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Factorization in color-favored B-meson decays to charm
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ImprovedB meson decay data have permitted more incisive tests of factorization predictions. A concurrent
benefit is the ability to constrain the Cabibbo-Kobayashi-Maskawa matrix elementuVcbu. Using a simultaneous

fit to differential distributionsdG(B̄0→D (* )1l 2n̄ l)/dq2 and the rates for the color-favored decaysB̄0

→D (* )1(p2,r2,a1
2), we find uVcbu50.041560.0022. The slope of the universal Isgur-Wise form factor is

described by a parameter found to ber251.5260.11. Taking theDs meson decay constant from the world

average of direct measurements, we predict satisfactorily the branching ratios forB̄0→D (* )1Ds
(* )2 . Ratios of

helicity amplitudes for color-favored processes are also found to be in accord with predictions.

DOI: 10.1103/PhysRevD.64.094001 PACS number~s!: 13.25.Hw, 12.39.Hg, 14.40.Nd, 14.65.Fy
a
a
o
it

m
e

of

ti

tr

n
t a
em

e
t

ha
ch
s
o

po
ip
ity
di
t

e

e

not
-
lor-

lts
re
de-
za-
ro-
s
es

ail
nic

ark
-

tor

m

I. INTRODUCTION

Semileptonic weak hadron decays provide useful inform
tion on form factors of the weak current. The lepton pair c
then be replaced with a hadron, permitting the calculation
nonleptonic decays. Although this hadron can reinteract w
the rest of the system, the effects of this reinteraction so
times can be neglected or evaluated. In such cases on
employing thefactorization hypothesis. An early version of
this hypothesis@1# was recently justified for certain decays
hadrons containing heavy quarks@2#.

In the present paper we update and test some factoriza
predictions first made a number of years ago@3#. We com-
pare the values of the Cabibbo-Kobayashi-Maskawa ma
elementuVcbu and form factor shapes obtained from~1! the
differential distributiondG(B̄0→D (* )1l 2n̄ l)/dq2 @4–9# and
~2! the color-favored two-body nonleptonic decaysB̄0

→D (* )1(p2,r2,a1
2). We find that the consistency betwee

nonleptonic and semileptonic determinations is at leas
good as that among the semileptonic determinations th
selves.

Using a combined fit to semileptonic and nonleptonic d
cays and the measured value of theDs meson decay constan
f Ds

, we then predict the rates forB̄0→D (* )1Ds
(* )2 and find

that they are in accord with experiment. We thus find t
factorization holds not only in color-favored cases in whi
the current produces a light meson, where it has been ju
fied @2#, but also when the current produces a heavy mes
where no such justification has been presented. The im
tance of such processes has recently been stressed by L
@10#. We also find that new experimental ratios of helic
amplitudes for color-favored processes agree with pre
tions. We shall ignore small nonfactorizable contributions
color-favoredB̄0 decays as discussed, for example, in R
@11#.

In Sec. II we review the factorization predictions for th
decaysB̄0→W* 2D (* )1, where the virtualW* 2 produces
either a lepton pairl 2n̄ l or a hadronp2, r2, a1

2 , Ds
2 , or

*Email address: zuminluo@midway.uchicago.edu
†Email address: rosner@hep.uchicago.edu
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Ds*
2 . These processes are purely color favored. We do

consider the correspondingB2 decays, for which the nonlep
tonic processes receive both color-favored and co
suppressed contributions. We then~Sec. III! discuss the dif-
ferential distributions dG(B̄0→D (* )1l 2n̄ l)/dq2 and the
information they can provide regarding the values ofuVcbu
and the form factor slope at the normalization point. Resu
of fits to B̄0 two-body decays to charmed final states a
presented and compared with those from semileptonic
cays in Sec. IV. We discuss the predictions of the factori
tion hypothesis for decays in which the weak current p
duces aDs

(* ) in Sec. V and for ratios of helicity amplitude
in Sec. VI. Section VII concludes. An Appendix summariz
parameters of error ellipses used in combining data.

