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Abstract. Recent experimental results on the semi-
leptonic D — K* transition seem to be in conflict with
quark model expectations. Motivated by this finding
we reinvestigate the predictions for exclusive D and B
decays in the relativistic quark model approach. Some
of the invariant formfactors relevant for the transition
matrix elements D — K* and B— D* depend strongly
on an explicit quarkmass-dependent integral over the
meson wave functions. The dependence of decay rates
and spectra in semi-leptonic D and B transitions
on this integral is analysed and discussed in detail.
Furthermore, we discuss how the predictions of the
relativistic quark model for semi-leptonic D and B
decays can be tested through measurements of the
polarization of the produced vector meson K* and
D*, respectively. Some remarks on exclusive non-
leptonic two-body decays of the heavy mesons are also
presented. Finally the theoretical uncertainties for the
determination of the K—M matrix element |V,,| from
exclusive semi-leptonic decays are discussed.

1 Introduction

The determination of the so far unknown Kobayashi—
Maskawa (K-M) matrix element |V,,| from experi-
ment relies on theoretical thodels for the decay of B
mesons [1]. The light quarks produced in the decay
of the b quark have to combine with the spectator
quark to form colour singlets. This is clearly a non-
perturbative process and cannot be calculated from
first principles so far. Therefore one has to rely
on phenomenological approaches. Fortunately, the
theoretical uncertainties can be minimized by studying
semi-leptonic transitions.

It is known from experiment [2, 3] that the semi-
leptonic decays of heavy mesons are dominated by
few exclusive decay channels. The hadronic system
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near the endpoint of the lepton spectrum—which is
especially important for the determination of the b — ¢
and b—u transition strengths—must consist of the
lowest possible mass states for kinematical reasons.
Therefore it seems appropriate to study exclusive
semi-leptonic transitions. Many theoretical models
have been suggested for their description [4-14]. In
this paper we investigate in detail the predictions of
the relativistic quark model developed in [6] for
semi-leptonic D and B decays. We will first describe
this model and discuss its uncertainties and assump-
tions. In the following section we will study polariza-
tion effects in exclusive semi-leptonic heavy meson
decays. The polarization of the final vectormeson is
rather sensitive to the choice of the parameter of the
model [15]. Therefore the measurement of rates and
decay spectra can provide helpful informations. We
will then extend our investigation to exclusive non-
leptonic decays of B mesons. Finally we will summarize
and discuss our results.

IT Description of the model

In an exclusive treatment the decay distributions are
given in terms of matrix elements of the weak currents
between initial and final meson states:

AriM->X +Ivy=dI ¢,(M - X)

1 .,
—m(zn)s b (KM—KX*KI“KV)
d*K, d*K,d*K
JAg (M- X)2- X" 2L
sy (M X2 St
(1)
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= a(K (1 —ys)o(Ky)
H,={X|J,0)M) 3)

J,(0) is the weak V —A current and K, = K(K,),
K, =K (K)) if the decaying quark is a c(b) quark. Vy,
is the appropriate K—M mixing matrix element for the
Q — g transition. M and X denote the initial and final
meson, respectively. In the following we will consider
the transitions involving a pseudoscalar (X =P) or a
vectormeson (X = V) and a lepton pair in the final
state.

From Lorentz invariance one finds the decomposi-
tion of the hadronic matrix element in terms of
unknown formfactors:

(PIIO)IM>
2 2
= {(KM + KP)u _gn—Méz—rnL)qu}Fl(qz)
22
+T%;ff%f&f> @)

where g, = (K, — Kp), and F,(0) = F(0), and
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where A,, A, and A, are related by

My +m My —m
= L A — 5 Aag?) (6)

A 2
3(q%) 2m, 2m,

A3(0) = 4,(0) and &} denotes the polarization vector
of the outgoing vectormeson,

Various approaches have been suggested to estimate
the invariant formfactors [4—14]. Here we will employ
the model of [6] where monopole type formfactors
have been assumed for the g*> dependence*.

