PHYSICAL REVIEW D, VOLUME 64, 094001

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 elgWght Using a simultaneous
fit to differential distributionsdl‘(goaD(*)+I ’E)/dqz and the rates for the color-favored decz§%
—D®) (77 ,p",a;), we find |V, =0.0415+ 0.0022. The slope of the universal Isgur-Wise form factor is
described by a parameter found to pfe=1.52+0.11. Taking theDs meson decay constant from the world
average of direct measurements, we predict satisfactorily the branching ratE%W“”Dé”’ . Ratios of
helicity amplitudes for color-favored processes are also found to be in accord with predictions.
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[. INTRODUCTION D%~ . These processes are purely color favored. We do not
consider the correspondi®)” decays, for which the nonlep-
Semileptonic weak hadron decays provide useful informatonic processes receive both color-favored and color-
tion on form factors of the weak current. The lepton pair cansuppressed contributions. We thé®ec. Il)) discuss the dif-
then be replaced with a hadron, permitting the calculation oferential distributions dF(§O—>D(*)+| *E)/dqz and the
nonleptonic decays. Although this hadron can reinteract withinformation they can provide regarding the values|\¢f|
the rest of the system, the effects of this reinteraction someand the form factor slope at the normalization point. Results
times can be neglected or evaluated. In such cases one d$ fits to B two-body decays to charmed final states are
employing thefactorization hypothesisAn early version of  presented and compared with those from semileptonic de-
this hypothesi$1] was recently justified for certain decays of cays in Sec. IV. We discuss the predictions of the factoriza-
hadrons containing heavy quarf&|. tion hypothesis for decays in which the weak current pro-
In the present paper we update and test some factorizatiafuces aD{*’ in Sec. V and for ratios of helicity amplitudes

predictions first made a number of years 4@ We com-  in Sec. VI. Section VII concludes. An Appendix summarizes
pare the values of the Cablbbo-Kobayashl-Maskawa matrlbarameters of error e||ipses used in Combining data.

element|V.,| and form factor shapes obtained fraf) the
differential distributiondI" (B°—D®) "1~ »,)/d¢? [4—9] and Il. NOTATION AND PREDICTIONS

(2 the color-favored two-body nonleptonic decaf We review the notation which is described in more detail

O o as i -
—D™ (7 ,p,a,). We find that the consistency between ;. [3]. We consider processes in which a semileptonic
nonleptonic and semileptonic determinations is at least as-

good as that among the semileptonic determinations thenR’ decay of the form shown in Fig (a) can be related to the
selves. corresponding decay with the lepton pair replaced by a quark

Using a combined fit to semileptonic and nonleptonic de-Palr; illustrated in Fig. (). The matrix element for produc-

cays and the measured value of fhgmeson decay constant ']E'O” 0; a pseudosbcalﬁr me_sld?(q) of four-momentumq
fp_, we then predict the rates f@—D®)* D)~ and find rom the vacuum by the axial vector current is

that they are in accord with experiment. We thus find that <P(Q)|AM|O>:iquP«' (1)
factorization holds not only in color-favored cases in which

the current produces a light meson, where it has been justivhile that for production of a vector meson by the vector
fied [2], but also when the current produces a heavy mesorgurrent is

where no such justification has been presented. The impor-

tance of such processes has recently been stressed by Lipkin (V()|V,|0)=€esMfy, 2
[10]. We also find that new experimental ratios of helicity

amplitudes for color-favored processes agree with predic- r q
tions. We shall ignore small nonfactorizable contributions to © W ® W _
color-favoredB® decays as discussed, for example, in Ref. oy ¢
[11].

