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We evaluate the decay constants for Bi\@andD mesons and the form factors for the semileptonic decays
of theB meson tdD andD* mesons in a Bethe-Salpeter model. From data we exttget 0.039+ 0.002 from
B—D*lv andV,;tJ 0.037+0.004 fromB— Dl v decays The form factors are then used to obtain non-leptonic
decay partial widths foB—D w(K) andB—DD(Dj) in the factorization approximation.
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[. INTRODUCTION factors in 1Mmg in HQET involves additional non-
perturbative matrix elements which are not calculable from
In previous paper§l,2] we have developed a model for first principles.
mesons based on the Bethe-Salpeter equaf88E). Re- We are thus forced to rely on models for the non-
cently [3,4], we calculated the form factors in the semilep- perturbative quantities. However, the constraints of HQET,
tonic B—D(D*)lv decays and extracted the Cabibbo-which are based on QCD, allow one to construct models
Kobayashi-MaskawdCKM) matrix elementV,, from data  which are consistent with HQET and hence QCD. We have
with and without taking the QCD correction into account. already demonstrated the consistency of our model with the
The key ingredient in the computation of the form factorsrequirements of HQET4].
was the construction of the physical states for Bhand D The parameters in the BSE are fixed by fitting the meson
mesons in terms of the wave function obtained by solving spectrum. Hadronic states necessary for the calculation of
reduced BSE. In this paper we improve upon the work ofform factors are constructed with the BS wave functions. In
Ref.[4] in two ways. First we establish a theoretical connec-our formalism the mesons have been considered as com-
tion between the matrix element of the bare current operatgsosed ofqq constituent quarks which defines the limits of
calculated using the model states constructef#inand the  our model space. Our dual thrust in this effort is to correct
matrix elements of an effective current operator based upofor the limited model space and to carry out new applica-
arguments for contributions from neglected configurationstions. Higher Fock state effects are introduced though an
Second, we make an ansatz for the correspondence betweghsatz, involving an additional parameter, connecting the
the matrix elements of the bare and the effective currenpare current operator to an effective operator.
operator. The effective current operators are then used to The additional parameter introduced in this process is
calculate not only the decay constants and semileptonic forrshosen by a fit to the lattice evaluation of the decay constants
factors similar to our previous work but also the branchingf, , f, ande An evaluation of the other decay constants

fractions of non-leptonic decays. . of the B and D system along with the semi-leptonic form
The discovery of heavy quark symmetQS) in recent  ¢a.44r5 and the non-leptonic decays is performed without any

years[5,6,7,8,9 has generated considerable interest in the, jjitional free parameter and are, therefore, viewed as pre-

study of systems containing heavy quask It has been istions of this model. Based on this new approach we > again
shown that, in the heavy quark limit, the properties of sys-

tems containing a heavy quark are greatly simplified. HQSextractV <b from the measured differential decay rate Bf
results in relations between non-perturbative quantities, suctr D* v and find a 20% increase over our previous results
as form factors, for different processes involving transmons{4] We also extractV., using recent measurement of
of a heavy quark to another quark. The development oB—Dlv by CLEO [10]. The two resulting values fov,
heavy quark effective theofHQET) [7] allows one to sys- presented in this paper are consistent with each other.
tematically calculate corrections to the results of the HQS The paper is organized as follows: In Sec. Il we give a
limit in inverse powers of the heavy quark masg. In spite  brief review of Bethe-Salpeter model for mesons. In Sec. llI,
of impressive results obtained in HQET, it has not solved theve discuss the formalism for the calculation of the decay
problem of calculating the transition form factors in QCD. In constants and the form factors after establishing the connec-
particular, HQS reveals relations between form factors bution between the bare current oprator and the effective cur-
does not provide a determination of the form factors them+ent operator. In Sec. IV, we discuss non-leptonic decays and
selves. Furthermore, the systematic expansion of the forrm Sec. V we present and discuss the results of our work.
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Il. BETHE-SALPETER MODEL FOR MESONS TABLE I. Values of the parameters used in reductichd
ogether with root mean square deviation from experimental meson
In Ref.[1] we have developed a model for mesons baseg, ;sses.
on the Bethe-Salpeter equation. The wave functions for the
mesons were solved from three dimensional reductions of Reduction A Reduction B
BSE, called the quasi-potential equatiof@PB. It was
found that two reductions give a good description of the ™My (GeV) 4.65 4.68
meson spectrum, including open flavor mesons, over a wide mc (GeV) 1.37 1.39
range of states. Masses for 47 states were predicted using ms (GeV) 0.397 0.405
seven parameters given below with mass root mean square m, (GeV) 0.339 0.346
deviation of about 50 MeV2]. o (GeV?) 0.233 0.211
The interaction kernel in the BSE is written as a sumofa 0.616 0.444
one-gluon exchange interaction in the ladder approximation, g (Gev) 0.198 0.187
Voge, and a phenomenological, long-range linear confine- RMS (MeV) 43 50

