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Decay constants, semileptonic and non-leptonicB decays in a Bethe-Salpeter model
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We evaluate the decay constants for theB andD mesons and the form factors for the semileptonic decays
of theB meson toD andD* mesons in a Bethe-Salpeter model. From data we extractVcb50.03960.002 from

B̄→D* l n̄ andVcb50.03760.004 fromB̄→Dl n̄ decays. The form factors are then used to obtain non-leptonic
decay partial widths forB→Dp(K) andB→DD(Ds) in the factorization approximation.
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I. INTRODUCTION

In previous papers@1,2# we have developed a model fo
mesons based on the Bethe-Salpeter equation~BSE!. Re-
cently @3,4#, we calculated the form factors in the semile
tonic B→D(D* ) ln decays and extracted the Cabibb
Kobayashi-Maskawa~CKM! matrix elementVcb from data
with and without taking the QCD correction into accoun
The key ingredient in the computation of the form facto
was the construction of the physical states for theB andD
mesons in terms of the wave function obtained by solvin
reduced BSE. In this paper we improve upon the work
Ref. @4# in two ways. First we establish a theoretical conne
tion between the matrix element of the bare current oper
calculated using the model states constructed in@4# and the
matrix elements of an effective current operator based u
arguments for contributions from neglected configuratio
Second, we make an ansatz for the correspondence bet
the matrix elements of the bare and the effective curr
operator. The effective current operators are then use
calculate not only the decay constants and semileptonic f
factors similar to our previous work but also the branch
fractions of non-leptonic decays.

The discovery of heavy quark symmetry~HQS! in recent
years @5,6,7,8,9# has generated considerable interest in
study of systems containing heavy quark~s!. It has been
shown that, in the heavy quark limit, the properties of s
tems containing a heavy quark are greatly simplified. H
results in relations between non-perturbative quantities, s
as form factors, for different processes involving transitio
of a heavy quark to another quark. The development
heavy quark effective theory~HQET! @7# allows one to sys-
tematically calculate corrections to the results of the H
limit in inverse powers of the heavy quark massmQ . In spite
of impressive results obtained in HQET, it has not solved
problem of calculating the transition form factors in QCD.
particular, HQS reveals relations between form factors
does not provide a determination of the form factors the
selves. Furthermore, the systematic expansion of the f
0556-2821/98/58~1!/014007~8!/$15.00 58 0140
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factors in 1/mQ in HQET involves additional non-
perturbative matrix elements which are not calculable fr
first principles.

We are thus forced to rely on models for the no
perturbative quantities. However, the constraints of HQE
which are based on QCD, allow one to construct mod
which are consistent with HQET and hence QCD. We ha
already demonstrated the consistency of our model with
requirements of HQET@4#.

The parameters in the BSE are fixed by fitting the mes
spectrum. Hadronic states necessary for the calculation
form factors are constructed with the BS wave functions.
our formalism the mesons have been considered as c
posed ofqq̄ constituent quarks which defines the limits
our model space. Our dual thrust in this effort is to corre
for the limited model space and to carry out new applic
tions. Higher Fock state effects are introduced though
ansatz, involving an additional parameter, connecting
bare current operator to an effective operator.

The additional parameter introduced in this process
chosen by a fit to the lattice evaluation of the decay consta
f B , f D , and f Ds

. An evaluation of the other decay constan

of the B and D system along with the semi-leptonic form
factors and the non-leptonic decays is performed without
additional free parameter and are, therefore, viewed as
dictions of this model. Based on this new approach we ag
extractVcb from the measured differential decay rate ofB̄

→D* l n̄ and find a 20% increase over our previous resu
@4#. We also extractVcb using recent measurement o
B̄→Dl n̄ by CLEO @10#. The two resulting values forVcb
presented in this paper are consistent with each other.

The paper is organized as follows: In Sec. II we give
brief review of Bethe-Salpeter model for mesons. In Sec.
we discuss the formalism for the calculation of the dec
constants and the form factors after establishing the con
tion between the bare current oprator and the effective c
rent operator. In Sec. IV, we discuss non-leptonic decays
in Sec. V we present and discuss the results of our work
© 1998 The American Physical Society07-1
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II. BETHE-SALPETER MODEL FOR MESONS

In Ref. @1# we have developed a model for mesons ba
on the Bethe-Salpeter equation. The wave functions for
mesons were solved from three dimensional reductions
BSE, called the quasi-potential equations~QPE!. It was
found that two reductions give a good description of t
meson spectrum, including open flavor mesons, over a w
range of states. Masses for 47 states were predicted u
seven parameters given below with mass root mean sq
deviation of about 50 MeV@2#.