II. NOTATION AND PREDICTIONS

We review the notation which is described in more det
in Ref. @3#. We consider processes in which a semilepto
B̄0 decay of the form shown in Fig. 1~a! can be related to the
corresponding decay with the lepton pair replaced by a qu
pair, illustrated in Fig. 1~b!. The matrix element for produc
tion of a pseudoscalar mesonP(q) of four-momentumq
from the vacuum by the axial vector current is

^P~q!uAmu0&5 i f Pqm , ~1!

while that for production of a vector meson by the vec
current is

^V~q!uVmu0&5em* MVf V , ~2!

FIG. 1. Feynman diagrams forB̄0 decay illustrating the factor-
ization hypothesis. A semileptonic decay~a! is related to a hadronic
decay~b! by the replacement of the lepton pair of four-momentu

q with a qq̄8 pair of effective massq2.
©2001 The American Physical Society01-1
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ZUMIN LUO AND JONATHAN L. ROSNER PHYSICAL REVIEW D64 094001
and that for production of an axial vector meson by the ax
vector current is

^A~q!uAmu0&5em* MAf A . ~3!

The form factors for theB̄0(v)→D (* )(v8) transitions are
described in the heavy-quark limit by one universal funct
of the Lorentz-invariant variablew[v•v8, wherev andv8
are invariant four-velocities:v[pB̄0 /mB , v8[pD(* ) /mD(* ).
We takec51 and note thatq5p2p8. Another expression
for w is then

w5
pB•pD(* )

mBmD(* )

5
mB

21mD(* )
2

2q2

2mBmD(* )

. ~4!

@A variable (v2v8)252(12w) was calledw in Ref. @3#.# If
e denotes the polarization vector of the finalD* , we may
write @1#

^D~v8!uVmuB~v !&5AmDmBFV~w!~v1v8!m , ~5!

^D* ~v8,e!uAmuB~v !&5AmDmBFA~w!@em* ~11v•v8!

2e* •v vm8 #, ~6!

^D* ~v8,e!uVmuB~v !&52 iAmDmBFV~w!emnabe* nvav8b.
~7!

We take mB55.28 GeV and mD5mD* 152.01 GeV or
mD151.87 GeV depending on the final-state charmed m
son. The maximum momentum transfer occurs when the
coiling D (* ) is at rest in theB rest frame, soqmax

2 5(mB

2mD(* ))2 and hencew>1. Another useful relation is

y[
q2

mB
2

5122wAz (* )1z (* ), z (* )[
mD(* )

2

mB
2

. ~8!

The differential decay width as a function ofw for B̄0

→D (* )1l 2n̄ l can then be written as

dG

dw
5

GF
2

48p3
uVcbu2mB

2mD(* )
3 Aw221 f (* )~w!uFV,A~w!u2,

~9!

where, forB→Dl n̄ l ,

f ~w!5~w221!~11Az!2,

for B→DT* l n̄ l ,

f T* ~w!54wy~w11!,

and forB→DL* l n̄ l ,

f L* ~w!5~12Az* !2~w11!2.

We shall take the form factorsFV,A(w) to be parametrized
as in Ref.@12#. The form factorFV(w) governing the proces
B̄0→D1l 2n̄ l can be expressed as
09400
l

-
e-

FV~w!5FV~1!3@128rFV

2 z1~51rFV

2 210!z2

2~252rFV

2 284!z3#, ~10!

where z[(Aw112A2)/(Aw111A2) ~the corresponding
variable for elasticB→B transitions, a natural one for dis
cussing analyticity in dispersion relations, was introduced
@13#!, while the form factorFA(w) governingB→D* l n̄ l is
related to the axial-vector form factorA1(w) by

F11
4w

w11

122wAz* 1z*

~12Az* !2 G uFA~w!u2

5H 2
122wAz* 1z*

~12Az* !2 F11
w21

w11
R1~w!2G

1F11
w21

12Az*
~12R2~w!!G 2J uA1~w!u2. ~11!

A1(w) can similarly be parametrized as

A1~w!5A1~1!3@128rA1

2 z1~53rA1

2 215!z22~231rA1

2

291!z3#. ~12!

