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Study of color suppressed mode8°—D*)05(")
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The color suppressed modB8—D*)°5(") are analyzed in the perturbative QCD approach. We find that
the dominant contribution is from the nonfactorizable diagrams. The branching ratios calculated in our ap-
proach fOrBOHS(*)Oﬂ agree with current experiments. By neglecting the gluonic contribution, we predict that
the branching ratios d°—D*)%’ are comparable in size to those 88— D*)°7°, but smaller than those
for BO—D*)%,
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The hadronic decaysoqa(*)on(’) are color Suppressed carries Iarge momentum. Most of the energy comes from the

modes, which are class Il decays in the factorization apheavyb quark decay at the quark level. The light quack
proach(FA) [1]. The relevant effective weak Hamiltonian for quarK inside theB® meson, which is usually called the spec-
these decays is given by tator quark, carries small momentum of the ordenefcp.
This quark also goes into the final state meson in spectator
F diagrams. Therefore, we need an energetic gluon to connect
Her=—VepVid C1(m)O1(m) +Co(u)Ox()], (1) this quark to the four-quark operator involved in theuark
V2 decay, such that the spectator quark gets energy from the
four-quark operator to form a fast moving light meson. The
hard four-quark dynamic together with the spectator quark
becomes a six-quark effective interaction. Since the six-
quark interaction is hard dynamics, it is perturbatively calcu-
lable. The nonperturbative dynamics in this process is de-
scribed by the wave functions of mesons consisting of quark
SE’de antiquark pairs. The decay amplitude is then expressed

where the four-quark operators are
0;=(db)y_a(CU)y-a, 0p=(Cb)y_a(du)y_a,

with the definition §10,)v-A=017,.(1—¥s)d,. The Wil-
son coefficientC;~—0.2 andC,~1 are calculated at the
my, scale. The main contribution of these decays in the FA i
proportional to the Wilson coefficierst,= C,+ C,/3, which

is a small number. That is the reason why class Il decays

usuall_y have small branching ratios. A theoretical study Ofamplitudevf d*k,d%K,d*KaTH C () D g (Ky ) D pix (Ko ) D (1)
B°—D®)9,(") decays gives a branching ratio of 10[2]. 7
However, recent experiments by the Belle and BABAR Col- X (kg H(Ky Ky ks t)e*5<‘)]. 3)
laborations show that the branching ratios of class Il decays e

are not so small3,4]. The branching ratios C?BO_’D(*)O’? Here C(t) is the QCD corrected Wilson coefficient of the
are of the order of 10°. Although the gluonic mechanism g0 an; four-quark operator at scaleAlthough next-to-
can enhance thB°—D%7' decay branching ratio to 10 |eading order results have been givid], we will use the
[5], it may be difficult to explain the large branching ratio of |eading order her§11]. ®; are the meson wave functions,
B°—D®)%,. This means that the nonfactorizable contribu-which include the nonperturbative contributions in these de-
tions in these decays are very important. This is confirmed irrays. The nonperturbative wave functions are not calculable
a recent theoretical study on charmed final stateneson in principle. But they are universal for all the hadronic de-
decays in the perturbative QCD approdéh cays. We will use the ones determined from other measured
The perturbative QCOPQCD approach for exclusive decay channel§6,10—13. The exponentialS(t) is the so-
hadronicB decays was developed some time @] and called Sudakov form factor, which includes the double loga-
applied to semileptonif9] and nonleptonic decayd0-12  rithm resulting from the resummation of the soft and collin-
successfully. In this formalism, factorizable, nonfactorizable ear divergence. This form factor is also calculated to next-
and annihilation contributions are all calculable. By includ-to-leading order in the literaturgl5]. The Sudakov factor
ing thekt dependence of the wave functions and the Sudaeffectively suppresses the soft contributions in the process
kov form factor, this approach is free of the end point singu{6,10,11; thus it makes the perturbative calculation of the
larity. Recent study shows that the PQCD approach work&ard part reliable.
well for charmless8 decayd10-12, as well as for channels Now the only remaining part of the decay amplitude is the
with one charmed meson in the final stafésl3]. In this  hard partH(t). Since it involves the four-quark operator and
Brief, we will show the PQCD calculation ofB°  the spectator quark connected by a hard gluon, it is channel
—D®)%9,(") decays and discuss the numerical results. dependent, but perturbatively calculable. There are altogether