ho

h
Fy(g*) ~ 1——71%?_—’ Folg?) =~ =,

and

* In [12] monopole and dipole formfactors have been used accord-
ing to the power counting rules of QCD [16]

h,
2 Ai .
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h
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The initial and final mesons have been described as
relativistic bound states of quark—antiquark pairs
(0,4,) and (g,7,), respectively, in the infinite momen-
tum frame to fix the formfactors at g*> =0 (overlap
factors):

K,m;J,J,> = /220 Y [d*k, d*k,

5182
03K —ky —ky)on=(k; 4, X; 84, 85)
‘af (ky,51)b3 (k,,5,)]00 ®)
where K* = (K°0,0,K) with K- oo and

ki,
x=2F kir=(kioky) ©)
The normalization used here is
{a(ka S)’ a+(k/a S,)} = 5ss’53(k - k,) (10)
and

z dedex“P#Jz(kTa X, 815 52)12 =1
giving
(K'|K>=2K°2n)*6*(K — K)). (11)

The formfactors at g*>=0 (overlap factors) are
obtained by expressing the current J,(0) in terms of
annihilation and creation operators and sandwiching
the appropriate current component between initial and
final meson states [17]. Doing this one encounters one
difficulty, however. It is well known [18] that employ-
ing time ordered perturbation theory in the infinite
momentum frame (K — o0} the hadrons can be regard-
ed as the sum of free constituents moving in the same
direction. Configurations with constituents moving
opposite to the hadron (for example x £0 in (9)) are
suppressed by powers of /K. Care must be taken,
however, when one considers matrix elements of
currents, since the vertex with a current contributes
extra powers of K. One is led to the distinction between
‘good’ and ‘bad’ current components: ‘Good’ current
components are characterized by the fact that their
matrix elements between hadron states are of the order
K as K — oo, whereas matrix elements of ‘bad’ current
components are of the order (m/K)- K, where m is some
mass. ‘Good’ currents are suppressed by a factor 1/K,
when they turn a line moving along K into one moving
in the opposite direction. Thus all lines move in the
same direction in matrix elements involving ‘good’
currents only, i.c. so-called ‘Z-diagrams’ are suppres-
sed. The distinction between ‘good’ and ‘bad’ also
holds for the operators obtained by taking the space-
integrals of currents. ‘Good’ operators give rise to sum
rules with improved convergence properties [19].



It is easy to show, that the ‘good’ current compo-
nents are J° and J3, whereas the transverse current
components J! and J? are ‘bad’. The space integrals of
JO and J® are generators of an SU(4), symmetry
acting on two flavours and two spin states in the formal
limit of an exact collinear symmetry combining spin
and flavour. The overlap factors h; and h,,—deter-
mined by matrix elements of J° and J3-—are given
by the overlap of the wavefunctions of the initial and
final meson:

1
hy = £ dzk? dx @ (kr, X}y lky, X)

1
hAa = dekT dX(PI:tl’Oi(kT’ x)0-3(PM(kTa )C) (12)
0

where the Pauli matrix ¢ acts on the spin indices of
the decaying quark Q,. It is evident from the argument
above and also from (12) that h,, = h; = 1 in the limit
of an exact SU(4), symmetry.

The space integrals of the transverse current com-
ponents J* and J? however, are not generators of
a SU(4), symmetry (‘bad’ operators). The matrix
elements of J! and J? contain explicitly the masses of
the non-spectator quarks @, and gq,. The overlap
factors hy, and h,, are estimated by sandwiching J*
and J2. The result is the following:

My, —m
hV= Q1 g1 JM
My — My
(13)
h :mQ1+mq1
A e+ my
where

Ldx _ :
I =2 Ekr [ 08" ke Nic oylkr, ). (14)

Finally, h,, is given by:

by = My + my b 2my,

hy (15)

