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The energetic exclusive two-body nonleptonic decayB afiesons are investigated in the framework of the
relativistic quark model within the factorization approximation. The heavy quark expansion is used for the
calculation of form factors. The obtained results are in agrement with available experimental data.
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I. INTRODUCTION theory. They proved that factorization holds for the decays of
a heavyB meson into a heavip meson and a light meson,
The investigation of exclusive nonleptonic decaysBof Wwhere the light quarks, which hadronize into a light meson,
mesons represents an important and complicated theoreticale highly energetic and collinear. Therefore, we have a good
problem. In contrast with the exclusive semileptonic decaystheoretical background to expect that factorization can be
where the weak current matrix elements between meso@pplied to the consideration of energetic nonleptonic decays
states are involved, nonleptonic decays require the evalu®f B mesons.
tion of hadronic matrix elements of the local four-quark op-  In this paper we calculate the branching ratios of the ex-
erators. To simplify the analysis it is usually assumed thatlusive energetic nonleptonic decays Bf mesons in the
the matrix element of the current-current weak interactiorframework of the relativistic quark model on the basis of
factorizes into the product of two single current matrix ele-factorization. The heavy-to-heavy hadronic form factors, ap-
ments. Thus the problem reduces to the calculation of thgearing in the factorized amplitudes, are constrained by the
meson form factors, parametrizing the hadronic matrix eleheavy quark effective theofHQET) [7]. Our model explic-
ments of weak currents as in the case of semileptonic decayily satisfies all these constraints and allows the determina-
and the meson decay constants, describing leptonic decatien of the corrections in the inverse powers of the heavy
[1]. This makes the factorization hypothesis a very appealinguark masses up to the second orfdr In the quoted paper
assumption. However, strong interaction effects, such as fwe have determined the Isgur-Wise function and the sub-
nal state interactions, the rescattering of the final hadrondgading form factors in the whole kinematical range acces-
etc., can violate this approximatioi,2]. There are also sible inB—D transitions. We shall use these functions here
some problems with the different renormalization point de-to evolve B—D transition form factors from the point of
pendence of the initial and factorized amplitu@gf]. Thus  zero recoil of the finaD meson to the values cq2~m$,
factorization cannot be considered as a universal approach teherem; is a mass of the final light meson. The form factors
nonleptonic decays. of the heavy-to-light transitions have been calculated in our
There were several theoretical developments which camodel at the point of maximum recoil of the final light me-
help to justify the factorization for certain nonleptonic de- son using the expansion in inverse powers of the heavy
cays of heavy mesons. It has been shown in R&fthat  b-quark mass from the initid meson and in inverse powers
factorization holds in the limit of large number of colors of the large &my/2) recoil momentum of the final light
N, in QCD. The leading N, corrections to this limit have meson[9]. We have also determined tlg dependence of
also been considered. Moreover, intuitive arguments justifythe form factors near this kinematical point. Thus we can
ing factorization for the energetic nonleptonic decays werealculate the heavy-to-light form factors which are necessary
given by Bjorkern 6] on the basis of the so-called color trans- for the determination of energetic nonleptonic decay ampli-
parency. In these decays the final hadrons are produced todes. This combination of the methods of heavy quark ex-
the form of pointlike color-singlet objects with a large rela- pansion and the relativistic quark model increases the reli-
tive momentum. And thus the hadronization of the decayability of our predictions. The comparison of the results with
products occurs after they are too far away for strongly inthe available experimental data will be the test of factoriza-
teracting with one another, providing the possibility to avoidtion.
final state interactions. Dugan and Grinst8hdiscussed the The paper is organized as follows. In Sec. Il we present
factorization hypothesis within the heavy quark effectivethe expressions for nonleptonic decay amplitudes in the fac-
torization approximation. The relativistic quark model is de-
scribed in Sec. lll. In Sec. IV the heavy-to-heavy transition
*On leave of absence from Russian Academy of Sciences, Sciefiorm factors are discussed. The heavy-to-light transition
tific Council for Cybernetics, Vavilov Street 40, Moscow 117333, form factors are presented in Sec. V. Section VI contains our
Russia. results for the branching ratios of energetic nonleptddic
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decays and their discussion. Our conclusions are given idoes not cancel the dependence of;(u«) or ¢;(w) [3,4].