In two-body hadronid® decays, the two outgoing mesons eight kinds of diagrams in ouB°— D*)%(") decays, which
are energetic. Each of the valence quarks inside these mesaai® shown in Fig. 1 for the spectator diagrams and Fig. 2 for
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FIG. 1. Color suppressed emission diagrams contributing t@fhe D*)%5(") decays.

the annihilation type diagrams. Notice that in Fig. 1 #¢)  cients¢=+1 are for 5!} with T (d) carrying the momen-

meson consists afd content, while in Fig. 2, it is au pair  tum x;P5, while {=—1 for ng'u)t with u (d) carrying the
making the,") meson. Since the)") meson is an isospin  momentumxsPs.

singlet u+dd), these two sets of diagrams give relatively ~ The gluonic mechanism of’ may make sizable contri-
positive contributions. On the other hand, in the cas8%f butions in theB—D®*)y’ decays, but they are usually
—D®)07% decays[6], where #° is an isospin triplet Mmodel depender[E] Thus we will not consider it here. The
nandzn’ mesons are mixtures of flavor &) octet (g) and

(uu- dd) these two sets of diagrams give destructive contri-
singlet (7o) states in a two-mixing-angle formalisfi6],

butions there. Fortunately, as we will see later, the annihila
tion type diagrams are suppressed comparing to the spectator
diagrams. Therefore, the branching ratios of these two kinds
of decays are still comparable.

7= C0S0g| g) — SN g| 70),

The structures of the meson wave functions are 7' = sinbg| 7g) + cOSOo| 70)- 8
The definitions of the decay constantsmpfnd ' are
Bin(P):  [P+mg]ysa(X), (4)
(O[uy, ysuln' " (p)=if Py,
DoulP):  ys[P+mp]ep(x), 5 - ;
(Oldy, ysd| 7" (P))=if % p,.. 9
D (P): [P+mp«]dps(X), (6)
oul erarp Thess components ofyand %’ are not relevant in our decay
" channels. Therefore we did not show them. The decay con-
Nout(P): vs[ P Pa(X)+Mopp(X) stants in the two-angle-mixing formalism are
+Lm(hh —Dgr(0], (D) f f
_¢d_ '8 0 .
f‘,‘,—f,i—%cosag— ‘73sm 0o, (10)
with mp=m /(m +my)=1.4 GeV, utilizing isospin sym-
metry. The lightlike vectors are defined mas=(1,00;) and
n_=(0,10y). As shown in Ref[9], ¢g is identified asp, ; u .d Tfs . fo
— =1, =— + — )
the contribution of the otheB meson wave functionpg L=t \/gsm & ﬁcosao (D

x¢, —¢_ is smaller in the PQCD calculations and therefore
we neglect it. For heavy quark symmetry, there is only oneThe parameters are determined to[ 6]
applicable independent distribution amplitugg ) in the

heavyD®*) meson wave functiof,13]. However, there are fg=—22° to —21°, fg=1.28,
three distribution amplitudes for the light’) meson wave (12)
functions[12], like the = meson wave function. The coeffi- 0p=—9° to —4°, fy=(1.20—-1.25f .
) (=
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FIG. 2. Annihilation diagrams contributing to t8°— D®*)%%(") decays.
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TABLE I. PQCD predictions with one-I{l) and two-angle-mixing formalisril) and experimental data
(in units of 10°%) of the B°—~D™)%%(") pranching ratios.

