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Using the factorization approach and considering the contributions of the current—
current, QCD penguin and electroweak penguin operators at the leading approximation,
the decay amplitudes and decay widths of Bq — Dq(D})P and Bq — Dg(D7)V transi-
tions, where ¢ = u, d, s and P and V are pseudoscalar and vector mesons, are calculated
in terms of the transition form factors of the Bq — Dq and By — Dj. Having computed
those form factors in three-point QCD sum rules, the branching fraction for these decays
are also evaluated. A comparison of our results with the predictions of the perturbative
QCD as well as the existing experimental data is presented.

Keywords: QCD factorization; QCD sum-rules; current—current; QCD penguin; electro-
weak penguin operators.

1. Introduction

With the chances that a lot of B, mesons will be produced in B factories,? it
would be possible to check the two-body nonleptonic charmed decay modes B, —
Dy(Dy)P and B, — D,(D;)V. Analyzing of such type decays could give valuable
information about the origin of the CP violation, hadronic flavor changing neutral
currents, test of the Standard Model (SM), constraints on new physic parameters as
well as strong interactions among the participating particles which provides valuable
tests of the QCD factorization framework.

Theoretically, analyzing of the two-body B-decay amplitudes have been started
using the framework of so-called “naive factorization.”?” This method for some
decay channels is replaced by QCD factorization®? since it could not predict direct
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CP asymmetries in those decay modes. First, the QCD factorization approach had
been applied for the simplest charmless B — 7w and B — 7K decays®!013 then
1417 and 7 or 1 with
a pseudoscalar or vector kaon.'® In Refs. 19-21, decay modes of B, meson are

extended to the vector and exotic mesons in final states

discussed. A comprehensive study of the exclusive hadronic B-meson decays into
the final states containing two pseudoscalar mesons (PP) or a pseudoscalar and a
vector meson (PV) is discussed in Ref. 22. The charmless anti-B; — V'V decays
has also been analyzed in QCD factorization in Ref. 23. The hard-scattering kernels
relevant to the negative-helicity decay amplitude in B decays to two vector mesons
are calculated in Ref. 24 in the same framework. The two-body hadronic decays of
B mesons into pseudoscalar and axial vector mesons have been studied within the
framework of QCD factorization in Ref. 25. A detailed study of charmless two-body
B decays into final states involving two vector mesons (VV) or two axial-vector
mesons (AA) or one vector and one axial-vector meson (V' A) has also been done
within the framework of QCD factorization in Ref. 26. Considering the contributions
of both current—current and penguin operators, the amplitudes and branching ratios
are recently estimated at the leading approximation for B, — B*P, BV in Ref. 27.

In the present work, taking into account the contributions of the current—
current, QCD penguin and electroweak penguin operators at the leading approx-
imation, we describe the charmed decays B, — Dy(D;)P and B, — D,(D;)V
in the framework of the QCD factorization method. First, using the factorization
method, we calculate the decay amplitudes and decay widths of these decays in
terms of the transition form factors of the By — D, and By — Dj. Having calcu-
lated these transition form factors in the framework of the QCD sum rules in our
previous works in Refs. 28 and 29, we calculate the branching ratio of these decays.
In order to estimate the approximate branching ratios and to have a sense of the
order of amplitudes, we make a rough approximation, i.e. at the leading order of
as. Within this approximation, the hard-scattering kernel functions become very
simple and equal to unity.2” In this approximation, the long-distance interactions
between the P(V) and By — Dy(Dy) system could be neglected. The higher order
a5 corrections might not be small, but calculation of these contributions is not as
easy as the light systems in final state and needs much more efforts. Hence, for
obtaining the exact results on the considered transitions, those effects should be
encountered in the future works. There are several methods in which such type con-
tributions can be studied, QCD factorization,® 10:18:22:24 Perturbative QCD?3? and
soft-collinear effective theory.?!2 For more detail analysis of NNLO corrections
to B — light-light systems and higher-order QCD corrections to the charmless B
decays see also Refs. 33-38. Note that, some of the considered decays in this paper
have been analyzed in the framework of the perturbative QCD (PQCD)3° and for
some of them, we have some experimental data.3"

The outline of the paper is as follows. In Sec. 2, we calculate the decay am-
plitudes and decay widths for B, — D,(D;)P and B, — D,(D;)V transitions.
Finally, Sec. 3 is devoted to the numerical analysis, a comparison of our results
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with the predictions of the PQCD as well as the existing experimental data and
discussion.