The interaction kernel in the BSE is written as a sum o
one-gluon exchange interaction in the ladder approximat
VOGE , and a phenomenological, long-range linear confi
ment potential,VCON . In momentum space this interactio
takes the form

VOGE1VCON5
4

3
as

gm ^ gm

~q2q8!2

1s lim
m→0

]2

]m2

1^ 1

2~q2q8!21m2. ~1!

Here, a§ is the strong coupling, which is weighted by th
meson color factor of43 , and the string tensions is the
strength of the confining part of the interaction. We adop
scalar Lorentz structureVCON as discussed in@2#.

In our model the strong coupling is assumed to run as
the leading log expression foras ,

as~Q2!5
4pas~m2!

4p1b1as~m2!ln~Q2/m2!
~2!

whereb151122nf /3 andnf is the number of quark flavors
with as(m

25MZ
2).0.12 whereQ2 is related to the meson

mass scale through

Q25g2Mmeson
2 1b2, ~3!

where g and b are parameters determined by a fit to t
meson spectrum.

In our formulation of BSE there are therefore seven
rameters: four masses,mu5md ,mc ,ms ,mb ; the string ten-
sion s, and the parametersg andb used to govern the run
ning of the coupling constant. Once the parameters are fi
from the mass spectrum, the meson wave functions from
BSE can be used to predict physical observables.

Table I shows the values of the parameters used in
reductions of the Bethe-Salpeter equation referred to as A
reductions@2#.

III. DECAY CONSTANTS
AND SEMI-LEPTONIC FORM FACTORS

The weak decay constants for the heavy hadrons are
fined below:
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^0uJmuP~p!&5 i f Ppm

^0uJmuV~p!&5mVf V«m

Jm5Vm2Am ~4!

whereP and V are pseudo-scalar and vector states andVm
andAm are the vector and axial vector currents.

The Lagrangian for the semileptonic decays involving t
b→c transition has the standard current-current form a
the W boson is integrated out in the effective theory:

HW5
GF

2&
Vcbc̄gm~12g5!bn̄gm~12g5!l . ~5!

The leptonic current in the effective interaction is complete
known and the matrix element of the vector (Vm) and the
axial vector (Am) hadronic currents between the meson sta
are represented in terms of form factors which are define
the equations below@11#.

^D~pD!uJmuB~pB!&5F ~pB1pD!m

2
mB

22mD
2

q2 qmGF1~q2!

1
mB

22mD
2

q2 qmF0~q2! ~6!

whereq5pB2pD ,

^D* ~p8!uJmuB~p!&5b0«mnab«n* papb81b1«* m

1b2~p1p8!m1b3~k!m ~7!

with

b05
2V~k2!

mB1mD*

b15 i ~mB1mD* !A1~k2!

TABLE I. Values of the parameters used in reductionsA,B
together with root mean square deviation from experimental me
masses.

Reduction A Reduction B

mb ~GeV! 4.65 4.68
mc ~GeV! 1.37 1.39
ms ~GeV! 0.397 0.405
mu ~GeV! 0.339 0.346
s (GeV2) 0.233 0.211
g 0.616 0.444
b ~GeV! 0.198 0.187
RMS ~MeV! 43 50
7-2
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b252 i«* •k
A2~k2!

mB1mD*

b35 i«* •k
2mD* „A0~k2!2A3~k2!…

k2

A3~k2!5
~mB1mD* !A1~k2!2~mB2mD* !A2~k2!

2mD*

wherek5pB2pD* . F0 , F1 , V, A0 , A1 , A2 , and A3 are
Lorentz invariant form factors which are scalar functions
the momentum transfer„PB2PD(PD* )…2. The calculation of
the decay constants and form factors proceeds in two st
In the first step, the full current from QCD is matched to t
current in the effective theory~HQET! at the heavy quark
mass scale@12#. Renormalization group equations are th
used to run down to a low energy scalem;1 GeV where the
constraints of HQET operate and where it is reasonabl
calculate matrix elements in a valence constituent qu
model like the one we employ here@14#. We have already
described the first step, viz. the perturbative QCD correcti
to the weak currents, in our previous publication@4# and
therefore we will not repeat it here.

