effective Hamiltonian is not expected to work well.
Various approaches were employed to include long dis-

tance effects. The most commonly and very frequently

. . 1 f1] .
used prescription, motivated by W amsuments , is to

apply generalized factorization'> > . This phenomenologi-
cal treatment works reasonably well in Cabibbo-favored D
decaysm , but it is failing in the Cabibbo-suppressed D—>
nr, Kn and D—>KK decaysm .

It is the high time to study D meson two-body weak
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decays beyond the factorization approach. Recently, M.

" Beneke et al.'” gave a NLO calculation of the hadronic

matrix element of B—>nx, Kr in the heavy quark limit.
They pointed out that in the heavy quark limit the radi-
ative corrections at the order of a, can be calculated with
PQCD method. In D* —K’K* decay, the momentum
transition square ¢° = 1.5GeV’, and the radiative correc-
tions of hard-gluon can also be calculated with PQCD ap-

proach. So, the hadronic matrix elements for D* —~K°K"

Agep

can be expanded by the powers of a, and as follow:

c

(KK| 0, |D) = (K| j, | D){K]| . |0)

[1+ rat+ 0(%)] (1)

¢

where O, are some local four-quark operators in the weak

effective Hamiltonian and j, , are bilinear quark currents.

A
In the Eq. (1), the power correct term 0( QCD) which
include soft-gluon effects, final state interaction and the
soft-gluon effects can’t be calculated in QCD factorization

and PQCD method. For the B meson two-body decay,
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this term is small, but we find the term is large for the D
meson decay. So, it can’t be neglected in the D* —
K°K" decay. Recently, A. Khodjamirian'®’ has present-
ed a new method to calculate the hadronic matrix elements
of nonleptonic B meson decays within the framework of the
light cone QCD sum rules, where the nonfactorizable soft-
gluon contributions can effectively be dealt with. Obvi-
ously, this approach can also be applied to D* —K°K"*
decay.

2 D*—K°K* in QCD factorization

The low energy effective Hamiltonian for D* —

K°K" can be expressed as follows:

Gy .
*%if =T Ves Vs 1 1
g ﬁv Va LCC () 0, () +
C,(u)0, ()] + h.c., (2)

where C; () are Wilson coefficients which have been
evaluated to next-to-leading order. The four-quark opera-

tors O, , are:

0, = (Us)y_4(5¢)y,4,

0, = (W,sp) v (85¢,)yas (3)
The Wilson coefficients evaluated at 1 = m, scale are'”’

C, =1.274, C, = - 0.529, (4)

In the Eq. (2), it is useful to rewrite down the effective
Hamiltonian with the help of the Fierz transformation. For
example, applying the Fierz transformation to the operator
0, = (ul',c)(sI',s), we have the effective Hamiltonian

relevant to the tree operators,

5 Gy * ( Cz(#))
H _ﬁvuv“[ €+ 20,0 +
26,()0, ()] + h.c., (5)
where
~ _ o AC e A
01 = (UP# 78)(51—‘” 70), (6)
In the above I', = 7, (1 - ¥5), Tr(2°A*) =28%, and
0, = %01 +20,, (7)

In the following, we write the decay amplitudes for D" —
K* K° decay, and they include factorization and nonfac-

torization parts.

_ G
M, (D'—>K K°) = i—;fKFH(o)(mi, -

%

m?()Vcs V:s @, (8)
M, (D'—K'K°) =26,V V. AC,, (9)

where the amplitude M,,, = M, + M M, represents

a *
the amplitude of factorization M, is the amplitude of non-

factorization which is from the hard-gluon exchanges and
M., is the amplitude of nonfactorization which is from the

soft-gluon exchanges. The total amplitude M is equal to
M, , + M, . Inthe Eq. (9), the A is the hadronic

