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We compute various form factors involved By-D*) transitions based on the perturbative QCD formal-
ism, which includes Sudakov effects from the resummation of large radiative corrections in a heavy-light
system. A two-parameter model wave function Bf*) mesons is fixed using data of the nonleptonic decays
B— D), from which the ratio of the decay constaifis./f,=0.92 is obtained. We then derive the spectrum
of the semileptonic decaB—D* v in the fast recoil region of th®* meson, and extract the CKM matrix
element|V,,| =0.043%x(0.12 GeVfgz)x(0.14 GeVip), fz andfy being theB andD meson decay constants,
respectively. Here we adopt the convention with the pion decay corfstar3 MeV. With these outcomes,
we evaluate the decay rate BF~DDs, and estimate the ratiéy_/fp=0.98 from data. Contributions of
internal W-emission andV-exchange diagrams are briefly discussed.

PACS numbses): 13.20.He, 12.15.Hh, 12.38.Bx

[. INTRODUCTION We derive the spectrum of the semileptonic decay
B—D* v from the transition form factors. The CKM matrix
Recently, the perturbative QCIPQCD formalism in- element|V,| is then obtained by _fitting our predictions to
cluding Sudakov effects has been shown to be applicable tdata[11] at large, where PQCD is reliable. Our approach
heavy meson decays, which were usually regarded as beir;ighthe extraction ofV| differs from those in the literature,
dominated by nonperturbative dynamics. The breakthroug ere the behaviors of the form factors a1 are em-

is attributed to the resummation of large radiative correction loyed. The relevant nonvanishing form factors take the
9 ame functional forn¥(), which is normalized to unity at

in heavy-light syst_ems such as_BameS(_)n contai_ning alight o0 recoil, &7=1)=1, because of HQS. The quantity
valence quark. This resummation, which was first performedy | £1) can be extracted from experimental data, if the be-
in [1] for the semileptonic decay®— m(p)! v, improves the havior of ¢ above zero recoil is known. Howeveg, is
applicability of PQCD to these heavy-to-light transitions. It thought of as being uncalculable in perturbation theory, and
was found that PQCD predictions are reliable for the energyhus the extraction depends on how to extrapokafeom
fraction of the pion above 0.3, from which the Cabibbo- 7=1 to 7>1. Hence different models af(#) lead to differ-
Kobayashi-MaskawaCKM) matrix element|V,,| can be ent values of V.| [8,11]. We argue that is in fact calcu-
extracted, once experimental data are available. A similaj@ble in the fast recoil region. The nonperturbative wave
formalism was applied t®—D decays in the fast recoil functions, fixed by data of other decay modes, provide
region of theD meson[2], and found to be self-consistent model-lndep_endent extraction ch_|- . . _
for velocity transfer above 1.3. The resummation techniqu The consistency ofVc determined in this paper with
o . ) %urrently accepted values justifies the PQCD analysiB of
was further employed to study the inclusive decBys X,y

. meson decays, especialB/— 7 decays. Predictions for the
andB— Xl v [3], and the Sudakov effects at the end pointsspectra of the decaysB—m(p)lv in [1] are then

of spectra were examindd]. convincing, and can be used to extré¢t,,|. On the other

In this paper we shall extend the analysis[R], and hand, HQS requires only the normalization of heavy-to-
evaluate all the form factors involved B— D *) transitions  heavy transition form factors at zero recoil. The PQCD for-
at the high end of velocity transfey. The B meson wave malism, however, gives information near the high endyof
function is determined by the relativistic constituent quarkTherefore, these two approaches complement each other.
model[5]. For fastD*) mesons, a convincing model wave Furthermore, our formalism is applicable to the evaluation of
function is still not yet obtained. We propose a two- nonfactorizable contributions froriW-exchange diagrams,
parameteD*) meson wave function, and fix the parameterswhich remains a challenging subject in the study of nonlep-
using data in the large region from the nonleptonic decays tonic B meson decays.
B—D®) 7 [6]. One of the parameters corresponds to the We develop the factorization formulas for all the
normalization constant, and the other controls the shapé— D™ transition form factors in Sec. Il. In Sec. Il the
With these phenomenological inputs, our analysis is free ofwo-parameteD*) meson wave function is determined by
the ambiguity from nonperturbative effects. We compare oufitting the data of the decayB—D®)x. The B—D*Iv
results to those from other theoretical approaches, for exspectrum is derived, an¥.,| is extracted from experimental
ample, heavy quark symmetrfHQS) [7] combined with  data[11]. We show in Sec. IV that nonfactorizable contribu-
O(as) andO(1/M) corrections in[8] and overlap integrals tions fromW-exchange diagrams are negligible. Section V is
of heavy meson wave functions f@,10]. the conclusion.
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II. FACTORIZATION FORMULAS

