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This paper describes new measurements from CLEO of the inclBsivB ] X branching fraction as well as
the B* =D *D™*) and B°—D{*)*D™*)~ branching fractions. The inclusive branching fraction is
B(B—DJIX)=(12.11+0.39+0.88+1.38)% where the first error is statistical, the second is the systematic
error, and the third is the error due to the uncertainty inBie— ¢* branching fraction. The branching
fractions for theB—D{*)*D®*) modes are found to be between 0.9% and 2.4% and are significantly more
precise than previous measurements. The sum (BtheDg*)*D(*) branching fractions is consistent with the
results of fits to the inclusiv®! momentum spectrum. Factorization is used to arrive at a vaIubDfSorthe

D. decay constant.

PACS numbsd(s): 13.25.Hw

. INTRODUCTION sive B—DJX branching fraction and the exclusive
_ ~ B—D{*)*D™) pranching fractions. Under the assumption
The large samples & mesons being collected by experi- that the charged and neutfldecay rates and lifetimes are

mental groups aeé"e” and hadron colliders have allowed equal, the charged and neutBabranching fractions are av-
for ever more precise measurement8aheson decay prop- eraged and compared with theoretical predictions. This is
erties. Theoretical calculations are unable to smultaneouslyonowed by a discussion of a fit to the inclusizg’ momen-

describe the total inclusiv to charm rate and the semilep- ., 0 ctrym. The final section describes two methods using
tonic branching fraction of thé8 meson[1]. It has been L +
factorization to extrachs, theD; decay constant.

conjectured thab quark to charm quark transitions where
the W' materializes ags are large[2]. The external spec-
tator B meson decay diagram, shown in Fig. 1, leads to a Il. EVENT AND TRACK SELECTION
D*)* in the final state whereas the inter\&ll” decay dia-
gram results in the production of c+harmoni¢]3}. This paper events produced ie*e” annihilations at the Cornell Elec-
reports new measurements%Ds X decays from CLEd' . tron Storage RingCESR. The data sample consists of an
After a short description of the detector and the C”te”aintegrated luminosity of 2.080.04 fb~! collected at the

used to select neutral and charged particle candidates, the?e(4s) resonancdreferred to as on-resonance datnd
are two sections dealing with the measurements of the incluo 97+0.02 fb~* at a center-of-mass energy just below the

The data used in this analysis were selected from hadronic

"Permanent address: University of Hawaii at Manoa. € ()
'Reference to a specific state or decay means that the charge- * s D5
conjugate state or decay has been included. The notBdh’ in - W _
this context means eith@®! or D**. InB—D{*)*D™*) D is a g’ ¢ 5™
generic representation of tiug mesons, th® ~ andD®, while the q q

symbol (x) implies that the branching fraction for both the nonex- .
cited and excited states of the meson were separately measured. FIG. 1. The spectator diagram fé&— D) *D*) decay.
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threshold for producingBB mesons(referred to as off- 0.40
resonance or continuum datdhe on-resonance data corre- [
sponds to (2.120.04)x 10° BB pairs.

The CLEO Il detector measures both neutral and charged
particles with excellent resolution and efficiengy]. Had-

0.30

Efficiency

ronic events are selected by requiring a minimum of three o201

charged tracks, a total visible energy greater than 15% of the [

center-of-mass enerdshis reduces contamination from two- o0l L S S
photon interactions and beam-gas evergad a primary ver- x

tex within =5 cm in thez direction and+=2 cm in ther-¢

plane of the nominal collision point. Since tBemesons are T i 4 X

produced almost at rest, their decay products are uniformip”K K s afunction of scaleBs momentum for the selection

distributed throughout the volume of the detector leading ta riteria described in the text. The curve is the result of fitting a 2nd
9 i R 9INg 10 er polynomial to the data points.

events that tend to be “spherical” in shape. Continuum

e'e —qq (g=u,d,s,c) events are more jetlike in struc-

FIG. 2. The efficiency for reconstructingD; — ¢m,

; S . tion consists of a straight line parametrization of the combi-
ture. The shape variabe,, which is the ratio of the second 514ria| background and a Gaussian describing the signal.
Fox-WoIfr.’?lm r.nor.ne.nt t‘_) the zeroth mom¢sd, is found t9 The width of the Gaussian is fixed to the value found from
be useful in discriminating betwed®B events and those in fjiting the Monte Carlo sample. The rms resolution increases
which lighter mass_qua_rks are produced. Only events W'ﬂlinearly with momentum from 6 MeV at low momentum to 8
R,<0.35 are used in this analysis. _ _ MeV asx approaches 1. ThB, mass was allowed to vary
. All charged tracks are required to be consistent with havyg 4 fynction of momentum in a first pass of fitting to the
ing originated from withinx5 cm in thez direction and  4ata and then was fixed to the average value of 1.9686 GeV
=5 mm in ther-¢ plane of the primary vertex. Tracks are i the final pass. For illustration purposes, thher* mass
also required to havdE/dx information which is consistent spectra and resultant fits for arbin width of 0.07 are shown
with the proposed particle hypothesis. in Fig. 3. TheD} momentum spectrum before efficiency
correction is shown in Fig. 4.
lll. THE INCLUSIVE B—DZ X BRANCHING FRACTION The fact that there are d; mesons fronB decay with

he D* in th . ._x>0.5is used to create a continuum momentum spectrum
The Dy mesons in the on-resonance data set originaiG i, maximum statistics. The momentum spectrum for