matrix element induced by the operator 51

A= (K- K (p)]0, D" (p-q) (10)
which is from the soft gluon contribution and will be cal-
culated in section 3. Now, we calculate the nonfactoriz-
able effects in a, correction in the D* —K°K"* with QCD
factorization approach. The method is similar to that of
the B—>nn, 7K decay. Readers can refer to Ref. [5] for
detail. Asin Ref. [5], we obtain the QCD coefficients
a;(i=1,2) at next-to-leading order (NLO) in naive di-
mension regularization ( NDR) scheme, and the coeffi-
cients a; (KK) is split into two terms: a, (KK) =
a; 1 (KK) + a, ; (KK). They are given as

c Cra,
ar o= Cos Fz(l - )
C, Cima,
a,p = N2 v Hw (11)
Here N, =3(f =4) is the number of colors (flavors),
N: -
and C; = ZC—N_ is the factor of color. The functions in

c

the Eq. (11) can be found in Ref. [5], which are

1
v, = mn% 18 +J g(x)$y(x)dx,
0

glx) = 3(11:2xxlnx - i1r) + [2Li2(x) - (lnx)? +
121nx - (3 + 2im)lnx - (xe1 = x)] R
- x
fofx L 8,5(8)

HKK =

Udx
m%FD—-K(O) 0 3 dEJ.O £—¢K(x)

[} Spe0r + 22 2], (12)
where Li,(x) is the dilogarithm, f,(f;) is the K (D me-
son) decay constant, m, is the D meson mass, F” *(0)
is the D—K form factor at zero momentum transfer, and &
is the light-cone momentum fraction of the spectator in the

D meson. Hy depends on the wave function $, through
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1
the integralj dép,(E)/& = mp/Age =17.23, py =
0

mx/(myg + m,), my = 5MeV, m, = 150MeV. We take
fx = 160MeV, f, =235MeV, F"%(0)=0.77", o, =
0.353, my, =1.869GeV, and the asymptotic wave func-
tion . = 6x(1 - x). From the Eqs. (11) and (12),
we find

a, = 0.9639 + 0.0622i, (13)

3 Soft gluon effect in D* —~K°K*

In the following, we calculate the hadronic matrix
element A which is from the soft gluon corrections for D*
— K’K* decays in the light-cone QCD sum rules
(LCSR) . As a starting object for the derivation of LCSR

we choose the following vacuum-pion correlation function :
F& (p,q,k) =- Jd“xe'i("_q)"jd4 ye*™ x

<ol s ()0, <0>;5< WK (@),  (14)
where j'& = 47,7, s and _] = m,CiYs d are the quark
currents interpolating K and D mesons, respectively. The
decomposition of the correlation function (14) in indepen-
dent momenta is straightforward and contains four invari-
ant amplitudes:
FO 2 (p = )% 4 O 4 BF,O
eaﬂqu‘?p‘k”ﬁ}(bl) . _ (15)
In what follows only the amplitude F ) is relevant. The
correlation function is calculated in QCD by expanding the
T-product of three operators, two currents and b, , near
the light-cone x> ~ y* ~ (2 — ¥)* ~ 0. For this expan-
sion to be valid, the kinematical region should be chosen
as:
¢ =p =k =0,
(= k]~ [(p = 0] ~ | P[> Al
(16)
where P=p - k - q. The correlation function (14) can
be shown in Fig.1, and it can be calculated employing
the light-cone expansion of the quark propagatorm :
S(x,0) = - i{0] Tq(x)g(0)]0)
r( d/2)ae ‘
161;((””2 ‘>£,Z j dv((1 - v) 40, 6" (ux) +

v6,,G"” (vx) 2) (17)

Fig.1. Diagrams corresponding to higher-twist soft-gluon non-
factorizable Contribution for O = O, Soild, dashed and wavy
lines represent quarks, gluons and external momenta, respec-
tively. Thick points denote the weak interaction vertices, and

ovals the Kaon distribution amplitude .

where G, = g, G, (1°/2), which is the gluonic field
strength and induces the soft gluon effects, and d is the
space-time dimension. Following the standard procedure
for QCD sum rule calculation, we can obtain the hadronic
matrix element of the operator 51
A=A (D" >K K°) =
(K°(- )K* (p)]0,[D* (p-q)) =

sk R(s, m2 m2 s )