The six form factorsé; ,i=+,—,V,A;A,, and Az, in-

volved in B— D) transitions are defined by the matrix el-

ements
(D(P)|V#|B(P1)= VMgMp[ &, () (v1+va)*+£ (1)
X(v1-v2)"],
(D*(P)|VH[B(P1)=iVMgMpséy( )" *Pesvaa0 14,
(D*(P2)|A¥[B(Py1))= VMgMpx[a (7)(7+1)€**
—én, (e vl
—&a(n)€* -vwh]. (D)

The momentumP,(P,), the masdMg(Mp)) and the ve-
locity v,(v,) of the B(D™)) meson are related by
P,=Mgv1(P,= Mpw)v,). The velocity transfem=uv,-v,
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FIG. 1. (a) Factorization oB— D ™) transitions.(b) O(as) cor-
rections to wave functions.

has been introduced before, whose expression in terms of the

momentum transfeq?= (P, — P,)? is given by

2, ap2 2
Mg+Mpgu)—q

- 2
7 T 2MgMpin) @

€" is the polarization vector of thB®* meson. The vector
currentV# and the axial vector curret” are defined by
VE=cy"b and A*=cy*ysh, respectively.

In the infinite mass limit oMz and M p+), the six form
factors have the relations

§+:§V:§A1:§A3:§’ §—2§A2:01

where¢ is the Isgur-Wis€IW) function[7] mentioned in the
Introduction. £ is normalized to unity at zero recoil from
HQS. For the behavior of above zero recoil, there is only

)

model estimation from the overlap integrals of heavy meso

wave functiond9,10].
We work in the rest frame of th® meson, in which

P, is written, using light-cone components,
P1=(MB/\/§)(1,1,OT), and P, has the nonvanishing com-
ponenty 2]
Pt n+ 772— 1
=——F—=Mpw),
2 \/E D
py =N Ty (4)
= (%).
2 \/E D

As 7—1 with P =P, =Mp)/2, theD™*) meson behaves
like a heavy meson. However, in the largdimit with P

>Mp) /25> P, , theD*) meson can be regarded as be-

ing light [2]. We argue that is dominated by soft contribu-

tions in the slowD™) meson limit, where the heavy meson
wave functions strongly overlap, and factorization theorems

fail. However, when theD™*) meson recoils fast, carrying
energy much greater thaM ), B—D®) transitions are

then similar toB— 7 oneg[ 2] as stated above, and PQCD is

expected to be applicable. In this paper we shall show that
the PQCD formalism including Sudakov effects gives reli-
able predictions fok in the larges region.

The PQCD factorization formulas for thi&— D transition
form factors have been derived [&]. Here we summarize
the idea. The factorization of the matrix elements in &g.
into the convolution of a hard scattering amplitude with the
B and D*) meson wave functions is shown in Fig(al,
where theb andc quarks are represented by the thicker and
thick lines, respectivelyk, (k,) is the momentum of the light
valence quark in theB(D®*)) meson, satisfyingk?
~0(k3~0). k; has a large minus componekf , which
defines the momentum fraction=Kk; /P ;, and small trans-
verse components;;, which serve as the infrared cutoff of
loop integrals for radiative corrections. Similarks has a
large componenk 3, definingx,=k3/P 3, and smallk,r .

n A simple investigation shows that large logarithms arise

from radiative corrections to the above factorization picture.
In particular, doubléleading logarithms occur in the reduc-

8Sjple corrections illustrated by th®(a.) diagrams in Fig.