3

AT
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In [6] the solution of a relativistic scalar harmonic
oscillator potential [20,21] has been employed for the
orbital part of the wavefunction:

qom(kT’ x) = Nm x(l - x) CXp{ - k%'/zwz}
m? 1 méi_méz :
'e"p{_‘ﬁ("_i_T (19

where x denotes the momentum fraction of the decay-
ing quark (see (9)) and N,, is a normalization factor.
This ansatz for the wavefunction depends—besides the
quark masses—only on one free parameter @ which
determines the average transverse quark momentum:

(ki) = (17
Using (12) to (16) the formfactors and therefore the
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widths and spectra can now be calculated once w has
been fixed. Most of the experimental data have been
quite well reproduced with w =0.4 GeV and the rate
predicted for the B— D*ev transition has been con-
firmed recently by the ARGUS collaboration [22].

HI Semi-leptonic D and B decays

The approach described in the preceeding section uses
the quark model at g> = 0 in order to fix the normali-
zation of the formfactors. A similar model has been
employed by Korner and Schuler [12]. However, they
choose a common wavefunction overlap factor for all
formfactors. The approach of [7], which has been
improved by Altomari and Wolfenstein [10], uses the
non-relativistic quark model. The normalization of the
formfactors is fixed therefore at maximal g? where
both mesons are at rest.

One of the predictions common to all these models
is the inequality

Ig (M—V)
=_St7 T
R = ] (18)

for both D and B meson decays, which is a reminiscence
of the spectator quark model [23]. However, this ratio
has been determined by the MARK III [3] and the
Tagged Photon Spectrometer [24] collaborations to
be:

T (D—K¥)
B I's,(D—>K)

for D meson decays in contradiction to the theoretical
expectation. On the other hand theory and experiment
agree for I'g; (M — P) [25]. I's; (M - P)and I'g; (M —
V) are determined by the overlap factors k, and 4,
hy4,, hy,, respectively, in our relativistic approach (see
(4) to (7). hy and h,, are calculated by taking matrix
elements of ‘bad’ operators. Therefore, they are not as
reliable as the overlap factors determined by matrix
elements of ‘good’ operators. Thus we will treat the
overlap integral J,, in (13) as an additional free
parameter. We keep, however, the overlap factors #,,,
and h; fixed. This implies that the total rates for
M — P+ lv; are fixed as well.

In Tables 1 and 2 and Figs. 1 and 2 we present our
results for the ratios Ry and R, respectively, as a
function of J,/J%, where J§ is calculated using
(14) (J§ ~1.08, J5~0.72). Figures 1 and 2 show a
strong dependence of I's; (M — V) on the choice of the
parameter J,. In order to fix this parameter and at
the same time test the predictions of the model
experimental informations are needed. In the case of
semi-leptonic D — K and D — K* transitions the result
for R, from the Tagged Photon Spectrometer collabo-
ration leads to J,/J$ <0.7. From the measurement
of Brg, (B— D*) by the ARGUS collaboration [22] we
conclude that 0.5 <J,/J3<1.3. Here we assumed
that more than 80% of the inclusive semi-leptonic

R, ~0.5-06 (19)
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Table 1. Overlap factors, the ratio Ry, the widths for semi-leptonic B decays to transversely and longitudinally polarized D* mesons and ay for
various values of J5/J3. The widths are given in units of 1012[V,,[?s™*. We used [g,(B— D) =8.08-102|V,,[2s ™! to calculate Ry

JB/Jg hu hA; hAz RB Dt":ans D;‘:mg %p
13 0.92 0.85 1.12 4.05 17.89 14.80 0.66
1.2 0.85 0.78 0.98 3.53 15.06 13.46 0.78
1.1 0.78 0.72 0.83 313 12.84 12.43 0.94
1.0 0.71 0.65 0.69 2.69 10.48 11.24 1.14
09 0.63 0.59 0.54 2.33 8.62 10.18 136
0.8 0.56 0.52 0.40 1.96 6.71 9.15 1.72
0.7 0.49 0.46 0.25 1.67 5.24 8.23 2.14
0.6 042 0.39 0.10 1.38 3.78 7.34 2.88
0.5 0.35 0.33 —0.04 1.16 2.70 6.68 3.94
D sy 1 an abbreviation for Fg; (B — Df,.s) Diiyg is an abbreviation for Iy (B— D)

transv

Table 2. Overlap factors, the ratio Rj, the widths for semi-leptonic D decays to transversely and longitudinally polarized K* mesons and

ay, for various values of J,,/J9. The widths are given in units of 10'°s~*, We used I, (D —K)=8.26:10'°s7* to calculate R,,