ment potential Vcon. IN momentum space this interaction
takes the form

(0[3,/P(p))=ifpp,

4 vy
VOGE+VCON:§QS—(qﬂ_q/;2 (0]3,,|V(p))y=myfye,
7 11 J,=V,—A 4
+o lim (1) p=VuT A (4)

P T C R DI
whereP andV are pseudo-scalar and vector states %pnd

_ _ o _ andA,, are the vector and axial vector currents.
Here, a; is the strong coupling, which is weighted by the  The Lagrangian for the semileptonic decays involving the
meson color factor of;, and the string tensiow is the b ¢ transition has the standard current-current form after
strength of the confining part of the interaction. We adopt ahe W boson is integrated out in the effective theory:
scalar Lorentz structur€.qy as discussed if2].

In our model the strong coupling is assumed to run as in

G — _
the leading log expression farg, HW=$Vchyﬂ(l— yo)bvy (1—yg)l.  (5)
2
a (Q?) = 4mas(p’) @) The leptonic current in the effective interaction is completely
® 47+ Brag(u®)In(Q* ) known and the matrix element of the vectdr,) and the

axial vector @) hadronic currents between the meson states
are represented in terms of form factors which are defined in

where3,=11—-2n:/3 andn; is the number of quark flavors, >
A ! ! d the equations belowl1].

with ag(u?=M3)=0.12 whereQ? is related to the meson
mass scale through

<D(pD)|J,u,|B(pB)>:[(pB+ Po) .

QZ: 72M rzneson+ :82' (3)
2 2
_ b E.(g?

where v and B are parameters determined by a fit to the q° Au|Fa(@”)
meson spectrum. 5 o

In our formulation of BSE there are therefore seven pa- 4 Mg~ Mp Fo(a?) ©)
rameters: four massesn),=my,m;,mg,m,; the string ten- q2 9u"old
sion o, and the parameterg and 8 used to govern the run-
ning of the coupling constant. Once the parameters are fixeéhereq=pg—pp,
from the mass spectrum, the meson wave functions from the
BSE can be used to predict physical observables. (D*(p")[3#[B(p))=boe""*Pelp,pp+bie**

Table | shows the values of the parameters used in two
reductions of the Bethe-Salpeter equation referred to as A, B +by(p+p’)*+ba(k)* (7)
reductiong 2].

with
Ill. DECAY CONSTANTS 2V(k2)
AND SEMI-LEPTONIC FORM FACTORS bo= Mot e
B D*

The weak decay constants for the heavy hadrons are de-

fined below: by=i(mg+mp«)A;(k?)
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S (a(p’,m})|q(p,my))
b,=—ieg* k ———
2 Mg+ Mpx* Eq
:m_b\g(p,_p)émé,ms- (12)
b ig* ksz* (Ag(K?) — Ag(K?)) a
s=len: k? In constructing the meson states we maintain a constituent
5 5 guark model approach as we do not inclugig sea quark
AL (K) = (Mg +Mpx) A1 (k%) — (Mg —Mpx ) Ax(k?) states nor the explicit gluonic degrees of freedom. We also
sn 2mp« assume the validity of the weak binding approximation

