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Factorization and decay constantsf Ds*
and f Ds
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We calculate the decay constants ofDs and Ds* with B̄0→D1l 2n and B̄0→D1Ds
2(* ) decays. In our

analysis we take the factorization method, considering nonfactorizable term contributions, and used two dif-
ferent form-factor behaviors~constant and monopole-type! for F0(q2). We also consider the QCD-penguin
and electroweak-penguin contributions in hadronic decays within the naive dimensional reduction renormal-
ization scheme at next-to-leading order calculation. We estimate the decay constant of theDs meson to be
233649 MeV for a~pole/pole!-type form factor and 255654 MeV for a~pole/constant!-type form factor. For
the Ds* meson, we getf D

s*
5346682 MeV, andf D

s*
/ f Ds

51.4360.45 for a~pole/constant!-type form factor.

PACS number~s!: 12.15.2y, 13.20.2v, 13.25.Hw, 14.40.Nd
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I. INTRODUCTION

Measuring purely leptonic decays of heavy mesons p
vides the most clear way for the determination of weak de
constants of heavy mesons, which connect the meas
quantities, such as theBB̄ mixing ratio, to Cabibbo-
Kobayashi-Maskawa~CKM! matrix elementsVcb , Vub .
However, currently it is not possible to determinef B , f Bs

,

f Ds
, and f D

s*
experimentally from leptonicB andDs decays.

For instance, the decay rate forDs
1 is given by@1#

G~Ds
1→l 1n!5

GF
2

8p
f Ds

2 ml
2 MDsS 12

ml
2

MDs

2 D 2

uVcsu2. ~1!

Because of helicity suppression, the electron modeDs
1

→e1n has a very small rate. The relative widths a
10:1:231025 for t1n, m1n, ande1n final states, respec
tively. Unfortunately, the mode with the largest branchi
fraction,t1n, has at least two neutrinos in the final state a
is difficult to detect in experiment. So theoretical calculatio
for decay constants have to be used. The factorization an
for nonleptonic decay modes provides us a good appr
mate method to obtain nonperturbative quantities such
form factors and decay constants which are hardly acces
in any other way@2,3#.

There are many ways that the quarks produced in a n
leptonic weak decay can arrange themselves into hadr
The final state is linked to the initial state by complicat
trees of gluon and quark interactions, pair production, a
loops. These make the theoretical description of nonlepto
decays difficult. However, since the products of aB meson
decay are quite energetic, it is possible that the complica
QCD interactions are less important and that the two qu
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pairs of the currents in the weak Hamiltonian group individ
ally into the final-state mesons without further exchanges
gluons. The color transparency argument suggests th
quark-antiquark pair remains at a state of small size wit
correspondingly small chromomagnetic moment until it is
from the other decay products.

Color transparency is the basis for the factorization h
pothesis, in which amplitudes factorize into products of tw
current matrix elements. This ansatz is widely used in he
quark physics, as it is almost the only way to treat hadro
decays. The factorization approximation works reasona
well for color-favored two body decays ofB andD mesons.

In this paper we consider the way to determine weak
cay constantsf Ds

and f D
s*

under the factorization ansatz in

cluding penguin effects. In our analysis we only consid

B̄0→D1l n̄ and B̄0→D1Ds
2(* ) for less theoretical uncer

tainty. We also can useB̄0→D1* l n̄ and B̄0→D1* Ds
2(* )

to extract the weak decay constants, however, these
cesses have more theoretical ambiguity than the former
because we need four form factors (A0, A1, A2, andV! for
the B→D* transition instead of two form factors (F1 and
F0) for theB→D transition. We do not include in our work
the analysis withB→D* ln and B→D* Ds

(* ) in order to
avoid this extra theoretical ambiguity. In Sec. II we discu
the way to extract the unknown parameteruVcbF1