These forms are motivated by dispersion relations@12–14#.
R1(w) andR2(w) are given by

R1~w!5R1~1!20.12~w21!10.05~w21!2,

R2~w!5R2~1!10.11~w21!20.06~w21!2.
~13!

In this paper we use the CLEO experimental results
R1(1) andR2(1) @4#:

R1~1!51.1860.3060.12, ~14!

R2~1!50.7160.2260.07. ~15!

As we know,rFV

2 and rA1

2 are the slope parameters for th

form factorsFV(w) and A1(w) at zero recoil, respectively
The difference betweenrA1

2 andrFA

2 , the slope parameter fo

FA(w) at w51, is predicted to berFA

2 2rA1

2 50.21 @12#. Re-

call thatrFV

2 andrFA

2 are actually the same in the single po

model. To make a connection betweenFV,A(w) and the
single pole form factor@3#

FV,A~w!5FV,A~1!/@122~12w!/w0(V,A)
2 #, ~16!

we assumerFV

2 5rA1

2 20.21. From now on we will simplify

rA1

2 as r2. This parameter describes the slope of the Isg

Wise @15# form factor at the zero-recoil point:r2

5@dFA1
(w)/dw#uw51 ~see, e.g.,@16#!.

At w51, the vector and axial vector form factors a
expected to behave asFV(1)5hV(11d1/mb

), FA(1)

5hA(11d1/m
b
2). Here hV51.02260.004 and hA50.960
1-2
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60.007 are QCD corrections@17#. The termsd1/mb
andd1/m

b
2

are nonperturbative in origin, and correspond physically
the excitation of states other thanD andD* . Lacking a reli-
able method for estimating the termd1/mb

in FV(1) @18#, we

set it equal to zero. The absence of ad1/mb
term in FA(1) is

the subject of Luke’s theorem@19#. We taked1/m
b
2520.05

60.035 @20,21#, with the productFA(1)50.91360.042 as
used in Ref.@4#. Equation~9! can then be integrated wit
respect tow to yield predicted decay rates as functions of t
two parametersr2 and uVcbu.
-
tu
m

ion
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o

The decay widths of some nonleptonic modes may
obtained under the assumption of factorization. For simp
ity we assume all B̄0→D1M 2 transitions to involve
FV(wM) and all B̄0→D* 1M 2 transitions to involve
FA(wM* ), where

wM[~mB
21mD

2 2mM
2 !/~2mBmD!,

wM* [~mB
21mD*

2
2mM

2 !/~2mBmD* !. ~17!

We then find
G~B̄0→D1p2!5
GF

2

32p
uVcbu2uVudu2mB

3 f p
2 ua1u2uFV~wp!u2~12Az!2l1/2~1,z,zp!

@~11Az!22zp#2

4Az
, ~18!

G~B̄0→D* 1p2!5
GF

2

32p
uVcbu2uVudu2mB

3 f p
2 ua1u2uFA~wp* !u2~11Az* !2l1/2~1,z* ,zp!

l~1,z* ,zp!

4Az*
, ~19!

G~B̄0→D1r2!5
GF

2

32p
uVcbu2uVudu2mB

3 f r
2ua1u2uFV~wr!u2~11Az!2l1/2~1,z,zr!

l~1,z,zr!

4Az
, ~20!

G~B̄0→D* 1r2!5
GF

2

32p
uVcbu2uVudu2mB

3 f r
2ua1u2uFA~wr* !u2N~z* ,zr!l1/2~1,z* ,zr!

~11Az* !22zr

4Az*
, ~21!

G~B̄0→D1a1
2!5

GF
2

32p
uVcbu2uVudu2mB

3 f a1

2 ua1u2uFV~wa1
!u2~11Az!2l1/2~1,z,za1

!
l~1,z,za1

!

4Az
, ~22!