Sec. VII.

II. NONLEPTONIC DECAY AMPLITUDES AND
FACTORIZATION

Thus nonfactorizable contributions to Ed) must be present

in order to make the physical amplitudes independent from
the renormalization scale. However, as is shown if8], in

the case of the production of an energetic light meson or
meson resonance it is possible to justify the factorization

In the standard modé8 decays are described by the ef- approximation and the right-hand side of Ed) is scale
fective Hamiltonian, obtained by integrating out the heaVyindependent. Thus we limit our analysis of nonleptonic de-

W boson and top quark and applying the operator productays to consideration of decays with at least one energetic

expansion. For the case bf-c,u transitions,

Gr
Heft=—= Vbl C1( 1) O+ Co( 1) O5°]

V2

Ge

V2

+ —=Vyp[C1(1) O +Co( )08+ -+, (D)

meson in the final statdsuch as B—D®)x(p) and
B—m(p)m(p)].

Before proceeding further, let us additionally note that in
writing Eq. (4) we discarded the contribution of the color-
octet currents which emerge after the Fierz transformation of
color-singlet operatorg2). Clearly, these currents violate
factorization since they cannot provide transitions to the
vacuum state. We also neglected the so-calle@xchange

where V;; are the corresponding Cabibbo-Kobayashi-and annihilation diagrams. In the limi,—, they are
Maskawa(CKM) matrix elements. The Wilson coefficients connected by the Fierz transformation and are doubly sup-
¢, Au) are evaluated perturbatively at thié scale and then pressed by the kinematic factor of orden3/m3) and then

they are evolved down to the renormalization scakem,

dynamically by the decreasing form factéi,.,(q%=m3)

by the renormalization-group equations. The ellipsis denotewith F.(0)=1 (see Ref[5] for details.
the penguin operators, where Wilson coefficients are numeri- The coefficientg5) have been calculated at~m,, in the

cally much smaller thaw, , [10]. The local four-quark op-

eratorsO, andO, are given by

O =[(du)y_a+(SC)y_al(ab)y_a,

0%°=(qu)y_a(db)y_a+(a0)y-a(Sb)y_a, g=(u,c),
2
where the rotated antiquark fields are
d=V,gd+VyeS, $=Vcqd+Vces, 3)

and for the hadronic current the following notation is used

(ﬁ')v—Azq_?’M(l_ ¥5)qQ'=J,.

leading logarithmic approximatiofll] as well as beyond
the leading logarithmic approximatigd]. The result of Ref.
[4]is

a,=1.01+0.02 anda,=0.20+0.05, (6)

which is close to the result of fitting experimental dpi&]

a;=1.03+0.04+0.06 anda,=0.23+0.01+0.01. (7)

However, thea, prediction (6) is renormalization scheme

dependeni4].

The matrix element of the curredtbetween the vacuum

The factorization approach to two-body nonleptonic de-and final pseudoscalarPj or vector (/) meson states is
caysB—M(q19;)M,(q,q) implies that the decay ampli- Parametrized by the decay constafys, :
tude can be approximated by the product of one-particle ma-

trix elements:
Ge _
(M1M;|HeglB)= qulbvqéqz[al(ﬂ*)(M 11(a1b)y_alB)

X{M3|(q205)y-al0)+az(x)
X(M|(zb)y—alB)
X{M1|(d107)v-al0)], (4)

where

1 1
al(l/«)zcl(l/«)"'N_CCz(P«)a ax(u)=cy(u)+ N_Ccl(//«),
5

N, is the number of colorsN.=3).

In the general case, the renormalization poja) depen-

<V|q_y“q’|0>=e"mva.
(8)

(Play*ysa'|0)=ifpp¥,

The matrix elements of the weak currehbetween me-

son states have the covariant decompositign

(P(pp)|q7,.b|B(pg))

m2—m3
=| (Pt Pp) - %q# Fi(q?)

2 2

+ iqrquFo(qz), 9)

2V(q?)