2. Decay Amplitudes and Decay Widths

In the present section, we study the decay amplitudes and decay widths for B, —
Dy(D;)P and B, — D,(D;)V decays, where ¢ = u, d, s, P = 7, K, Dy and
V = K*, Dy (¢" = d,s). At the quark level, the effective Hamiltonian for B, —
Dy(Dy)m(K, K*) is given by

Gr
Hog = —{Vap V. (C107 + C20%) | . 1
gﬁ{bq(ll »,05) } (1)
Here O} and O% are quark operators and are given by

Y= (qui)v—a(Cbj)v—a, OF =(qiuj)v-a(Cbi)v_a, (2)

where ¢’ = d, s and (§1g2)v+a = 17" (11+75)q2. However, the effective Hamiltonian
for By — Dy(Dj;)Dy and By — Dy(D;)D;, at the quark level can be written as

Gr

Heff \/5

{ Va Vi (C105 + C205) + ViV Zc On } (3)

Here O,, are quark operators and are given by
Of = (gjci)v-al(Cibj)v-a,
05 = (qicj)v-a(Cibi)v-a,

O35y = (q;bi)v—a Z((IJ‘QJ‘)V—(+)A7
q

Ose) = (T0)v-n Y _(@i¢)v—(+)a> (4)
q

Oz(9) = (@jbi)v - AZ eq(Tj45)v (1A »

Os10) = (q;b5)v - AZ o(T %) vi(—)a,

where Y 4 Sums over ¢ = u, d, ¢, s, b and i and j are color indices. The operators
O, and O are called the current—current operators, Os ---Og are QCD penguin
operators and Or - - - Oy are called the electroweak penguin operators.

The Wilson coefficients C,, have been calculated in different schemes.%43 In this
paper we will use consistently the naive dimensional regularization (NDR) scheme.
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The values of C), at pu & my, with the next-to-leading order (NLO) QCD corrections

are given by 43

Cy =1.117, Cy = —0.257,

C3 = 0.017, Cy = —0.044,

Cs = 0.011, Cs = —0.056, (5)
Cr=-1x107%, Cg=5x10"14,

Cy = —0.010, Cho = 0.002.

The decay width and the branching ratio of the nonleptonic process B, —
D, (D*)M, where M stands for the P or V mesons, is given by

. 1
[(B, — Dy(D*,)M) = W|A|2\//\(m23q,m%q(1);),m?w),
Bq (6)
Br(By — Dy(D*q)M) = 7'BqF(Bq — Dy(D*g)M),

where, \(z,y,2) = 22 + y% + 22 — 22y — 222 — 2yz is usual triangle function.

To obtain the decay width, we should calculate the amplitude A. This amplitude
is obtained using the factorization method and the definition of the related matrix
elements in terms of form factors for the B, — Dy and B, — D; weak transi-
tions as

(Dq(P)[E7,.(1 — 75)b| By(p))

=+t L) + - ), 7)) (7)

Bq—>D;
_ —2f (qg)

€ XV lﬁ7 8
mD; +mBq pvaf pp ( )

(D5 (P, €)|evubl By(p))

_ . Bq—>D; %
(D (p',€)evusblBy(p)) = —i| fy (¢*)(mp; +mp,)e},

Bq—>D:; 9
+ I (¢%)

6* + /
mD;+mBq( PP+

B,—D*
[ (), ,
+ e ——— (e ) =0l 9)

where ¢? is transferred momentum square, g2 = (p—p’)?, and p and p’ are momen-
tum of the initial and final meson states, respectively.



