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The ratio of charged and neutralB meson production at theY(4S), f 12 / f 00, is measured through the

decaysB̄→D* ,2n̄, , reconstructed using a partial reconstruction method where theD* is detected only
through a pion daughter from the decayD* →Dp. Using data collected by the CLEO II detector, the charged
and neutralB decays are measured in such a way that their ratio is independent of the decay model, limited
mainly by the uncertainty in the relative efficiency for detecting neutral and charged pions. This measurement
yields the ratio of production fractions times the ratio of semileptonic branching fractions,f 12b1 / f 00b0.
Assuming thatb1 /b0 is equal to the lifetime ratiot1 /t0 and using the world average value oft1 /t0 as input,
we obtainf 12 / f 0051.05860.08460.136.
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I. INTRODUCTION

The Y(4S) resonance decays predominantly to charg
or neutralB meson pairs. The cleanliness of exclusive p
production in e1e2→Y(4S)→BB̄ has made this mecha
nism a primary vehicle for the study of the light pseudosca
B mesons. Given the similar masses of the charged and
tral B, it is reasonable to expect that the respective prod
tion fractions,f 12 and f 00, are both around 50%. Howeve
because of the Coulomb effects and uncertainties in the m
difference, there is a significant uncertainty in the ra
f 12 / f 00; predicted Coulomb corrections are in the range
the 64% @1# while the mass correction from phase spa
alone, based on the current world average masses@2#, is
(16611)%. Given that many measurements of fundam
tal parameters at theY(4S) are limited by the uncertainty o
this ratio, it is important to determine its value as precisely
possible through direct experimental measurement.

Because of the low efficiencies forB reconstruction, it is
not straightforward to measure this ratio directly. Curren
the most successful method involves measuring the rate
theY(4S) of purely spectator decays of charged and neu
B mesons to isospin related final states. Each rate is pro
tional to the product of the branching fraction of the dec
b1 or b0 and f 12 or f 00. The ratio of the rates is equal t
b1 f 12 /b0f 00. The ratiob1 /b0 is equivalent to the ratio o
lifetimes t1 /t0 if one assumes that the partial decay widt
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are equal. Using an independently measured lifetime ra
one may thus obtainf 12 / f 00. We report here such a mea
surement off 12 / f 00 via partial reconstruction of the exclu
sive decaysB2→D* 0,2n̄, and B̄0→D* 1,2n̄, that is in-
dependent of all previous measurements.

The exclusive decayB̄0→D* 1,2n̄,(D* 1→D0p1) has
been previously reconstructed in CLEO II data using a p
tial reconstruction technique@3,4#. In this technique, theD*
is identified without reconstructing theD meson, and the
presence of the neutrino is inferred from conservation of m
mentum and energy. This method may result in a gain o
much as a factor of 20 in statistics compared to the
reconstruction method, although the effective gain may
less due to increased backgrounds. Partial reconstruction
been used by CLEO to tag neutralB’s for measurements o
the semileptonic branching fractionb0 @4#, and the mixing
parameterxd @3,5#. The measurement we report here i
cludes the first reconstruction of the exclusive decaysB

→D* ,2n̄,(D* →Dp0) using the partial reconstructio
method.

II. DATA AND EVENT SELECTION

This analysis uses 2.73 fb21 of e1e2 annihilation data
recorded at theY(4S) resonance~on resonance! and
1.43 fb21 taken at 60 MeV below the resonance~off reso-
nance!. These data were collected with the CLEO II@6# de-
3-2
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MEASUREMENT OF THE RATIO OF BRANCHING . . . PHYSICAL REVIEW D66, 052003 ~2002!
tector at the Cornell Electron Storage Ring~CESR! between
1990 and 1995. The on-resonance sample includes 2.89
lion BB̄ events. Hadronic events are selected by requirin
least five charged tracks, a total visible energy greater t
15% of the center-of-mass energy, and a primary vertex c
sistent with the known collision point. The ratioR2
5H2 /H0 of Fox-Wolfram moments@7# of an event can take
values between 0 and 1, and tends toward higher values
jetlike events and lower values for events with isotropic d
tributions of final state particles. By requiringR2,0.4, we
retain nearly all of theBB̄ events while reducing by approx
mately 50% the contribution from theqq̄ continuum.