(VP 07,b1B(Pe)) =~

i * VAT O
IE,U.VT(Te poV ’

dence of the product of current operator matrix elements (10
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(V(p{)| a7, vsb|B(pg))=(mg+my)eX A (g?)
_ Ad))
mg+my,

(e*q)
—2mquMA3(q2)

(e*q)(pgt+ Py,

e*
+2mv(—q2q—)qMAo(q2), 1

where quB—p,’,(V) and e is a polarization vector of the

vector meson. The form factét;(q?) is the linear combina-
tion

Mg+ my

Mg — My 2
2mV AZ(q )!

2my,

As(g?) = Ay (9?) -

12

and in order to cancel the poles@t=0, it is necessary to
require
F1(0)=Fo(0),

A3(0)=A0(0). (13

We calculate the corresponding form factors in the frame

work of the relativistic quark model.

Ill. RELATIVISTIC QUARK MODEL

In the quasipotential approach a meson is described by t
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V(p,a,M) = Ua(p) Up(—P)V(P,q,M)Ua(q) Up(— Q)
= Ua(p) U~ P){ 4 asD . (K) ¥4

+ Vgonf(k)rgrb;u+ Vc?om(k)} ua(Q)ub( - Q)r
17)

where ag is the QCD coupling constanD ,, is the gluon
propagator;y,, andu(p) are the Dirac matrices and spinors,
andk=p—q. The effective long-range vector vertex is given
by

i K

Lu(K)=y, 450,k k°=0, (18

where k is the Pauli interaction constant. Vector and scalar
confining potentials in the nonrelativistic limit reduce to
VY (D=(1—&)(Ar+B), V3 (r)=&(Ar+B),
(19

conf

reproducingve™ (r)=V3, + Vi~ Ar+ B, wheres is the
mixing coefficient. The explicit expression for the quasipo-
tential with the account of relativistic corrections of order

v?/c? can be found in Ref[15]. All the parameters of our

model like quark masses, parameters of linear confining po-
tential A and B, mixing coefficiente, and anomalous chro-
momagnetic quark momentwere fixed from the analysis of
meson massefgl5] and radiative decayfl6]. The quark
massesm,=4.88 GeV, m;=1.55 GeV, m=0.50 GeV,

& 4=0.33 GeV, and parameters of the linear potential

wave function of the bound quark-antiquark state, which satAi 0.18 Ge\2 andB= — 0.30 GeV have standard values for

isfies the quasipotential equati¢h3] of the Schrdinger-
type[14],

(bz(M) i )w o= | 0 VPEM V(@)
ZMR 2,LLR M p - (277)3 p1q1 M q ’
(14
where the relativistic reduced mass is
M4—(m2—m32)?
HR=—g5 (15
and
M2Z—(m,+my)2][M2—(m,—m,)?2
2y = (M (Mt MM (mg )

4M?

Herem, , are quark masse#] is the meson mass, amdis

the relative momentum of quarks. While constructing the

kernel of this equatiorV(p,q;M) — the quasipotential of

quark models. The value of the mixing coefficient of vector
and scalar confining potentiads= — 1 has been chosen from
the consideration of the heavy quark expangi®hand me-
son radiative decayEl6], which are very sensitive to the
Lorentz structure of the confining potential: the resulting
leading relativistic corrections coming from vector and scalar
potentials have opposite signs for the radiatMd decays
[16]. Finally, the universal Pauli interaction constant
x=—1 has been fixed from the analysis of the fine splitting
of heavy quarkoniaP, stateq15].

The meson wave functions in the rest frame have been
calculated by numerical solution of the quasipotential equa-
tion (14) [17]. However, it is more convenient to use analyti-
cal expressions for meson wave functions. The examination
of numerical results for the ground state wave functions of
mesons containing at least one light quark has shown that
they can be well approximated in the meson rest frame by

the Gaussian functions
) 34 pz
exp — —=|,
24

4
‘I’M(p):<_

20
B (20

quark-antiquark interaction — we have assumed that the efVith the deviation less than 5%.
fective interaction is the sum of the one-gluon exchange term 1Ne parameters are

with the mixture of long-range vector and scalar linear con-
fining potentials. We have also assumed that the vector con-
fining potential contains the Pauli interaction. The quasipo-
tential is defined by15]

Be=0.41 GeV, B,=0.38 GeV, Bp =0.44 GeV,

Bp=0.31 GeV.
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FIG. 1. (a) The lowest order vertex functidi” . (b) The vertex
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p12—812(p) 2 n(l)(pM/)p:
3
Q12—812(Q)W 2 n(l)(pM)qI:
here
i p p'p’ ——
D =M = 5 4+— =
nH(p)=Ly M’5”+M(E+M)’ E=VJp +M~

Note that the contributiod'(®) is the consequence of the
projection onto the positive-energy states. The form of the
relativistic corrections resulting from the vertex function

I'® is explicitly dependent on the Lorentz structurecod
interaction.