1(b) [1], when they are evaluated in axial gauge. In order to
have a reliable PQCD analysis, these double logarithms must
be organized using the resummation technique, which leads
to the evolution of theB(D™*)) meson wave functionpg
(dpw) in ki (ks). We quote the results as

be(X1,P1,b1, 1)~ ¢B(X1)9XF{ —s(ky ,bq)

modu _
—2lel e y(as(p )

dp)(X2, P2, b, )~ ¢D<*>(Xz)exr{ —s(k; ,by)—s(P;

v odu _
—kz,b2>—2f Y el w))
1/b2 /,L

5
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whereb,(b,) is the Fourier conjuga_\te variable kg+(k,7), H(ky k3 \by,by, ) ~HO (K] ki ,by,by,t)

and can be regarded as the spatial extent ofBtiB*))

meson.u is the renormalization and factorization scale. The tdu -

exponent organizes the double logarithms from the overlap X ex —4J —ylas(p))|, (1)
K

of collinear and soft divergences, and the integral, with the
qguark anomalous dimensioy=—a /7 as the integrand,
groups the remaining single ultraviolet logarithms in Fig.
1(b). The expression o is very complicated, and exhibited
in the Appendix.

In the resummation procedures tBemeson is treated as
a heavy-light system. THB*) meson is, however, treated as
a light-light system as indicated in E¢p), because we con-
centrate on the fast recoil regig@]. The initial conditions S(ky .k ,by,by)=s(ky ,by)+s(ky ,by)+s(Py —k; ,by)
¢i(x) of the evolutioni=B, D, andD*, are of nonpertur-
bative origin, satisfying the normalization. 1 In(t/A) In(t/A)

Bl " = Tn(bA) T " = In(byA) |

1 f.
. =1 8
fo $i(x)dx 23 (6) ®

with B;=(33—2n;)/12, n;=4 being the flavor number. The
with f; the meson decay constants. The initial condition inQCD scaleA=Aqcp Will be set to 0.2 GeV below. It is easy
Eq. (5) should be written ag(x,b,1/b), and¢(x) is in fact  to show thate™® falls off quickly in the largeb, or long-
an approximation. We have neglected the intrinsic transverseistance, region, giving so-called Sudakov suppression.

where the variablé denotes the largest mass scaldHdofWe
have approximate#i by the O(ay) expressiorH®, which
makes sense if perturbative contributions indeed dominate.
Combining the evolution in the above formulas, we obtain
the complete Sudakov facte 5, where the exponers is
given by

momentum dependence denoted by the argunienand With the above brief discussion, the only thing left is to
PQCD corrections proportional te(1/b), because these computeH® for each form factor. The calculation &f(®)
two effects cancel partiallj1]. for £, has been performed [2]. In a similar way we derive

The evolution of the hard scattering amplitudérom the  H(© for other¢’s. The factorization formulas for all the tran-
summation of single ultraviolet logarithms is expressed asition form factors inb space, with Sudakov suppression
(2] included, are listed below:

1 o0
§+:167gﬁVMBMDJO dxq dxzfo by db; by dby ¢g(X1) Pp(X2)[(Mg+X2{ s Mp)h(X1,Xz,b1,b7)

+(Mp+x1+Mg)h(Xz,X1,by,by) Jexd — S(ky ,k; ,by,b,)], 9
1 )
.= _16W%FvMBMDf0 dxg dxzfo by dby by dby ¢a(X1) dp(X2) - [XaMph(Xy,Xz,b1,b2) =X Mgh(Xz,X1,b2,04)]
Xexf{_s(k;ak; 1b1!b2)]! (10)
1 0
&y=167ZVMgMp+« fo dx, dxzfo by db;y b, db, ¢g(X1) dps (X2)[(Mg—X2{1Mps)h(Xq,X5,b1,b5)
+ (Mpx +X1{aMg)h(Xz,X1,b2,b1) Jexd — S(ky Ky ,b1,by)], (11)
1 o
éa, =167 2 MgMps Jo dxq dXzJO by dby by dby ¢g(X1) dpx (X2)[(Me—X203Mpx)h(X1,X2,0b1,07)
+(MD*+X1€4M B)h(XZ1X1!b2|b1)]exq_s(kz !k; iblibz)]! (12)