-1 D’
- dseﬁfj ds” x
2
71'Zfl(fl)mr) 0 !
'
m_ -5 .
e Im Im Fot) (s,s",m}), (18)

where s; and s, are effective threshold parameters. A
straightforward calculation shows that only the twist-3
wavefunction @3, (a;) and the twist-4 ones ¢ (a;),
¢ (a;), whose definitions can be found in Ref. [6],

contribute to the invariant function F'°:’ . The results are:

Fod = Fii) + FU, (19)
and Fiz‘) can be found in Refs. [6],
[10], but it should be substituted for m,—>m, .
the LCSR for the D* —K* K’ matrix element of the oper-
ator O, from the soft-gluon exchange is obtained by apply-

0
where F Ew; )

Finally,

ing the duality approximation and Borel transformation to

the D channel. The result can be written as:

AP(D* > K K°) = imf,( ! Joodseﬁji)x

2
47 f
mz 1 d m; m2
u M "
. 3 ——en’ ar’ X
2fympt L u
p MpJ u,

mofu(* do
[TL Tgosk(l - u,u - v,v) +

ij @[3g73l (1 -u,u-wv,v) -
o V¥
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where up = m’/s) and the following definitions are intro-

duced:

ad , -~
%:)v—) =¢, (w,1 —w-v,v) +
;)// (wyl -w - 'lJ,‘l)),
3d,(v)
———————821) =&, (1 -wv,v). (21)

The asymptotic forms of the pion distribution amplitudes
P p.
n Eq. (20) are given bym :

g03k(a,«) = 36Oa1a2a§ s

g~DJ_ (a,) = 1032a§(1—a3), v
;’// (“i) = - 4082“1‘12013- (22)
4 Numerical calculation
In the numerical calculations we take si =

1.62GeV*!" and M* = 6 - 15GeV? for the K channel,
and f, = 235MeV, m, = 1.3GeV, s; = 6GeV’, u, =
Vmh - m?~1.3GeV, M =8 - 12GeV?, fy (u.) =
0.0035GeV*, 8° (u.) = 0.19GeV*!", r (D*) =
(1.051 £ 0.013) x 10°™. In the D rest frame, the two
body decay width is

1 L + 0 2|P
=8—K]M(Ds K'K%)| et

(23)

r(p*—x* K%

where the momentum of the K meson is given by

[(m} - (myg + me)>)(m} = (my - mp )2)]%

| P| =

2my
(24)
The corresponding branching ratio is given by
Y e Kt 10
Br(D*— K* K°) = M (25)

r

tot

b4

With the above parameters and formulas, we can get the
branching ratios in D* —K* K° decay. In the following,
we compare the branching ratios of D" —K"* K’ decay ob-

tained in different approaches with that of experiment.

Table 1. The branching ratios of D* —K* K’ obtained in

different approaches are compared with that of experiment.

Decay mode NF QCDF  QCDF + SGE
D;—~K*K® 8.79%x10°% 6.73x10"% 5.76x10"® (5.8+0.6) x 10~3

Experiment

The branching ratios is presented in Table 1, where
the second column is the naive factorization (NF) result,
the amplitude is calculated from the Eq. (8) and a, =
C, + C,/3. The third column is QCD factorization ( QC-
DF) result, also the amplitude is calculated from the Eq.
(8) but the g, is in the Eq. (13). The fourth column is
QCD factorization and soft-gluon exchanges ( QCDF +
SGE) result which is our result, the amplitude is the sum
of the Eqs. (8) and (9), and the final column is the ex-

perimental data'™ .

S Summary

We have studied D* —K* K° decay channels. The
prediction of naive factorization is far from the experimen-
tal data, the QCD factorization result approaches to the
experimental data. However, in QCD factorization meth-
od, if we calculate the power correction term O ( A ycp/
m.) (it includes soft-gluon exchange effects and final
state interaction contributions and so on) then the result is
in accordance with the experimental data. From the Table
1, we find the soft-gluon effects are noticeable and they
have the same magnitude as the «, correction’s contribu-
tion, and the others power correction terms such as final

state interaction can be neglected in this decay channel.
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