BD(0)u from

the branching ratio of the semileptonic decayB̄0→D1l n̄.
In order to check the validity of the factorization assumptio
we study the nonleptonic two-body decays,B→Dr , Dp and
DK (* ) in Sec. III. In Sec. II we calculatef Ds

and f D
s*

from

B̄0→D1Ds
2(* ) decay modes. In our analysis we improve t

previous analysis@4# by considering the QCD-penguin an
electroweak-penguin effects of about 13% forB→DDs and
4% for B→DDs* , which are not negligible as discussed
@5#. Also we follow the gauge-independent approach to c
culate the effective Wilson coefficients which was studied
perturbative QCD factorization theorem@6#.
©2000 The American Physical Society03-1
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II. SEMILEPTONIC DECAY B̄0\D¿lÀn̄

From Lorentz invariance one finds the decomposition
the hadronic matrix element in terms of hadronic form fa
tors:

^D1~pD!uJmuB̄0~pB!&

5F ~pB1pD!m2
mB

22mD
2

q2 qmGF1
BD~q2!

1
mB

22mD
2

q2 qmF0
BD~q2!, ~2!

whereJm5 c̄gmb andqm5(pB2pD)m . In the rest frame of
the decay products,F1(q2) and F0(q2) correspond to 12

and 01 exchanges, respectively. Atq250 we have the con-
straint

F1
BD~0!5F0

BD~0!, ~3!

since the hadronic matrix element in Eq.~2! is nonsingular at
this kinematic point.

The q2 distribution in the semileptonic decayB̄0

→D1l 2n̄ is written in terms of the hadronic form facto
F1

BD(q2) as

dG~B̄0→D1l 2n̄ !

dq2 5
GF

2

24p3 uVcbu2@K~q2!#3uF1
BD~q2!u2,

~4!

where theq2-dependent momentumK(q2) is given by

K~q2!5
1

2mB
@~mB

21mD
2 2q2!224mB

2mD
2 #1/2. ~5!

In the zero lepton mass limit, 0<q2<(mB2mD)2.
For theq2 dependence of the form factors, Wirbelet al.

@7# assumed a simple pole formula for bothF1(q2) and
F0(q2) ~pole/pole!:

F1~q2!5F1~0!Y S 12
q2

mF1

2 D ,

F0~q2!5F0~0!Y S 12
q2

mF0

2 D , ~6!

with the pole masses

mF1
56.34 GeV, mF0

56.80 GeV. ~7!

Korner and Schuler@8# also adopted the sameq2 dependence
of F1(q2) andF0(q2) given by Eqs.~6! and~7!. On the other
hand, the heavy quark effective theory gives in themb,c
→` limit the relation betweenF1(q2) andF0(q2) given by
@9,10#

F0~q2!5F12
q2

~mB1mD!2GF1~q2!. ~8!
07300
f
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The combination of Eqs.~6! and~8! suggests thatF0(q2) is
approximately constant when we keep the simple pole
pendence forF1(q2). Therefore, in this paper, as well as th
above ~pole/pole! form factors, we will also consider the
following ones~pole/const!:

F1~q2!5F1~0!Y S 12
q2

mF1

2 D , F0~q2!5F0~0!, ~9!

with

mF1
56.34 GeV. ~10!

By introducing the variablex[q2/mB
2, which has the

range of 0<x<(12mD /mB)2 in the zero lepton mass limit
Eq. ~4! is written as

dG~B̄0→D1l 2n̄ !

dx
5

GF
2mB

5

192p3 uVcbF1
BD~0!u2

l3@1,mD
2 /mB

2,x#

~12mB
2/mF1

2 x!2 ,

~11!

lF1,
mD

2

mB
2 ,xG5F S 11

mD
2

mB
2 2xD 2

24
mD

2

mB
2 G1/2

.

Then the branching ratioB(B̄0→D1l 2n̄) is given by

B~B̄0→D1l 2n̄ !5S GFmB
2

&
D 2

mB

GB

2

192p2 uVcbF1
BD~0!u23I

52.2213102uVcbF1
BD~0!u23I , ~12!

where the dimensionless integralI is given by

I 5E
0

~12mD /mB!2

dx

F S 11
mD

2

mB
2 2xD 2

24
mD

2

mB
2 G3/2

S 12
mB

2

mF1

2 xD 2 50.121

~13!