1 [
én,= —16mZ e yMgMp« fo dxg dxzfo by dby by db, dg(X1) dpx(X2)X1LsMgh(Xp,X1,b,,b1)exd —S(ky ks ,by,by)],

(13
En,=6v, (14)
with the constants
1 3 n—1 1
4+‘§[’7‘z 7+l ‘EH' "
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1 1+ n+1
=317 N5y=1

5}

n—2

:——{——’
gl 2 2\/;2_—1

1

{Hr=

{3=

2n?-1
2—np—\np*—1
n+1l '

1

“T2nr D)

{s=1+

7

VP—1

Z =413 is the color factor. The functioh, coming from the Fourier transform of©, is given by

h(X1,X2,01,b2) = as(t) Ko( VX1X2{MgMpx)b1)[ (b1 —b2) Ko(VX2d MM px )b 1)1 o(VX2{ MM px)by)

+0(by—b1)Ko(VX2d MM pibo) [ o(VX2{MgMpbs) ], (16)

with the constant=5++/°—1. The scalé is chosen af2]

t= ma)(\X1X2£M BMD(*),l/bl,l/bz). (17)

Note the equality o, and éa,- We argue that,, will differ
from &4, if higher-order corrections to the initial condition
H(k ,k5 ,b;,b,,t) are taken into account.

Ill. DETERMINATION OF [V

Before proceeding to the numerical analysis of E§%-
(14), we discuss how to fix th& and D*) meson wave
functions. For theB meson, we adopt the wave function
from the relativistic constituent quark modgé], ¢g(x)=
JTd*kr/(47)?] pg(x,Kks), with
L

ﬁ* X(1—X) (18

¢(X,kt)=Ng| Cg+

The normalization constaiMg and the shape parameigg
are determined by the conditions

d%k f
f J(4 )Tz kT):i,

1 d?kr 1
fo de (‘]_T)z[({[)B(Xva)]z:E- (19

We obtainNg=49.5 Ge\? and Cg=—27.699 845 Ge¥ for
Mg=5.28 GeV [12] and the B meson decay constant
fg=0.12 GeV from the lattice calculatidd3]. TheB meson
wave function is then given by

Ng  x(1—x)2

167 M2+Cg(1-X) " (20

bp(X)=

For the D®*) meson, we propose the following model,
which possesses the same functional form as(Zg):

Np ) X(1—x)2
16w Mé(*)'f‘CD(*)(l_X) '

Pp)(X)= (22)

Equation (19) is not appropriate for the determination of
Npx) and Cpx), when theD™) meson recoils fasf2].
Hence we shall take an alternative approach. It is known
from PQCD factorization theorems that wave functions are
universal, or process independent. It hints that we can fix the
parameters using data of aB/—D®) decays, such as the
two-body nonleptonic decay8— D*), for which factor-
ization theorems should work best. With these phenomeno-
logical inputs at specific kinematic poinig= 7,2, We then
predict the behaviors of a§f's in a finite range ofy.

We assume the vertex factorization hypothesis for the fol-
lowing analysis, which has been shown to be consistent with
current experimental dafd4]. We list the formulas for the
decay rates of variolB— D *) decay modes involved in our
study. They are

I(B%°-=D*m)
1 (1-r?)3(1—r)?
= EGE|Vcb|2|Vud|2f§7MgT
+r 2
E§+(77max)_§f(77max) ) (22



4986

4 (1-r?)°

1
32 |2:|VCb|2|Vud|2fErM

2

1+r
X E gAl( Nmax) — (1 gAz( Tmax) fAS( Mmax)

for the nonleptonic decays, with the constants

=Mpx) /Mg and 7,=(1+r?)/(2r), and

dr

1
dq2_96 3G |VCb|2 _1)1/2(77+1)2

-1
& (m)+ 1 8l

X{2(1—275r+r?)