Analysis of the Bg — Dq(Dy)P and Bg — Dq(Dj)V Decays 5849
We obtain the A as following:

For B, — D,P (P =7,K) and B; — DyDg:

Gp Ba(ey—Daqs
ABd(s)—’Dd(s)P =3 ‘/cbVJq/alfPFl d(s) d(s) (m%,) ,

V2

AB=DE = i ZEV Ve o fp PP P (md) 4 an o, B ()]

v2 (10)
B,—Dy,D_ __ q a 2
APa aq _zﬁfDq,Fl (me/)
X [VcbVC’;/m — Vo Vi (aa + aro + Ry (as + as))} ;
where,
B,—P B,— P B,—P
Fyo 7 (md,) = (my, —mp ) f" (mp,) +mp, 20 (mb,),
2m3, (11)
Ry .

~ (my = me)(my +me)

For By — DyK* and B, — DqDZ,:

ABa)—Da K™ — %Vcb‘/ﬁaﬂp : €*K*)ffd(sﬁDd(3) (m-)
AB DK % AT
% {2a1mK*fK*f+'ﬁD“(m§<*) —asfp, Fy T (m},)|, (12)
AP Daby — %(p ‘ 57);,) EQHDQ (m%):,)
x [VesViz a1 = VoV (aa + ano)]
where,
Fy Y mb) = £ 7 (mdb)(m, +my) + £, (md) (mp, —mv)

B,—V
(mp, +mv) "
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For By — D;P (P =7,K), and By — D;Dg:

ABa—Di P _ Gr B,—Dj,

\/ivcbv a1 fp(p - 5D*)F (m P)a

ABu—D,P GF

q

=5 VoV (p-€p-)
< |arfos P md) — 2aafp (P )] (14)
B,—D’D , Gr B,—D:, o
A e :_TfD/(p 8D*)Fg (mp )

X VeV a1 = VoV (s + aro + R, (as + as))|
with

2
, 2mp

Ry = e £ ) (15)

For B, — DZK* and By — D;D;,:

“ * « e G Bysy— D%
ABd(s)*’Dd(s)K zzw%b u*sa‘l P’3 ) d(s) (mK*)(é‘z)* E*K*)
V2
Basy— D},
+ F, " (my)(p-epe)(p- k)

Ba(s)— d( )
— ik ( Mg~ )Eul/pofK*aD P’phH-

- G —
ABu—>DuK =4 FVpr (almK* fo |:F?)Bu Dy (mK*)(ED* ng)

V2
u"D; 2 * *

+ Fy (M )(p-ep)(p-€k+)

By —>D

2 *U kv p. O
— UF " T (M )E pupo € e €D« P pD*}

+ agmp- fp- | F K (mb) (ekc- - eh-)
w— K™ * *
+ Fy (mD)(p-ex)(p-ep-)

B,—K*
i (mD*)elWPUED*EK P’PK D ,
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BQHD; )

« o G
By—D:D G
A7 T = ZﬁmD;,fD:, [Fs (mK*)(E*D;; '57);,)

Bq— Dy * *
+F (m%;,) (p- 5D;) (p 5D;,)
. Bg—Dyg * * o
_ZF5 q q(m%;,)fﬂypgleZ«,EDU;pppD;}
X {Vcch’;/m — ViV (aa + CL10)} ; (16)
where

B,—V; Bg—V;
F3 l(m%/g) = (mp, +mw)fo* 1(m%/2),

By—V;
pPo (m2,) = 2f—1(%/2)
4 V2 (mp, +my,) ’ (17)
=2/ (m},)
B,—V;
F l(m%/g) L

(mBq + mvl)

In the above expressions, the €*, ¢’*, ek stand for the polarization of the Dy, Dy,

and K™ mesons, respectively. The quantities a;, are given in terms of the coeffi-
cient C;,

1 , 1 .
a; = C; + ECHI (1 =o0dd); a; =C; + ECFl (i = even), (18)
where ¢ runs from ¢ = 1,...,10 and N, is number of color in QCD. In the above

equation, the a; and ap are both related to the coefficients C 2, which are very
large comparing with the other Wilson coefficients, but we will keep all coefficients
to get ride of further approximation.