frfme meson decays and from continuum production Viag,ntinyum-producedd; mesons is constructed from the
e’e —cc. Therefore, in order to measu{B—DgX), it gym of the on- and off-resonance data %o¢0.5 and only
is necessary to subtract the continuum contribution from thee off-resonance data. scaled by the ratio of on/off luminosi-
total yield of D mesons in the on-resonance data set. a5 forx<0.5. The number ob. mesons per momentum
4 - , 5. .
The Dg —>_¢7T+,¢—>K+K decay channel was chosen pin for this “constructed” continuum data sample is ex-
for the inclusiveB— D/ X measurement because it offers the

best combination of detection efficiency, branching fraction,

and signal to background ratio. TKe"K ~ invariant mass is 40 ' ' ' 200 ' ' '
required to be within 10 MeV of théé mass. Two angles are (a) (b)
useful for suppressing background) the ¢ helicity angle 20 %WWmo- W, .
6y, which is the angle in thep rest frame between the #r p 0
direction of theK™ and theD/ direction, and(2) the D¢ o [t .-.__Ir},-_‘_ % [P ST
decay angleflp, which is the angle in th® rest frame (c) (d)
between thep direction andDS+ direction in the lab frame. > 200 2 19200} i
The signal follows a cd#, distribution while the back- 2 "W s »
ground is flat in coé, so requiring|cosfy|>0.35 eliminates 2 0 et o Pt s
35% of the background events while retaining 96% of the 2 (e) (N
signal. The co@, distribution for the signal is flat. The :3’300_ 1000k ]
co9p<0.75 requirement suppresses combinatorial back- / \
ground from abundant low momentum pions that peaks near g %
COS9D:].. 1] ERE T UL SRTRARNE: ) SO T U

The efficiency of these selection criteria is calculated (9) (h)
from a Monte Carlo simulation. Figure 2 shows th¢ de- L] 1 75} 1
tection efficiency as a function of, the scaled_; momen- N T Sy X

2 The (1] P D GO et B (| Sta i Pt iy

tum, wherex=pp+/Pmax and Pra= /Edeanr— M
S

Dl 1.88 192 1.96 2.00 2.04 1.88 1.92 1.96 2.00 2.04
end point forD, mesons produced iB decay isx=0.46. ¢ Mass (GeV)
The on-resonance yield d@_. mesons as a function of
scaled momentum is extracted by fitting ther* -invariant FIG. 3. The¢ 7" mass spectra for the on-resonafpeints with

mass plot in bins ok. The bin size of 0.03 is an order of error barg and unscaled off-resonanffeatched histograjata sets
magnitude larger than the resolutionn The fitting func-  in x bins of 0.07 from(a) 0.0<x<0.07 to(h) 0.49<x<0.56.
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FIG. 4. The on-resonandseolid dot3 and scaled “constructed”
continuum(open circley D momentum spectra before efficiency
correction. The function is the result of the fit described in the text

tracted in the same manner as described above. The resulti
continuumD_ momentum spectrum, properly rescaled,
shown in Fig. 4. It is fit with a function that was found to
describe the Monte Carlo continuuBy, momentum spec-

trum. The values of this function, also shown in Fig. 4, are

subtracted, bin by bin, from the on-resonarizg¢ momen-
tum spectrum to give the rag.e., not efficiency corrected
yield of 2537-83 D, mesons produced iB decays.

Figure 5 shows thd®, momentum spectrum after con-
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TABLE I. Measurements oB(B—DJ X). The first error is sta-
tistical and the second is the systematic error. A value of
B(DS — ¢7™)=(3.5+0.4)% is common to all measurements so
the error on this quantity is not included in the systematic errors.

Experiment B(B—DZX)
CLEO Il (12.11*+0.39+0.88) %
ARGUS(92) [7] (8.34+1.11+0.89) %
CLEO-1.5[8] (8.74+ 1.31+0.86) %
ARGUS(87) [9] (12.1+3.4) %
CLEO-I [10] (10.92.9) %

tinuum subtraction and correction for detection efficiency.
From the total yield of 9111 299 D;r mesons fronB decay,
the inclusive branching fraction is calculated to be

B(B—DJX)= [(12.11t 0.39+0.88

0,

[ 35+0.4%
B(Dg—¢m")

where the first error is statistical, the second is the systematic

‘error, and the third error is due to the uncertainty in the

DI —¢m"™ branching fraction [6]. This value for
B—DJX) is larger than the previous CLEO and

iSARGUS measurements shown in Table I.

The largest error in the measurement is the 11% uncer-
tainty in the D — ¢7 ™ branching fraction. This error is
displayed separately to distinguish it from the 7.2% system-
atic error associated with detector effects and the analysis
method. The contributions to the systematic error are listed
in Table Il. The uncertainties in the number®B pairs and
in the —K*K~ branching fraction are included but the
dominant source is the uncertainty in the tracking efficiency.
A 2% per track uncertainty in the track finding efficiency

TABLE Il. Systematic errors fo3(B—DJ X).

Source Erraf®o)
Signal shape 1.46
Background shape 0.36
Continuum subtraction 0.30
x dependence of the efficiency 1.97
Bin width 0.99
¢ mass interval 0.52
Particle identification criteria 0.67
R, 0.72
Track quality criteria 0.27
Angular selection criteria 1.12
Monte Carlo statistics 0.29
Total for D yield 3.14
B(¢p—K*TK™) 1.83
Number ofBB 1.80
Tracking efficiency 6.00
7.24

FIG. 5. The continuum-subtracted, efficiency-corrected yield ofTotal systematic error

DJ mesons as a function of
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TABLE Ill. The D*)* mass intervals and branching fractions.