InlI3 h, hy, ha, Rp Kansy Kine %p

1.3 1.65 1.14 1.89 1.74 8.35 6.00 0.44
1.2 1.57 1.05 1.64 1.52 7.17 5.44 0.52
1.1 1.40 0.97 1.39 1.35 6.04 5.07 0.68
1.0 1.27 0.88 1.15 1.15 497 4.54 0.91
0.9 1.14 0.79 0.90 0.98 4.01 4.07 1.03
0.8 1.01 0.70 0.65 0.82 315 3.63 1.30
0.7 0.89 0.62 0.40 071 247 3.36 1.72
0.6 0.76 0.53 0.15 0.58 1.80 2.98 2.31
0.5 0.63 0.44 —0.10 047 1.24 2.64 3.26

K{ansv 18 an abbreviation for Iy, (D — K, ps) Kifing is an abbreviation for Iy, (D - K¥,,)

Lor M, (B->0%
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Fig. 1. Plot of Iy (B—D*/Ig(B—~D) and Ig(B—Di.)
T (B~ D¥,..,) as functions of Jy/JS We used Iy (B—D)=
8.08- 10|V, [*s 1

width is saturated by the D and D* decay channels.
This result is independent of the value taken for the
weak mixing matrix element | V|

Additional information can be obtained by studying
the polarization dependence of the vectormeson V on
the parameter J,. In the rest frame of the decaying
meson (K, =0} the squared matrix elements for
the production of transversely and longitudinaily
polarized vectormesons take a simple form [12]:

MuDsK¥ |
et (D > K)

0> K

05 TeuD->KH ]

0.6 08 1.0 12
o
Jpho

Fig. 2. Plots of Iy (D—K*/T(D—K) and Tg(D— Ko/
Iy (D—KE,,,) as functions of J,/J). We used Iy (D—K)=
8.26-1010571

I ASL (M - I/tmnsv) 12

G2
=5 Vo247 {(1 = 2" | H_[* + (1 + 2*| H . |*}
q (20)
an
GZ
|ASL(M_) I/long)|2 ZTFIVQq|24q2{(1 - Zz)iH(JlZ}
(1)



where the helicity amplitudes H, and H, of the
vectormeson V are given by:

2 _ NT my K 2
Ho ()= ny+ m) Ay F 2 Vigh) - (2)

1 1
2y =
Ho(q )_2my\/q>2

'[@ﬁr—mi—QQWhr+MHAdqﬂ

2 2
my K 5
S 23
) | 3)
with
1
K =g L = = 2 — )2
and
11
Z=Ef(mfu—m;2,+q2—4mME,). (24)

In (22) n =1 for b and b quark decays and y = — 1 for
¢ and ¢ quark decays. K is the momentum of the vector-
meson in the rest frame of the decaying meson and z
can be identified as the cosine of the angle between
the vectormeson and the charged lepton in the (Iv) rest
system. The zero-lepton-mass approximation has been
used in deriving (20) to (24). The energy of the charged
lepton is denoted by E,.

The results for the ratios Iy (M — Vi, )/ T s (M~
Viransy) @re also shown in Figs. 1 and 2 and Tables 1
and 2 for semi-leptonic B and D decays, respectively.
It is clear from these figures that the experimental
determination of I'g (M — Vi )/ s (M~ Vipans,) as
well as R, will be a decisive test of our model due to
the strong dependence of these ratios on the parameter
Jy. The production rates for transversely and longi-
tudinally polarized vectormesons are both affected by
variation of J,,. It is interesting to note that longi-
tudinally polarized vectormesons are favoured for a
wide range of J,, for semi-leptonic B as well as D
decays.