+{(7=)én ()= (7= D)(rén (M) +Ea ()T
23

for the spectrum of the semileptonic decB_9—>D**I*v_
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[8]. For nonleptonic decays, there exist additional important

corrections from final-state interactions with soft gluons at-

FIG. 2. Dependence of tH2 andD *) meson wave functions on

taching theD™*) meson and the pion. It has been argued thath® momentum fraction.
these corrections produce only single logarithms, which can-

cel asymptoticallyf2], and are thus not considered here.
We adoptGg=1.166 3% 10 ° GeV 2 for th Fermi cou-
pling constant,|V,4=0.974 for the CKM matrix element,
Mp=1.87 GeV andM p« =2.01 GeV for theD andD* me-
son massegL2], respectivelyrgo=1.53 ps for theB® meson
lifetime [11], f =93 MeV for the pion decay constant, and
fp=0.14 GeV for theD meson decay constant from the
lattice calculation[13]. The four parameters we shall deter-
mine areCp[Np is fixed by fy from Eq. (6)], Cp* ,fp+ (or
Np+ equivalently and|V,|. At the same time, we have four

constraints from experimental data: the_branching ratio

BB°—=D"7)=2.9x103 and  #B°-D*"7")
=2.6x10 2 [6], and the height and the profile dT'/dg? at
large 7, or equivalently, its values a’=M?>,~0 and atg?
= M%S [11], Mp_=1.97 GeV being th®, meson maskl2].
In principle, we can determine th2*) meson wave func-
tions and the CKM matrix elemefi.,| completely from the
data fitting.

If there are more data from other decay modes, such as
B—D®)Dy, f, can be fixed phenomenologically, and needs
not to be specified at the beginning. However, these data sti

suffer large error§15], and it is not practical to perform the
fitting based on them. On the other hand,_the dat8-efp
decays, #(B°—D*p~)=8.1x10"2 and .#(B°—D*"p")
=7.4x10 3 [6], do not give more information thaB—

Co=

negligible p meson mass. Note that the Bauer-Stech-Wirbel

(BSW) method [16] gives different predictions from Eg.

(24), which are[6]
A(B°—=D*p")
H(B°=D**p7)

AB'D* 7~ ) _
A(B°—

=0.885,

Our plan is summarized as follows.
(1) Assume a set of initial values & and Cp+, say,
—2.9 GeV [2] and Cpx=—3.4 Ge\. Determine the
value of fp« from the ratio #(B°—D*n )%
(B°—D**77)=1.1, which is independent ¢¥.,|.

(2) Extract |V,| from the magnitude of the spectrum
dr'/dg? atq?= M2, usingfp« from step(1), and the initial
Cp andCpx .

(3) Determine a new value of Cp from
.%’(BO—>D+TF):2.9>< 1073 and a newCp» from dI'/dq? at
q’= M2 using fp+ and|V.,| obtained from the above two
Steps.

H; (4) Go to step(1), starting with the new initial values of

dCD* .

At last, the four parameters approach their limits after a
few iterations. The results are

Cp=-2.6179 GeV, Np=13.8 GeV,

decays, and are not employed here. This is obvious from the

equality of the ratios

ﬁ(@HDer*)
A(B°—D* +p_)

AB =D )

~1.1.
ﬂ(BO—>D*+ )

(24

Hence the data oB—p decays just lead to the meson

decay constanf ~f X< 8.1/2.9=0.155 GeV, consistent
with the currently accepted value. Equati@¥) is a direct

fp=0.14 GeV, Cp«=—3.0421 GeV,
Np«=14.6 GeV, fp«=0.129 GeV, |V, =0.043.
(26)

The dependence of tHg andD™*) meson wave functions
on the momentum fractior is shown in Fig. 2.¢5 peaks at
x~0.05, and ¢p+) peaks atx=0.2, indicating that the
heavierB meson is strongly dominated by soft dynamics.

consequence of the vertex factorization hypothesis for th@he profiles of¢y and ¢p« are very similar, but the maxi-
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__FIG. 3. The spectrumdI'/dg? of the semileptonic decay FIG. 4. Dependence af, andé,, on the cutoffb, for »=1.3.
BO—D*"I7v.