Decay mode Mass akM interval (GeV) Branching fraction
D¥* =Dty 0.132<mp+ +—Mp+<0.152 1.0
D;—>¢7-r+ 1.954<my,,+<1.9822 0.035:0.004
Decay mode Mass intervéGeV) BIB(DS — o7t
DS+—>K°K+ 1.953X ngK+<1.9832 1.03%0.25

D —K*K* 1.9530< My« o+ <1.9835 0.950.10
D;—»qﬁp+ 1.944%<m,+<1.9922 1.86:0.48
DIt 1.9374<m,,+<1.9990 0.540.11
D;an+ 1.9338m,,,+<2.0036 2.86:0.54

results in a 6% systematic error for thB; — 7™, closest approach requirement applied. Photon candidates are
¢— KK~ decay chain. The other sources of systematic errequired to have deposited more than 30 MeV of energy in
ror on theD yield listed in Table I contribute 3.1% to the the calorimeter, to be isolated from charged tracks, and to

total systematic error. have a lateral energy deposition consistent with that expected
for a photon. Photons used for reconstructing the
IV. EXCLUSIVE B—D&)*D®*) DECAYS D! *—D/ y decay chain have a minimum energy require-

Th h ticity of the CLEO I detect | dment of 90 MeV and must have been detected within the
€ hear hermeticity ot he etector coupled vy, el region of the detector, defined bjcosd|<0.707

with its excellent photon detection and charged particle '€ here g is the anale between the photon momentum vector
construction capabilities allow for the reconstruction of all g P

i 0
eight BOHD(S*”D(*)‘ and B+—>Dg*)+D(*)° modes. The and thez axis. For#” or 7 mesons, one of the daughtgr.
%)+ (%) ._photons can be from outside of the barrel where the mini-
D*’" and D'’/ decay channels used, the mass selectio

e d th d b hing fracti . .mum photon energy requirement is raised to 50 MeV.
criteria, an € assumed branching fractions, aré given in o 55ved mass intervals and branching fractions for
Tables Il and IV. The allowed mass intervals correspond tot . Lo .

. he various noncharmed resonances used in this analysis are
2.5 standard deviations for channels where the mass resolu-:

; 0
tion dominates the observed width, and to one natural widt@'Ven in Tablg V.' nm/ 5 degays tootwo photons, the decay
otherwise. TheD; and D° branching fractions are given angledp , which is the angle in ther™/ 7 rest frame between
relative to thosée for the two normalizing modes: the direction of one the photons and thé/ 7 direction in

D:Hqﬁ)r and D°K-#*. The values for all absolute the lab frame, can be used to reduce combinatorial back-

branching fractions and relative branching ratios are takelground from low energy photons. fsosf|<0.9 criterion is
from  [6] except for B(D°—K-=*) [11], used. —
B(D* =K wtat)/IB(D°—-K 7") [12], and the D* Since theY (4S) decays only t@®B, theB meson energy
branching fractiond13], where CLEO measurements are iS equal to the beam energy. This can be used to s8lect
used since they dominate the world average and their us@eson candidates by requiring thaE, the difference be-
allows for the cancellation of some common systematic erfween the measured sum of the charged and neutral energies
rors. of the daughters of thB candidate and the beam energy, be
The data sample and the event selection criteria are thelose to zero. Th®{*)" andD™*) candidates, as well as the
same as were used in the inclusive analysis. The track quality® and » candidates, are kinematically fitted to their known
criteria are also the same except for the “slow#" from  masses so as to improve the resolutiot . The AE reso-
D**—D% " decays which has just the-¢ distance of lution is about 10 MeV and is independent of decay mode

TABLE IV. The D®*) mass intervals and branching fractions.

Decay mode Mass akM interval (GeV) Branching fraction
D**—DO%* 0.1430<mp« + —Mpo<<0.1480 0.68%0.010
D*%— D% 0.1406< Mp+0— Mpo<0.1446 0.636:0.023
DK™ 7" 1.845my-,+<1.8833 0.0391%0.0008
Decay mode Mass intervgeV) BIB(D°—K ™7™
DK™ 7 70 1.8355<my -, +,0<1.8935 3.430.24
DK 7w m ot 1.84<my- ,+,-+<1.8800 2.020.11

DY K atat 1.8530<my- .+, +<1.8856 2.330.16
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TABLE V. Allowed mass intervals and branching fractions for =~ TABLE VI. The B meson candidate angular selection criteria.
the noncharmed mesons.

Decay mode |costg| |cosy |cos|
Decay mode Mass intervéGeV) Branching fraction —

d © J B*—D/D° <0.75 <0.95 -
w0 yy 0.1206<m,,,<0.1500 0.9886:0.0003 B+—>D§+m <0.75 <0.95 <0.80
Yy 0.5174<m,,<0.5774 0.3880.005 B* D+ D*0 <0.75 <095 =035

S
KOmKqom*m™ 0487Km,.,-<0.5077 0.343£0.0014 g+  px+w0 <0.85 <0.95 ]
p—K K" 1.0095<my+x-<1.0295  0.49%0.009 B'—DiD- <0.75 095 )
K*O—K* 7™ 0.8461<my+,-<0.9461 0.667 B, D**D- <0.85 <095 <0.80
pt—at O 0.6162<m_+_0<0.9201 1.0 B DrD*~ <085 ) =035
B°—>D§+D*‘ - - -

according to a Monte Carlo simulation &—D*)*D®)

events’ All B candidates must hala E[<25 MeV. In the a4 width from the fit to the sum of all modes are consistent

case of multiple candidates in a specific meson decay yith those obtained from the Monte Carlo simulation. The
chain, only the candidate with the smallest absolute value ofyi4) in the peak is 17t 18 events.