[13,14. In the weak binding limit our meson state forms a
wherek=pg—pp=. Fo, F1, V, Ag, A1, Ay, andA;z are  representation of the Lorentz group, as discussed in Ref.
Lorentz invariant form factors which are scalar functions of[13], if the quark momenta are small compared to their
the momentum transféPg— Pp(Pp«))?. The calculation of masses. Assuming that the quark fields in the current create
the decay constants and form factors proceeds in two stepand annihilate the constituent quark states appearing in the
In the first step, the full current from QCD is matched to themeson state, the calculation of the matrix element of the
current in the effective theorfHQET) at the heavy quark current operator then reduces to the calculation of a free
mass scal¢12]. Renormalization group equations are thenquark matrix element. In the rest frame of tRemeson with
used to run down to a low energy scale-1 GeV where the  a suitable choice of the four-vector indices in E@, (7) we
constraints of HQET operate and where it is reasonable tean construct six independent equations which we can solve
calculate matrix elements in a valence constituent quarko extract the six form factors.
model like the one we employ hefé4]. We have already This model space representation may be viewed as the
described the first step, viz. the perturbative QCD correctiongeading characterization in an expanded representation which
to the weak currents, in our previous publicatipti and  more accurately represents the exact states. We assume that
therefore we will not repeat it here. the effects of higher Fock states, representing gluons or sea

The second step is the calculation of the matrix elementguarks, in the calculation of the matrix element of the bare
of the currents in the model to obtain the decay constants anclirrent operator are represented by the matrix element of an
form factors. Such a calculation requires the knowledge okffective operator in the truncated model space. In other
the meson wave functions. In our formalism the mesons argords, with the notation “e” labeling exact states, and “m”
taken as bound states of a quark and an antiquark. The wavVa&beling model states,
functions for the mesons, as already mentioned, are calcu-
lated by solving the Bethe-Salpeter equatiar?]. We con- (MS(P)[J,IM§(P))—(ME(P,)| IS IMT(Py)). (12)

struct the meson states [is3] ,
To define clearly what we mean by the bare current operator

3 and the effective current operator, let us write, assuming
IM(Py,d,my))= \/ZMHJ d*p(Lm_SmyImy) heavy quark symmetry,
X (S msmg| S ) IMP(P))=[Qi L) (13

mg whereQ; is the heavy quark in the meson aidis the light
Xy (P)|aA| 34 Pu—P.Ms degree of freedom which includes all possible Fock states
involving light quarks and gluon degrees of freedom and

®) takes the value 1,2. In the model states welsetg; which

Mg
VPM+pva

~|d is the lowest Fock state and all the other higher Fock state
effects involving the light degrees of freedom are omitted.
where Note that, in the heavy quark limit,
(Eqtmy) X" (M5(PDII,IMS(PD)~(Q2l3,IQUP(L,ILy). (14
la(p,ms))= T om. T-p mg -
q (Eqtmy) X The ratio(L,|L1)/{d,|q;) is, therefore, roughly the factor by
which the matrix element of the current operator calculated
M=my+my with the model states have to be corrected to include higher
order Fock states involving light degrees of freedom. We
Eq= m§+ p? 9) expect this factor to be approximately independent of the

spins of the heavy quark as, in the heavy quark limit, the
and M is the meson mass. The meson and the constitueniteraction between the heavy quark and the light degrees of