factor, as indicated in Eq3):
mum of ¢« locates at a slightly smaller compared topp ) )
because of the relatiofCp«|/M3,>|Cp|/M3. All these T(=7(D[1-a(p—L+b(n—-1)7],  (27)
features are consistent with the expectation from the orderin
of the massesMg>Mp+>Mp. That the height of¢y is
larger than that of¢pp« is due tofp>fp«. Note that our
prediction fp« /f5=0.92 is contrary tofp« /fp=1.28 ap-
pearing in the literaturgl7].

dith the parametersa®=0.84pb=0 for a linear fit and
a’=0.92p=0.15 for a quadratic fit to experimental data.
The normalization7(1)=77A§(1)+O((A/M)2), where 5, is
a perturbatively calculable quantity, takes the vald€l)

The parameters in Eq26) lead ta the branching ratios =0:93[19], 7(1)=0.89 [20], or .7(1)=0.96 [21]. In Ref.
A(B°—D* 7 )=2.89x10 % and .H(B°—D* "7 )=2.61 [10] the single form factor was expresseq as the_overlap in-
x10°%_and the spectrumdl'/dg? for the semileptonic tegral of theB andD™) meson wave functions derived from
decayB°—~D* "1~ v as in Fig. 3, where the CLEO data the Bethe-Salpeter equation, and was parametrized by a simi-
from Ref.[11] are also shown. It is observed that our pre-lar formula to Eq.(27):
dictions are in good agreement with the data at tpfvand
begin to deviate abovtqz%=4 Ge\?, the slow recoil region in p.
which PQCD is not reliable. In order to justify the PQCD 7 ()= 14
analysis forqg°<4 Ge\?, or 7>1.3 approximately, we ex-
hibit the dependence &f, and¢, on the cutoffo.=b;=b,  for the constantsy,=0.9942, p?=1.279, andc=0.91. The
for »=1.3 in Fig. 4. More than 50% of the contributions to Method of overlap integrals leads to the expres$#in
the form factors come from the region with<0.6/A, i.e., 5 p—1
ay(1b,)/ 7<0.5. T ) = C(p2—1) =

Variation of the six transition form factors with the veloc- 7 n+1 exp{ 2p2~1) 7+l
ity transfer » is displayed in Fig. 5. From Fig.(&), we find ]
that the magnitudes of,, &, and &, are almost equal, for the constantp,=1.19. In Ref.[18] the best fit to the

with the relationé, = §A3> éa and their behaviors are close CLEO data[11] gives the form factor

to that of &, , corresponding to the similarity between the F(n)=1-0.81n—1). (30
profiles of ¢px and ¢p . This similarity is also reflected by
the fact that the ratio o€, to &, is roughly the same as Comparing to our results, we find that E487)—(30) are in
fo« /fp. Contrary to Fig. 8a), £ andé,, shown in Fig. $b)  fact close to or larger thaéi. as shown in Fig. 6. Since our
increase W|th7] §7 possesses a smaller S|ope, and is ex_form factors involved in the deC@% D*I v are Sma”er, the
pected to become negative at loy These features are con- Prediction of|Ve,| is of course larger. If substituting, for
sistent with the predictions from HQS combined wiifery) ~ €v+ éa, and éa, in Eq. (23), we shall have |V
andO(1/M) corrections in 8]. ~0.043x0.9=0.039 extracted from the data, which then lo-
The CKM matrix elementV,,| =0.043 extracted here is a cates in the above range.
bit larger than recent estimations in the literature, which We explain why our form factors are smaller than those in
range from 0.035 to 0.04010,11,18. Refer to Ref[11] in  the literature. The reason is attributed to the choice of the
which &y, &a , and £s, were modeled by the single form decay constant;=0.12 GeV andfp=0.14 GeV at the be-

2
1—ﬂ(n—1>+c(n—1>3’2}, (28)
A

, (29
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FIG. 6. Dependence on of (1) Eqg. (29), (2) Eq. (28), (3) Eq.