AE is selected. Thé mass resolution can be improved by  The peam-constrained mass plots for the individBal

using the beam-constrained masag), defined by andB™ decay channels are shown in Figs. 7 and 8. The mass
2 and width for these fits are fixed to the value obtained from
M2=E2 ( > 5’) , (1)  the fit to the sum of all the modes.
B Theam | 4 F The branching fractions are calculated as
whereﬁ)i is the momentum of theéth daughter of theB o 1 Np&)+pix)
candidate. TheMg resolution of about 2.6 MeV is deter- B(B—D¥) ' D*))y= — > 2
NBB EiEjBiBjsij

mined by the beam energy spread and is a factor of 10 better
than the resolution in invariant mass obtained from simply . — o
summing the four-momenta of tH& daughters. where Ngg is the number ofBB pairs, NDg*)+D(*) is the
Two other useful variables are th& production angle number of signal events extracted from the fit to the beam-
g, which is the angle between tiBemeson direction in the constrained mass distributiof; is the branching fraction of
lab frame and the beam axis, and the sphericity amgle theith charm decay mode, ang; is the reconstruction ef-
which is the angle between the sphericity axis of the particlegiciency for the combination of thigh D decay channel and
which form theB candidate and the sphericity axis of the the jth D decay channel[15]. The resulting exclusive
other particles in the event. F&@ mesons, the production branching fractions are listed in Table VII where the first
angle follows a sifgg distribution whereas the continuum error is the statistical error, the second error is the systematic
background is flat in this variable. Conversely, continuumerror from all sources other than the uncertainty in the nor-
events have large values of égsvhereas the signal is flatin  malizing  branching fractions, B(D{ —¢7*) and
coss. The production and sphericity angle criteria &#e B(D°—K ™~ #"), and the third error is that due to the uncer-
decay channel dependent because of differing backgrounginty in the normalizing branching fractions, which is com-
levels. A helicity angle requirement is also used for thepletely dominated by the uncertainty B(DS — ¢7™).
D, D* final states where the signal follows a &g distri- The systematic errors associated with the uncertainty in
bution, and for theD* "D final states where the signal fol- the detection efficiencies of charged tracks and neutral clus-
lows a sirféy distribution. The values of the angular selec- ters are calculated in the following manner. A tracking effi-
tion criteria used in the analysis are given in Table VI. ciency error of 2% per track is assumed except for the
The beam-constrained mass plot for the sum of the eightslow” z* from D* *—D%#" decays where an additional
B® andB™ decay channels is shown in Fig. 6. The function4.6% is added in quadraturgnaking the total systematic
which is fitted to the data to extract the yield Bfmesons error for the slow pion to be 5%This additional error arises
contains two parts(1) a background function which is linear because the tracking efficiency is rising sharply at low mo-
for Mg<<5.282 GeV and parabolic, with a kinematic cutoff, mentum. The tracking errors add linearly except for the ad-
for larger values oMy [14], and(2) a Gaussian to describe ditional 4.6% on the slow pion. For example, for the
the signal. The background function is forced to simulta-D* *—D%r", DK™ 7" n"w~ decay chain, the system-
neously fit the beam-constrained mass distribution for theatic error associated with tracking is
AE sideband, defined by 30/ AE|<55 MeV, so as to better /(5X2)?+4.66=11%. The systematic errors associated
constrain the shape of the background. This is essential farith neutrals, 3% per photon and 5% pef? or 7, are also
some of the decay channels where the number of backgrouratided linearly. The charged and neutral systematic errors are
events is insufficient to constrain the background. The masthen added in quadrature. The total systematic error due to
uncertainties in efficiencies is then the weighted average of
the systematic errors of the particular decay channels where
°This occurs because the low momenturti, 7°, or v that dif-
ferentiates the eight different modes contributes negligibly to the
AE resolution. 3Equal production of charged and neutBamesons is assumed.
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FIG. 6. The beam-constrained mass for the sum of the eight FIG. 8. The beam-constrained mass plots for Bfe decay
B—D{®)*D®) modes. The solid histogram is the data within the modes:(a) DD, (b) DX D", (c) D{D* ", and(d) D} "D* .
AE signal window while the filled histogram is the data in the The solid histogram is the data within thd= signal window while
AE sidebandgas described in the textThe curve is the result of the filled histogram is the data in theE sidebandgas described in
the fit described in the text. the texi. The curve is the result of the fit described in the text.

. . The other possible sources of systematic error which were
the weight ise - 5 for that particular decay channel. The sys investigated include: cross-feed between the eight channels,

tematic error due to the uncertainties in the relative branChl]ncertainty in the efficiency due to the method of choosing

L\Z%faicrgionr:nlcss%ilf Cu;ztg? ;;;&emsgirg eerrrc?rﬁner. These are ﬂlﬁe candidate with the smalle-lsﬁﬂ, parametrization of the
background in the beam-constrained mass plots, and particle
identification requirements. There is a non-negligible contri-

40 , 12 : bution to the systematic error due to the background param-

(a) (b) etrization for theB— D, D modes where the background in

the beam-constrained mass plot is significant.