In Sec. Il we review the factorization predictions for the d ¢ d ¢
decaysB°—W* "D™*)* where the virtualW* ~ produces ~—~ "~

either a lepton pair‘z or a hadronz™, p—, a; , Dg , or

al

FIG. 1. Feynman diagrams f@° decay illustrating the factor-
ization hypothesis. A semileptonic dec@) is related to a hadronic
*Email address: zuminluo@midway.uchicago.edu decay(b) by the replacement of the lepton pair of four-momentum
TEmail address: rosner@hep.uchicago.edu q with aqq’ pair of effective massj®.
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—(252F —84)2%, (10

where z=(yw+1—2)/(yw+1+2) (the corresponding

variable for elastidd— B transitions, a natural one for dis-
cussing analyticity in dispersion relations, was introduced in
[13]), while the form factorF,(w) governingB—D* 1y, is
related to the axial-vector form factéy;(w) by

(A(@)|ALI0)=€exMafa. ()

The form factors for th&°(v) —D®*)(v") transitions are
described in the heavy-quark limit by one universal function
of the Lorentz-invariant variablee=v -v’, wherev andv’
are invariant four-velocitiesy =pgo/Mg, v'=ppx)/Mpx).

We takec=1 and note thagj=p—p’. Another expression
for wis then

Aw 1-2wy\* + ¢

+ [Fa(w)|?
_ PerPow)  MatMpu)—a° @ wl (1-y5)? |8
MgMp(x 2MgMp+)
sMp(x) BITp(x) 1—2W\/§_*+§* -1

[A variable p —v')?=2(1—w) was calledw in Ref.[3].] If 2 (1—7*)? 1+ w+1 Ry(w)?
€ denotes the polarization vector of the firfaf, we may
write [1] W— 2 ,

+1+ (1=Ry(W)) | [[As(w)|%. (1D)

(D@")|V,[B)=VmomeFyW)(w+0"),, (5 1-V¢*
(D*(v’,e)|AM|B(v)>= MFA(W)[eZ(lanv’) A;(w) can similarly be parametrized as
—e v, 6) Al(w)=A1(1)><[1—8pf\lz+(53,35\1—15)z2—(231p,§1
3

(D* (v, )|V, [B(v)) =~ i MpmgF y (W) €5 00 . —907] 12

@) These forms are motivated by dispersion relatiptz—14.
We take mg=5.28 GeV and mp=mp«+=2.01 GeV or Ru(w) andRy(w) are given by
mp+=1.87 GeV depending on the final-state charmed me- B 2
son. The maximum momentum transfer occurs when the re- R1(W)=Ry(1)~0.12w—1)+0.03w—1),

coiling D™*) is at rest in theB rest frame, sog?,,=(mg Ry(W)=Ry(1)+0.14W—1)—0.06W—1)2
2 - 2 . . .

—mpw)? and hencav=1. Another useful relation is (13
2
g2 D(*) In this paper we use the CLEO experimental results for
= - ( ) (*)=
Y= =1-2wy{®+ ), g z ®  R,(1) andR,(1) [4]:

. . . . — Ri(1)=1.1 .30+0.12, 14

The differential decay width as a function i for B° (1) 80300 4

—D®)*| 7y, can then be written as R,(1)=0.71+0.22+0.07. (15)
dr 2 As we knOW,pﬁv and pil are the slope parameters for the

aw 18 3|Vcb| mBmD(*)V = 1O (W) [Fy a(wW)[?,

form factorsF(w) and A;(w) at zero recoil, respectively.
(9)  The difference betweepyi1 andpEA, the slope parameter for

FA(w) atw=1, is predicted to b@éA—p§1=0.21[12]. Re-

call thatp? andpg, are actually the same in the single pole
f(w)=(w?=1)(1+)?, model. To make a connection betweéy A(w) and the
single pole form factof3]

where, forB—>DI7,,

for B—D*Iy, , .
FuaW)=Fy A(D/[1-2(1-wW)/wgy 0], (16)
fr(w)=4wy(w+1),
_ we assumea%vzpf\l—o.m. From now on we will simplify
and forB—D{ I, P, asp® This parameter describes the slope of the Isgur-