(30), (4) Eq. (27) for the linear fit with7(1)=0.93, and’5) Eq. (27)
for the quadratic fit with7(1)=0.93. The curves o, and &, are
also shown.
-0t é: . ] tively. Once the precise measurement of the decay constants
fg andfp is performed, the CKM matrix elemefi.,| can
-0.02 ¢ iy be fixed uniquely. o
At last, we compute the branching ratig(B°~D "D ;)
003 ] inserting the parameters in E{R6), and compare results
o0a L i with the data 8.&10 3 [12], if ignoring the errors. The ex-
- pression for the decay rate is written as
-0.05 -
RO N e 2 2¢2 \13 22
0.06 - | Ir'(B*—D Ds)_EGF|VCb| |Vcs| fDSMB(l_r )
007 F . (1+r)2—r'2
XN max— 1 T§+( Mmax)
~0.08 1 1 I 1 I
13 1.35 14 1.45 15 1.55 16 (1-r)2—r'2 2
(b) " 1 & (mmad| (32)
FIG. 5. Dependence dB) £, &y, éa,, and &n, and of(b) &
and£,_ on 7. for the CKM matrix elementV=1[12], r'=Mp_/Mg,

and 7= (1+r2—r'2)/(2r). We obtain theD; meson de-
ginning of the analysis. Ifg and f increase to 0.13 and cay constantfp =0.137 GeV, or in terms of the ratio,

0.15 GeV, respectivelyf,p« will become 0.138 GeV because f, /f;=0.98. Because of the large errors associated with

of the ratiofp. /fp=0.92. Here we suppose t.hat the Shapethe data, we do not compare this ratio with those from the
parametersCg, Cp, and Cp+ change only slightly. Then 500 calculatior{ 13] and from QCD sum ruleg22], which

|Veo| decreases to 0.037 in order to maintain the height of;e apout 1.1 and 1.2, respectively. However, our prediction
the spectrum. We have confirmed this argument by followmg|S in agreement with the simple formula3]

steps(1)—(4) explicitly as stated above. Therefore, the best
conclusion for our study is that we have disentangled the

task of determiningV,| to the extent thaV,| is given, in f_Ds_ Mp | 2mc+ ms~0 98 (33
terms offg andfp, by fo  (Mp, ) me+mg
|Vcb|:0-043><(0.12 Ge\/) X 0.14 Ge\j’ (31  for the current quark masses;=10 MeV, ms=150 MeV,
fg fo andm,=1.5 GeV. Equatior{33) was obtained using general

arguments from the Wigner-Eckart theorem and assuming
for fgz and fp varying around 0.12 and 0.14 GeV, respec-that chiral symmetry is only broken by quark mass terms.
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are additional contributions from intern&V-emission dia-
grams as shown in Fig.(). Following the similar reason-
ing, the hard scattering associated with Fi¢o)7 which is
proportional to 1¥X;X5, is obtained by interchanging the ki-
™ nematical variables of th® meson and of the pion. This

interchange gives a factor 0.2/6:8/5. We estimate that

contributions from internalW-emission diagrams, combined

with the color-suppressing factor 1/3, are roughly 15% of
(a) factorizable ones, which are of course sizable. This conclu-
sion is consistent with predictions from the Bauer-Stech-
Wirbel (BSW) method[6]. We shall discuss these subjects in
detail in a separate woik4].

D+

=

- Do V. CONCLUSION
B- N In this paper we have fixed tH2*) meson wave function
using the experimental inputs from the nonleptonic decays
x~ B—D®) 7, and evaluated the spectrum of the semileptonic
decayB—D*|v at large velocity transfer, from which the
CKM matrix element|V,|=0.043 is extracted. The form
factors involved inB—D®) transitions are obtained, and
(b) compared to the predictions from HQS combined with
O(ag) and O(1/M) corrections[8], from the overlap inte-
grals of heavy meson wave functiof®,10], and from the
data fitting[11]. The value of|V,| extracted here is larger
than those in the literatufel0,11,18, and the reason is that
IV. NONFACTORIZABLE CONTRIBUTIONS we have adopted the smaller decay constégtand fp. A
precise measurement bf andf in the future will remove