quark states are normalized as freedom is independent of the spin of the heavy quark. Any
) effect dependent on the heavy quark spin will be higher or-
(M(P"y,J",m))[M(Py ,J,my)) der effect in W, and we neglect such contributions.
_ , The effective current operator is then the bare current op-
=2E5(P 'V'_P'V')ay'ﬁmj m; (10 erator, which comes from the weak interaction Hamiltonian
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defined in Eq.(5), combined with the factor representing where the Wilson coefficients account for the short distance
corrections from higher Fock states with light degrees ofeffects while the long distance effects are incorporated in the
freedom. We will include Fock state effects involving light matrix element of the four quark operators. The effective
degrees of freedom by the following replacement in the calHamiltonian operator fob—c transition can be written as
culation of the matrix element

’ _ ' ff G
®3(p’)J,PL(p)=DF(p')J; T (p) o= évcbvzd[cl(ﬂ)oyr Co(12)0s]
=02(p")Q"(p")I,Q(p)PT(p).
(9 01=0;7,(1- ¥5)uic; (1~ ¥5)b
In the abovep, p’ are the internal momenta of the quarks in o o
the initial and final mesons anbl;(p), ®,(p’) are the initial 0,=d;y,(1— y5)u;c; ¥*(1— ys)b; (20)
and final meson wave functions. We will use the very simple
ansatz wherei andj are the color indices. The Wilson’s coefficients
A 202 ¢, andc, at the scaleu =m, have values 1.132 and 0.286
Q(p)=e~a’p72. (16 respectively{17].

The matrix element of a two body leptonic decay of the

A phenomenological motivation for this ansatz comes 1 ; ;
type B— XY requires the evaluation of the matrix element

from the fact that potential models fdr"(p) with Coulomb-
like interaction at short distance exaggerate the values of the

decay constantgl5,16], which, in the non-relativistic limit, M=(X,Y|HeqB)

is proportional to the value of the wave function at the origin

of the configuration space. We will fit the lattice calculationswhereH 4 has a currentcurrent structure. The matrix ele-

of the decay constants, fp, andfp_using the parameter ment is usually calculated using the factorization assumption
. Our ansatz for the higher Fock state effects suppresses théere one separates out the currentig; by inserting the

tail of the wave function in the momentum space leading tovacuum state and neglecting any QCD interactions between
smaller values of the decay constants consistent with result§e currents. The matrix element above written as a product
obtained in lattice calculations. Note that we will use theof two current matrix elements is

same value ok for decays involving B and D decays. This

is consistent with heavy quark symmetry. M~ (X[J,[0)(Y|I"#B). (22)
The expressions of the decay constants in terms of the
wave functions are given 445] In B decays, e.gB—D* 7, the energetic quark-antiquark
L2 ——— pair in the pion is created at short distance and by the time it
f,= \/Ezf P d3p (Mg Eq) (Mg Eq) F.(p) hadronizes it is far from the other quarks so it should be a
M Jo 2w 4E4Eq good approximation to neglect the QCD interaction between

(17)  the two currents creating the final state particles. A detailed
description about the validity and the corrections to the fac-
Fo(p)=| 1— p YD) (18) torization assumption can be found in REE7].
p(P (mg+Eg) (mg+Eg) PP In this paper we will look at decays where the parti¥le
is aD or aD* meson because one can then use the semi-
leptonic form factors calculated in the previous section to
Pv(p) (19 compute(Y|d'#|B). The X will be either a light meson
(7,K,p,K*) or aD(D*) meson. For the light mesons the
whereyp v, are the wave functions of the exact states. Usingflecay constants,=(X|J,,|0) are available from experiment
Eq. (12), we can then obtain the form factor in terms of the While, for the heavy mesons, we will use the decay constants

2

p2

1_
3(mg+Eg) (mg+Egy)

Fv(p)=

BSE wave functions. calculated in the previous section.
The expressions for the square of the matrix element for
IV. NON-LEPTONIC DECAYS the processeB’—D(D*)(p) are