Now we can calculate the decay widths for B, — Dy(D7;)P and B, — Dy(D;)V
decays. The explicit expressions for decay widths are given as follow:

[(Bgesy — DayP(P =7, K))

G2
— * 12 2 2 2
N 32mrm3, |VCbV“ | al P )\(de(s)’de(s)’mP)
d(s)
FBd(s)A’Dd(s) 2 2 19
X | Fy (mp)| , (19)

I'(B, — D P(P = 7,K))

G2
:WWC P, b, m3)

[alfP [FB“HD“ (mp)} + ang [FB“HP(mDu)} ?

+ 2a1a2fp, fp[F P (m%)FF"HP(m%u)H ; (20)
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['(Bg — DyDy)

O fD,J (%, iy, ) [FE ey )]

327rmB

2

)

X VcchZ/al — V}b‘/;;;, [CL4 + a0+ Rq/ (a6 + ag)]

F(Bd(s) — Dd(g)K*)

G2
ziVV* 2a2 2 2 (m? m? m2.
327TmB | cb | 1/ K Bd(s)’ Dd(s)’ K
d(s)

wjw

2
o]

I'(B, — D,K*)

3
= — G%_ |VbV* |2 A(mZBu’m%u’m%(*)z
32mmy T 4m?2..

* 2
daimie. fe [F2 P (mie )] + a3 fp, [F T (mb,)]

— darasmic fre- fo, fL P (mi*)FzB“HK*(m%u)} ;
(B, — DyD)
G%

_ 2 2 2 2
= S3emd, 105 A i, )
q

wjw

2
B D
[P )]

* * 2
X }Vcchq/m = VooV las + aio]|”,
F(Bd(s) - DZ(S)K*)
G2

2 m2 2
=" v,V 12a?mZ. f2. (m m )
327'(de( )| cb u9| 1K fK Ba(s)y? Dd(s)’ K

Nl=

2 2 2
)\(de(g),mD* mK*>
Lok +3
4m%. m.

Dy, K

Bgsy— D}
% [FB d(s) d(s)

()]

Bysy—Dx 2
+ |:F4 d(s) 7 Ha(s) (m%(* ):|

[\ (m?2 m2. ,m>
By —>DZ 2 Bd(5)7 Dd s’ K>
+ {F5 ) (=) (m%)} )
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Ba)—=Dics) 1,2 Bas)=Dacs) 2
+ [Fs (M) || Fy (M)
2 2 2
)\(deS , M 7mw)
X (m2 —m? —m? ) © a0 (25)
By Dz K+ 3 3 )
(s) d(s) 4mDZ M
()
(B, — D:K*)
G% 12 2 2 2 \3 Bu—D} 9
_ 2 u w
= W|VCbVM| )\(mBu,mD;:,mK*) {almK*fK*Fg (M%)

+a2mDZfD;F3 mpsx 5 +3

B (g ] (A i i)
-

AmZ.m
D/U.

* 2
B,—D u *
+ [almK*fK*F T (mi-) +a2mD;fD;Ff K (m3 *)}

A(m%wm%z,m%{*)g

|+ [omic e B )

X 2
16mp,. mic.