The second step is the calculation of the matrix eleme
of the currents in the model to obtain the decay constants
form factors. Such a calculation requires the knowledge
the meson wave functions. In our formalism the mesons
taken as bound states of a quark and an antiquark. The w
functions for the mesons, as already mentioned, are ca
lated by solving the Bethe-Salpeter equation@1,2#. We con-
struct the meson states as@13#

uM ~PM,J,mJ!&5A2MHE d3p^LmLSmSuJmJ&

3^smss̄ms̄uSmS&

3FLmL
~p!Uq̄S mq̄

M
PM2p,ms̄D L

3UqS mq

M
PM1p,msD L ~8!

where

uq~p,ms!&5A~Eq1mq!

2mq
S xms

s•p

~Eq1mq!
xmsD

M5mq1mq̄

Eq5Amq
21p2 ~9!

and MH is the meson mass. The meson and the constitu
quark states are normalized as

^M ~P8M ,J8,mJ8!uM ~PM ,J,mJ!&

52Ed3~P8M2PM !dJ8,Jdm
J8 ,mJ

~10!
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^q~p8,ms8!uq~p,ms!&

5
Eq

mq
d3~p82p!dm

s8 ,ms
. ~11!

In constructing the meson states we maintain a constitu
quark model approach as we do not includeqq̄ sea quark
states nor the explicit gluonic degrees of freedom. We a
assume the validity of the weak binding approximati
@13,14#. In the weak binding limit our meson state forms
representation of the Lorentz group, as discussed in R
@13#, if the quark momenta are small compared to th
masses. Assuming that the quark fields in the current cr
and annihilate the constituent quark states appearing in
meson state, the calculation of the matrix element of
current operator then reduces to the calculation of a f
quark matrix element. In the rest frame of theB meson with
a suitable choice of the four-vector indices in Eqs.~6!, ~7! we
can construct six independent equations which we can s
to extract the six form factors.

This model space representation may be viewed as
leading characterization in an expanded representation w
more accurately represents the exact states. We assume
the effects of higher Fock states, representing gluons or
quarks, in the calculation of the matrix element of the ba
current operator are represented by the matrix element o
effective operator in the truncated model space. In ot
words, with the notation ‘‘e’’ labeling exact states, and ‘‘m
labeling model states,

^M2
e~P2!uJmuM1

e~P1!&→^M2
m~P2!uJm

effuM1
m~P1!&. ~12!

To define clearly what we mean by the bare current oper
and the effective current operator, let us write, assum
heavy quark symmetry,

uMi
e~Pi!&5uQi ,Li& ~13!

whereQi is the heavy quark in the meson andLi is the light
degree of freedom which includes all possible Fock sta
involving light quarks and gluon degrees of freedom ani
takes the value 1,2. In the model states we setLi5q̄i which
is the lowest Fock state and all the other higher Fock s
effects involving the light degrees of freedom are omitte
Note that, in the heavy quark limit,

^M2
e~P2!uJmuM1

e~P1!&;^Q2uJmuQ1&P~L2uL1&. ~14!

The ratio^L2uL1&/^q̄2uq̄1& is, therefore, roughly the factor b
which the matrix element of the current operator calcula
with the model states have to be corrected to include hig
order Fock states involving light degrees of freedom. W
expect this factor to be approximately independent of
spins of the heavy quark as, in the heavy quark limit,
interaction between the heavy quark and the light degree
freedom is independent of the spin of the heavy quark. A
effect dependent on the heavy quark spin will be higher
der effect in 1/mQ and we neglect such contributions.

The effective current operator is then the bare current
erator, which comes from the weak interaction Hamiltoni
7-3
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defined in Eq.~5!, combined with the factor representin
corrections from higher Fock states with light degrees
freedom. We will include Fock state effects involving lig
degrees of freedom by the following replacement in the c
culation of the matrix element

F2
e~p8!JmF1

e~p![F2
m~p8!Jm

effF1
m~p!

5F2
m~p8!V†~p8!JmV~p!F1

m~p!.

~15!

In the above,p, p8 are the internal momenta of the quarks
the initial and final mesons andF1(p), F2(p8) are the initial
and final meson wave functions. We will use the very sim
ansatz

V~p!5e2a2p2/2. ~16!