In obtaining the numerical values in Eqs.~12! and ~13!, we
used the following experimental results@11#: mD5mD1

51.869 GeV, mB5mB055.279 GeV, GB5GB054.219
310213GeV@tB05(1.5660.06)310212s#, and GF

51.166 39(2)31025 GeV22. Since B(B̄0→D1l 2n̄)
5(1.7860.2060.24)31022 was obtained experimentally
the value ofuVcbF1

BD(0)u can be extracted from Eq.~12!.
Following this procedure, we obtain@12#

uVcbF1
BD~0!u5~2.5760.1460.17!31022. ~14!

In the calculations of the next sections, we will u
uVcbF1

BD(0)u5(2.5760.22)31022 which is given by com-
bining the statistical and systematic errors in Eq.~14!.
3-2
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TABLE I. The obtained values of the braching ratios witha151.02 and experimental measurements.

B(B̄0→D1r2)
3103

B(B̄0→D1K2* )
3104

B(B̄0→D1p2)
3103

B(B̄0→D1K2)
3104

~Pole/Pole! 9.0161.54 4.6260.79 3.5860.61 2.7460.47
~Pole/const.! 9.0161.54 4.6260.79 3.5760.61 2.7160.46
Experiments 8.461.660.7 3.160.460.2
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III. TEST OF FACTORIZATION WITH B̄0\D¿rÀ AND
B̄0\D¿pÀ, AND PREDICTION OF BRANCHING

RATIO B„B̄0\D¿KÀ„* …

…

In general, the test of factorization, independent of
numerical values ofa1 , a2 , and of the CKM parameter
uVcbu or uVubu, can be carried out by considering the ratios
rates for two class I or class IIB-meson hadronic two-body
decays. On the other hand, we can also use the relation
tween the semileptonic decays and the nonleptonic de
with a1 and a2 given by other sources. In our analysis w
use the latter one.

Let us start by recalling the relevant effective we
Hamiltonian:

Heff5
GF

&
VcbVud* @C1~m!O11C2~m!O2#1H.c., ~15!

O15~ d̄Gru!~ c̄Grb!, O25~ c̄Gru!~ d̄Grb!, ~16!

whereGF is the Fermi coupling constant, andVcb and Vud
are corresponding Cabibbo-Kobayashi-Maskawa~CKM!
matrix elements andGr5gr(12g5). The Wilson coeffi-
cientsC1(m) and C2(m) incorporate the short-distance e
fects arising from the renormalization ofHeff from m5mW
to m5O(mb). By using the Fierz transformation unde
which V2A currents remainV2A currents, we get the fol-
lowing equivalent forms:

C1O11C2O25S C11
1

Nc
C2DO11C2~ d̄GrTau!~ c̄GrTab!

5S C21
1

Nc
C1DO21C1~ c̄GrTau!~ d̄GrTab!,

~17!

where Nc53 is the number of colors andTa’s are SU~3!
color generators. The second terms in Eq.~17! involve color-
octet currents. In the factorization assumption, these te
are neglected andHeff is rewritten in terms of ‘‘factorized
hadron operators’’@7#:

Heff5
GF

&
VcbVud* ~a1@ d̄Gru#H@ c̄Grb#H

1a2@ c̄Gru#H@ d̄Grb#H!1H.c., ~18!

where the subscriptH stands forhadronic implying that the
Dirac bilinears inside the brackets be treated as interpola
07300
e

f

e-
ys

s

g

fields for the mesons and no further Fierz reordering need
done. The phenomenological parametersa1 and a2 are re-
lated toC1 andC2 by

a15C11
1

Nc
C2 , a25C21

1

Nc
C1 . ~19!

