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Analyses of the nonleptonic charmed-meson decays of the B meson
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We analyze the weak hadronic matrix elements in the nonleptonic charmed-meson decays of the
B meson based on the factorization assumption. We derive the relevant form factors from the new
experimental data of CLEO and ARGUS. Factorization with the large-N limit works successfully
for single-charmed-meson decays. For double-charmed-meson decays, it may be consistent with the
CLEO data if a large final-state phase shift is taken in the B— D *7 decay.

I. INTRODUCTION

In the standard model for the electroweak interaction,
the magnitude of a physical amplitude is controlled by
the Kobayashi-Maskawa (KM) mixing matrix.! Howev-
er, any nonleptonic weak process is characterized by
some hadronic matrix elements because quarks are
confined into hadrons. Exclusive nonleptonic decays re-
quire the knowledge of the overlap form factors, which
are given by the strong interaction. Therefore, the study
of nonleptonic decay is important to improve our present
understanding of both QCD and the electroweak stan-
dard theory.

The nonleptonic weak decays of the heavy quarks have
been studied by using the assumption of factorization of
the hadronic matrix elements,” which is based on the 1/N
expansion, N being the color number.’ Factorization
with the large-N limit works successfully for D-meson de-
cays.*® It is also expected to be successful for B-meson
decays.

We have recently analyzed the nonleptonic decays of
the B meson in order to test the factorization assumption

|

with the large-N limit.” In this paper we reanalyze the
decay amplitudes of the charmed two-body nonleptonic
decay of the B meson by using new ARGUS data® and
CLEO data.”!® Our number result is somewhat changed
from the previous one.” We do not use the form factors
given by Bauer, Stech, and Wirbel (BSW model?), but use
the experimental data of B— D,D *m, because the pre-
dicted form factors depend on the model of the quark po-
tential.

We show the decay amplitudes for single-charmed-
meson decays in Sec. II and for double-charmed-meson
decays in Sec. III. In Sec. IV, the numerical results are
given. Section V is devoted to summary.

I1. SINGLE-CHARMED-MESON DECAYS

In this section we present the single-charmed-meson
decay amplitude of the following processes: BY—D 7™,
BT D%, ngvD*_77'+, BT »D*0gt, B,?~>D _p+,
B*—>D%". Those weak amplitudes are given by using
the factorization of the hadronic matrix elements, respec-
tively, as
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where V,-j denotes the relevant KM matrix elements,! and
we used the definitions

C2 Cl
N =Ty

with C;=1.11 and C,~—0.25 at the b-quark mass
scale.® The couplings fp and f}, (P denotes pseudoscalar
mesons, V denotes vector mesons) are defined as

a=C,+ (2.7)

(PIgy,(1=75)9,10) = fpq, , (2.8)

(Vg7 (1—y5)g,10) =fymye, . (2.9)

The form factors F2(g%), FE2(q2), ABP% (¢?), 48P (g?),
etc., are defined in the form-factor decompositions as in
the BSW model.!! All of the second terms of Egs. (2.1),
(2.3), and (2.5) are negligibly small, because a, >>a, is
satisfied and the annihilation form factors F2"(m}),
A2""(m2), APP(m}) are damped at large ¢° (=mj).
For example, the second term of Eq. (2.1) contributes at
most 1% in the BSW model; therefore, we neglect these
terms in our analyses.

In the BSW model the values of the form factors at
g’>=0 were calculated by use of the relativistic
harmonic-oscillator potential model.!! However, in order
to test the factorization assumption, we do not use their
model-dependent values, but use ones derived from the
experimental data. The relatively precise experimental
data have been given for the B— D, D * 7 processes. We
show the branching-ratio data of CLEO®’ and ARGUS,?
and the simple averaged values as follows (in percent):

CLEO ARGUS Average
BY—D 7"  025+0.07 0.48+0.16 0.37+0.12
B*D%%  0.44+0.10 0.20£0.10 0.32+0.10
B}—-D* 7" 036+0.11 028+0.11 0.32+0.11
B —D*°z~  0.7+0.3  0.40+0.18 0.55+0.24
(2.10)

We have studied the form factors in the three cases of us-
ing the CLEO data, the ARGUS data, and their averaged
data, respectively. Although the numerical results are
somewhat different from each other, the qualitative con-
clusions are the same ones in the three cases. Therefore,
we show the result in the case of using the simple aver-
aged data in the following.