A phenomenological motivation for this ansatz com
from the fact that potential models forF i

m(p) with Coulomb-
like interaction at short distance exaggerate the values o
decay constants@15,16#, which, in the non-relativistic limit,
is proportional to the value of the wave function at the orig
of the configuration space. We will fit the lattice calculatio
of the decay constantsf B , f D , and f Ds

using the paramete
a. Our ansatz for the higher Fock state effects suppresse
tail of the wave function in the momentum space leading
smaller values of the decay constants consistent with res
obtained in lattice calculations. Note that we will use t
same value ofa for decays involving B and D decays. Th
is consistent with heavy quark symmetry.

The expressions of the decay constants in terms of
wave functions are given as@15#

f i5A12

M E
0

` p2dp

2p3 A~mq1Eq!~mq̄1Eq̄!

4EqEq̄
Fi~p!

~17!

FP~p!5F12
p2

~mq1Eq!~mq̄1Eq̄!GcP~p! ~18!

FV~p!5F12
p2

3~mq1Eq!~mq̄1Eq̄!GcV~p! ~19!

wherecP(V) are the wave functions of the exact states. Us
Eq. ~12!, we can then obtain the form factor in terms of t
BSE wave functions.

IV. NON-LEPTONIC DECAYS

Non-leptonic decays arise from W exchange diagram
tree level. Strong interactions play an important role in th
decays by modifying the weak vertices through hard glu
corrections and then the long distance QCD interactions
sult in the binding of the quarks in the hadrons. An effect
Hamiltonian of four quark operators is constructed by in
grating the W-boson and the top quark from the theory. T
effects of the short distance and the long distance QCD
teractions are separated using the operator product expa
01400
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where the Wilson coefficients account for the short dista
effects while the long distance effects are incorporated in
matrix element of the four quark operators. The effect
Hamiltonian operator forb→c transition can be written as

Heff5
GF

&

VcbVud* @c1~m!O11c2~m!O2#

O15d̄igm~12g5!ui c̄jg
m~12g5!bj

O25d̄igm~12g5!uj c̄jg
m~12g5!bi ~20!

wherei and j are the color indices. The Wilson’s coefficien
c1 andc2 at the scalem5mb have values 1.132 and20.286
respectively@17#.

The matrix element of a two body leptonic decay of t
type B→XY requires the evaluation of the matrix elemen

M5^X,YuHeffuB&

whereHeff has a current3current structure. The matrix ele
ment is usually calculated using the factorization assump
where one separates out the current inHeff by inserting the
vacuum state and neglecting any QCD interactions betw
the currents. The matrix element above written as a prod
of two current matrix elements is

M;^XuJmu0&^YuJ8muB&. ~21!

In B decays, e.g.B→D1p2, the energetic quark-antiquar
pair in the pion is created at short distance and by the tim
hadronizes it is far from the other quarks so it should b
good approximation to neglect the QCD interaction betwe
the two currents creating the final state particles. A deta
description about the validity and the corrections to the f
torization assumption can be found in Ref.@17#.

In this paper we will look at decays where the particleY
is a D or a D* meson because one can then use the se
leptonic form factors calculated in the previous section
compute ^YuJ8muB&. The X will be either a light meson
(p,K,r,K* ) or a D(D* ) meson. For the light mesons th
decay constantsf X5^XuJmu0& are available from experimen
while, for the heavy mesons, we will use the decay consta
calculated in the previous section.

The expressions for the square of the matrix element
the processesB̄0→D(D* )p(r) are

uM u2~B̄0→D1p2!

5S GF

&

D 2

uVcbVud* u2~c11c2 /Nc!
2

3 f p
2 F0~mp

2 !2~mB
22mD

2 !2 ~22!

whereNc is the number of colors,
7-4
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uM u2~B̄0→D1r2!

5~GF& !2uVcbVud* u2~c11c2 /Nc!
2

3mr
2f r

2F1~mr
2!2mB

2 p2

mr
2 ~23!

wherep is the momentum of the decay products in the r
frame of theB,

uM u2~B̄0→D1* p2!