V. THE B—D{)*D®*) DECAY RATES

In the dominant process leading to a two-body decay of
the typeB—D{*)*D™*), shown in Fig. 1, the®{*)* is pro-
duced from the fragmentation of th&/*. The analogous
b—u transitions lead to final states like; 7=~ but these
decay rates are down by roughly,/V.p|?~0.006 com-
pared tob—c transitions[16,17. A D¢ is not produced in
internal W* decay. The decaB— D) *D™) can also pro-
ceed through the “penguin” decay motbe—sg,g— cc but
this is expected to be small. Other processes, such as anni-
hilation andwW-exchange, lead to final states liRg K*) but
there is no evidence that these processes are significant in
| 0 B meson decay16,17. None of these scenarios leads to a

5.20 5.25 5.30 5.20 5.25 5.30 significant _ difference in the charged and neutral
Mg (GeV) B—D{*)*D®) decay rates.
The equivalence of the charged and neutral decay rates

FIG. 7. The beam-constrained mass plots for Bie decay can+be te%ted using the exclusive branching fractio_ns and
modes:(a D2 DY, (b) D * DO, (¢) D D*°, and(d) D *D*°. The .T(B ) 7(BY)=7,,0=0.98+0.09 [6]. The results are given
solid histogram is the data within theE signal window while the N Table VIl where, for a given decay modee.g.,
filled histogram is the data in th&E sidebandgas described in the B—Dg¢D*), B*(© denotes the branching fraction for the
text). The curve is the result of the fit described in the text. charged(neutra) B to decay via this mode. Most of the

Events / 2 MeV
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TABLE VII. The efficiency times charmed and noncharmed branching fractien8), the number of
reconstructed events, and the measured branching fractions for each of th@® eightly channels. The
quoted error ore - B is just that due to Monte Carlo statistics. The error on the number of events is purely
statistical. The third errors in the branching fractions after the statistical and systematic errors is the 11%
uncertainty inB(DJ — ¢ *) which is common to all measurements.

Decay channel g-B (1079 No. events Branching fractiof?o)
B*%Dg’ﬁ 2.041+0.008 58.4-10.0 1.26-0.22+0.25+0.15
B*—D? DO 0.826:0.03 16.x5.0 0.8720.27+0.17+0.10
B+~>D;—§O 0.425+0.002 13.54.1 1.46:0.43+0.35+0.17
BJ’—>D’S”D*O 0.211+0.001 14.94.2 3.10£0.88+0.65+0.37
B°-DJD~ 1.031+0.007 19.%#5.5 0.87-0.24+0.20+0.10
B°—>D§+D’ 0.470+0.003 10.%3.6 1.06:0.35+0.22+0.11
B°-DJD*~ 0.868+0.003 18.4-4.5 0.93:0.23+0.16+0.11
B°—>D’S”D*’ 0.384+0.002 17.7%4.4 2.03£0.50+0.36:0.24

systematic errors cancel when calculatify/B* except mesons, etg. The factorization parametey; is the relevant

for the 10% uncertainty in B(DT—K at#")/ one for external spectator decays. The difference between the
B(D°—K~#*) [12] and the 7% error in ther% =+ effi- predictions comes from the form factor term. Bauer, Stech,
ciencies[18] which comes in directly when taking the ratios and Wirbel(BSW) use a simple pole form while other cal-

of modes involvingD*® andD* * mesons. The mean value culations[20—24 use form factors motivated by heavy quark
of I'(B°—DX)* D)) T(B*—-DM*'D*0 of 0.69 effective theoryHQET) [25]. Several predictions along with
+0.13+0.11 is not inconsistent with the decay rates for thethe measured average branching fractions are given in Table
charged and neutrd mesons being equal. IX.

Assuming that the charged and neutral decay rates are While there are significant differences between the pre-
equal, and that, =1, it is reasonable to calculate the av- dictions for any particular branching fraction, the variations
erage branching fractions. For a particuD{*)*D®*) in the predictions for the ratios of the decay widths due to the
decay channel, the yield is extracted from a fit to the sum oflifferent parametrizations of the form factors are smaller.
the B°—>D(S*)+D(*)‘ and B+—>D§*)+D(*)° beam- These predictions are given in Table X. The decay constant
constrained mass distributions. The average branching fraglependence is given explicitly in Table X although, in the
tion is then calculated as in E(). The results are given in heavy quark limit, the vector and pseudoscalar decay con-

Table VIII. stants are equal. More preciselj3=f2=12/¥(0)|/M
where| ¥ (0)| is the wave function of the light antiquark and
VI. FACTORIZATION AND PREDICTIONS heavy quark at zero relative separation, &hds the heavy-
FOR TWO-BODY RATES meson masg21]. As can be seen in Table X, taking

for="fp, the B—D{ "D and B—DJD* widths are pre-

Predictions for exclusive branching fractions have beendicteol to be roughly equal. It was assumed[ig] that
made using the factorization ansatz. This method was pio—f fo)2—1 869 Iy d'q : 0 thei dicti that
neered by Bauer, Stech, and WirliBISW) [19]. Any calcu- ( DY D) _ cading 1o € prediction a
lation of widths using factorization arrives at an equation of((B—D? D) is some 2.5 times larger than
the form r(B—DJD*).