In the study oB—D*) decays, we have considered only this ambiguity.
factorizable contributions from external-emission dia- We emphasize that the behaviors of all the transition form
grams as in Fig. (B. For the nonleptonic decay factors are derived from the sing2*) meson wave func-
B%-D*#~, there are also nonfactorizable contributionsion that is fixed at specific kinematic points, without resort-
from W-exchange diagrams as shown in Figg)7To justify  ing to a model for each form factor, such as the algebraic
our study, we should have a convincing argument that sucforms employed if19], the pole forms 16,25, and the
nonfactorizable contributions are indeed unimportant. Aexponential forms in26]. Note that all the above model
simple investigation shows that the PQCD formalism can béorm factors are larger thag, presented in this work. Hence
applied to Fig. 7a) equally well, with the following modifi-  they lead to smaller values ¢¥.,| ranging from 0.032 to
cations. 0.038. Our formalism, based on the parameters in(E6),

(1) The color flow in Fig. Ta) differs from that in Fig.  can be used to study meson decays, especially the nonlep-
1(a). This distinction leads to a factor 1/3 for nonfactorizabletonic cases with nonfactorizable contributions, in a less am-
contributions. biguous way[24].

(2) From the viewpoint of factorization theorems, Fig.

7(a) is a crossing in the andt channels of Fig. (), exclud-

ing the color flow. That is, these two diagrams are similar to

each other, except the interchange of Bieneson and pion ACKNOWLEDGMENTS

kinematic variables. Hence the hard gluon propagator in Fig.
7(a) is proportional to M3X,, X3 being the momentum frac-
tion of the pion, which comes from the replacemenkpby

X5 in the gluon propagator %{x, associated with Fig. ().
Sincex, andx; are of order 0.05 and 0.5, respectively, from
the B meson and pion wave functions, the interchange leads
to a factor 1/10.

Certainly, the presence & in the hard scatterings mod- In this Appendix we present the explicit expression of the
erates the difference. Therefore, we estimate that nonfactoexponents(k,b) appearing in Eq(5). The full expression,
izable contributions fronW-exchange diagrams are roughly instead of the first six termi®7], is adopted in this paper. It
5% of factorizable ones, and the neglect of Figp)1s rea- s given, in terms of the variables,
sonable.

With the parameters determined in Sec. Ill, we can also R R
study charged®® meson decays, such 8 — D%, based g= In(k/A), b= In(1bA), (A1)
on the PQCD formalism employed here. In this case therdy [2]

FIG. 7. (a) W-exchange an¢b) internalW-emissionO(«) dia-
grams.
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AL 9 AL A@ g A AL e2r—1 o ADg,
s(k,b)=——-oq In(g ——(Q-b)+— S— - —2——In( In S + lqu
2B b/ 2B 4p1\b 4py 4B 2 b 4p1
In(2g)+1 In(2b)+1| AD i . AD e 1\ [In(2g)+1 In(2b)+1
| ?) (2h) fz[|n2(2q)—|n2(2b)]+ fz In ( ?) (2b)
q b 881 8B1 2 q b
AYB,[2IN(29)+3 2In(2b)+3] ADB, §—b . A2 g2
3 ,342 (AQ) (A ) 3 fiz qA [21n(2b)+ 1]+ ,326
1647 q b 1687 b? 172883
18 In2(24)+30 In(24)+19 18 IrX(2b)+30In(2b)+19] AP®pB2 §—b . .
X (29) - N2Q)+19_ (2b)+30 In2b) Bg 975 19 1n2(2b)+ 6 In(2b) +21.
2 b2 43288 b3
(A2)
The above coefficients; andA") are
_ 33-2n _ 153-19n;
Bl_ 12 ) 2_ 24 L
A<l>—4 A(z)_67 m? 10 +8 | e’ A3
"3 AT Te AN ) (A3)

where yg is the Euler constant, R

Note thats is defined forg=b, and set to zero fog<b. As a similar treatment, the complete Sudakov factor exg) is
set to unity, if exp(- S)>1, in the numerical analysis. This corresponds to a truncation at kargehich spoils the on-shell
requirement for the light valence quarks. The quark lines with lakgghould be absorbed into the hard scattering amplitude,
instead of the wave functions. An explicit examination shows that the partial expression including only the first six terms gives
predictions smaller than those from the full expression by less thai?%%
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