Non-leptonic decays arise from W exchange diagrams at

2/Ro +, -
tree level. Strong interactions play an important role in these IM[*(B*=D"=")

decays by modifying the weak vertices through hard gluon G2
corrections and then the long distance QCD interactions re- B [VepVE 4l 2(Ca+Ca/NG)?
sult in the binding of the quarks in the hadrons. An effective V2
Hamiltonian of four quark operators is constructed by inte-
ey ) X F2Fo(m2)2(mh )2 @2

grating the W-boson and the top quark from the theory. The
effects of the short distance and the long distance QCD in-
teractions are separated using the operator product expansiatereN. is the number of colors,
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TABLE Il. Decay constants of thB andD mesons in MeV.

Decay constants Our results Lattice res{®g]
fo 209 1969)(14)(8)
fox 237 £ .
st 213 2117)(25(11) 73
fox 242 &
fo 155 16611)(28)(14) g
s 164 "

IM[>(B°~D*p")

PHYSICAL REVIEW D 58 014007

with

QCD correction (V,,=0.039)

------------------------- without QCD correction (V,,=0.037)

0 1 | 1 1 | 1 1 | 1 | 1

:((’:"F"/i)2|VCbVZjd|Z(Cl_l_CZ/NC)2 0 2 4 2(ceV? 6 8 10
q°(GeV")
2 _ _
% m2f2[:l(m2)2m25p_2 (23 FIG. 2. The differential decay rate f&— D* | v with and with-
Pe P m, out the QCD correction, together with the corresponding values of

V.,. Data from Ref[18].

wherep is the momentum of the decay products in the rest

frame of theB,

T,=A%(Mg+mMp«)?

|M|2(§0—>D+*777) (mBED*_sz*)Z
) X| 2+ por g
G D, "p
= 72': [VeoVigl2(C1+Ca/Ng)? R "
4A5 p mg
Ta=
2 3 2 2 2
X 24m?2 , Ag(m?2)2m3 p2 (24) (Mg + Mpw)™ M, M,
T D* T
D* 2
E2 Eps
and finally, T4=4A1Ay —+ —
P D*
Ge | Ep«E,(mgE 2
=t _ F * m *—M
|M|2(BO—>D*+p ):<E |Vcbvtd|2(cl+c2/Nc)2 _ b* ™ ZB D2 Dy _1]
mg m
XM2E[ T4 Tyt Ta+T4] P
p p 1 2 3 4 (25)
T.— 8Vv? 5 o Similar expressions can also be written down for e
1 (mB+mD*)2p Ms —DD decays.

R A
T N I NN N N

L L L L L B B B B
3
A

T
W

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

A2 T

08

.06

F(w) [Val

04

02

o
L

(=]
n
(=]
23]
2

4
¢ (GeV) °

FIG. 1. The calculated form factoFy,, F, V, Ag, A, andA,
as a function ofy?.
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TABLE Ill. Non-leptonic decay rates for thB meson.

Process Our results Stech-NeuldrT] Expt. [21]
B—D" 0.345 0.300 0.31.040(0.020
B—D* "7~ 0.331 0.290 0.280.040(0.010
B°—~D"p~ 0.799 0.750 0.840.160(0.070
B'—D*"p~ 0.897 0.850 0.730.150(0.030
B°—D*K™ 0.26 0.20
BO—D* K™ 0.24 0.20
B°—D*K*~ 0.41 0.40
B°D* tK*~ 0.49 0.50
B°—~D'D" 0.31 0.40
B—D* D~ 0.22 0.30
B°—D"D*~ 0.27 0.30
B°—D**D*~ 0.65 0.80

B°—~D*D, 0.626 1.030 0.740.22(0.18
B°—~D**D, 0.420 0.700 0.99.24(0.23
B°—D*D*" 0.514 0.950 1.140.42(0.29
B°—~D**D¥" 1.35 2.450 2.00.54(0.05
B~—D" 0.33 0.40

B~-—D*°D" 0.210 0.30

B D°D*~ 0.27 0.40

B D*D* "~ 0.64 0.90

B~ —D°D 0.829 1.090 1.360.280(0.330
B~ —D*°Dg 0.552 0.750 0.940.310(0.23
B~ —DD*" 0.696 1.020 1.180.36(0.29
B~ —D*D}" 1.830 2.610 2.700.810(0.660

cit+Cy/N.—a, B— DIl v with the effective current operator defined in Eg.