G~B̄0→D* 1a1
2!5

GF
2

32p
uVcbu2uVudu2mB

3 f a1

2 ua1u2uFA~wa1
* !u2N~z* ,za1

!l1/2~1,z* ,za1
!
~11Az* !22za1

4Az*
,

~23!

wherezM5mM
2 /mB

2 while

N~z* ,zM ![~12Az* !2@~11Az* !22zM#14zM~11z* 2zM !, ~24!

l~a,b,c![a21b21c222ab22ac22bc. ~25!
-
-
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The QCD correctionua1u is taken to be 1.05 for all pro
cesses; this is a sufficiently good approximation to the ac
situation, in which values differ by less than a percent fro
process to process@2#. In the limit of smallmp , the results
~18! and~19! are special cases of the simple Bjorken relat
@1#

G~B̄0→D (* )1p2!

56p2f p
2 uVudu2ua1u2

dG~B̄0→D (* )1l 2n̄ l !

dq2 U
q25m

p
2

.

~26!
al
III. SEMILEPTONIC DECAYS

The CLEO Collaboration@4# at the Cornell Electron Stor
age Ring~CESR! and the ALEPH, DELPHI, and OPAL Col
laborations@5–7# at LEP @8# have measured the spectra
lepton-pair squared effective massq2 ~equivalently, in the
Isgur-Wise variablew) for the decayB̄0→D* 1l 2n̄ l . The
spectra may then be fitted forFA(1)uVcbu andr2. There is a
strong correlation between the two parameters. The res
are shown in Fig. 2 and Table I, where we have tak
FA(1)50.91360.042 as in Ref.@4#. Our fitted parameters
for the CLEO data differ slightly from those presented by t
collaboration itself, since we wished to generate an er
ellipse and therefore fitted the spectral points directly wi
out taking account of point-to-point correlations. For com
1-3
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ZUMIN LUO AND JONATHAN L. ROSNER PHYSICAL REVIEW D64 094001
parison, CLEO quotes uVcbu50.046460.0020(stat.)
60.0021(syst.)60.0021(theor.) andr251.6760.1160.22.
The combined fit impliesuVcbu50.039960.0023 andr2

51.2760.26.
The CLEO Collaboration has also measured the spect

for the decayB̄0→D1l 2n̄ l @9#. A fit to this spectrum with
the form factor ~10! and with FV(1)51.022 yieldsuVcbu
50.045920.0044

10.0053andr251.3320.25
10.21.

IV. NONLEPTONIC TWO-BODY DECAYS
AND COMBINED FIT

We fit rates for nonleptonic two-body decays@Eqs.~18!–
~23!# to experimental averages, allowing~as in the fit to
semileptonic spectra! for variation of uVcbu and r2. We use
the averages of Ref.@22# except for modes for which new
values have been presented@23–25#; these are summarize
and averaged in Table II. For the decays involvingDs

(* ) ~to
be discussed in the Sec. V! the last errors in the second an

FIG. 2. Error ellipses corresponding toDx251 for fits to B̄0

→D* 1l 2n̄ l spectra. Dot-dashed lines correspond to fits to in
vidual experiments, not including theoretical error inFA(1). Fit to
combined semileptonic data without~with! error inFA(1) is shown
by the dashed~solid! ellipse. The errors we quote on each variab
in Table I correspond to61s extremes in which the other variabl
is also permitted to vary. The plotted points (1 for individual ex-
periments,3 for combined data! correspond tox2 minima.
09400
m

third columns of Table II refer to a common systematic er
in Ds branching ratios, which are based onB(Ds

1→fp1)
5(3.660.9)%, and are combined accordingly. In our fits w
useuVudu50.974, tB51.548 ps, andf p5131 MeV. f r and
f a1

are determined to be 209 MeV and 229 MeV@2#, respec-

tively, from the branching ratios fort→rn andt→a1n.
The fit to two-body nonleptonic decays alone gives rise

a different correlation betweenuVcbu andr2 than that to the
B̄0→D (* )1l 2n̄ l spectra, since the decay rates are domina
by low q2 and hence highw. Contours ofDx251 (1s) for
nonleptonic decays are shown along with theDx251 con-
tours for B̄0→D (* )1l 2n̄ l spectra in Fig. 3. Also shown ar
the Dx251 contours for the combined fit without and wit
common theoretical errors. We finduVcbu50.041560.0022
andr251.5260.11. The results are summarized in Table I
The error onuVcbu is dominated by the theoretical unce
tainty on the form factors atw51, which we take to have the
same fractional value~0.042/0.913! for vector and axial form
factors.