5S GF

&

D 2

uVcbVud* u2~c11c2 /Nc!
2

3 f p
2 4mD*

2 A0~mp
2 !2mB

2 p2

mD*
2 ~24!

and finally,

uM u2~B̄0→D* 1r2!5S GF

&

D 2

uVcbVud* u2~c11c2 /Nc!
2

3mr
2f r

2@T11T21T31T4#

T15
8V2

~mB1mD* !2 p2mB
2

FIG. 1. The calculated form factorsF0 , F1 , V, A0 , A1 , andA2

as a function ofq2.

TABLE II. Decay constants of theB andD mesons in MeV.

Decay constants Our results Lattice results@20#

f D 209 196~9!~14!~8!

f D* 237
f Ds

213 211~7!~25!~11!

f D
s*

242
f B 155 166~11!~28!~14!

f B* 164
01400
t

T25A1
2~mB1mD* !2

3F21
~mBED* 2mD

*

2 !2

mD
*

2 mr
2 G

T35
4A2

2

~mB1mD* !2

p4mB
4

mD
*

2 mr
2

T454A1A2F Er
2

mr
2 1

ED*
2

mD*
2

2
ED* Er~mBED* 2mD

*

2 !

mD
*

2 mr
2 21G .

~25!

Similar expressions can also be written down for theB
→DD decays.

As in Ref.@17# we will include the effect of corrections to
the factorization assumption by the replacement

FIG. 2. The differential decay rate forB̄→D* l n̄ with and with-
out the QCD correction, together with the corresponding values
Vcb . Data from Ref.@18#.

FIG. 3. F(v)uVcbu versusv for B̄→Dl n̄. Data from Ref.@10#.
7-5
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TABLE III. Non-leptonic decay rates for theB meson.

Process Our results Stech-Neubert@17# Expt. @21#

B0→D1p2 0.345 0.300 0.310~0.040!~0.020!
B0→D* 1p2 0.331 0.290 0.280~0.040!~0.010!
B0→D1r2 0.799 0.750 0.840~0.160!~0.070!

B0→D* 1r2 0.897 0.850 0.730~0.150!~0.030!
B0→D1K2 0.26 0.20

B0→D* 1K2 0.24 0.20
B0→D1K* 2 0.41 0.40
B0D* 1K* 2 0.49 0.50
B0→D1D2 0.31 0.40

B0→D* 1D2 0.22 0.30
B0→D1D* 2 0.27 0.30

B0→D* 1D* 2 0.65 0.80
B0→D1Ds

2 0.626 1.030 0.740~0.22!~0.18!
B0→D* 1Ds

2 0.420 0.700 0.94~0.24!~0.23!
B0→D1Ds*

2 0.514 0.950 1.140~0.42!~0.28!
B0→D* 1Ds*

2 1.35 2.450 2.0~0.54!~0.05!
B2→D0D2 0.33 0.40

B2→D* 0D2 0.210 0.30
B2D0D* 2 0.27 0.40

B2D* 0D* 2 0.64 0.90
B2→D0Ds

2 0.829 1.090 1.360~0.280!~0.330!
B2→D* 0Ds

2 0.552 0.750 0.940~0.310!~0.23!
B2→D0Ds*

2 0.696 1.020 1.180~0.36!~0.29!
B2→D* 0Ds*

2 1.830 2.610 2.700~0.810!~0.660!
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c11c2 /Nc→a1

a15c1~m!1
c2~m!

Nc
„11«1~m!…

1c2~m!«8~m!.

The nonfactorizable corrections«1(m) and «8(m) are de-
fined in Ref.@17# and may be process dependent. We w
however, treata1 as a process independent free parame
that we will fit to data. RGE analysis suggests thata1;1
10(1/Nc

2).

V. RESULTS AND DISCUSSIONS

In previous papers@3,4#, a covariant reduction of the
Bethe-Salpeter equation~BSE! was used to calculate th
Isgur-Wise function. The BSE was solved numerically a
the parameters appearing in it~the quark masses, string ten
sion and the running coupling strength for the one glu
exchange! were determined by fitting the calculated spe
trum to the observed masses of more than 40 mesons.
resulting mass spectrum of the analysis was found to a
very well with the experimental data. Once the parameter
the model were fixed, the meson wave function could
calculated from the BSE. This wave function was used
calculate the Isgur-Wise function and determineVcb @3#.