III. ANALYSIS

A full discussion of the partial reconstruction method as
has been applied to the decayB̄0→D* 1,2n̄,(D* 1

→D0p1) can be found in@5#. Here we give a brief descrip
tion, with an emphasis on features that are particularly
evant to this measurement.

A partially reconstructed decayB̄→D* ,2n̄, ~inclusion
of the charge conjugate mode is implied throughout this
port! consists of an identified lepton in combination with
soft pion from the decayD* →Dp. The approximate four-
momentum of theD* , (ẼD* ,p̃D* ), is calculated by scaling
the pion momentum:

ED* .
Ep

Ep
c.m.

MD* [ẼD* and

pD* .p̂p3AẼD*
2

2MD*
2 [p̃D* ,

where Ep is the the pion energy,Ep
c.m.'145 MeV is the

energy of the pion in theD* rest frame, andMD*
52.01 GeV/c2 is the mass of theD* . Using the approxi-
mationpB.0 we can calculate a ‘‘squared missing mass

M̃n
2[~Ebeam2ẼD* 2El !

22~ p̃D* 1pl !
2, ~1!

whereEbeamis the beam energy andEl andpl are the energy
and momentum of the lepton. Correctly identified signal c
didates accumulate in the regionM̃n

2.22.0 GeV2/c4, as
can be seen in Fig. 1. We define this to be the ‘‘peak’’ regi
The ‘‘sideband’’ region, defined as225.0,M̃n

2,
24.0 GeV2/c4, is used for estimating backgrounds.

For B̄0→D* 1,2n̄, , leptons are combined with charge
pions. Phase space limitations prohibit the decay chainB2

→D* 0,2n̄, , D* 0→D1p2, leaving only theB̄0 decay as a
source of leptons which correlate with slow charged pions
this decay, the lepton must have a charge opposite to th
the slow pion. This combination will be referred to as,-p1.

A lepton may also be combined with a slow neutral pi
to reconstruct decaysB→D* , n̄. In this case both charge
and neutralB’s contribute to the signal, through the deca
B2→D* 0,2n̄,(D* 0→D0p0) and B̄0→D* 1,2n̄,(D* 1

→D1p0). Accounting for the respectiveD* →Dp branch-
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ing fractions, the reconstructed signal is expected to incl
B2→D* 0,2n̄, and B̄0→D* 1,2n̄, in a ratio of approxi-
mately 2:1. The value ofM̃ n

2 is calculated using the measure
momentum of thep0→gg candidate and the knownp0

mass. Such combinations will be referred to as,-p0.
Lepton candidates are required to have momentum

tween 1.8 GeV/c and 2.5 GeV/c. Electrons are identified
by using the ratio of the calorimeter energy to track mom
tum (E/p) and specific ionization (dE/dx) information.
Muons are required to penetrate at least five interac
lengths of absorber material. Electrons and muons must
in the fiducial regionucosuu,0.707, whereu is the polar
angle of the track’s momentum vector with respect to
beam axis.

All charged pion candidates are required to have mom
tum between 90 MeV/c and 220 MeV/c and to be consis-
tent with originating at the interaction point.

Neutral pion candidates are obtained from energy depo
in the cesium iodide electromagnetic calorimeter which
not match the projection of any charged track and are c
sistent with being electromagnetic showers. Each sho
must have energy greater than 50 MeV and be in the g
barrel region only (cosug,0.71), whereug is the polar angle
with respect to the beam axis. The width of thegg invariant
mass ofp0’s depends on both the energy and angular re
lution of the component photons and averages 5 MeV/c2. In
order to be able to evaluate the background from randomgg
pairs ~‘‘fake p0’s’’ !, we consider candidates within a wid
mass range, 0.085,Mgg,0.185 GeV/c2.