; ; g2
£ (W) = (1— VZ¥)2(W+1)2. Wise [15] form factor at the zero-recoil pointp
- =[dFa (W)/dw]|,— (see, e.g.[16]).
We shall take the form factofs, A(w) to be parametrized At w=1, the vector and axial vector form factors are
as in Ref[12]. The form factoi=(w) governing the process expected to behave as(1)=n,(1+ 51,mb), Fa(l)

B°—D "I~ can be expressed as = 7a(1+ Sym2). Here 7,=1.022-0.004 and 7,=0.960
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+0.007 are QCD correctiond7]. The termssym, andél,m The decay widths of some nonleptonic modes may be
are nonperturbative in origin, and correspond phy5|cally tgPbtained under the assumption of factorization. For simplic-
the excitation of states other th&nandD*. Lacking a reli- ity we assume allB°-D*M~ transitions to involve
able method for estimating the terdym, inFy(1) [18], we  Fy(w,) and all B D**M~ transitions to involve

set it equal to zero. The absence 0fgy, term inFa(1) is Fa(wy), where
the subject of Luke’s theorefil9]. We take51,m§: -0.05

_ Wiy=(mg-+mp—mj,)/(2mgmp),
+0.035[20,21], with the productF,(1)=0.913+-0.042 as

used in Ref[4]. Equation(9) can then be integrated with wi=(m3+ mé*—mfﬁ)/(zmsmo*)- 17
respect taw to yield predicted decay rates as functions of the
two parameterg? and|V|. We then find
G? [(1+VD)*= (]
P(B%=D ") = g5 Vel IVudl Maf2laal? Fy(wn) (A= VO NALE, L) =, (18)
_ G2 N1 q)
['(B*—D* "7 )= oo~ Vepl A Vudl®mafalas 2 Fa(wh) |21+ VI ) AN L5 L) —— = 19
( - ™ ) 3277,| Cb| | Ud| B 7T| 1| | A( 7T)| ( \/g—) ( g é’ﬂ) 4\/§—* ( )
G? ML)
T(B° D" p™)= 5o~ Verl [ Vud "Mt anl? Fu(w,) (1 + VO N ALL, L) — == sz : (20
G? (1+")~¢
F(B°—~D*"p7)= oo |vcb|2|vud|2 f2lag|?[F a(W5)[PN(Z* LINALL* L) =7, (21)
v
G2 N1.¢,La,)
r(B°—~D* a;)= 35— |Vcb|2|vud|2 1|al|2|FV(Wa1)|2(l+ \/2)2)\1/2(1,§,§a1)T§1, (22)
G2 (1+\*)?~ ¢,
I'(B°—D* a;) = 2o—|Verl*|Vudl’m BfillallleA(w;)lzN(/:*,gal)xl’%l,z*,gal)Tl,
(23)
where ¢y, =mz/m3 while
N(Z* o) = (1= VT)L(L+ V)= Lyl +4u(L+ L = Lw), (24)
A(a,b,c)=a’+b%+c?—2ab—2ac—2bc. (25)
|
The QCD correctiona,| is taken to be 1.05 for all pro- ll. SEMILEPTONIC DECAYS

cesses; this is a sufficiently good approximation to the actual The CLEO Collaboratiofi4] at the Comnell Electron Stor-

situation, in which valueshdif]f_er.byfless t”han a ﬁercentlfromage RiNg(CESR and the ALEPH, DELPHI, and OPAL Col-
process to procegg]. In the limit of smalim, the results  |oprations[5-7] at LEP[8] have measured the spectra in
(18) and(19) are special cases of the simple Bjorken relat'onlepton-pair squared effective mag? (equivalently, in the

[1]

Isgur-Wise variablew) for the decayB®—D* *I v,. The
spectra may then be fitted f&1,(1)|V,,| andp?. There is a
=5 () + strong correlation between the two parameters. The results
I'(B"—D ) are shown in Fig. 2 and Table I, where we have taken
dF(goaD(*”I‘;)‘ FA(1)=0.913+0.042 as in Ref[4]. Our fitted parameters
! ] for the CLEO data differ slightly from those presented by the
dg? ‘ 22 collaboration itself, since we wished to generate an error
e ellipse and therefore fitted the spectral points directly with-
(26) out taking account of point-to-point correlations. For com-

=672 |Vyd )
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Semileptonic spectra

PHYSICAL REVIEW D64 094001

TABLE I. Values of |V, and p? obtained from fits to indi-
vidual spectra irB°—D* *|~ v, decays.