A (m%u , m%a , m%(* )
2

. 2
+ asz,;fD,;Ff“HK (m%)u)}

Bu—D* .
+ [almK*fK*Fg “T (me) +a2mD;fD;F§B’ﬁK (m%;)}

B,—D:, f *
X [almK*fK*F4 u “(mi*)—kagmp;ifp;ifl K (mQD;j)}

2 2 2
X (m2 m? m? ) )\(mB 7mD*7mK*) (26)
B, — "Dy — K~ 2 2 ’
4mDamK*
B, — D;‘DZ,)
G% 2 2 2 2 3
= Mo [« )\(m M, M )
327Tm?éq D, fDq, By, Mpx,Mp
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#[E () [F5 ()]

2 2 2
) )\(mBq,mD;,mD*l)
q

4m%5m%zl
* * 2
X |‘/cb‘/cq/a1 = VoV las + aio]|”, (27)
I'(By() — D) P(P = 7, K))
_ G% Va V1202 20 m2 2 22
= B, g, VeV PP M, ) My
Bas) Dd(s)
— * 2
% [FQBd(S) Dd(s)(m%)} 7 (28)
(B, — D:P(P =, K))
3
Gy oA )
32mmy, Am3,.

. 2 D" 2
x (4a3md, 1, [FE P (mi)| + a3 13 [F 05 ()]
w— P 2 Bu"DZ 2
—daraamp: fpfp: [ (mD;:)F2 (mp)> , (29)

[(B, — D:Dy)

G2 % B,—D* 2
_ F 2 2 2 2 q q 2
= 28w, m,. Dq'A(mBq’mDZ’me') [F 2 mp, )}

a q

X |VcbVC>;/a1 - V;gthZ/ [as + a10 + R;/ (as + Clg)”2 . (30)

3. Numerical Analysis

This section encompasses our numerical analysis, comparison of our results with the
predictions of the PQCD as well as the existing experimental data and discussion.
The expressions of the amplitudes and decay widths depict that the main input
parameters entering the expressions are Wilson coefficients presented in Sec. 2, ele-
ments of the CKM matrix, leptonic decay constants, Borel parameters M7 and M3
as well as the continuum thresholds sg and s{,.2%2% In further numerical analysis, we
choose the numerical values as presented in Tables 1-3. The Borel mass squares M7
and M3 and continuum thresholds sg and s{, are auxiliary parameters, hence the
physical quantities should be independent of them. The parameters sg and s, are
determined from the conditions that guarantees the sum rules for form factors to
have the best stability in the allowed M? and M3 region. The working regions
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Table 1. Values of the masses in MeV.39

M mK mp+ mpo mp, MK *(892)
139.570 493.677 +0.016 1869.62 + 0.20 1864.84 +0.17 1968.49 + 0.34 891.66 + 0.26

Mp«+ M H+0 mpsx mp+ mpo mp,
2010.27 £0.17  2006.97 £0.19  2112.3 £ 0.5 5279.2 £ 0.3 5279.5 £0.3  5366.3 £ 0.6

Table 2. Values of the decay constants in MeV.

fx Ref. 39 fx Ref. 39 fp+ Ref. 39 fpo Ref. 39 fp. Ref. 39 fi« Ref. 44
130.7 4 0.46 1508 +£1.84  222.6+£19.5  222.6 £19.5 294 + 27 217+ 5

fpet Ref. 30 fp.o Ref. 30 fps« Ref. 45  fps Ref. 30 fgo Ref. 39 fp, Ref. 46
230 & 20 230 + 20 266 = 32 176 + 42 176 4 42 206 £ 10

Table 3. Values of the elements of the CKM matrix.3°

[Viudl [Vus| [Veal [Ves| [Ves|
0.97377 &+ 0.00027 0.2257 4+ 0.0021 0.230 4+ 0.011 0.957 +0.110 0.0416 £ 0.0006
[V [Vial [Visl [Vis|
0.00431 £+ 0.00030 0.0074 4+ 0.0008 0.77 £ 0.18 0.0406 + 0.0027

Table 4. The values of form factors f+ at different values of ¢2.