From the analyses of Buras@13#, the parametersa1 and a2
are determined at next-to-leading order~NLO! calculation in
the naive dimensional reduction~NDR! scheme as

al51.0260.01, a250.2060.05. ~20!

For the two-body decay, in the rest frame of initial mes
the differential decay rate is given by

dG5
1

32p2 uMu2
up1u
M2 dV, ~21!

up1u5
@„M22~m11m2…

2!„M22~m12m2!2
…#1/2

2M
, ~22!

whereM is the mass of the initial meson, andm1(m2) andp1
are the mass and momentum of one of the final mesons
using Eqs.~2!, ~18!, and ^0uGmur(q,«)&5«m(q)mr f r , Eq.
~21! gives the following formula for the branching ratio o
B̄0→D1r2:

B~B̄0→D1r2!

5S GFmB
2

&
D 2

uVudu2
1

16p

mB

GB
a1

2
f r

2

mB
2 uVcbF1

BD~mr
2!u2

3H F12S mD1mr

mB
D 2GF12S mD2mr

mB
D 2G J 3/2

513.253uVcbF1
BD~mr

2!u23S a1

1.02D
2

. ~23!

In obtaining the numerical values in Eq.~23!, we used the
experimental results given below in Eq.~13!, mr5mr1

5766.9 MeV, f r5 f r15216 MeV, andVud50.9751 @11#.
For the value ofa1 we used the value given in Eq.~20!.
Then, by using the formula~23! with the values of
uVcbF0

BD(0)u2 @F0
BD(0)5F1

BD(0)# given in Eq.~14!, we ob-

tain the branching ratioB(B̄0→D1r2) presented in Table I.
3-3
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For the process B̄0→D1K* 2, by using
^0uGmuK* (q,«)&5«m(q)mK* f K* , we have

B~B̄0→D1K* 2!

5S GFmB
2

&
D 2

uVusu2
1

16p

mB

GB
a1

2
f K*

2

mB
2 uVcbF1

BD~mK*
2

!u2

3H F12S mD1mK*
mB

D 2GF12S mD2mK*
mB

D 2G J 3/2
o
t

07300
50.673uVcbF1
BD~mK*

2
!u23S a1

1.02D
2

, ~24!

where we usedmK* 5mK* 25891.59 MeV, f K* 5 f K* 2

5218 MeV, andVus50.2215@11#. By using Eq.~24! with
uVcbF1

BD(0)u2 in Eq. ~14!, we obtain the branching ratio

B(B̄0→D1K* 2) presented in Table I.
By using Eqs.~2!, ~18!, and ^0uGmup(q)&5 iqm f p , Eq.

~21! gives the following formula for the branching ratio o
the processB̄0→D1p2:
B~B̄0→D1p2!5S GFmB
2

&
D 2

uVudu2
1

16p

mB

GB
a1

2
f p

2

mB
2 uVcbF0

BD~mp
2 !u2

3S 12
mD

2

mB
2 D 2H F12S mD1mp

mB
D 2GF12S mD2mp

mB
D 2G J 1/2

55.423uVcbF0
BD~mp

2 !u23S a1

1.02D
2

, ~25!

where we usedmp5mp25139.57 MeV andf p5 f p25131.74 MeV @11#. By using the formula~25! with the values of
uVcbF0

BD(0)u2@F0
BD(0)5F1

BD(0)# in Eq. ~14!, we obtain the branching ratioB̄0→D1p2 presented in Table I.