2
function FEL) with the account of the quark |nteract|on The dashed  Tpe general structure of the current matrix elem@aj is

line corresponds to the effective potent{dl7). The bold line de-
notes the negative-energy part of the quark propagator.

The matrix element of the local curredtbetween bound
states in the quasipotential method has the fpt8]

TP A P,

(21)

13,0y = [

where M(M') is the initial (final) meson I',(p.q) is the

rather complicated, because it is necessary to integrate both
with respect tod®p andd3q. The & function in the expres-
sion for the vertex functio*) permits one to perform one

of these integrations. As a result the contributionlé¥ to

the current matrix element has the usual structure and can be
calculated without any expansion, if the wave functions of
initial and final mesons are known. The situation with the
contribution ofl'(?) is different. Here, instead of thé func-

tion, we have a complicated structure, containing the poten-

tial of the qq interaction in a meson. Thus, in general case,
we cannot perform one of the integrations in the contribution

two-particle vertex function, an?sl',\,I v are the meson wave of I'® to the matrix elemen21). Therefore, it is necessary
functions projected onto the positive energy states of quarké® use some additional considerations. The main idea is to

and boosted to the moving reference frame.

expand the vertex functioR® in such a way that it will be

This relation is valid for the general structure of the cur-possible to use the quasipotential equatitd) in order to

rentJ,=Q’'G,Q, whereG, can be an arbitrary combination

of Dirac matrices. The contributions 0 come from Figs.
1(a) and Xb). Thus the vertex functions look like

T'P(p,0)=Ug(P1)GUg(a:)(27)38(p,—d2), (22)

and

T'?(p,q)=ug/(p1) Uq(P2)
A(*)( )

um YIV(Pa—dy)

X1 G
(=)
Agr(ky) 06
8Q’(k1)+8Q’(q1) 1w

X Ug(g1)Uqg(dz),

+W(p2—

d2)
(23

where the superscripts()” and “ (2)” correspond to Figs.
1@ and 1b), ky=p;—A, ki=0;+A, A=py—pu
e(p)=(m*+p?)*?

e(p)—[my°+7°(yp)]

AT (p)= 22(p) :

and

perform one of the integrations in the current matrix element
(21). The realization of such expansion differs for the cases
of heavy-to-heavy B—D®*)) and heavy-to-light
[B— m(p)] transitions.

IV. B>D®*) DECAY FORM FACTORS

In the case of the heavy-to-heavB-D*)) meson de-
cays we have two natural expansion parameters, which are
the heavy quark massem andm,) in the initial and final
meson. The most convenient point for the expansion of ver-
tex function T® in inverse powers of the heavy quark
masses is the point of zero recoil of the fiRameson, where
A=0 (A=pg—ppw)). It is easy to see thdt® contributes
to the current matrix element at first order of thend/ex-
pansion. We limit our analysis to the consideration of the
terms up to the second order. After the expansion we per-
form the integrations in the contribution 5% to the decay
matrix element. As a result we get the expression for the
current matrix element, which contains the ordinary mean
values between meson wave functions and can be easily cal-
culated numerically. The results of such calculation are given
in comparison with the predictions of HQHET] in [8]. Our
model satisfies all the constraints imposed on the form fac-
tors by heavy quark symmetries and allows the determina-
tion of the Isgur-Wise and subleading form factps.

Theg? dependence of form factors at leading order of the
1/mg expansion is given by
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Fo(9?)
RF1(g%)= RT =R*V(q?*)=R*Ao(q%)
C mg+mp
A(a%)
=R* 7 =R*A(g%)=£&(w), (29)
B mB+ Mp*
where
2
R(*)_Z\/mBmD(*) _m25+mD(*)—q2
Mg+ Mpx) © 2mgMpx)

The Isgur-Wise function in our model is

| 2 2,2
W+lex_ P

with the slope parametgr®=1.02, which is in accordance
with  the recent CLEO Il measurement[12]
p?=1.01+0.15+0.09.