The g? dependence of the form factors’ is approximat-
ed by a single pole for F,(g?), F,(g?), and A,(q?) ac-
cording to the power-counting laws of QCD'? such as

FBP(0)

F{)’"(qz)=—1_—‘12/M—2 with M ~6.80 GeV, etc.,

(2.11)

where M is the relevant energy scale of the transition.'!
Using V,, =~0.046 and V,; =1 we may get the values of
FEP(0), FE7(0), A8P*(0), and FE7(0). However, we
should take into consideration the final-state phase shifts
of the D7 and D*r systems. The physical amplitude of
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the B—D ~7™" process is given by the isospin decompo-
sition as'?
APY(BY D 7™

1

=\/—g[ayz(Dﬂ')e[ﬁm—{—a]/Z(Dw)eié”z], (2.12)

where a;,, and a,,, are the weak amplitudes (with KM
factors included) for I =2 and 4, respectively. After
some calculations we get

APYSBY D 7 ")
i8)

=e A“B}—-D " 77")

AYB " D%™")
3

+ =1, @13

where 6,.=68;,,—8,,,. In deriving Eq. (2.13) we used
the following relation, which is given by the factorization
assumption:

AYB*—D7")= A“BJ—~D =w")

+v2 AYBY—-D°7%) .  (2.14)
As seen in Eq. (2.13), the physical amplitude deviates
from the weak one in the case of 6,,70. It is noted that
we have |APMY(B* >D%*)|=[4“B* -D%")|, be-
cause the final state D%r" is the pure I =3 one. Since
the absolute value of the physical amplitude is given by
the experimental data, we can get the constraint for the
phase shift 8§,, and the form factors FZP(0),FE™(0).
Once we know the values of these form factors, we can
give the prediction of the branching ratios of the
B}—>D p* and B* -D%™" processes as seen in Egs.
(2.5) and (2.6) because of FEP(0)=F#P(0).!" Further-
more, we can predict the double-charmed-meson decay
suchas B)—>D "D, and B)—D D*".

The physical amplitude of the B{—D* 7" process is
also given in the same way. The new data of
B~ —D*%7~ by ARGUS® and CLEO’® make it possible
to investigate the phase shift 6, «_in the final D*7 sys-

tem. This is one of the new points of our reanalysis.

II1. DOUBLE-CHARMED-MESON DECAYS

In this section we discuss the double-charmed-meson
decay such as B}—D D}, B}—D* DS, and
B?—D " D*". These predictions are the good test for
the factorization assumption.

The penguin process'* contributes to the double-
charmed-meson decays'> in contrast with the single-
charmed ones. We include the lowest-order penguin am-
plitude without the leading-logarithmic QCD corrections
in this process, because the penguin one is not dominant
amplitude, at most 10% in the double-charmed-meson
decays. These amplitudes are given by using the factori-
zation assumption and including the timelike penguin
amplitude as
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a; *
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with

(13:1———1_ .

i (3.4)

The function I; is the penguin loop function in the lowest
order.'® We do not take account of the final-state in-
teraction in these double-charmed-meson decay.

We comment on the final-state interactions in these
processes. There may be channel mixing with B—K1
and K *1, but its effect is very small because these decay
amplitudes are suppressed in an order of a,/a,. There
may also be the rescattering effect, which we cannot esti-
mate reliably. However, we have found that the factori-
zation works successfully for these processes without tak-

ing account of the rescattering effect in the following
analyses.