Experiment [Vep| p?

CLEO [4] 0.0461+0.0036 1.580.27
ALEPH [5] 0.0361+0.0029 0.740.50
DELPHI [6] 0.0378-0.0031 1.220.41
OPAL [7] 0.0414+0.0023 1.440.32
Combined 0.0399+0.0023 1.27#0.26

0.050 [] T I [] [] T T | T T [] T | T
i o
7
- CLEO -
- o+
0.045 |— J .
I~ ‘/.
_ i
S 0.040—
- ALEPH- ’ :
| yd + 7/ R
/. '\ ,./ ] /'/
0.085 _ .- =T OPAL
\_ R
0'030 [ ] ] I ] ] 1 1 | 1 1 ] 1 I 1
0.5 1.0 1.5

FIG. 2. Error ellipses corresponding toy?=1 for fits to B®

Errors include common theoretical error Bp(1).

third columns of Table Il refer to a common systematic error
in D¢ branching ratios, which are based 8(DJ — ¢7 ")
=(3.6=0.9)%, and are combined accordingly. In our fits we
use|V,¢=0.974, 75=1.548 ps, and , =131 MeV. f , and
fal are determined to be 209 MeV and 229 Mg, respec-
tively, from the branching ratios for—pv and r—ajv.

The fit to two-body nonleptonic decays alone gives rise to
a different correlation betweeV,| and p? than that to the

BO—D*)*| *; spectra, since the decay rates are dominated

—D**17y, spectra. Dot-dashed lines correspond to fits to indi-PYy low g° and hence highv. Contours ofA y*=1 (1¢) for

vidual experiments, not including theoretical errorFg(1). Fit to
combined semileptonic data withofwith) error inF (1) is shown

nonleptonic decays are shown along with thg?=1 con-
tours forB°—D®)*| 7y, spectra in Fig. 3. Also shown are

by the dashedsolid) ellipse. The errors we quote on each variable the A y2=1 contours for the combined fit without and with
in Table | correspond ta: 1o extremes in which the other variable -ommon theoretical errors. We ﬁdwcb| =0.0415-0.0022

is also permitted to vary. The plotted point$ (for individual ex-
periments X for combined datacorrespond tge? minima.

parison, CLEO

=1.27+0.26.

quotes |V p|=0.0464+0.0020(stat.)
+0.0021(syst.¥ 0.0021(theor.) ang?=1.67+0.11+0.22.
The combined fit implies| V| =0.0399-0.0023 andp?

andp?=1.52+0.11. The results are summarized in Table IIl.
The error on|V.,| is dominated by the theoretical uncer-
tainty on the form factors at=1, which we take to have the
same fractional valué.042/0.913for vector and axial form
factors.

The fitted branching ratios are compared with experimen-
tal data in Table 1V. We also show the predictions of a recent

The CLEO Collaboration has also measured the spectrunmvestigation based on a more detailed application of the

for the decayB®—D "1~ », [9]. A fit to this spectrum with
the form factor(10) and with F\(1)=1.022 yields|Vy|

=0.0459 J0oasand p?=1.33"33L.

IV. NONLEPTONIC TWO-BODY DECAYS

AND COMBINED FIT

We fit rates for nonleptonic two-body decaysgs. (18)—
(23)] to experimental averages, allowin@s in the fit to
semileptonic spectidor variation of |V¢,| and p?. We use
the averages of Ref22] except for modes for which new
values have been presentg8—25; these are summarized
and averaged in Table II. For the decays involvidg’ (to
be discussed in the Sec) Yhe last errors in the second and

factorization hypothesig2]. The quality of the fit is accept-
able except for a slight excess in the predicted branching
ratio for BO—D* " 7.