Decay mode PQCDI) PQCD(II) Belle BABAR PDG
B D%’ 1.7-2.3 2.2-2.6 — — <94
B°—D% 2.4-3.0 2.6-3.2 1.4°98 2.41+0.50

BO— D070 2.3+0.1 3.1+0.6 2.89-0.48

BO—D*%y’ 2.0-2.7 2.6-3.2 — <14
B—D*%y 2.8-35 3.1-3.8 2.0°%9 —

BO_, D* 00 2.8+0.1 2.7:0.9 —

The » and ' mesons can also be expressed as a mixinghe large Wilson coefficient,/3, is the dominant contribu-

in the quark flavor basigl7]:

7]

where a= 7+ #—arctan(1¥2) describes the deviation from
ideal mixing. The angl® is the one-angle-mixing parameter.
From Eq.(13), applying isospin symmetry, we have

cosa (uu+dd)/v2

SS

) . (13

—sina)

sina  cosa

_fd_
fu=t (14)

=

f . cosal/v2,

(19

', =% =f_sina/v2.
7 7

The range of mixing parameters is determined to e
17° to —11°[17].

The B°—D™)%,(") decay rate has the expression

r GE|Vepl?| Vil 2mg| M2, (16)

~ 1287

Including the hard part and the meson wave functions, the

B°—D®)05(") decay amplitude is written as
M(BO_B(*)077(’))zfD(*>§int+fBgexc"'Mint'i'Mexc(v 7
1

where fg=190 MeV, fp=fpx=240MeV are theB and
D) meson decay constants, respectively. The functigps
and &, denote the internalV-emission, andW-exchange
contributions, which come from Figs.(a and 1b), Figs.
2(a) and 2b), respectively. The functiong\;,, and My,
represent the intern@l-emission, and\V-exchange contribu-
tions, which come from Figs.(&) and Xd), Figs. 2c) and

tion in theB®—D®)9%(") decays. The reason is that the two
nonfactorizable diagrams in Figsicl and Xd) do not cancel
each other as in the decaysB®to two light mesons, where
the distribution amplitudes of the wave function are symmet-
ric [10,11]. The large difference of the andu quark masses
makes the contribution dfl;; large. Very recently, the soft
collinear effective theory also confirmed that the nonfactor-
izable M;,,; dominates over the contribution of )&, [18].

As stated earlier, we need various wave functions in our
numerical calculations. Considering the previous calcula-
tions of other decay channell6,9-19, the B meson wave
function has been determined as

1

212
wgb
¢B(x,b)=NBx2(1—x)2exr{—§ 5

2

xMg) 2
wg |

(18)

where the shape parameter is chosemgs 0.4 GeV. The
normalization constantig is related to the decay consteft
through

_Ts
J dx¢B(x,O)—2\/6. (19

The D*) meson distribution amplitude is given by

3
Ppx)(X)= %fD(*>X(1—X)[1+CD(*)(l—ZX)], (20

with the shape paramet€y = Cp« =0.8+0.2[6]. The range
of Cp+) was extracted from thB— D )| decay spectrum
at large recoil assumingg= 0.4 GeV for theB meson wave
function[9]. We do not consider the variation gfy) with

2(d), respectively. The expressions of the four functions argpe impact parametes, since the current data are not yet

already shown in the Appendix of Rg®6] for B— D de-

sufficient to control this dependence. The lighft) meson

cays. One need only replace the pion wave function by thgyave functions are chosen to be the same as the pion wave

7") wave function in those expressions.

In the FA, only the factorizable contribution &f,; [Figs.
1(a) and Xb)] has been considered. Sin&g is proportional
to the small Wilson coefficiera,= C;+ C,/3, the branching

ratio predicted in the FA is smaller than in the experiments
Now in the PQCD approach all the topologies, including
both factorizable and nonfactorizable ones, and also annih

function according to isospin symmetry, since the relevant
valence quarks here are mainiy anddd.