IV. NUMERICAL RESULTS

Let us begin with showing the numerical results of the
single-charmed-meson decays. By taking the simple aver-
aged data of Eq. (2.10) we get the constraint for &,

a;

a
a VoV +ﬁ i)‘. Vi VisI;
i

a.
achch*_H-ﬁ [2 Vi, VEI, ]a3 2mpfpeppeFPP(m}e),
i s s s
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1+2 - —mB3)FEP(m}
(m\‘_}_mc)(mb_mc) fDx(mB mD) 0 (mDS),
3.1

1-2 s, 2i ABP" (m}
3 (m.tm)my +m,) | |28/ oo 40" (mp)
(3.2)
(3.3)

[

FEBP(0), and FZ7(0). Once the value of FP(0) is fixed
we get the value of 8,,_,FE™(0) and the predicted branch-
ing ratios of the BY—D p* and B* —»D%" decays as
shown in Table I, where error bars are due to the used ex-
perimental data. We take tentatively FE7(0)~ 4§°(0) in
predicting the B* —D%™" branching ratio. Since the
contribution of 45P(0) is very small, this approximation
is not crucial for our numerical results. The experimental
values of these branching ratios have been given by the
ARGUS group, such as® B(B%—D p7)=(0.9£0.6)%
and B(B~ —D"% )=(1.3%£0.6)%. In Table I, we show
these predicted values in both cases of N =3 and . Al-
lowing the experimental values in the region of
03%<B(BY—>D p")<1.5% and 0.7%<B(B~
—D%*%)<1.9%, and imposing the reasonable con-
straint FEP(0)> FE™(0)> 0, we get the allowed region of
FEP(0): 0.60<FBP(0)<0.75 with N=oc as seen in
Table 1. It is remarked that there is no allowed region of
FEBP(0) in the case of N =3. These results seem to sup-
port the BSW model, in which F?(0)=0.690 and
FE7(0)=0.333 are used with N=.? But, it is em-
phasized in our results that the final-state phase shift 5,

TABLE I. The allowed values of cosd,, and FE7(0) for fixed values of FEP(0) in the case of N = co.
The values in parentheses correspond to the case of N =3. The predicted branching ratios are also

shown for B—D p* and B"—D%".

FEP(0) cosdp, FE™(0) B(D p”) B(D%™)

0.55 1.261+0.842 0.020+0.173 0.86% 0.84%
(1.663+0.971) (0.134+0.361) (0.73%) (0.78%)

0.60 0.850%0.737 0.123+0.173 1.02% 0.92%
(1.217+0.828) (—0.064+0.361) (0.87%) (0.85%)

0.65 0.496+0.695 0.226+0.173 1.20% 1.00%
(0.840+0.736) (—0.262+0.361) (1.03%) (0.92%)

0.70 0.184+0.668 0.329+0.173 1.39% 1.08%
(0.513+0.697) (—0.460+0.361) (1.19%) (0.99%)

0.75 —0.098+0.650 0.431£0.173 1.60% 1.17%
(0.222+0.670) (—0.657+0.361) (1.36%) (1.07%)

0.80 —0.356+0.640 0.534+0.173 1.82% 1.25%
(—0.043£0.653) (—0.855+0.361) (1.55%) (1.15%)
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TABLE II. The allowed values of cos, « and F{7(0) for

fixed values of 42”*(0) in the case of N=oco. The values in

parentheses correspond to the case of N =3.

A% (0) c0S8 x F57(0)

0.60 0.728+0.637 —0.305+0.367
(1.031£0.710) (0.851+0.764)

0.65 0.4460.590 —0.191+0.367
(0.721+0.636) (0.630+0.764)

0.70 0.204+0.563 —0.07610.367
(0.460+0.592) (0.409+0.764)

075 —0.01140.549 0.039+0.367
(0.233+0.566) (0.188+0.764)

0.80 —0.205+0.543 0.153+0.367
(0.0310.551) (—0.032+0.764)

0.85 —0.384+0.543 0.268+0.367
(—0.153+0.544) (—0.253+0.764)

0.9 —0.552+0.548 0.382+0.367
(—0.323+0.543) (—0.474+0.764)

0.95 —0.710+0.556 0.497+0.367
(—0.482+0.545) (—0.695+0.764)

100 —0.861+0.566 0.612+0.367
(—0.632+0.551) (—0.916+0.764)

105 —1.006+0.578 0.726+0.367
(—0.775+0.560) (—1.13620.764)

around 90° should be taken in order to explain the
single-charmed-meson decays.