At the first order of the Ihgy expansion four additional
independent form factors arise in HQET]. We have deter-
mined these subleading form factors in the framework of ou
model[8]

1

2

w—1

w+1

&(w) , (25)

— 2w—1
§3(W):(A—mq)( I+3 551§,
__w—l
X1(W) =A== &(w),

1_w—-1

e wrrtW

),
(26)

1 A
X2(W)=— @mf(w),)(s(w)z

where the HQET parametez’x_=M—mQ in our model is
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FIG. 2. Thew dependence of form factors Bf—D transitions.
F1(0)=F4(0)=0.63, V(0)=0.79,

Ay(0)=0.63, A;(0)=0.62, A,(0)=0.61. (27

V. B—m(p) DECAY FORM FACTORS

In the case of heavy-to-light decays the final meson con-
tains only light quarks , d). Thus, in contrast with the

peavy—to—heavy transitions, we cannot expand matrix ele-

ments in inverse powers of the final quark mass. The expan-
sion of I'® only in inverse powers of the initial heavy quark
mass atA=0 does not solve the problem. However, the final
light meson has the large recoil momentum, in comparison
with its mass, almost in the whole kinematical range. At the
point of maximum recoil of the final light meson the large
value of recoil momentunhA,,.,d ~my/2 allows for the ex-
pansion of decay matrix element innd/. The contributions

to this expansion come both from the inverse powers of
heavym, from the initial B meson and from inverse powers
of the recoil momenturhA,,,,,| of the final lightsr(p) meson.

In Ref. [9] we carried out this expansion up to the second
order and performed one of the integrations in the current
matrix element21), using the quasipotential equation as in

equal to the mean value of the light quark energy in thethe case of a heavy final meson. As a result we again get the

heavy meson\ =(g,)=0.54 GeV.

We have also calculated the second order power corre
tions at the point of zero recoil of the final mes[8]. The
obtained structure of the second order corrections is in a
cord with predictions of HQET19]. As a result we got the
values of theB— D) transition form factors ag’=q?,,, up

expression for the current matrix element, which contains

(gnly the ordinary mean values between meson wave func-

tions, but in this case at the point of maximum recoil of the

Cf_inal light meson.

The found values oB— m(p) form factors at the point of
maximum recoil §>=0) are

to the second order terms. The higher order terms of the

1/mq expansion are negligibly small. However, for the con-
sideration of the energetic nonleptonic decayBaihesons
we need the form factor values q%=mf2%0 (f=mp,...

is a final light particlg. Thus it is necessary to evolve the
form factors fromqﬁm to q?~0. The corresponding range

is not very wide(from 1 to ~1.6). For suchw values the
form factors are dominated by the Isgur-Wise functiaf).

Some small contributions may arise from subleading form
factors. The higher order terms give very small corrections

[20]. Therefore, we combine the universal Isgur-Wigede-
pendence of form factors(24) with the subleading
symmetry-breaking correction26). The resulting form fac-
tor w dependence is shown in Figs. 2 and 3.

The values of form factors a°=0 are

11

FIG. 3. Thew dependence of form factors &—D* transi-
tions.
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FIG. 4. Thew dependence of form factors 8— 7 transitions
in the kinematical region of interest for the energetic nonleptonic (b)

decays.
F1(0)=F(0)=0.21, V(0)=0.29, EE’EMZ-
d,s
w
Ao(0)=0.18, A;(0)=0.27, A,(0)=0.30. (28 b U
The g behavior of the heavy-to-light form factors near
|Ama (corresponding t@?=0) is given by[9]

y

(c)

1(q2)— f(W)]:l(A a0 (29 FIG. 6. Quark diag;Elms for two-body nonleptoaecaysi(a)
2V “class I” decays B°—=MiM,; (b) “class II” decays
B%°—MIMY; (¢) “class III" decaysB™—MSM, .
2 /mgm,
2
Fold®) = T S LW EW) Fo(Ady), (30 B \/T X2 1
W= Ny @A 7z wrt)
2\/mgm
H__T =2 P
A = 2(1+w>§(w A&, (3D 2 -
n=—>—>—, A=0.53 GeV. (34)
Bé_l—ﬁfr(p)
2y__8B" "% 2
Ao )= 2 J/mam. (W) Ao A Amay), (32) Equation(34) reduces to the Isgur-Wise functi¢@b) in the
B'''p .. L e . o .
limit of infinitely heavy quarks in the initial and final me-
sons.