It is interesting to compare the form factors based on Eqgs.
(10) and (11) with the simple pole mode{16) [3], where
MgWq(v,a) has the interpretation of the mass of a pole in the
weak b—c (V,A) current. The axial form factor fop,il

=1.52 is compared with a pole model withy,=1.17 in
Fig. 4. Also shown are CLEQ4] and DELPHI[6] data
points. The pole-model form factor is almost indistinguish-
able from that[12] motivated by dispersion relations. The
valuewg,=1.12+0.17, found in Ref[3], is consistent with
the present determinatiomg,=1.17+0.08.

The vector form facto10) is characterized by a slope

TABLE II. Branching ratios forB® decays averaged for our fits, in units of £0

Mode Value Value Average
D** o~ 2.76+0.21[22] 2.9+0.3+0.3[23] 2.79+0.19
D**p~ 6.8+3.4[22] 11.2+1.1+2.5[23] 9.5+2.1
D**Dg 11.0+1.8+1.0+2.8[24] 7.1+2.4+2.5+1.8[25] 10.0£3.1
D* "D~ 18.2+3.7+2.4+4.6[24] 25.4+3.8+5.3+6.4[25] 20.5+6.3
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Combined Semileptonic and Nonleptonic Decays

0.0500

0.0475

0.0450

|Vcb|

0.0425

0.0400

IIlIIIlIlIIII|ll‘I\I'|lII\l.|lll

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

Ax?=1 (1o) for fit to nonleptonic two-body decaysB®
—D®)*(77,p",a;). Upper dash-dotted ellipse: Contour ivfi?
=1 (10) for fit to B>~D "l », spectrum. Lower dash-dotted el-
lipse: Combined fit to semileptonR®— D* *|~ v, decays. All these
fits are performed assumirkgy(1)=0.913 and~y(1)=1.022. Con-
tour of Axy?=1 (1o) for fit to combined semileptonic and nonlep-
tonic data without(with) common theoretical error in form factor
normalization is shown by the dashelid) ellipse.x? minima are
indicated by+ for nonleptonic and3®— D™*)*| =y, decays and by
X for combination of all data.

parameterp,zzvzp,il—o.Zl [12] and hencepﬁvz 1.31. It is

compared to a pole form factor witlvg,=1.14 and to the
CLEO data[9] in Fig. 5. Thus, a nearly universal pole posi-

tion characterizes the vector and axial form factors, as in Ref.

PHYSICAL REVIEW D64 094001

TABLE IV. Branching ratios in units of 10*: comparison be-
tween data and predictions.

Decay mode Data Ref2]? Our fit x? contribution
BOD* 7" 3.0+0.4 3.27 3.19 0.22
B D**4- 2.79:0.19 3.05 3.10 2.70
B'—D*p" 7.9+14 7.64 7.92 0.00
B—D**p~  95+21 7.59 8.78 0.12
B°-D*a; 6.0+3.3 7.76 9.10 0.88
B°—D**a; 13.0£27 8.53 12.2 0.09

For preferred values of form factors afe}|=1.05.
V. D(S*) PRODUCTION BY THE WEAK CURRENT

When theqq’ meson in Fig. () is aDg or D, Egs.
(152—(23) can be u_sed for the resr@ctive predictions for
r(e°-b*Dy), I'(B°~D**D;), I'(B°~D*D! "), and
I'(B°~D**D*7) by replacing f,—fp, f,—fpx, {;
ﬁgDsEm%s/mé, gpﬁgD:Esz*/mé, and other corre-

sponding substitutions of kinematic variablsand N. We
shall assuméDg = st= 270+ 16+34 MeV based on an ex-

perimental average of rates fér,— uv and D— 7v [26];
the latter error is the common systematic error associated
with a 25% uncertainty in the branching ratio f@Z
—¢m". (For comparison, the value of 254 MeV was
found in Ref.[3] by utilizing the observed branching ratios
of processes in which the weak current produced saor
D%