On the other hand, taking the averaged data of
B—D*r7 in Eq. (2.10), we get the constraint for 8, « ,

Agb*(O), and F27(0). We show the values of cosd x

and F27(0) for the fixed AgD‘(O) in Table II. Imposing
the reasonable constraint AgD*(O)>Ff”(O)>O, we get
the allowed region of 422%(0): 0.75< 482%(0)<1.05
in the case of N =0, and 0.60< 452 (0)<0.75 in the
case of N =3. Although this result is not inconsistent
with the one in the BSW model, 482" (0)=0.623,2 both
cases of N = oo and 3 are still allowed.

Next, we have calculated the branching ratio for the
double-charmed-meson decays of the B meson by using
Egs. (3.1), (3.2), and (3.3) with our obtained values of
FBP(0) and ABP7(0). These results are shown for
fp =0.22 GeV in B(DD;) and fp+=0.221 GeV in

B(DD}) with m,=150 GeV in the case of N = in
Table III. The predicted values of B(D*D;) and
B(D*D,)/B(DD,) are shown in Table IV for

TABLE III. The predicted values of BJ— DD, and
B?— DD in the case of N =« and m, =150 GeV.

B(DD,) B(DDX)
X(fp /0.22 GeV)? X(f,«/0.221 GeV)?
FEP(0) (%) (%)
0.60 0.82 0.54
0.65 0.96 0.63
0.70 1.12 0.73
0.75 1.28 0.84

TABLE IV. The predicted values of the branching ratio of
BY—D*D, and the ratio of the branching ratios of BJ— D *D;
to BY— DD, in the case of FgD(O)=O.7, N = o0, and m, =150
GeV.

B(D*D,)
AE2*(0) X(fp /0.22 GeV)? (%) B(D*D,)/B(DD,)
0.75 0.86% 0.77
0.80 0.98% 0.88
0.85 1.11% 0.99
0.90 1.24% 1.12
0.95 1.39% 1.24
1.00 1.54% 1.38
1.05 1.69% 1.52

FE™(0)=0.7 and A48*(0)=0.75~1.05 in the case of
N =c. Since the ratio B(D*D,)/B(DDy) is indepen-
dent of the coupling f D, and very weakly depends on the

form of the g% dependence in the form factor, this ratio is
an important quantity to test the factorization assump-
tion.

The penguin process contributes to the total decay am-
plitude in the negative sign as —(9.5-10.0)% for
B}—DD;,—(0.89-0.94)% for BJ—D*D,, and
—(4.0-4.2)% for B}—DD} in the region of
m,=100-200 GeV. We used here a;=0.23, m;=0.17
GeV, m.=1.4 GeV, and m;, =4.95 GeV. Thus, the con-
tribution of the penguin one is the next leading one.

Recently, the CLEO group have reported the branch-
ing ratio of the double-charmed-meson decays as®'°

B(BY—-D*"D;)=(0.75£0.38)% ,
B(B~—»D°D;)=(1.8%£1.1)% , 4.1
B(BY—D*"D, )=(1.5£1.1)% .

The predicted branching ratio is consistent with one for
the B)—D "D, decay, and may be consistent with one
for the BY—D* DS decay in the case of
AEP*(0)=0.75-1.05 if £, ~0.22 GeV is used. The ex-

perimental ratio B(D*D;)/B(DD;)=2.0t1.8 is also
consistent with the predicted one, 0.77-1.52, which is in-
dependent of the value of f p,» as seen in Table IV. We

need the confirmed experimental branching ratios of the
BY—D* D" and B* ->D*%" processes to test clearly
the factorization assumption with N = «. Furthermore,
the predicted branching ratio of the B—D ~D** decay
will be compared with the experimental one in the future.

V. SUMMARY

We have analyzed the nonleptonic decay of the B
meson based on the factorization assumption. The form
factors at g2=0 being derived from the single-charmed-
meson decays of the B meson are consistent with ones in
the BSW model.2 Moreover, it is found that N should be
taken to be o. But, the large phase shifts should be tak-
en in the D7 and D *r final states, probably, §,,=90°



and 8, «_>90°. By using these values of the form factors,
we have predicted the double-charmed-meson decays,
and then found that the predicted ratio
B(D*D,)/B(DD,) is consistent with the experimental
one. Since this ratio does not depend on the value of f D,
this numerical value is important to test clearly the fac-

torization assumption. We expect the precise measure-
ment of the B — D *D, decay with the B—DDJ* one.
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