It is important to note that the form factofs andFg in
Egs.(31) and(30) have a differentj?> dependence than those
of the other form factor§29), (32), and(33). This result is in
contradiction with the single pole parametrizati@i]. The
inconsistency of combination of the pole form factors and
the scaling of B—m(p) form factors with the large
b-quark mass at zero recoil of a light meson has been shown

m +m
V(g2 = —

W\/B—mp W)V(A?L),

where we have introduced the functif®

(33

0.36]
0 343 in Refs.[22-24 on the basis of HQET. The form factor
0,303 dependence on the heabyquark mass at this kinematical
0.2 point is given by[22]
0.28 12 12
0.26] 1(qmax) my O(qmax) my
0.24]
0'022-) T e— —— ___{10 1(qma><> m71/27 AZ(QmaX) m1/2
0.181 I ——
3 31 324 33 34 35 V(92,0 ~ M. (35)

FIG. 5. Thew dependence of form factors &— p transitions It is easy to see from Eq$_29)—(34)_ that our model explic-
in the kinematical region of interest for the energetic nonleptonicitly reproduces these scaling relations. The recent QCD sum
decays. rule analysi§25-27 and the light-front quark model calcu-
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TABLE |. Predicted branching ratios faB—D®*)M nonleptonic decays in terms @f; and a, (in
percen)t. Our model branching ratios are quoted for valuesapf 1.05 anda,=0.25 in comparison with
experimental data(in percent. We use the values|V.|=0.038 and fp=fp«=0.220 GeV,
fo = fD:=O.260 GeV,f, =0.205 GeV[12] for our estimates.

Decay Our result [28] Our result Experiment31]
B'D*tm 0.2%3 0.2642 0.32 0.31-0.04+0.02
B -D*p~ 0.7%7 0.621a2 0.87 0.84r0.16+0.05
BOLD* o 0.26a7 0.25&2 0.28 0.28-0.04+0.01
BOD*"p~ 0.81a7 0.702% 0.88 0.730.15+0.03
B’-D*a; 0.782 0.67%2 0.86 0.60-0.22+0.24
B'-D**a; 0.922 0.97G?2 1.02 1.27-0.30+0.05
B°-D'D, 1.372 1.21%3 1.51 0.74-0.22+0.18
B'—~D*D: "~ 0.68%? 0.85%? 0.75 1.14-0.42+0.28
BY—D**D; 0.827 0.8242 0.90 0.94-0.24+0.23
BO—D* D~ 2.50m2 2.203%? 2.75 2.00- 0.54+0.49
BO—DO70 0.0583 0.2083 0.0036 <0.048

BO_.D*0,;0 0.056a3 0.21a3 0.0035 <0.097

B9 D% 0.0533 0.1483 0.0033 <0.055

B D*%° 0.1563 0.22a3 0.0098 <0.117

B —D%" 0.29(a;+0.64a,)° 0.265(@; + 1.23(,)? 0.43 0.50-0.05+0.02
B —D*%%" 0.27(a;+0.6%,)° 0.255@; + 1.292,)° 0.40 0.52-0.08+0.02
B —D%" 0.81(a; +0.36a,)> 0.622(;+0.6621,)? 1.06 1.370.18+0.05
B~ —D*%" 0.83(@3+0.3%3 0.703@%+0.63%5 1.17 1.5+ 0.30+0.06

+1.1%,a,) +1.48%,a,)