The fitted branching ratios are compared with experim
tal data in Table IV. We also show the predictions of a rec
investigation based on a more detailed application of
factorization hypothesis@2#. The quality of the fit is accept-
able except for a slight excess in the predicted branch
ratio for B̄0→D* 1p2.

It is interesting to compare the form factors based on E
~10! and ~11! with the simple pole model~16! @3#, where
mBw0(V,A) has the interpretation of the mass of a pole in t
weak b→c (V,A) current. The axial form factor forrA1

2

51.52 is compared with a pole model withw0A51.17 in
Fig. 4. Also shown are CLEO@4# and DELPHI @6# data
points. The pole-model form factor is almost indistinguis
able from that@12# motivated by dispersion relations. Th
valuew0A51.1260.17, found in Ref.@3#, is consistent with
the present determinationw0A51.1760.08.

The vector form factor~10! is characterized by a slop

-

TABLE I. Values of uVcbu and r2 obtained from fits to indi-

vidual spectra inB̄0→D* 1l 2n̄ l decays.

Experiment uVcbu r2

CLEO @4# 0.046160.0036 1.5860.27
ALEPH @5# 0.036160.0029 0.7460.50
DELPHI @6# 0.037860.0031 1.2260.41
OPAL @7# 0.041460.0023 1.4460.32
Combineda 0.039960.0023 1.2760.26

aErrors include common theoretical error onFA(1).
TABLE II. Branching ratios forB̄0 decays averaged for our fits, in units of 1023.

Mode Value Value Average

D* 1p2 2.7660.21 @22# 2.960.360.3 @23# 2.7960.19
D* 1r2 6.863.4 @22# 11.261.162.5 @23# 9.562.1
D* 1Ds

2 11.061.861.062.8 @24# 7.162.462.561.8 @25# 10.063.1
D* 1Ds*

2 18.263.762.464.6 @24# 25.463.865.366.4 @25# 20.566.3
1-4
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parameterrFV

2 5rA1

2 20.21 @12# and hencerFV

2 51.31. It is

compared to a pole form factor withw0V51.14 and to the
CLEO data@9# in Fig. 5. Thus, a nearly universal pole pos
tion characterizes the vector and axial form factors, as in R
@3#. The CLEO data lie slightly above the predicted for
factor but have the samew dependence, as one can also s
in Fig. 3. It should be recalled that, in contrast to the case
the axial-vector form factor, theoretical estimates of t
O(1/mb) correction to the vector form factor are lackin
@18#. The normalization of the CLEO data may reflect o
ignorance of this correction.

FIG. 3. Right-hand pair of dash-dotted curves: Contours

Dx251 (1s) for fit to nonleptonic two-body decaysB̄0

→D (* )1(p2,r2,a1
2). Upper dash-dotted ellipse: Contour ofDx2

51 (1s) for fit to B̄0→D1l 2n̄ l spectrum. Lower dash-dotted e

lipse: Combined fit to semileptonicB̄0→D* 1l 2n̄ l decays. All these
fits are performed assumingFA(1)50.913 andFV(1)51.022. Con-
tour of Dx251 (1s) for fit to combined semileptonic and nonlep
tonic data without~with! common theoretical error in form facto
normalization is shown by the dashed~solid! ellipse.x2 minima are

indicated by1 for nonleptonic andB̄0→D (* )1l 2n̄ l decays and by
3 for combination of all data.

TABLE III. Values of uVcbu andr2 obtained from fits to nonlep-

tonic two-body B̄0→D (* )1(p2,r2,a1
2) decays and B̄0

→D (* )1l 2n̄ l decays.