In the non-relativistic quark model approach of [7]
the helicity amplitude Hy(g?) is not well known since
the determination of the formfactor 4,(¢?)—equal to
a, in the notation of [7]—requires knowledge of
contributions proportional to KZ/mZ [10], which are
neglected in the non-relativistic limit. A, at maximal
q? is therefore treated as a free parameter in this
approach. The production rate for longitudinally
polarized vectormesons depends strongly on the value
choosen for this parameter, whereas the rate for
transversely polarized V's is fixed.

The polarization of the vectormeson V can be
determined by measuring the angular distribution of
the strong decay V — Pr. The angular distribution in
the V rest frame is proportional to cos? @* for
longitudinally polarized V and sin* @* for trans-
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0.6 0.8 1.2 1.2
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Fig.3. Plot of ay=2Ig (B—D}.)/ s (B—D¥)—1 versus
Jg/JY for various lower cut-offs of the charged lepton energy

Fig. 4. Plot of ap=2Ig (DK, )/ Ts (D—>KE, )—1 versus
Jp/JS for various lower cut-offs of the charged lepton energy
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Fig. 5. dI's; (B— D¥, . )/dcos @ (straight line) and dI (B—
D}, )/d cos © (dashed line) versus cos @ for J,/J3 =1
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Fig. 6. dI'g (DK}, .)/dcos @ (straight line) and dIg(D—
Kf,p)/d cos © (dashed line) versus cos @ for J,/J9 =1
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Fig.7 a,b. dI s, (B—D¥,..,)/dE, (straight lines) and dIg(B—
D¥,)/dE; (dashed lines) for J/J3 =10 (a) and Jp/J3=06 (b).
cos @ has been integrated over the range —1.0<cos ® < —0.9
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Fig.8 a,b. dIs (D —~KE,,)/dE, (straight lines) and dI'g (D —
K3 ,)/dE; (dashed lines) for J oIS =10 (a) and J,/J3=0.6 (b).
cos ©@ has been integrated over the range —1.0=<cos @ < ~0.9

versely polarized V, respectively, which follows from
angular momentum conservation. @* is the angle
between the = meson and the momentum direction of
the vectormeson V. The total decay distribution can
therefore be parametrized by:

drSL(M__) V)
dcos @*

where «,, is given by:

~ (1 4+ aypco8? @%) (25

FSL(M_) Vlong) .
FSL(M - I/transv)

The determination of a,, strongly depends on the
experimental cuts, We therefore present the predic-
tions for a,, for various cut-offs of the lepton energy
in Figs. 3 and 4 as a function of J,/J. As a
consequence of the V — A structure of the weak current
ag decreases and «; increases with increasing lepton
energy cut-off.

A first measurement of the parameter oz has been
performed by the ARGUS [27] collaboration. They
use for the lepton energy cut-off E, > 1.2 GeV. Their
result is:

ARGUS: a3 =09 + L.1. Q7)

The result of the ARGUS collaboration is in accor-
dance with the expectation form our model but
unfortunately the error is still too large to determine
the parameter Jp.

The dependence of a,, on the lepton energy cut-
off already indicates that the relative rates for
production of longitudinally and transversely polar-
ized vectormesons are not constant over the allowed
phase space. In Figs. 5 and 6 we have plotted dI;
(M > Viansy)/dcos @ (straight lines) and dI'g (M —
Viong)/d cos @ (dashed lines) for B and D meson decays,
respectively. @ is the angle between the charged lepton
and the vectormeson in the restframe of the decaying
meson (K, =0). The energy distributions of the
charged lepton also show a characteristic behaviour
for leptons from the decay to a transversely or
longitudinally polarized vectormeson in the final state.
This is especially the case near the edge of the phase
space (cos @ = — 1) where the production of trans-
versely polarized V’s must vanish for E, < (m,, —m,;)/2.
In Figs. 7 and 8 we present our results for dI'g; (M —
Vieans)/dE, (straight lines) and dI's; (M — V). )/dE,
(dashed lines) for B and D meson decays, respectively,
and two choices of the parameter J,,. cos @ has been
integrated over the range —1.0=cos ® < —09 in
these figures.