B~ —D°D, 1.40% 1.21%3 1.55 1.36-0.28+0.33
B~ —D°?" 0.70? 0.8622 0.77 0.94-0.31+0.23
B~ —D*°Dg 0.843 0.82&7 0.92 1.18-0.36+0.29
B~ —D*’D} "~ 2.567 2.20&¢2 2.80 2.70-0.81+0.66

lations[24] also indicate that thg? dependence of the form ratios for B—D®*) and B— 7 (p) transitions are given in
factorsA; andF, is different from those of other form fac- Tables I and Il in comparison with other model predictions

tors. _ , [28-3( and experimental data. ThB—D®*)D{*) decay
The extrapolation of the” dependencé29)~(33) to all - pranching ratios are presented for completeness.
values ofq® (or w), accessible irB— m(p) transitions, in- We see that our results for the “class I” nonleptonic

troduces rather large uncertainties, becawsearies in a BHD(*)W(p) decays are close to the improved Bauer-
broad kinematical rangérom 1 t?]~19 Iln B_;“ and from  giech-wirbel(BSW) model predictiond 28], while our re-
110 ~3.5 inB—p). However, thew values forB—m(p) g5 for the “class II” anda, contributions to “class III”
form factors which are really necessary for the consideratio ecays are smaller than those [@B]. These contributions
of energetic nonleptonic decays are limited to a rather small ¢ fromB—s () transition form .factors which have a

. 2: . .
interval neawmg, (q°=0). Thus, the application of formulas different g? behavior in our and the Bauer-Stech-Wirbel

(29—(393) in this region is rather reliable. We show the )
dependence @— 7 (p) decay form factors in Figs. 4 and 5. (BSW) models. The BSW model assumes univergalde-
pendence of alB— (p) form factors. As already men-
tioned in our model we find thé&; andF, form factors to
VI. RESULTS AND DISCUSSION have a differeng? dependence than those of the other form
factors[see EQs.(30)—(33) and Figs. 4 and b The form

In the factorization approximation one can dlstmgwshfactor F, in our model decreases with the growing g

thref classe”s @ meson nonlepto_r;m defay?ee Fig. 611 (decreasing ofw) in the kinematical range of interest for

the “class I" transitions, such aB"—M; M, , where only  gnergetic nonleptonic decagaee Fig. 4. Note that our value

the term witha, in Eq. (4) contributes(i.e., both mesons are for B, 7+ form factors atg?=0 is approximately 1.5 times

produced by charged currejitsclass II” transitions, such  |ess than that of BSW, while the values B¢ p form fac-

asB°—MIMY, where only the term witla, in Eq. (4) con-  tors are close in both models.

tributes(i.e., both mesons are produced by neutral curjents  Our predictions for the branching ratios 8—D®*)M

and “class IlI” transitions, such a8~ —MJIM, , where nonleptonic decays presented in Table | agree with experi-

both terms can contribute coherently. mental data within errors. Thus we can conclude that factor-
The results of the calculation of the nonleptonic branchingzation works rather well for “class I” and “class Il de-
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TABLE Il. Predicted branching ratios foB— m(p)M nonleptonic decays. We use the experimental
values forf ., f, [12] and the value ofV,,;| =0.0052[9] for our model estimates. All numbers are branching

ratios X 10P.
Decay Our result Our result  [29] [30] Experiment32]
BO L mta 0.331V,/%a% 0.99 1.8 <2.0
BOatp- 0.857V,/%a? 2.55 4.8
BOpta 0.234V,,/%a? 0.70 0.4
BOatp* 1.09V,,|%a2 3.25 5.2 <838
BY'ptp- 0.794V | %a? 2.36 1.3 <220
B 7070 0.17V,,|%a5 0.028 0.06 <0.91
B 700 0.54V,;|%a3 0.092 0.14 <2.4
B p%° 0.39V,| a5 0.067 0.05 <28
B'—D, 7" 0.288V,/%a? 0.85 8.1 1.9 <28
BY—D} 7t 1.08V,,|%a2 3.1 6.1 2.7 <50
B'—~D_p* 0.269V,/%a2 0.80 1.2 1.0 <70
B'—D? p* 2.25V,,|%a2 6.7 45 5.4 <80
B — a7 0.169V,|%(a; + a,)? 0.78 1.4 <17
B -7~ 0.438V,|%(a; +0.52,)? 1.7 2.7 <77
B —pOn 0.12QV,|%(a; + 1.95,)? 0.77 0.7 <43
B —p%~ 0.411V | %(a; + a,)? 1.8 1.1 <100
B~ —D,#° 0.148V /%2 0.44 3.9 1.8 <20
B-—D* #° 0.548V,;|%a? 1.6 3.0 1.3 <33
B~ —D_p° 0.138V,,/%a? 0.41 0.6 0.5 <40
B~ —D* p° 1.16V,,|%a2 3.4 2.4 2.8 <50
cays B—D®*)z(p). However, an improvement of VIl. CONCLUSIONS

experimental accuracy is needed to make a definite conclu-
sion. It will be very interesting to measure the “class II”
decayB°— D™*)%7(p)° branching ratios. Such measurement
will be the test of factorization for “class II” nonleptonic
decays and will help to constrain the (or g%) dependence