For the processB̄0→D1K2, by using^0uGmuK2(q)&5 iqm f K2, we have

B~B̄0→D1K2!5S GFmB
2

&
D 2

uVusu2
1

16p

mB

GB
a1

2
f K

2

mB
2 uVcbF0

BD~mK
2 !u2

3S 12
mD

2

mB
2 D 2H F12S mD1mK

mB
D 2GF12S mD2mK

mB
D 2G J 1/2

50.413uVcbF0
BD~mK

2 !u23S a1

1.02D
2

. ~26!
d
-

where we used mK5mK25493.68 MeV, f K5 f K1

5160.6 MeV@11#. By using Eq.~26! with uVcbF1
BD(0)u2 in

Eq. ~14!, we obtain the branching ratioB(B̄0→D1K2) pre-
sented in Table I. It seems that the factorization meth
works well in B̄0→D1p2,D1r2 decays. We predic
branching ratios:

B~B̄0→D1K2!.2.731024S a1

1.02D
2

,

B~B̄0→D1K* 2!.4.631024S a1

1.02D
2

, ~27!

which is certainly reachable in near future.

IV. DETERMINATION OF f Ds*
AND f Ds

from B̄0\D¿Ds
À*

AND B̄0\D¿Ds
À

The effective Hamiltonian forDB51 transitions is given
by
d

Heff5
GF

&
FVubVuq* ~C1O1

u1C2O2
u!1VcbVcq* ~C1O1

c1C2O2
c!

2VtbVtq* (
i 53

6

CiOi G , ~28!

whereq5d, s, andCi are the Wilson coefficients evaluate
at the renormalization scalem, and the current-current opera
tors O1

u,c andO2
u,c are

O1
u5~ ūaba!V2A~ q̄bub!V2A , O1

c5~ c̄aba!V2A~ q̄bcb!V2A ,

O2
u5~ ūbba!V2A~ q̄bub!V2A , O2

c5~ c̄bba!V2A~ q̄acb!V2A ,

~29!

and the QCD penguin operatorsO32O6 are
3-4
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O35~ q̄aba!V2A(
q8

~ q̄b8qb8 !V2A ,

O45~ q̄bba!V2A(
q8

~ q̄a8qb8 !V2A ,

O55~ q̄aba!V2A(
q8

~ q̄b8qb8 !V1A ,

O65~ q̄bba!V2A(
q8

~ q̄a8qb8 !V1A . ~30!

The electroweak penguin operatorsO72O10 are given by

O75~ q̄aba!V2A(
q8

3

2
eq8~ q̄b8qb8 !V1A ,

O85~ q̄bba!V2A(
q8

3

2
eq8~ q̄a8qb8 !V1A ,

O95~ q̄aba!V2A(
q8

3

2
eq8~ q̄b8qb8 !V2A ,

O85~ q̄bba!V2A(
q8

3

2
eq8~ q̄a8qb8 !V2A . ~31!

In Eq. ~28! we consider the effects of the electrowea
penguin operators, however, we neglect the contribution
the dipole operators, since its contribution is not importan
this work.

When we takemt5174 GeV, mb55.0 GeV, as(Mz)
50.118, andaem(Mz)51/128, the numerical values of th
renormalization-scheme-independent Wilson coefficientsC̄i
at m5mb are given by@14#

C̄151.1502, C̄2520.3125,

C̄350.0174, C̄4520.0373, C̄550.0104,

C̄6520.0459,

C̄7521.05031025, C̄853.83931024,

C̄9520.0101, C̄1051.95931023. ~32!

The effective Hamiltonian in Eq.~28! for the decaysB̄0

→D1Ds
2(* ) can be rewritten as

Heff5
GF

&
FVcbVcs* ~C1

effO1
c1C2

effO2
c!2VtbVts* (

i 53

10

Ci
effOi G ,

~33!

whereCi
eff are given by@15#

C1
eff5C̄1 , C2

eff5C̄2 , C3
eff5C̄32Ps /Nc ,
07300
f
n

C4
eff5C̄41Ps ,

C5
eff5C̄52Ps /Nc , C6

eff5C̄61Ps , C7
eff5C̄71Pe ,

C8
eff5C̄8 ,

C9
eff5C̄91Pe , C10

eff5C̄10, ~34!

with

Ps5
as

8p F10

9
2G~mq ,q2,m!GC̄2~m!,

Pe5
aem

9p F10

9
2G~mq ,q2,m!G@3C̄1~m!1C̄2~m!#, ~35!