(26)

O(M=2

IV Some remarks on exclusive non-leptonic decays

The analysis of non-leptonic two-body decays of D
and B mesons can be of additional help in order to
fix the parameter J,, introduced in the previous
section. The predictions of our relativistic quark model
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Fig. 9. Normalized total rates for B°-»K*°J/¥ (—), B°—
D**p~(— —)and B°—D**D*", B® - p*p~(---) as functions of
Jg/JS. The predicted rates for Jy/JS=1 are I'(B°—K*°J/j) =~
145 @|V,P 101257Y [(B'—D* p-)~39 a2|V,]? 101251,
[(B°—»D*™D¥ ")~ 68 a2|V,|*> 101257™% and [(B®—>p*p )~
12 & 1012V, 25~

concerning non-leptonic two-body decay modes of the
heavy mesons have been presented in detail in [28].
Here we will discuss only the modifications of those
predictions due to the introduction of the parameter
Jar-

Two-body decay modes of D and B mesons to two
pseudoscalar mesons or a pseudoscalar and a vector-
meson in the final state will not be affected by the
variation of J,, since the relevant formfactors at ¢g*> =0
have been calculated from sandwiching ‘good’ opera-
tors only. Note that in the transitions to P and V
mesons—in the rest frame of the decaying meson—
only longitudinally polarized vectormesons can be
produced. However, D and B transitions to two
vectormesons depend strongly on the variation of J,.
In the rest frame of the decaying meson one can
introduce helicity amplitudes similar to those which
have been employed for semi-leptonic transitions.
These amplitudes are no more functions of g* due to
the two body kinematics. Instead one can test the
helicity amplitudes and thus the invariant formfactors
contributing at fixed momentum transfer. In the
factorization approximation one of the produced
vectormesons will be created through the weak current
out of the vacuum. Thus one finds in general for the
total widths in terms of helicity amplitudes:

I'M-V,V,)
_GI%" V. |2 . K 1 2 2
_7, Qq1' ]qul Rgﬁ a1(fV1mV1)

{|HY2(mE )1 + |H2(m3)|* + [Hg(m ) [*}
+ a3(fy,my,)* {| H (m3 ) [P
+ HY (m3) 1> + | HE (m3 )1} (28)

+ 2(fy,my, fy,my,)a;-a,
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fv, are the vectormeson decay constants, a; and a,
denote the effective QCD coefficients*.

. _ 2m, K
H"(m} j) = (my + mVi)Al(mIij) + 'TM—M— V(mlzfj)
mM - mVi
29)
and
1 1
Him2 ) = I
4] ( VJ) szi mVJ
|j(m]2W h m‘z/i - m%’,)(mM + mVi)Al(mVj)
dmi K2
— A (m?, 30
S 2(my) (30)
i#je[1,2] and K =1/2my[(m}—mj, —mj)* —

4mg my 112, V, and V, are created out of the vacuum

in the first and second term in (28), respectively. The
third term gives the interference contribution. In Fig. 9
we present the widths of a few vector—vector decay
channels of the B meson as functions of the parameter
Jg. Of special interest is the dependence of the decay
width B°—K*°Jiy on J, This decay has been
measured by the ARGUS collaboration, they found
Br(B°>K*°J/y)=0.33+0.18% which translates—
using tp=12ps—into I (B®°—K*°J/i))=(0.28 +
0.15)101%s~! [29]. The theoretical decay width for
B°— K*°J /iy is proportional to the square of the
effective QCD parameter a, & ¢,(m;). Assuming that
la,| =0.3 we find 0.5 < J; < 1.2 in agreement with our
estimation from semi-leptonic B decays. However, due
to the large experimental and theoretical uncertainties
these estimations provide only a kind of consistency
test so far.