We then predict the branching ratios &) production
by the weak current shown in Table V. Experimental values
are from Ref[22] (D*D{*)7) or Table Il ©* "D{*)7). The

Axial Form Factors
0.05

[3]. The CLEO data lie slightly above the predicted form
factor but have the same dependence, as one can also see L ]
in Fig. 3. It should be recalled that, in contrast to the case of - .
the axial-vector form factor, theoretical estimates of the i 7
O(1/my) correction to the vector form factor are lacking 0.04
[18]. The normalization of the CLEO data may reflect our —

ignorance of this correction.

0.03
TABLE Ill. Values of |V, andp? obtained from fits to nonlep-

tonic two-body B°—D®)*(7,p”,a;) decays and B°
—D®)*| 7y, decays.

0.02

Ve P2

0.0456 1.692
0.0399+0.0023 1.2%0.26
0.045 0.0053a 1337#85%3

0.0044
0.0415-0.0022 1.5z0.11

Decays

Nonleptonic
B°—D**| "y, spectra

1.1 1.2

w

1.3 1.4 1.5

B°—D*I v spectrum
Combined’

3 arge correlated errors; see Fig. 3.
PErrors include common theoretical error afFA(1)/FA(L)
=4.6%.

FIG. 4. Form factorg11) (solid curve for p,z_\1= 1.52 and pole-

model (16) (dashed curvefor wga=1.17. Data points are from
CLEO (crossesand DELPHI(diamonds.
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Vector Form Factors with the predictions, as does the intermediate case of
p’(1418) productiori30].

0.05
VII. CONCLUSIONS

New data orB meson decays have improved the precision

of tests of some early factorization predictidid3, and yield

a value |V¢,|=0.0415-0.0022 when CLEO and CERN
e*e” collider LEP data oB°—D®)*|~p, spectra are com-
bined with  two-body nonleptonic  decays B°
—D®)* (7~ ,p",a;). The slope of the universal Isgur-Wise
form factor at the normalization point=1 is found to be
described by the parametef=1.52+0.11. These values are

only slightly different from those based @P—D*)* ‘7|
spectra alone, indicating that factorization for color-favored

decays and universality &— D *) form factors are reason-
able approximations. Consistency between nonleptonic and
semileptonic determinations is at least as good as that among
w the semileptonic processes themselves. Our neglect of
O(1/my) corrections to the vector form factor may underes-
timate the rate foB°—D |y, slightly.

Satisfactory rates for processes involvlhﬁ‘ ) production
by the weak current are obtained when the world average of

dict h I 25% aint ted .tdirect measurements fcli|5S is used, and when it is assumed
predictions have an overa 6 uncertainty associated wi -~ . . . ]
|f‘nat fD:—fDS. Ratios of helicity amplitudes for color

all D¢ branching ratios. They are as well obeyed as those for ) _ )
the light mesons. An additional prediction involving heavy favored processes are also found to be in accord with predic-

meson production by the weak curref8] is that B(B° tions.

—D**D*") /B(B"~D*"Dy) = 0.13(fp/fp)? = 0.09,

wherefpy andes are the decay constants for the nonstrange

and strangd mesons. The experimental value for this ratio ~We thank Elisabetta Barberio, Karl Ecklund, Roger Forty,

[27] is 0.06" 593 Richard Hawkings, Jon Thaler, and Alan Weinstein for dis-
cussions. This work was supported in part by the U. S. De-
partment of Energy through Grant No. DE FGO02