G~mq ,q2,m!524E
0

1

x~12x!lnS mq
22x~12x!q2

m2 Ddx,

~36!

whereq denotes the momentum of the virtual gluons appe
ing in the QCD timelike matrix elements, andNc is the num-
ber of colors. Assumingq25mb

2/2, we obtain the analytic
formula for G(mq ,q2,m):

GS mq ,
mb

2

2
,m5mbD

52
2

3
lnS y

8D1
10

9
1

2

3
y

1
~21y!A12y

3 F lnU12A12y

11A12y
U1 ipG ~37!

with y58mq
2/mb

2.
By considering the nonfactorizable term contributions, t

relation between the effective coefficientsai
eff and the Wil-

son coefficients in the effective Hamiltonian are given by

a2i
eff5C2i

eff1
1

Nc
eff C2i 21

eff , a2i 21
eff 5C2i 21

eff 1
1

Nc
eff C2i

eff ,

~38!

wherei 51,...,5, and the nonfactorizable effects are absor
into theNc

eff by

1

Nc
effi [

1

Nc
1x i , Nc53. ~39!

In order to simplify the notation, we will use the notationai

instead ofai
eff in the equations below.

In usual factorization approach, when we consider the o
shell momentum of the external quark line, the effective W
son coefficient has the ambiguities of the infrared cutoff a
gauge dependence. As stressed by@16#, the gauge and infra-
red dependence always appears as long as the matrix
ments of operators are calculated between quark states
cently this problem was solved by perturbative QC
3-5
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factorization theorm@6# by using the on-shell external quar
By following their approach and inserting the values f
mq5mc(m)50.95 GeV, we get the valuesCi

eff(i51;10) for
b→c given in Table II. For different combinations ofNc

eff

52, 3, and 5, the values of the effective coefficientsai( i
51→10) are shown in Table III. Here (Nc)LL,LR53 corre-
sponds to the naive factorization approximation without c
sidering nonfactorizable contributions.

The decay amplitudeA(B̄0→D1Ds
2)[^D1Ds

2uHeffuB̄0&
is given as follows:

A~B̄0→D1Ds
2!

5
GF

&
FVcbVcs* a12VtbVts*

3S a41a1012~a61a8!
mDs

2

~mb2mc!~ms1mc!
D GMa

.
GF

&
VcbVcs* a1RDDsMa , ~40!

TABLE II. The values of the effective Wilson coefficientCi
eff

with the m5mb(mb)54.3 GeV, mc(mb)50.95 GeV in the NDR
scheme at the NLO calculation.

Coefficients Real Part Imaginary Part

C1
eff 1.168 0.0

C2
eff 20.365 0.0

C3
eff 2.2531022 4.531023

C4
eff 24.5831022 21.3631022

C5
eff 1.3331022 4.531023

C6
eff 24.8031022 21.3631022

C7
eff 2.3731024 22.8831024

C8
eff 4.3031024 0.0

C9
ef 21.1131022 22.8831024

C10
eff 3.7531023 0.0
07300
-

where

RDDs5F11
~a41a10!

a1
12

~a61a8!

a1

mDs

2

~mb2mc!~ms1mc!
G

~41!

and

Ma5^Ds
2us̄gmg5cu0&^D1uc̄gmbuB̄0&

52 i f Ds
~mB

22mD
2 !F0

BD~mDs

2 !. ~42!

On the other hand, we have

A~B̄0→D1Ds
2* !5

GF

&
@VcbVcs* a12VtbVls* ~a41a10!#Mb

.
GF

&
VcbVcs* a1RDDs* Mb , ~43!

where

RDDs* 5S 11
~a41a10!

a1
D ~44!

and

Mb5^Ds* us̄gmg5cu0&^D1uc̄gmbuB̄0&

5mD
s*

f D
s*
@e~q!•~pB1pD!#F1

BD~mD
s*

2
!. ~45!