V Summary

In this paper we have studied the formfactor depen-
dence of exclusive D and B meson decays employing
the relativistic quark model of ref. [6]. In this approach
the formfactors are normalized at g2 =0 and the g2
dependence is assumed to be of monopole type.
However, some of the theoretical normalizations are
uncertain since they involve hadronic matrix elements
of ‘bad’ operators. In order to take into account this
uncertainty we have introduced an additional free
parameter J,, and studied in detail the dependence of
the exclusive semi-leptonic decays D— K* + v and
B—-D*+41lv on these parameters. The transitions
into a pseudoscalar meson are not affected since

* The dependence of non-leptonic decay amplitudes on the effective
QCD parameter a, ¥ ¢,(), d, = ¢,(u) have been discussed in detail
in [28]
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the corresponding amplitudes involve only matrix
elements of ‘good’ operators. The ratios Ry, =T'g(M—
V)/FSI(M _)P) and FS!(M_) Vlong)/FSl(Mq I/transv)
show a strong dependence on the choice of J,,.

The experimental result Ry ~ 0.5 can be explained
in this approach for a reasonable range of the para-
meter J;,. From R;, ~0.5 we conclude that I'y(D—
K/ Tsi(D— Ki,0) 2 1.4 A measurement of K*
polarization in semi-leptonic D decays can therefore
give valuable information on the structure of weak
hadronic matrix elements.

The D* polarization in semi-leptonic B decays has
already been determined by the ARGUS collabora-
tion. This result together with the observed branching
ratio for the semi-ieptonic B— D* transition can well
be explained within our approach. Contrary to D
decays we predict Rz 21 for a wide range of the
parameter Jp. Unfortunately, the experimental errors
are still too large to place stringent restrictions on the
range allowed for Jg.

The rates of semi-leptonic decays involving b—u
transitions of course also depend on the choice for
the corresponding parameter Jg,. Varying again
Jw/J3 we find

T5(B°>p™)

9:1012|V,, 257", for Jpuy/J9w =05
~426:1012|V,, 257, for Jpu/Jew=10 (31)
40:1012qubl25——19 for JB(u)/Jg(“)zl'?,

For comparison we predict
[ (B >nt)~7-1012| Vs~ L (32)

In order to reduce the theoretical uncertainties in the
determination of |V,| it is therefore desirable to
determine the rate for the B— zly transition alone.

In hadronic decays only the M —» VV modes are
affected by a variation of J,,, We have concentrated
on B— VV decay modes, for example B®— K*°J/if,
since the energy release in D — V'V decay modes, like
D—K*p, is very small. Therefore the factorization
assumption is questionable for D— V'V decays. In
addition the interpretation of experimental results for
exclusive D decays is complicated due to possible final
state interaction effects.

Up to now we have only discussed uncertainties due
to the normalization of the form-factors. Of course
the g> dependence is also unknown, although nearest
pole dominance seems to be a reasonable assumption.
However, the uncertainty from the normalization is
probably by far larger. The only decay channels where
the g* dependence becomes important are the B— 7 +
Iv and B— p + v transitions due to the proximity of
the B* pole: mg, — my ~ 50 MeV. This causes a strong
variation in the formfactor across the kinematically
allowed region 0<¢><(mp—m,,)>. Again the
measurement of I'g(B—>m) is more favourable from
the point of view of theoretical uncertainties since the

rate is dominated by contributions from the small ¢>
region in phase space. Employing, for example,
constant formfactors but keeping the normalizations
fixed reduces the rates for the B— w and B — p channels
by factors 2 and 2.5, respectively. We therefore estimate
the theoretical uncertainty for |V,,| determined from
a measurement of I'g;(B— ) to be less than 509,
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