()T 5 . 1262 5 The experimental results for the ratios of widths are given
B(B—Dg"'"D™))=KGgai|VepVed *fowF )78, (3)  in the last row of Table X. The quoted error is the sum of the
° statistical and systematic errors added in quadrature. Most of
whereK is a kinematic factor andr,, is the form factor the experimental systematic errors cancel except the contri-
term (summed over polarizations for decays involviBg bution due to an extra slowr or 7y in, for example,

TABLE VIII. The ratio of charged and neutral decay rates and the aveBag®{*)*D®) branching
fractions. Equal charged and neutBaimeson production rates are assumed.

Decay mode BB (rg+ [ 750) =TT ™" Average branching fractio?6)
B—DID 0.68+0.22+0.10 1.10-0.17+0.28+0.13
B—>D§13 1.13+0.53+0.18 0.89-0.21+0.20+0.10
B—>D:D* 0.65+0.25+0.09 1.12-0.21+0.26+0.13

B—>D§+§ 0.65+0.25+0.09 2.4+ 0.45+0.51+0.29
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TABLE IX. Predictions for the B—>D(*)*D7*) branching fractions assumingV J=0.974,
fo,=fpr=280 MeV, V(,=0.038, 75=1.52 ps, and |a;|=1.07 [14], which was derived from

B°—>D(*)+7-r /p~ decays. The CLEO Il values are the values of Table VIII with all of the errors added in

quadrature.

Model DD DD DI D* D *D*
BSW [19] 1.69 0.99 0.76 2.74
Neubertet al.[20] 1.25 1.07 1.03 2.76
Du and Liu[22] 1.70 1.14 1.26 3.10
Deandrezet al. [23] 1.21 0.83 0.85 3.17
Mannelet al. [24] 0.88 0.56 0.56 1.70
CLEO Il 1.10+0.35 0.89-0.31 1.12:0.36 2.4 0.74

B—D? +D/B*>D D, and the addition of the uncertainty in the external spectator diagram of Fig. 1 but with the popping
the D+ branchlng fraction scale iB(B—D{)*D). The of an additionakjq pair. AD can be produced iB meson
data favor the prediction thdty =fp+. The BSW predic- decay when assis produced and the quark combines with

tions for the ratios of widths, where the pole form for thethi atr;]trlgzak;? dqu;rgczgrr? me (jaerga):e(f)(fertrgtejqutzrka Trlese or

form factors is used, are excluded by the experimental resuHN Y ISMS S upper-
iy Mt ) - vertex” and “lower-vertex” three-body decays respec-

for B(B— D D)/B(B—Ds D), while the predictions us- tively. The correlation between the charge of g with

ing HQET motivated form factors describe the data well. y. 9 &

This is one of the few comparisons of theory with the data ‘that of the? has not been exploited in the analysis of the
that is insensive to the large uncertainty in Znclusive Dy momentum spectrum because the flavor of the

B(D: —¢m). B which produced th@§ is not measdre@31.]. X
The function used in the fit to the inclusii;, momen-
tum spectrum includes contributions from the following
sources. o
(A) B=D*)*D®) decays. This is the only contribution
Since theB mesons are produced nearly at rest, the twowhere the relative branching fractions of the individual con-
body decays result iD{*)* momentum spectra which are tributing channels are known. The predictions and measure-
flat distributions, about 300 MeV wide, around the decayments are given in Table X. It is assumed thgt=fp«. A
momentum. TheD} * decays predommantly tbg y while  fit is done for each of the predictions of Table X and the
the P-wavecs mesons, th® J;(2536) andD?," (2573),[28]  variation in the result is taken as the systematic error due to
decay only taD*)K. ThereforeB—D?¥ "X decays contrib- model dependence.
ute to the inclusiveD! momentum spectrum with distribu-  (B) B—D{*)*D** decays. Only the narrowP-wave
tions which are slightly broadened and shifted down in mo-charmed states, tHe (2420) andD3 (2460), are used. The
mentum from the correspondir—DJ X decay while the contributions fromB— D D,(2420), B—D* *D,(2420),
other cs resonances do not contribute to the incIusWé B_>D D3 (2460), andB—>D**D (2460) are added with
momentum spectrum. equal Welght The broad, not yet observed dnd 1" states
There are two basic mechanisms giving three-body finabre assumed to be taken into account by the three-body or
states. Events of the tyrié—>D(*)+D(*)X are produced via “nonresonant” part of the function described next.

VII. FIT TO THE INCLUSIVE D} MOMENTUM
SPECTRUM

TABLE X. Predictions for ratios of widths iB—D{*)*D*) decays.

Model I'(B—D!*D) r(B_>D;§ F(B—>D;‘+D__*)
I'(B—D;D*) I'(B—D;D*) I'(B—D*"D)
BSW[19] 1.31(fpx /fp)° 2.24 2.77
Rosner[21] 1. OO(fD* Ifp ) 1.43 2.59
Neubertet al. [20] 1. 04(fD* Ifp )2 1.47 2.56
Du and Liu[22] 0. 91(fD* /fD) 1.35 2.72
Deandrezt al. [23] 0. 97(fD* Ifp )2 1.42 3.84
Mannelet al.[24] 1. OO(fD* Ifp ) 1.56 3.01

CLEO Il 0.80+0. 24 0.99:0.24 2.76:0.81
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sured this ratio to be (587+9)% and (56-10)%, respec-
tively [7,8]. The systematic error is dominated by the
uncertainty in the shapes of the spectra included in the fitting
function. There is no contribution to the systematic error
from either the uncertainty i[zS(D;—>¢7T+) or the uncer-
tainty in the tracking efficiency. The contributions to the sys-
tematic error due to uncertainty in the shape of the con-
tinuum DS momentum spectrum and due to the uncertainty
in thex dependence of the detection efficiency were found to
be negligible.