We can estimate the penguin contributions for each p
cess, for example, in the case ofNLL52 andNLR55:

For B̄0→D1Ds
2 ;
art
TABLE III. The values of the effective coefficientsai with m5mb(mb)54.3 GeV and mc(mb)
50.95 GeV in the NDR scheme at NLO calculations.a2i and a2i 21 are defined bya2i 215C2i 21

eff

1C2i
eff/Nc

eff and a2i5C2i
eff1C2i21

eff /Nc
eff . Here we have taken (Nc)LL for the (V2A)(V2A) interaction and

(Nc)LR for the (V2A)(V1A) interaction.

(Nc)LL52, (Nc)LR52 (Nc)LL52, (Nc)LR55 (Nc)LL53, (Nc)LR53

Coeffs. Real Part Imag. Part Real Part Imag. Part Real Part Imag. P
a1 0.985 0.0 0.985 0.0 1.046 0.0
a2 0.219 0.0 0.219 0.0 0.024 0.0
a3 24.0031024 22.3031023 24.0031024 22.3031023 7.2331023 23.3031025

a4 23.4631022 21.1431022 23.4631022 21.1431022 23.8331022 21.1231022

a5 21.0731022 2.331023 3.7031023 1.7831023 22.7031023 23.3331025

a6 24.1331022 21.1431022 24.5331022 21.2731022 24.3631022 21.2131022

a7 22.1931025 22.8831024 21.5131024 22.8831024 29.3531025 22.8831024

a8 3.1131024 21.4431024 23.8231024 25.7731025 3.5131024 29.6131025

a9 29.2731023 22.8831024 29.2731023 22.8831024 29.9031023 22.8831024

a10 21.8231024 21.4431024 21.8231024 21.4431024 3.3931025 29.6131025
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UAP

AT
U5U~a41a10!

a1
12

~a61a8!

a1

mDs

2

~mb2mc!~mc1ms!
U

513.1%, ~46!

For B̄0→D1Ds*
2 ; UAP

AT
U5U~a41a10!

a1
U53.9%, ~47!

whereAT(AP) stands for the amplitude of the tree diagra
~penguin diagram!. Here we used the valuesmc(mb)
50.95 GeV andms(mb)590 MeV. Therefore, the pengui
contributions affect the extraction of the decay constantsf Ds

and f D
s*
. The penguin contributions forB→DDs are more

than three times those forB→DDs* .
From Eqs.~40! and~43! the decay constants are given b

f D
s*
5~0.8731021 GeV!

3
AB~B̄0→D1Ds

2* !

uVcbF1
BD~mD

s*
2

!u
S 1.02

a1
D 1

RDDs*
,

f Ds
5~0.6431021 GeV!

AB~B̄0→D1Ds
2!

uVcbF0
BD~mDs

2 !u S 1.02

a1
D 1

RDDs
.

~48!

Browderet al. @17# presented the following experimental r
sults for the branching ratios:
07300
B~B̄0→D1Ds
2* !5~1.1460.4260.28!31022

5~1.1430.50!31022,

B~B̄0→D1Ds
2!5~0.7460.2260.18!31022

5~0.7430.28!31022, ~49!

where we combined the statistical and systematic err
From Eqs.~41!, ~44!, ~48!, and ~49!, we obtain the results
which are obtained by including the penguin contribution

f D
s*
5346682 MeV,

f Ds
5233649 MeV for ~pole/pole!,

f D
s*
5346682 MeV,

f Ds
5255654 MeV for ~pole/const!. ~50!

From Eqs.~41!, ~44!, and~48! the ratio of the vector and
pseudoscalar decay constantsf D

s*
/ f Ds

is given by

f D
s*

f Ds

51.36
uVcbF0

BD~mDs

2 !

uVcbF1
BD~mD

s*
2

!u FB~B̄0→D1Ds
2* !

B~B̄0→D1Ds
2!