In this paper we have calculated the branching ratios of

the energetic exclusive nonleptonic decaysBofesons on

the basis of the factorization approximation. In particular, the

form factors ofB—D®) andB— 7 (p) transitions have been

of B— m(p) form factors, evaluated usipg the relativistic.quark model and_ the heavy
quark expansion. Such expansion has been carried out up to

We also present in Table | the predictions for the second order in the heavy quark masses. Finally, the
B—D™)D™) nonleptonic decays, where only heavy mesons . - :
N S P y y vy omentum dependence of leading and subleading terms of

are present in the final state. The factorization is less justifieﬁl. . s
for such decays. However, as we see from Table | our preliS €xpansion has been used for the determination of the

dictions, based on the factorization, are consistent with th8€avy-to-heavy transition form factorsgft=my , wheref is
experimental data for these decays too. a final light meson.

For the branching ratios d8— m(p)M nonleptonic de- The overall agreement of our predictions for two-body
cays presented in Table Il there are only experimental uppetonleptonic decays oB mesons with the existing experi-
limits at present. The measurement of these decays will amental datg31,32 shows that the factorization approxima-
low the determination of the CKM matrix elemefi,,|,  tion works sufficiently well in the framework of our model.
which is poorly studied. The closest experimental upper limitFrom another side, if the factorization hypothesis is taken for
to the theoretical predictions is for the decﬁla ot granted, the aforementioned agreement confirms the self-

is approximately two times larger than our prediction and jsconsistency of our approach, which incorporates our previ-

very close to the result df29]. From this upper limit on ously obtained results for semileptonic and leptonic decays

=5 + - o . of heavy mesons. In particular, it would be quite interesting
B(B°—m"7") we get the limit on|V| in our model, to test the specifig? behavior of the heavy-to-light transi-

tion form factorsF, andA; predicted by our model. Another
Vbl <7.4x1073, important problem is the determination of the coefficients
a, anda, via c; andc, directly from QCD. As it has been
discussed already in Sec. Il their values found in Ré&fare
close to those obtained from fitting experimental data,
though one should mention tha} is rather unstable with
respect to the renormalization scheme and scale. Neverthe-
|Vyp|=(5.2+1.3+0.5x 10 3. less, that means from our point of view that the factorization

which is close to the value previously found from semilep-
tonic B— a(p)l v decayq9]:
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hypothesis for energetiB meson decays has more or lessthe further consideration &, . meson decays. Work in this
firm grounds within QCD, at least for the “class I” decays. direction is in progress.

The situation is essentially different f@ meson nonlep-
tonic decays. In this case the best fit to the experimental data
yields a;=1.26+0.10 anda,= —0.51+0.10[4,12]. Mean-
while, QCD predicts[4] (the instability of the coefficient
here is even strongerc;=1.31+0.19 and c,=—0.50 We are grateful to M. Beyer, T. Feldman, M. Ivanov, J.
+0.30, which can only be consistent with the result of fiting Korner, T. Mannel, S. Petrak, R. Bki, and B. Stech for
data if one drops the W terms in Eq.(5) and putsa;=c, useful discussions of the results. One of (&N.F) ex-
anda,=c,. Clearly, such an assumption would give a com-presses his gratitude for the warm hospitality extended to
pletely wrong result foB decays, namely, a negative sign of him at the Humboldt University of Berlin, where the final
a,, which is ruled out by the experimental data. This resultpart of this work was accomplished and DAAD for financial
could indicate that the factorization approactDrdecays is  support. The work of D.E. was supported in partibgutsche
insufficient and nonfactorizable contributions there are largeForschungsgemeinschaftinder contract Eb 139/1-2. The
In other words theD meson is possibly not heavy enough work of R.N.F. was supported bpeutscher Akademischer
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