In the numerical analysis we adomf\,lf—sz4)=250 MeV,
Mg=5.2792 GeV, My=80.41 GeV. Choosing |V

=0.043 and V4 =0.974, we obtain the PQCD predictions
for the B®—~D®)%,(") pranching ratios shown in Table I.

lation type ones, have been taken into account. In fact th€or comparison, we also list th&°—D™*)%7° decay

nonfactorizable contributioM;,;, which is proportional to

branching ratios in this table. The theoretical uncertainty
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comes from the variation of the shape parameter for thegple with theB®—s D*)0 70 branching ratios. The reason for

D®)% meson distribution amplitude, 08Cp)<1.0, and  this comparable result is that we apply the assumption of
the » and »' mixing parameterf=—17° to —11° for the  exact isospin symmetry. We use the same wave function for
one-angle-mixing formalisnl). The range of parameters of {he ;") and 7 mesons where the only difference is the decay
the two-angle formalismill) are shown in Eq(12). From  c,nqant The difference in the dynamics is the constructive

humerical study, we note t_hat the branchlng ratios do OBy destructive contribution from annihilation type diagrams.
vary much upon the variation ). This can be seen _ ) . 0 m(%)0 .0
This destructive contribution makes thB*—DY/"m

from the numbers foB°—D®*)%%0 in Table I, since it de- _ , —

pends only on this parameter. Most of the uncertainty in thranching ratios smaller than those D) 7 decays.

B D*)%,(") decays is from the mixing parametor g The numerical results also shqw that the d_om_lnant contribu-
. . 0 D(*)0_(1) ; tion comes from the nonfactorizable contributibh,,. The

and 6. The branching ratios 0B"—~D™”"7" increase factorizable contributiorfy &;,; and annihilation contribution

; 0_. (*)0
while those forB —D™)% decrease as the angtegets Mg, are only 20-30% oM;,;. The factorizable annihila-
larger. Other input parameters, such as the parametess of 5, contributionf géey. is negligible.

meson wave function also affect the branching ratios, but |4 this work. we calculate the branching ratios Bf
they are mostly constrained by other well measured decaL 5(*)077(,) decays in the perturbative QCD approach with
channels, likeB— 77 [11] and B— K [10] decays, etc. o S AL .
i : 2 k: factorization, which is free of the end point singularity.
The uncertainties of_the PQ(.:D appr_oac_h ftself mal_nly Comf_\BTeing class-1l decays in the FA, these dec%ys recegi]ve d0¥ni-
from the unknown higher twist contributions and higher Or'nant contributions from the nonfactorizable diagrams. Naive

der calc;ulation; Ofrg co.rrec.:tions.' No numerica! gstimation factorization breaks down in these color suppressed modes
of the higher twist contribution exists, although it is expected_l_he branching ratios calculated in our approach Bft '

to be suppressed. A higher order QCD calculation Bor =)0 ) _ _
— ¢K decay shows that the next-to-leading ordercorrec- ~— D™ 7 agree with current experiments. We predict that
tion may not be small in certain chann¢ls]. the branching ratios o8°— D)%’ without gluconic con-

The recently observed class-ll decag®—D(*x)0;  tributions are of a comparable size with those fBf
branching ratios are also listed in Tablg3|4,20. It is easy —D®*)°#° but smaller than those fd°—D®*)%5. They
to see that our results agree with the experimental measurgiay be measured soon in the B factories.
ments within errors. Since we do not consider the extra gluon , )

g We thank E. Kou, H. n. Li, and A. |. Sanda for discus-

fusion contribution t‘BO_)IB(*)O”_, decay, the not yet mea- gjqng This work was supported by the National Science
suredB®— D)%’ branching ratios are a little smaller than Foundation of China under Grants No. 90103013 and No.
the B~ D)% branching ratios. But they are still compa- 10135060.
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