G 1/2S 0.87

0.96
D ,

~51!

which gives
ed
TABLE IV. The obtained values off D
s*

~MeV! and f Ds
~MeV!, and their ratiof D

s*
/ f Ds

, and the results

from other theoretical calculations and existing experimental results. Here we referred the correctf Ds

values for the experimental data@26–30#, from Ref. @31#.

(Nc)LL (Nc)LR f D
s*

~MeV! f Ds
~MeV! f D

s*
/ f Ds

~Pole/Pole! 2 2 346682 231648 1.5760.50
2 5 346682 233649 1.5660.49
3 3 325677 216645 1.5760.50

~Pole/const! 2 2 346682 252653 1.4460.45
2 5 346682 255654 1.4360.45
3 3 325677 235650 1.4460.45

Browderet al. @17# 243670 277677 0.8860.35
Hwang and Kim@18# 362615 309615 1.1760.02
Cheng and Yang@19# 266662 261646 1.0260.30

Capstick and Godfrey@20# 290620
Dominguez@21# 222648
UKQCD @22# 2122327

14146

BLS @23# 23067635
MILC @24# 1996821120

140110

Becirevicet al. @25# 272616220
10 23161220

16 1.1860.18
WA75 @26# 238647621648

CLEO 1 @27# 282630643634
CLEO 2 @28# 280619628634

BES @29# 4302130
1150640

E653 @30# 190634620626
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f D
s*

f Ds

51.5660.49 for ~pole/pole!,

f D
s*

f Ds

51.4360.45 for ~pole/const!. ~52!

The decay constant is changed according to theq2 behav-
ior of the form factor F0(q2). However, the amount o
change is less than 10% as shown in Eq.~50!. From this we
know that the decay constant is not so much dependen
the behavior of the form factor. Also, when we consider
uncertainty from nonfactorizable effects, the decay cons
is changed within 10% discrepancy. In Table IV we show
results off D

s*
, f Ds

and f D
s*

/ f Ds
for different nonfactorizable

contributions.
As discussed in@4#, when we consider the penguin co

tributions with nonfactorizable effects, the value of the dec
constantf D

s*
is increased by 8%, however, forf Ds

it is in-

creased by up to 19%. So the ratiof D
s*

/ f Ds
is decreased by

9%. In Table IV we summarized the values of decay cons
f D

s*
, f Ds

, and the ratio off D
s*

/ f Ds
from various sources. Ou

result for f Ds
agrees well with other theoretical calculatio

and experimental results within errors. For the ratiof D
s*

/ f Ds
,

our results have a value greater than 1, however, Brow
et al. @17# have a value less than 1. It seems that this rati
more likely to be greater than 1 when we consider that
decay constant ofr mesons is 1.5 times greater than that
the p meson. The difference of the results by Cheng a
Yang @19# comes from the different method and using d
ferent Wilson coefficients. Their values come by compar
two nonleptonic decay modes, for instanceB@B

→DDs(D
(* )Ds* )#/B(B→Dp).
te

,

07300
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V. CONCLUSION

By including the penguin contributions and the nonfact
izable term contributions, we calculated the weak decay c

stantsf Ds
and f D

s*
from B̄0→D1l 2n andB̄0→D1D̄s

(* ) . In

our analysis, we consider the QCD-penguin a
electroweak-penguin contributions in hadronic two-body d
cays within the NDR renormalization scheme at the next-
leading order calculation. We also considered the effec
two different q2 dependences of the form factor fo
F0

BD(q2). The value off Ds
is changed by less than 10% fo

different form factors.
The penguin effects forB→DDs decay are quite sizable

and we obtainedf Ds
5233649 MeV for the monopole type

of F0
BD , f Ds

5255654 MeV for the constantF0
BD . When we

considered the nonfactorizable contributions, we obtain
f D

s*
5346682 MeV for theDs* meson. These values will b

improved vastly when the large accumulated data sam
are available at CLEO II.V and III, and the Belle and BaB
experiments at the asymmetricB factory in the near future.
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