2 2 2
m m
a T

2 2 ) 2
K* M E* (892) % mp* MDs m

D*E D¥
BT DY 2
£ (a) 0.59+0.14 0.6040.15 0.63+0.16 0.86+0.22 0.9240.23 0.96+0.24 1.0840.27
Bt DY 2
1B (¢%2) —0.204£0.05 —0.2140.05  —0.2240.06 —0.3840.10 —0.44+0.11 —0.4940.12 —0.6940.17
0
B *)D+(q2) 0.5840.15 0.5940.15 0.6340.17 0.8640.22 0.9240.22 0.9540.23 1.08+40.27
0 +
fB"—=DT (g2)  —0.204£0.05 —0.2140.05  —0.22£0.06 —0.374+0.10 —0.44+0.11 —0.49+0.12 —0.6940.17
BY—DF
f_*_sﬂ s (q2) 0.26+0.06 0.2740.06 0.28+40.07 0.3540.09 0.3840.10 0.3940.10 0.4240.11
0 +
BY—D
Fo87T7S (¢2)  —0.114£0.03  —0.1240.03  —0.13£0.03 —0.154+0.04 —0.16+0.04 —0.17+£0.05 —0.1840.05

for M? and M3 as well as the values for continuum thresholds are determined in
Refs. 28 and 29. Here, we choose the values so = 35+ 5 GeV?, sp=T7x1 GeV?,
M2 =170+25 GeV?, Mi=7+1 GeV? from those working values for auxiliary
parameters. The values of the form factors fi and fy 12,3 at different values of
g% which we need in the expressions for decay widths are presented in Tables 4
and 5, respectively. Using the expressions for total decay widths, the values of
branching fractions for By — DyP, By — D;P, By — D,V and B, — D}V are
found. We depict the values of the branching ratios in Tables 6-9. Here, we should
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Table 5. The values of form factors fo.1,2,3 at different values of ¢2.
q2 m?2 m?2 m?2 m?2 m2 m m?2
Lt K+ o+ (892)E o Ds e "Dx

ffJfﬁD*o( 2 0.76+£0.19 0.7840.19 0.80+0.20 0.97+0.24 1.0140.25 1.0940.26 1.1340.27
le+—‘D*O( 2) 0.6240.15 0.63+0.15 0.6740.16 0.9840.24 1.08+0.26 1.1440.27 1.2740.29
fB+"D*O(q2) 0.901+0.22 0.96+0.23 0.994+0.24 1.50+0.38 1.60£0.40 1.82+0.46 2.0040.50
fB+_’D*O(q2) —1.51+0.38 —1.624+0.40 —1.65+0.40 —2.01£0.50 —2.301+0.55 —2.50+0.60 —2.65+0.61
fBO_’D*+(q2) 0.764+0.19 0.784+0.19 0.814+0.20 0.974+0.24 1.0240.25 1.10£0.26 1.1340.27
fBO"D*+(q2) 0.614+0.15 0.634+0.15 0.66+0.16 0.984+0.24 1.0740.26 1.1440.27 1.2740.29
fBO"D*-F( 2) 0.904+0.22 0.95+0.23 0.994+0.24 1.5140.38 1.61£0.40 1.82+0.46 2.0140.50
fBO_’D*+(q2) —1.5240.38 —1.6240.40 —1.664+0.40 —2.01£0.50 —2.3140.55 —2.5140.60 —2.65+0.61

0_, p*+
OB Ds (q2) 0.384+0.10 0.4040.11 0.4140.11 0.58+0.15 0.624+0.16 0.674+0.17 0.7040.18

0 p*+
F Ds (q2) 0.331+0.08 0.36+0.08 0.404+0.11 0.67+0.17 0.714+0.17 0.744+0.18 0.764+0.18

0_, p*+
2B§ bs (q2) 0.434+0.11 0.4740.12 0.504+0.13 0.8140.21 0.85+0.22 0.88+0.23 0.9140.23

0_, p*+
?’B Ds (q2) —0.6740.17 —0.69+0.17 —0.7240.18 —1.29+40.32 —1.4240.34 —1.4940.35 —1.55+0.36

Table 6. Values for the branching ratio of By — DgP.