In our present approach we evaluate the decay const
the form factors for the semileptonic decaysB̄→D* l n̄ and
01400
,
r

d

n
-
he
ee
of
e
o

ts,

B̄→Dl n̄ with the effective current operator defined in E
~15! treatinga of Eq. ~16! as an adjustable parameter. Th
value ofa is fixed by fitting the leptonic decay constantsf B ,
f D , and f Ds

. We finda50.7 GeV21 provides a good fit and
use this value in all the calculations in this paper.

We present our results for the decay constants of
heavy mesons in Table II. For the sake of comparison
also show lattice calculations of the decay constants.
errors in the second column of Table II are, respectively,~1!
the statistical errors;~2! the systematic errors of changin
fitting ranges, as well as other errors within the quench
approximations; and~3! the quenching error. The results i
Table II show that our calculated decay constants are sim
to the lattice results.

On the other hand, our calculation for the decay consta
of the light mesonsp,K etc. are not in good agreement wit
the experimental numbers. In fact, the light meson de
constants are larger than experiment by a factor of 2. Thi
not surprising as our formalism is designed for the hea
meson system.

In Fig. 1 we show the form factorsF0 , F1 , V, A0 , A1 ,
andA2 as a function ofq2. In Fig. 2 we show a plot of the
differential decay rate forB̄→D* l n̄. We obtain a good
agreement with the shape of the experimental data@18# and
extractuVcbu50.03960.002. This is within the range of th
presently accepted values foruVcbu @19#.

For the decayB̄→Dl n̄, in Fig. 3 we show a plot of
F(v)uVcbu versusv where the data points are taken fro
7-6
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measurements reported in Ref.@10#. The variablev5(MB
2

1MD
2 2q2)/(2MBMD) where q2 is the invariant mass

squared of the lepton neutrino system. We extractuVcbu
50.03760.004 by ax2 fit to the data in Fig. 3.

Note that the values ofVcb extracted from the two differ-
ent experiments are consistent with each other. As a fur
test of our formalism we present our calculations of the n
leptonic decays of the B meson toDD and DK(p) final
states. Experimental values of some of the decays are alr
available and new results are expected soon. We presen
results in Table III. The values of the light decay consta
used in our calculations aref p5130 MeV, f K5159 MeV,
f K* 5214 MeV andf r5208 MeV.

The parametera1 calculated on the basis of ax2 fit has
the value 0.88 which is close to 1 as is expected from R
analysis which givesa1;11O(1/Nc

2) suggesting a value fo
a1 in the range 0.9–1.1

From Table III we find a good agreement of our calcu
tion with data for theD* p(r) final states. Our results for th
DK final states are quite similar to those in Ref.@17#. This
continues to be true for theDD andD0D2 final states. Our
results for D1Ds

2 and D0Ds
2 final states are somewha

smaller than the central values from experiment though
measurements have large errors.

Combining the experimental errors in quadrature the
ference between theory and experiment is less than 1.5s in
all cases but the theory predictions are systematically lo
for these cases. It appears that as we increase the mass
decay products, as in theDD final states, and decrease the
kinetic energy the expected deterioration of the factorizat
approximation may be showing up through a systematic
ference between theory and experiment. This motivates
n

n

s

-
ig
rt

01400
er
-

dy
our
s

E

-

e

-

er
the

n
f-
u-

ture efforts to examine corrections to the factorization a
proximation@17#. We have resisted the temptation to allo
a1 to have a process dependence even though two value
a1 would yield an excellent description of the known no
leptonic decay rates. It is trivial to relax this restriction if th
reader chooses to do so.

In conclusion, we have presented the calculation of fo
factors and differential decay rates inB̄→D(D* ) l n̄ transi-
tions in a Bethe-Salpeter model for mesons. The parame
of the bound state model were fixed from the spectroscop
the hadrons. The effects of higher Fock states in the had
state were included in the definition of effective current o
erators. A simple ansatz connecting the effective current
erator to the actual current operator was used involving o
one parameter. After adjusting this parameter to fit cert
decay constants~f B , f D , and f Ds

!, we found good agree

ment with data and extracteduVcbu50.03960.002 from B̄

→D* l n̄ andVcb50.03760.004 fromB̄→Dl n̄ decays. Cal-
culations of the decay constants of the B and D mesons w
also performed with results that are similar to lattice resu
Finally, the form factors were used to evaluate the no
leptonicB→Dp(K) andB→DD(Ds) decays in the factor-
ization approximation and good agreement was obtai
with data.
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