The ,-p1 and ,-p0 analyses differ mainly in the detec
tion and identification of the soft pion. Because the efficie
cies forp1 andp0 differ and are momentum dependent, t
overall reconstruction efficiencies will also differ, and the
calculation will depend on the decay model used to obt
them, due to differences in momentum distributions. It
reasonable to assume, however, that the isospin-rel
modesB2→D* 0,2n̄, and B̄0→D* 1,2n̄, have the same
decay dynamics, and, since the charged and neutral m
masses are nearly equal for bothB andD* , nearly identical

FIG. 1. The distribution inM̃n
2 for signal ~solid histogram!,

obtained from Monte Carlo~MC! simulation: ~left! ,-p1 candi-

dates fromB̄0→D* 1,2n̄, $D* 1→D0p1%; ~right! ,-p0 candi-

dates from B2→D* 0,2n̄, $D* 0→D0p0% and B̄0

→D* 1,2n̄, $D* 1→D1p0%. The dashed histogram shows the e

timated relative contribution from decaysB̄→D* p,2n̄, ~corre-
lated background!.
3-3
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kinematics. The efficiencies to partially reconstruct the t
modes should thus differ only due to the momentu
dependent pion efficiencies. We therefore extract the sig
yields and ratios in bins of 10 MeV/c in the pion momen-
tum and are then able to make direct model-independ
comparisons.

The signal is extracted by counting,-p candidates which
fall in the peak region ofM̃n

2 ~‘‘peak candidates’’! and
evaluating and subtracting the backgrounds. Background
clude contributions from continuum events, leptons orp0’s
that are fake, and real lepton-pion pairs inBB̄ events that are
not signal. Some of the backgrounds are evaluated u
Monte Carlo ~MC! simulations, where comparisons wit
candidates in the sideband region~‘‘sideband candidates’’!
are used to obtain scaling factors.

The contribution from continuum events is evaluated
analyzing the off-resonance data and scaling to accoun
the differences in the integrated luminosity and center-
mass energy. The contribution from fake leptons inBB̄
events is estimated by counting continuum-subtracted ca
dates in which the ‘‘lepton’’ satisfies all criteria except lept
identification, weighted by the fake probability, which is
function of momentum@8#. After subtracting continuum and
fake-lepton backgrounds, the remainder consist of real
tons in combination with soft pion candidates inBB̄ events.
For ,-p1 the numbers are obtained through simple cou
ing. In the case ofl -p0 there is additional background from
fake p0’s, formed by random photon combinations. T
yields are therefore extracted by fitting thegg invariant mass
distribution. We first discuss the remaining backgrounds

FIG. 2. Distributions inM̃n
2 for the decayB̄0→D* 1,2n̄, , for

10 MeV/c bins of pion momentum. The plot shows right sign da
with continuum and fake lepton contributions subtracted~solid his-
tograms!, uncorrelated background~dashed!, and correlated back
round ~dotted! estimated by Monte Carlo simulation.
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,-p1 and then return to the treatments of,-p0.
For the,-p1 case the numbers after continuum and fa

lepton subtractions are those of peak and sideband ca
dates consisting of a real lepton in combination with a r
soft pion from aBB̄ event. The remaining backgrounds a
of two general types. Candidates formed from the lepton
soft pion from the D* in decays of the typeB̄

→D* p,2n̄,(D* →D0p) will accumulate nearM̃n
250 and

are difficult to distinguish from signal. We define this type
the ‘‘correlated background.’’ All other combinations, whe
the pion is not the daughter of aD* from the sameB meson
as the lepton, are defined as ‘‘uncorrelated background.’’

We use the CLEO MC simulation, the decay model
Goity and Roberts@9#, and measured branching fractions
estimate the contribution of correlated background. T
D* p combinations include threeD** resonances, as well a
nonresonant production. The total rate is set to match
ALEPH measurement @10#, B(b→B̄)3B(B̄
→D* 1p2,2nX)5(4.7360.7760.55)31023. By isospin
symmetry, we assume thatB→D* 1p0,1nX contributes ad-
ditionally at half of this rate, and that the rates toD* 0 are
equal to the corresponding rates forD* 1. We then use the
ALEPH value B(b→B̄)5(37.862.2)% to obtain B(B
→D* 2/0p,1nX)5(1.8860.39)%, where the statistical an
systematic errors have been added in quadrature. The re
ing numbers of candidates are scaled to the integrated lu
nosity of the data and subtracted directly from the peak
sideband samples. TheD** contributions to the peak ar
small, due to the high lepton momentum requirement i
posed in this analysis. We find that this background co
prises (2.860.2)% of the net signal. The contributions to th
sideband are much smaller.