By — DgP Present work PQCD?30 Expt.3?

S — 2.9540.434-0.15 — —
Bt — DOg# (5.95 £1.95) x 1073 51175 03H0-2340-05 % 10-3  (4.92 £ 0.20) x 10~3

+ 0 [t [ —4 +2.35+0.63+0.12 —4 —4
B — DOK (4.31 4+ 1.52) x 10 4,001 23540034012 19 (4.08 +0.24) x 10
B* — DOp* (3.44 4+ 1.22) x 104 — (4.80 & 1.00) x 104
B* — DOp* (2.03£0.85) x 10~2 — (1.09 £ 0.27)%

0 =+ -3 +1.7840.55+0.08 3 . _:
BY — DEr¥ (5.69 % 1.70) x 10 2.697 ] T8T0-5510-08 « 1073 (3.40 +£0.90) x 1073
BY — DEKTF (3.53+1.23) x 10=%  2.4383GK003H007 5 104 (2.00 £ 0.60) x 10~*
BY — D*D¥ (2.87+£0.89) x 104 — (1.90 4 0.60) x 10~*
BY — D*D,F (8.88 +2.82) x 10~3 — (6.50 £ 2.10) x 10~3
B? — D,*xF (142 +0.57) x 1073 2.13T-44F0-6940.06 » 19-3  (3.80 +0.30) x 1073

0 + —4 +0.92+0.58+0.05 _4
BY - D,AKF  (1.0340.51) x 10 1.71F0-8240.3840.05 » 10 —

BY — D*DF (1.20 £ 0.73) x 104 — —
B? — DD,  (2.17+0.82) x 1073 — —

stress that, as we mentioned before, our results depicted in the tables are approx-
imate results since we considered the observable only at the leading order of as.
To obtain more exact results the higher order o corrections should be taken into
account. However, the presented uncertainties in the results are belong to the uncer-
tainties in the values of the input parameters as well as variations in form factors
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Table 7. Values for the branching ratio of Bq — D7 P.
B — DyP Present work PQCD30 Expt.39

Bt — D*0nt (4.89£1.52) x 1073 50472 93H0-2210-15 51073 (4.60 £0.40) x 1073
B - D*OKE  (3.38+£1.04) x 107  3.60723510-524002 104 (3.70 +0.40) x 104
B — D*0p+ (2.57 4+ 0.88) x 1074 — —

BT — D*0D,*  (11.03 +£2.91) x 103 — (10.00 4 4.00) x 10—3
B — D**q¥ (3.45+ 1.75) x 1073 2.6071 730531007 10-3  (2.76 +£0.21) x 1073
BY — D**KF  (208£0.68) x 1074  2.377552F0-0270.07  10-4 (2,144 0.20) x 10~*
BY — D*:D¥ (3.14 4 1.46) x 104 — (9.30 & 1.50) x 104
BY — D*ED, T (8.6942.88) x 1073 — (8.80 + 1.60) x 1073
BY — D:*r¥F (21140.73) x 1073 24273 12078007 193 —

BY — DrEKF  (1.5940.67) x 1074 1.6573:99+0-56+0.05 , 10—4 —

BY — D**D¥F (0.30 £ 0.11) x 10~* — —

B — D**D,F (2544 0.57) x 103 — —

Table 8. Values for the branching ratio of B4 — DgV.
By — DV Present work PQCD3° Expt.3?