(15) treating @ of Eq. (16) as an adjustable parameter. The

_ Co( ) 1 value of « is fixed by fitting the leptonic decay constaifits,
8=Ca(p)+ N, (1+e7(w) fp, andfp . We finda=0.7 GeV * provides a good fit and
n )e8( ) use this value in all the calculations in this paper.
Colp)e™(p). We present our results for the decay constants of the

heavy mesons in Table Il. For the sake of comparison we

fined in Ref.[17] and may be process dependent. We will also show lattice calculations of the decay constants. The

however, treata; as a process independent free paramete?rrors n the second column of Tablelll are, respecnv@l)(,
that we will fit to data. RGE analysis suggests that-1 t.h‘? statistical errors(2) the systematic errors of changing
+O(1IND). fitting ranges, as well as other errors within the quenched
€ approximations; and3) the quenching error. The results in
Table Il show that our calculated decay constants are similar
V. RESULTS AND DISCUSSIONS to the lattice results.

In previous paperg3,4], a covariant reduction of the ~ On the other hand, our calculation for the decay constants

Bethe-Salpeter equatiofBSE) was used to calculate the of the Iigh_t mesonsr,K etc. are not in good_ agreement with
Isgur-Wise function. The BSE was solved numerically andthe experimental numbers. In fact, the light meson decay
the parameters appearing inthe quark masses, string ten- constants are larger than experiment by a factor of 2. This is
sion and the running coupling strength for the one gluonot surprising as our formalism is designed for the heavy
exchangg were determined by fitting the calculated spec-Meéson system.

trum to the observed masses of more than 40 mesons. The N Fig. 1 we show the form factorSy, F1, V, Ao, Ay,
resulting mass spectrum of the analysis was found to agre®dA; as a function ofy®. In Fig. 2 we show a plot of the
very well with the experimental data. Once the parameters dflifferential decay rate foB—D*lv. We obtain a good
the model were fixed, the meson wave function could beagreement with the shape of the experimental §i&8 and
calculated from the BSE. This wave function was used taextract|V .,/ =0.039+ 0.002. This is within the range of the
calculate the Isgur-Wise function and determig, [3]. presently accepted values for.,| [19].

In our present approach we evaluate the decay constants, For the decayB—»DI;, in Fig. 3 we show a plot of
the form factors for the semileptonic decays+D*lv and  F(w)|V, versusew where the data points are taken from

The nonfactorizable corrections'(u) and e8(u) are de-
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ture efforts to examine corrections to the factorization ap-
proximation[17]. We have resisted the temptation to allow
a, to have a process dependence even though two values for
=0.037+0.004 by ay? fit to the data in Fig. 3. a, would yield an excellent description of the known non-

Note that the values df ., extracted from the two differ- leptonic decay rates. It is trivial to relax this restriction if the
ent experiments are consistent with each other. As a furthdgader chooses to do so.
test of our formalism we present our calculations of the non- In conclusion, we have presented the calculation of form
leptonic decays of the B meson oD and DK(#) final  factors and differential decay rates B+ D(D*)l v transi-
states. Experimental values of some of the decays are alreatipns in a Bethe-Salpeter model for mesons. The parameters
available and new results are expected soon. We present oof the bound state model were fixed from the spectroscopy of
results in Table Ill. The values of the light decay constantshe hadrons. The effects of higher Fock states in the hadron
used in our calculations are,=130 MeV, fx=159 MeV, state were included in the definition of effective current op-
fxx =214 MeV andf ,=208 MeV. erators. A simple ansatz connecting the effective current op-