Several methods were used to estimate the systematic er-
ror due to the uncertainty in the shapes of the spectra used in
the fit. The fit was repeated for various combination$Bf,
| (C), and (D) with (A). The incIusiveDS+ momentum spec-
= trum cannot be fit with a function consisting only @) and
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(D) or (A) and(B). In all cases, the spectrum due to lower-
vertex decaygD), is found to contribute a negligible amount
to the total inclusive rate. ThB_ yield in the 0.4x<0.5
- . ¢ d region is consistent with continuum background. The fit was
0.06 0.15 0.24 0.33 0.42 also repeated allowingC) to have three components charac-
X terized by how “hard” the constituent spectra were. If

B— D¢ D is the dominant decay mode of the twelve modes
data are the points with error bars and the smooth curve is the resu tcr) rr?grésg?]?rgga’tighne?r o”;&;fiﬁgig Oﬁgn itb (ies f:: orte gglsrgllgl ;Itg,?
of the fit. The histograms are the components of the fitting function . AT
as described in the text where the solid histogram(As, the present to extract'from a fit to the inclusile; momentum
DW)*D®)  component; the dotted histogram i¢B), the spectrum(f)inefflngful ngmber fqr any, or even the sum, of
D)*D** component; and the dashed histogram (@, the ~t€B—Dg*"D** branching fractions. .
DX *D)7/p component. Using the result of the fit to the inclusii®, momentum
spectrum for the fraction of thB—D{*)*D®*) rates to the
inclusive rate and the value( f)orme inclusive branching frac-
— tion gives 3IB(B—D{)*D*))=(553+0.23+0.56

(C) Upper-vertex3—D(*)*D™)zr/p/ w decays. Both the +0.63)% where the first error is statistical, the second is the
relative amounts of each particle type in these decays and thg,stematic error, and the third is the error due to the uncer-
shape of the resultanDs momentum spectrum aré Un- yainty in theD; — " branching fraction. This compares
known. The individual shapes are generated according tQq” with the statistically less precise value of
phase space alone and are added with equal weight. EB(BHDQ*)*E*))Z(S.SZJ: 0.57+1.35+0.63)% which is

(D) Lower-vertex decays. As ifC), the shapes are gen- \ . : . . .
erated according to phase space while the relative branchindpig\(:%m/ summing the average branching fractions given in

fractions (e.g., DgK* 7" vs DX K*O7*) are arbitrary.

Lower-vertex decays are expeptgd to be suppressed and are, EXTRACTION OF THE D} DECAY CONSTANT
measured to be smdll6,31]. This is the only component of

the fitting function which contribute®. mesons in the The factorization hypothesis, E(), can be used to ex-
x>0.41 regionD_ mesons withx>0.41 can be produced in tract a value for theD, decay constant from the measured
b—u transitions, and by annihilation anf-exchange dia- BHDg*”D(*) branching fractions and experimental infor-
grams, but these components are known to be drh@jiL7] mation ona;, V., and rg. Unfortunately, there are large

FIG. 9. An example of a fit to thBS momentum spectrum. The

and are not included in the fit. variations_in the theoretical predictions for any particular
As an example, the result of the fit using the ratios of—D{*)*D®*) branching fraction. The parametey, has
B—D{*)*D®) widths from[20] is shown in Fig. 9. been derived fronB—D®)# branching fraction measure-

The ratio of the sum of the fOLB—>Dg*)+D(*) rates to ments[14] but there are at least some theoretical reasons for
the total inclusive rate is found to be expectinga; to have different values depending on whether
(45.7£1.9+3.7+0.6)% where the first error is statistical, the W* fragments taud or cs [20,32,33.
the second is the systematic error, and the last error repre- Some theoretical and experimental errors cancel in the
sents the model uncertainty. ARGUS and CLEO-1.5 mearatio

I'(B—D*D{*'*)
dF(B—>§‘e* Ve)/dq2|q2:m2D(*)

s

=6m2(a}*)? 0 L | Ved? (4)
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where §=0.39 ands* = 1.0 forB— DS*E‘ andB—D} “D* decays, respectively.
It was found in[18] that

dT'(B—D*e" v,)
dg?

|q2:mé =3.17+0.16+0.13+0.14+0.34 ns! GeV ?,

and

dT'(B—D*e" v,)
do?

lq2=m?,=3.33£0.16+0.14+0.15+0.34 ns' GeV ?,
DS

where the first error is statistical, the second is the error duéactor parametrization can then be quantified by examining
to the uncertainty in th® andD* branching fractions, the the spread irst results derived using the different models.
third is due to the uncertainty i B*)/7(B°), and the lastis  Since, for any particular model, it is the sum of the
the systematic error associated with detection efficiencies. B—>D(S*)+a*> branching fractions which results from the
Using the average branching fractions, the decay CoNst 1o

inclusive DI momentum spectrum, the ratio
stants are found to be S— P

Rex=2B(B—D{*)*D™))/S BB~ 7" /p*D™)") is
a,;fp =319+31+32+18 MeV, used, where the denominator is calculated using CLEO mea-
s surementg14]. This is compared to the theoretical predic-
alfD; =286+ 28+26+16 MeV, tions for the same quantitfcall it Ry,) to extracthS. It is