Decays uVcbu r2

Nonleptonic 0.0450a 1.69a

B̄0→D* 1l 2n̄ l spectra 0.039960.0023 1.2760.26

B̄0→D1l 2n̄ l spectrum 0.045920.0044
10.0053a 1.3320.25

10.21 a

Combinedb 0.041560.0022 1.5260.11

aLarge correlated errors; see Fig. 3.
bErrors include common theoretical error ofdFA(1)/FA(1)
54.6%.
09400
f.

e
f

e

r

V. DS
„* … PRODUCTION BY THE WEAK CURRENT

When theqq̄8 meson in Fig. 1~b! is a Ds
2 or Ds*

2 , Eqs.
~18!–~23! can be used for the respective predictions
G(B̄0→D1Ds

2), G(B̄0→D* 1Ds
2), G(B̄0→D1Ds*

2), and

G(B̄0→D* 1Ds*
2) by replacing f p→ f Ds

, f r→ f D
s*
, zp

→zDs
[mDs

2 /mB
2 , zr→zD

s*
[mD

s*
2

/mB
2 , and other corre-

sponding substitutions of kinematic variablesw and N. We
shall assumef D

s*
5 f Ds

5270616634 MeV based on an ex

perimental average of rates forDs→mn and Ds→tn @26#;
the latter error is the common systematic error associa
with a 25% uncertainty in the branching ratio forDs

1

→fp1. ~For comparison, the value of 259674 MeV was
found in Ref.@3# by utilizing the observed branching ratio
of processes in which the weak current produced aDs or
Ds* .!

We then predict the branching ratios forDs
(* ) production

by the weak current shown in Table V. Experimental valu
are from Ref.@22# (D1Ds

(* )2) or Table II (D* 1Ds
(* )2). The

f

TABLE IV. Branching ratios in units of 1023: comparison be-
tween data and predictions.

Decay mode Data Ref.@2#a Our fit x2 contribution

B̄0→D1p2 3.060.4 3.27 3.19 0.22

B̄0→D* 1p2 2.7960.19 3.05 3.10 2.70

B̄0→D1r2 7.961.4 7.64 7.92 0.00

B̄0→D* 1r2 9.562.1 7.59 8.78 0.12

B̄0→D1a1
2 6.063.3 7.76 9.10 0.88

B̄0→D* 1a1
2 13.062.7 8.53 12.2 0.09

aFor preferred values of form factors andua1u51.05.

FIG. 4. Form factors~11! ~solid curve! for rA1

2 51.52 and pole-
model ~16! ~dashed curve! for w0A51.17. Data points are from
CLEO ~crosses! and DELPHI~diamonds!.
1-5
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predictions have an overall 25% uncertainty associated w
all Ds branching ratios. They are as well obeyed as those
the light mesons. An additional prediction involving hea
meson production by the weak current@3# is that B(B̄0

→ D* 1D* 2) / B(B̄0→D* 1Ds
2) 5 0.13(f D / f Ds

)2 . 0.09,

where f D and f Ds
are the decay constants for the nonstran

and strangeD mesons. The experimental value for this ra
@27# is 0.0620.03

10.04.

VI. RATIOS OF HELICITY AMPLITUDES

The decays of spinless particles to two-vector mesons
describable@28# by amplitudesA0 ~longitudinal polariza-
tion!, Ai ~linear parallel polarization!, andA' ~linear perpen-
dicular polarization!, normalized such thatuA0u21uAiu2

1uA'u251. Factorization predicts (uA0u2,uAiu2,uA'u2)
5(88,10,2)% forB̄0→D* 1Ds*

2 and (55,39,6)% forB̄0

→D* 1r2. Experimental values are only quoted f
uA0u2:(87.863.463.0)% for B̄0→D* 1Ds*

2 @27# and

(50.6613.963.6)% for B̄0→D* 1r2 @29#. These agree

FIG. 5. Form factors~10! ~solid curve! for rFV

2 51.31 and pole-
model ~16! ~dashed curve! for w0V51.14 compared with CLEO
data~plotted points!.

TABLE V. Comparison of predictions for branching ratios~in

units of 1023) involving Ds
(* ) production by the weak current inB̄0

decays.