The parametea; calculated on the basis of @ fit has  erator to the actual current operator was used involving only
the value 0.88 which is close to 1 as is expected from RGBne parameter. After adjusting this parameter to fit certain
analysis which givea; ~1+ O(1/N?) suggesting a value for decay constantéfg, fp, and fp), we found good agree-

a, in the range 0.9-1.1 ment with data and extractdt | =0.039+0.002 fromB
From Table Ill we find a good agreement of our CalCU|a'—>D*|7andV —0.037+0.004 from§—>DI7decays cal
Cb_ . — . . =

. . * '
go}g m\tgl (l?;?efsrz;rld?qui?e(%)ir:ﬂ:: ?E)azﬁi.s(emi]rr] rlgélijlﬁs frohri;he culations of the dgcay constants of the B and D mesons were
continues 1o be true for theD andD°D - final statés our a[so performed with results that are similar to lattice results.
P O~ ¢ ' Finally, the form factors were used to evaluate the non-
results for D" D, and D"D, final states are somewhat leptonicB— D r(K) andB—DD(D.) decays in the factor-

smaller than the central values from experiment though the, - approximation and good agreement was obtained
measurements have large errors. with data

Combining the experimental errors in quadrature the dif-
ference between theory and experiment is less tham ih5
all cases but the theory predictions are systematically lower
for these cases. It appears that as we increase the mass of the
decay products, as in tHeD final states, and decrease their ~ This work was supported in part by the US Department of
kinetic energy the expected deterioration of the factorizatiorEnergy, Grant No. DE-FG02-87ER40371, Division of High
approximation may be showing up through a systematic difEnergy and Nuclear Physics and Natural Sciences and Engi-
ference between theory and experiment. This motivates fuaeering Council of Canada.

measurements reported in Rg10]. The variablew=(M3
+M3—9g?)/(2MgMp) where g2 is the invariant mass
squared of the lepton neutrino system. We extriatt|

ACKNOWLEDGMENTS

[1] D. Eyre and J. P. Vary, Phys. Rev. 3, 3467(1986; J. R.
Spence and J. P. Varipid. 35, 2191(198%; J. R. Spence and
J. P. Vary, Phys. Rev. @7, 1282(1993; A. J. Sommerer, J.
R. Spence, and J. P. Vanid. 49, 513(1994.

[2] Alan J. Sommerer, A. Abd El-Hady, John R. Spence, and
James P. Vary, Phys. Lett. 848 277 (1995.

[3] A. Abd El-Hady, K. S. Gupta, A. J. Sommerer, J. Spence, and
J. P. Vary, Phys. Rev. B1, 5245(1995.

[4] A. Abd El-Hady, A. Datta, K. S. Gupta, and J. P. Vary, Phys.
Rev. D55, 6780(1997.

[5] N. Isgur and M. B. Wise, Phys. Lett. B32, 113(1989; 237,
527 (1990; N. Isgur and M. B. Wise, irB Decays edited by
S. Stone(World Scientific, Singapore, 1991p. 158;Heavy
Flavors edited by A. J. Buras and M. Lindnéworld Scien-

Lepage and B. A. Thacker, ifield Theory on the Lattice
Proceedings of the Conference, Seillac, France, 1987, edited
by A. Billoire [Nucl. Phys. B(Proc. Supp).4, 199(1988]; E.
Eichten,ibid., p. 170; E. Shuryak, Phys. Lef3B, 134(1980;
Nucl. Phys.B198 83 (1982.

[7] H. Georgi, Phys. Lett. 40, 447 (1990; E. Eichten and B.
Hill, ibid. 234, 511 (1990; M. B. Voloshin and M. A. Shif-
man, Sov. J. Nucl. Phyd5, 463(198%; H. D. Politzer and M.