BE — DOK*(892)F  (2.90£0.88) x 10~* 6.49758510-1340-20 x 104 (6.30 £ 0.80) x 10~*
B* — DOp** (5.61 £1.88) x 10~* — (4.60 £ 0.90) x 10~*
B — DOp** (7.01 £2.09) x 10~3 — (7.20 £ 2.60) x 10—3
B® — D¥K*(892)F  (3.20£1.15) x 104 4.0772.819-914012 104 (4.50 +£0.70) x 104
BY — DEp*F (8.18 +2.84) x 104 — —

B® — DEpD*F (9.23 £2.67) x 1073 — (8.60 £ 3.40) x 103
BY — DyEK*(892)F  (0.50 £0.22) x 10=4  3.02F1:62+0.8840.10 14 —

BY — DsED*F (1.07 £0.59) x 10~4 — —

BY — D,ED*F (2.62 £0.93) x 10~3 — —

which are related to the errors in determination of the auxiliary parameters namely,
Borell mass parameters M7 and M3 and continuum thresholds so and sj,. These
tables also include a comparison of our results with the existing predictions of the
PQCD as well as the experimental data. From these tables, we see a good con-
sistency among two nonperturbative approaches and the experiment in order of
magnitude. In many cases, the presented results out of order of magnitude from
three approaches coincide especially, when we consider the uncertainties in the
results. The best consistency between our results and predictions of the PQCD
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Table 9. Values for the branching ratio of B¢ — D3 V.

By — D3V Present work PQCD30 Expt.39
BE — D*OK*(892)% (5.07£2.61) x 10~* 6.8275 1441224021 1904 (8.30 £ 1.50) x 104
BE — D*Op** (0.11 £0.07) x 102 — <11%
BE — D*Opx* (6.85 £2.98) x 10~2 — 2.20 £+ 0.70%
BY — D*:K*(890)F (3.55 +1.25) x 10~4  4.88T3-18+1-1640-15 » 19-4  (3.30 +0.60) x 104
BY — D*:D*F (8.78 £2.50) x 104 — (8.30 4 1.01) x 104
B0 — D*tDxF (8.17 £ 2.93) x 102 — (1.79 4 0.16)%
BY — D:¥K*(890)F (1.63+0.86) x 10~% 3.47F1-96F1.074+0.11  j5—a —
BY — D*Ep*F (6.76 +2.69) x 10~4 — —
BY — DrEprF (2.77 £0.76) x 10~2 — (2373)%

is related to the B — D**K¥ transition and BY — D, £K*(892)T transition
shows the biggest discrepancy between two methods. Our central value prediction
on BY — D**K¥ is approximately the same as the experimental result, however,
the central experimental result on the branching ratio of BY — D**D* depicts a
big discrepancy comparing that of our prediction. The presented predictions from
PQCD are related to the charm—charmless cases in the final states and we have
no predictions on the charm—charm cases from this approach. In this approach,
the wave functions of the participating mesons, which are available with higher
order corrections, have been used to calculate the amplitudes.?C Therefore, over all
agreement between our results and predictions of PQCD for charm—light cases in
the final state and the experimental data for both charm-light and charm—charm
cases, could be considered as a good test of the QCD factorization at leading order
of « for related transitions. However, for exact comparison, much more efforts are
needed in the future works, which may include the higher order corrections. Our
results of some decay modes which have not been measured in the experiment can
be tested in the future experiments at LHCb and other B factories.

In conclusion, using the QCD factorization approach and taking into account
the contributions of the current-current, QCD penguin and the electroweak penguin
operators at the leading approximation, the decay amplitudes and decay widths of
By — Dy(D7)P and B, — Dy(D;)V transitions were calculated in terms of the
transition form factors of the B, — D, (D). Having computed those form factors in
the framework of the three-point QCD sum rules in our previous works, the branch-
ing fraction for these decays were also evaluated. A comparison of our results with
the predictions of the perturbative QCD as well as the existing experimental data
was presented. Our results are over all in a good agreement with the predictions of
the PQCD and the existing experimental data. Our predictions on some transitions,
which have no experimental data can be checked by future experiments at LHCb or
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other B factories. To get more exact results from the QCD factorization method,
higher order a; corrections should be considered in the future works.
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