Decay mode Data Prediction

D1Ds
2 8.063.0 14.964.1

D* 1Ds
2 10.063.1 8.662.4

D1Ds*
2 10.065.0 10.062.8

D* 1Ds*
2 20.566.3 24.066.7
09400
th
or

e

re

with the predictions, as does the intermediate case
r8(1418) production@30#.

VII. CONCLUSIONS

New data onB meson decays have improved the precis
of tests of some early factorization predictions@3#, and yield
a value uVcbu50.041560.0022 when CLEO and CERN
e1e2 collider LEP data onB̄0→D (* )1l 2n̄ l spectra are com-
bined with two-body nonleptonic decays B̄0

→D (* )1(p2,r2,a1
2). The slope of the universal Isgur-Wis

form factor at the normalization pointw51 is found to be
described by the parameterr251.5260.11. These values ar
only slightly different from those based onB̄0→D (* )1l 2n̄ l
spectra alone, indicating that factorization for color-favor
decays and universality ofB̄→D (* ) form factors are reason
able approximations. Consistency between nonleptonic
semileptonic determinations is at least as good as that am
the semileptonic processes themselves. Our neglec
O(1/mb) corrections to the vector form factor may undere
timate the rate forB̄0→D1l 2n̄ l slightly.

Satisfactory rates for processes involvingDs
(* ) production

by the weak current are obtained when the world averag
direct measurements forf Ds

is used, and when it is assume

that f D
s*
5 f Ds

. Ratios of helicity amplitudes for color

favored processes are also found to be in accord with pre
tions.
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APPENDIX: PARAMETRIZATION OF ERROR ELLIPSES

In order to combine results of fits to semileptonic deca
in the absence of the ALEPH and DELPHI raw spectra,
have parametrized their fits in terms of error ellipses cor
sponding toDx251, and generated corresponding ellips
for our own fits to CLEO and DELPHI data. The equatio
describing these ellipses are given below. Also shown are
contributions toDx2 for each set ofB̄0→D* 1l 2n̄ l data
when x[r2 and y[uVcbu are taken to equal their valuesx
51.52 andy50.0415 in the global fit. The correspondin
Dx2 value is 4.02 for the sum of the nonleptonic mod
listed in Table IV, which, when combined with theDx2 val-
ues for the semileptonic spectra, leads to a total ofDx2

523.2 for the fit to five semileptonic spectra and six nonle
tonic decay rates. The largest source of thisDx2 ~10.3! is the
higher overall scale of theB̄0→D1l 2n̄ l spectrum measured
by CLEO, with some contribution also from the dispari
between the CLEO and ALEPH fits. In comparison wi
these disagreements among purely semileptonic proce
1-6
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the fits to nonleptonic decays do not fare badly at all.

CLEO:

41.8814~x2xc!
225174.3~x2xc!~y2yc!1238793~y2yc!

2

51,

xc51.58, yc50.0461, Dx253.78;

ALEPH:

9.6816~x2xa!222554.0~x2xa!~y2ya!1287560~y2ya!2

51,

xa50.74, ya50.0361, Dx253.52;

OPAL:

19.4601~x2xo!223771.3~x2xo!~y2yo!1379980~y2yo!2

51,

xo51.44, yo50.0414, Dx250.10;

DELPHI:
s
gy
d

y

J

,
-
at
//

-

5,

09400
14.1777~x2xd!222856.4~x2xd!~y2yd!1246120~y2yd!2

51,

xd51.22, yd50.0378, Dx251.47;

CLEO1ALEPH1OPAL1DELPHI ~without common
theoretical normalization error; divide all coefficients b
2.850 for ellipse with this error!:

85.2008~x2 x̄!2214356~x2 x̄!~y2 ȳ!11152453~y2 ȳ!2

51,

x̄51.27, ȳ50.0399;

CLEO1ALEPH1OPAL1DELPHI1DECAYS ~without
common theoretical normalization error; divide all coef
cients by 3.514 for ellipse with this error!:

1059.7~x2 x̃!2286781~x2 x̃!~y2 ỹ!12524400~y2 ỹ!2

51,

x̃51.52, ỹ50.0415.
,
-
-
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