B. Wise, Phys. Lett. 06, 681(1988; 208 504(1988; A. F.
Falk, H. Georgi, B. Grinstein, and M. B. Wise, Nucl. Phys.
B343 1 (1990; B. Grinstein,ibid. B339, 253 (1990; M. B.
Wise, inParticles and Fields 3: Proceedings of the Banff Sum-
mer Institute (CAP)Y988, edited by N. Kamal and F. Khanna
(World Scientific, Singapore, 1989p. 124.

tific, Singapore, 1992 p. 234.

[6] M. B. Voloshin and M. A. Shifman, Yad. Fiz7, 801(1988
[Sov. J. Nucl. Phys47, 511(1988]; M. A. Shifman, Lepton
and Photon Interactionin Proceedings of the 1987 Interna-

[8] C. O. Dib and F. Vera, Phys. Rev. &7, 3938 (1993; J. F.

Amundson,ibid. 49, 373 (1994; J. F. Amundson and J. L.
Rosner,bid. 47, 1951(1993; B. Holdom and M. Sutherland,
ibid. 47, 5067 (1993.

tional Symposium on Lepton and Photon Interactions at High [9] E. Bagan, P. Ball, V. M. Braun, and H. G. Dosch, Phys. Lett.

Energies, Hamburg, West Germany, 1987, edited by W. Bartel

and R. Rkl [Nucl. Phys. B(Proc. Supp). 3, 289(1988]; S.
Nussinov and W. Wetzel, Phys. Rev.38, 130(1987; G. P.

014007-7

B 278 457(1992; M. Neubert, Phys. Rev. B6, 3914(1993;
M. Neubert, Z. Ligeti, and Y. Nir, Phys. Lett. B01, 101
(1993; Phys. Rev. D47, 5060(1993.



A. ABD EL-HADY, ALAKABHA DATTA, AND J. P. VARY PHYSICAL REVIEW D 58 014007

[10] M. Athanaset al, Phys. Rev. Lett79, 2208(1997; We have pres$, hep-ph/9705292.
extracted the data and errors from the published figure. [18] CLEO Collaboration, B. Barisket al., Phys. Rev. 061, 1014
[11] M. Wirbel, B. Stech, and M. Bauer, Z. Phys.29, 637(1985; (1995; CLEO Collaboration, J. E. Dubosa al., Phys. Rev.
M. Bauer, B. Stech, and M. Wirbelbid. 34, 103 (1987. Lett. 76, 3898(1996.
[12] M. Neubert, Phys. Rep245 259 (1994 and references [19] Particle Data Group, R. M. Barnedt al, Phys. Rev. D64, 1
therein; M. Neubert, Int. J. Mod. Phys. &1, 4173(1996. (1996.
[13] Nathan Isgur, Daryl Scora, Benjamin Grinstein, and Mark B.[20] C. Bernardet al, in Lattice '96 Proceedings of the Inter-
Wise, Phys. Rev. [39, 799 (1989. naional Symposium, St. Louis, Missouri, edited by C. Bernard
[14] Daryl Scora and Nathan Isgur, Phys. Rev5®) 2783(1995. et al.[Nucl. Phys. B(Proc. Supp). 53, 358(1997)].
[15] S. Veseli and I. Dunietz, Phys. Rev. %2, 6803(1996. [21] J. D. Rodriguez, to appear in Proceedings of the 2nd Interna-
[16] J. Amundson, Phys. Rev. B2, 2926(1995. tional Conference on B Physics and CP Violations, Honolulu,
[17] M. Neubert and B. Stech, inleavy Flavours2nd ed., edited Hawaii, March 1997; T. E. Browder, K. Honscheid, and D.
by A. J. Buras and M. LindefWorld Scientific, Singapore, in Pedrini, Annu. Rev. Nucl. Part. Se&i6, 395(1996.

014007-8