VI. RATIOS OF HELICITY AMPLITUDES 90ER40560, and in part by the U. S.—Israel Binational Sci-

ence Foundation through Grant No. 98-00237.
The decays of spinless particles to two-vector mesons are

describable[28] by amplitudesA, (longitudinal polariza-
tion), A (linear parallel polarization andA, (linear perpen-
dicular polarizatioh, normalized such thafAq|?+|A|? In order to combine results of fits to semileptonic decays
+|A,|?=1. Factorization predicts |[Ao|%|A||%|A.]?)  in the absence of the ALEPH and DELPHI raw spectra, we
=(88,10,2)% for§°—>D**D§* and (55,39,6)% forB° have parametrized their fits in terms of error ellipses corre-
—D**p~. Experimental values are only quoted for sponding toA y?=1, and generated corresponding ellipses
|Ag|%:(87.8£3.4-3.0)% for B°~D**D*~ [27] and for our own fits to CLEO and DELPHI data. The equations
(50.6+13.9+3.6)% for BO_.D**p- [29] These agree describing these ellipses are given beﬁ)w. Also s@wn are the
' T P ' contributions toA y? for each set ofB°>—D**| y, data
whenx=p“ andy=|V,| are taken to equal their valuas
TABLE V. Comparison of predictions for branching rati@ =152 arﬁ)dyzo.)(/)4215 CﬁL the global fit. '?'he corresponding
units of 10°%) involving D{*) production by the weak current B’ A 2 value is 4.02 for the sum of the nonleptonic modes
decays. listed in Table IV, which, when combined with they? val-
ues for the semileptonic spectra, leads to a totalAqf

0.04

|||
Vi
/
/

0.03

Fy(w)[Vey|

B ol

0.02

FIG. 5. Form factorg10) (solid curve for p,Z:VZ 1.31 and pole-

model (16) (dashed curjefor wg,=1.14 compared with CLEO
data(plotted points.
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APPENDIX: PARAMETRIZATION OF ERROR ELLIPSES

Decay mode Data Prediction =23.2 for the fit to five semileptonic spectra and six nonlep-
D*Dg 8.0+3.0 14.9-4.1 tonic decay rates. The largest source of thjg (10.3 is the
D**D, 10.0+3.1 8.6-2.4 higher overall scale of thB°—D "1~ », spectrum measured
DD} 10.0+5.0 10.0-2.8 by CLEO, with some contribution also from the disparity
D**D*~ 20.5+6.3 24.0-6.7 between the CLEO and ALEPH fits. In comparison with

these disagreements among purely semileptonic processes,
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the fits to nonleptonic decays do not fare badly at all.
CLEO:

41.8814x—X.)?>—5174.3x—X.)(Y—VY.) + 238793y —V,)?
=1,

X.=1.58, y.=0.0461, Ax?’=3.78;

ALEPH:

9.6816x—X,)%— 2554.Gx—X,)(y—Y,) +28756Qy —y,)>
=1,

Xa=0.74, y,=0.0361, Ax?>=3.52;

OPAL:

19.4601x—X,)2— 3771.3X—X,)(Y—Y,) + 379980y —y,)?
=1,

Xo=1.44, y,=0.0414, Ax?>=0.10;

DELPHI:

PHYSICAL REVIEW D64 094001

14.177TXx—Xgq)2— 2856.4X— Xq) (Y—Yq) + 246120y — y4)*
=1,
xq=1.22, y4=0.0378, Ax%=1.47,

CLEO+ALEPH+OPAL+DELPHI  (without common
theoretical normalization error; divide all coefficients by
2.850 for ellipse with this errgr

85.2008x — x)2— 14356 x— X)(y—y) + 1152453y —y)?
= 1’
x=1.27, y=0.0399;

CLEO+ALEPH+OPAL+DELPHI+DECAYS (without
common theoretical normalization error; divide all coeffi-
cients by 3.514 for ellipse with this erfor

1059.7x—X)%— 86781 x—X)(y—Yy)+ 2524400y —y)?
=1,

X=1.52, y=0.0415.
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