assumed thathS:fD:. The ud decay constants are
where the first error is statistical and the second is the syst, =131.74-0.15 MeV andf ,=205+ 10 MeV [20].
tematic error which includes the uncertainties in the relative The results of such an analysis are shown in Table XI.
D andD/ branching fractions, and the last is the uncertaintyOnly the Rexp Values obtained using HQET motivated form
in the B(DJ — ¢7™). Averaging the two results under the factors were included. The average value is
assumption thatDssz* gives
s R, fp, =288+ 13+ 28+ 16+ 20 MeV,
a,fp =300+21+30+17 MeV.
where the first error is statistical, the second is the systematic
Avalue forfp_requiring a ratio of the form factors can be error including the uncertainty in the relative charm branch-

obtained using ratios of hadronic rates such as ing fractions, the third error is due to the uncertainty in

o B(D{— ¢m™), and the final error reflects the model uncer-
I'(B—DDY) ) f2|3S Vo2 |&(q%= szs)|2 tainty. This last error is conservatively taken to be the largest
I(B'=D =) = alfﬁﬂ— |Vud|2 |§(q2=mi)|2 , (5 Ssxisation from the mean between the different model predic-

where K is a calculable kinematic factor and  1hese results forfDS are consistent with the value ob-

tained by CLEO usin@®J — u* v decayq34], as shown in
Table XIlI.

RalEais/aﬁd, with the superscript of; referring to the
W fragmentation mod@ Note that onlyB° decays can be
used in the denominator since the corresponddrigdecay
can proceed through both internal and extekial emission. IX. CONCLUSIONS
The branching fractions extracted from the fit to the in-

clusiveD; momentum spectrum, rather than the results fro
the full reconstruction, are used because this results in
smaller statistical and systematic errors. Using them also
gives a good measure of the model dependence since the
same form factor parametrization is used for the calculations _ _
of both the ratios oB—>D§*)+a*) widths used in the in- TABLE Xl. The experimental and theoretical values fBr

C - which is defined as ST'(B—D®) " D®)/SI(B'— "/
clusive fit and Eq.(4). The systematic error due to form »*D()7Y. and the resultingp, values.

The result for the inclusiv— D X branching fraction

B(B—DJX)=(12.11+0.39+0.88+ 1.39 %,

4 L ) _ o Model Rth (GeV?) Rexp fp_ (MeV)
The analysis if35] did not include any QCD correctionge., s
a;). The kinematic factob is calculated to be 0.41 iiB5] and 0.39  Neubertet al. 35.33‘% 2.68£0.23  275:12+25
in [20]. It is shown in[20] that 5—0.37 in the limit of infinitely = Du and Liu 28.12‘%S 2.67-0.23  308:13*28
heavy quarks. Deandrezt al. 37.49"‘5: 2.80+0.24  273-12+22
SIn all of the calculations discussed in this papBp, was as-  Mannelet al. 30.8]1‘%5 272+023 297 13+23

sumed to equal 1.
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TABLE XII. Determinations ofst. The first error is statistical while the second is the systematic error.
A D —¢m* branching fraction of (350.4)% is common to all results and the uncertainty in
B(Df—¢m™) is not included in the systematic error. Factorization éBch:fD: are assumed in the
derivations of the values in this paper, given in rows 2 and 3afAwmalue of 1.07-0.04+0.06[14] was used
to gethS from the ratio of the hadronic to semileptonic widths. For thvaIue obtained from the ratios of
hadronic widths, it is again assumed tlaatis independent of whether th&/™ fragments taud or cs.

Technique fp_ (MeV)

Di—ptv, o 284+30+30
I'(B—D)*D*)/dI'(B—D*e" Ve)/dq2|qz:m§(*) 281+22+32
SI'(B—DX) D))/ (B —wt/pTDH)7) = 288+ 13+38

where the first error is statistical, the second is the systemati@ombining these results givesEB(B—>Dg*)+a*))
error, and the third is the error due to the uncertainty in the:(5_5Zt 0.57+1.35+0.63)%, in good agreement with the
DJ — ¢ branching fraction. It is found from the fit to the inclusiveD_ analysis.

inclusive D_ momentum spectrum that the sum of the The ratios of rates calculated using factorization and

B—D)"D™) rates comprises (45:71.9£3.7+0.6)% of HQET motivated form factors compare well with the data
the total inclusive rate, where the last error reflects modehnd favorfpx=fp_.
S

dependence. Combining these results gives Finally, assuming factorization, tHg; decay constant is

(*)+ )y = : > .
SB(B—D¥) D™))=(5.53+0.23+ 0.23+0.63)%. extracted from the ratio of the hadronic rate to the semilep-
The measurements of tfe—~D{*) D™ branching frac-  tonic rate. Fora,=1.07+0.04+0.06, f, is found to be

S

ti(znz are hgive? in Table VI. The averages of B8 and g1 95+ 35 MeV where the first error is statistical and the
B~ branching fractions are second is the systematic error including the uncertainties in
the charm branching fractions. It is found from ratios of had-

+D) = 0
B(B—D;D)=(1.10=0.17-0.28=0.13%, ronic rates thafDS= 288+ 13+ 32+ 20 MeV where the third

B(B—D* +D_)=(0 89+0.21+0.20+0.10 % error is due to the uncertainty in the form factors.
: .89+ 0. .20+ 0. ,
B(B—DJD*)=(1.12+0.21+0.26+0.13%, ACKNOWLEDGMENTS
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