The uncorrelated background is estimated via MC sim
lation. We reconstruct,-p1 candidates in 17.5 million ge
neric MC BB̄ events, excluding the signal and correlat
background. To obtain a data/MC scaling factor, ratios
sideband candidates in the data and MC results are foun
all momentum bins and the set of ratios is fitted to a sin
value. The numbers of peak candidates from MC are mu
plied by this factor to obtain the contributions of the unco
related background. Figure 2 displays theM̃n

2 distributions

,

FIG. 3. Fit of Mgg distribution comprising,-p0 peak~left! and
sideband~right! tags. The region 0.140-0.150 GeV/c2 is omitted
from the fit in this and all other fits ofMgg described in this report.
3-4
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MEASUREMENT OF THE RATIO OF BRANCHING . . . PHYSICAL REVIEW D66, 052003 ~2002!
in each pion momentum bin of data after continuum and f
subtractions, correlated background~MC!, and uncorrelated
background~MC, scaled!. The agreement between MC resu
and the data of the uncorrelated background in the sideb
region is excellent. Peak candidates in excess of the ev
ated backgrounds comprise our signal.

The procedure applied to,-p0 is similar in concept, but
instead of simple counting we fit thegg invariant mass dis-
tributions. After the direct subtractions of continuum a
fake leptons, the remaining distributions contain in addit
to the backgrounds discussed for the,-p1 ~correlated and
uncorrelated background! the contribution fromBB̄ events
where the lepton is real and the pion is fake. The correla
background is estimated and subtracted first. In the cas
,-p0 there are contributions from modes containing bo
charged and neutralD* . As with ,-p1, the contributions are
calculated based on the branching fraction measured a
CERN e1e2 collider LEP and MC simulation. We find tha
the correlated background comprises (2.560.9)% of the net
signal in the peak region. The contribution in the sideba
region, which is much smaller, is also calculated and s
tracted. We then determine the contribution of fakep0. The
resultinggg invariant mass distributions are fitted to a su
of real and fakep0 distributions generated via MC simula
tion. In the fit we exclude the region 0.14,Mggc2

,0.15 GeV because the simulatedp0 signal in this region
does not show good agreement with data. Although this

FIG. 4. Fits ofMgg to MC-generated real and fakep0 distribu-
tions for ,-p0 sideband candidates, 0.11–0.12 GeV/c2 ~left! and
0.16–0.17 GeV/c2 ~right!. The fake-lepton contributions are no
visible in this plot. This fit was used to determine the data/M
scaling factor for fakep0’s.

FIG. 5. Plots as described in Fig. 4 for peak candidates.
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agreement is not apparent in the individual pion moment
bins, due to insufficient statistics, it is revealed when we
to a distribution that is summed over all bins~Fig. 3!. We
find that the fakep0 background is well simulated by th
MC method in that the fits all have good confidence and t
the data/MC scaling factors are consistent with being a sin
constant over allp0 momenta for both sideband and pe
distributions. Figures 4 and 5 show examples of fit resu
Figure 6 shows results from a fit of all of the scaling facto
to a single constant. That fit gives a confidence level of 8
and a scaling factor of 0.167660.0009, very close to the
ratio of the numbers ofBB̄ events in the data and MC simu
lation (0.166760.0001). We use this fitted value to calcula
the amount of fakep0 in each distribution considered.

The sideband candidates remaining after the above b
ground subtractions consist of uncorrelated background.
each momentum bin, the associatedMgg distribution is fitted
to the corresponding MC simulation to obtain a data/M
scaling factor. Figure 7 shows two plots with typical fit r
sults. A fit of the resulting scaling factors~Fig. 8! shows
good consistency with the hypothesis of a single cons
scaling factor. The fitted value of 0.15760.005 is used as the
overall scaling factor to estimate the uncorrelated ba
ground in the peak region.

FIG. 6. Fit of fake-p0 scaling factors to a constant. Scalin
factors are plotted as a function of momentum for sideband~left!
and peak~right! candidates and fitted simultaneously to a sing
constant.

FIG. 7. Fits of Mgg for sideband candidates, to determin
data/MC normalization of uncorrelated background. The fake n
malization is fixed. The correlated background fromD** ln is not
visible in this plot. Shown are plots for two bins ofp0 momentum.
3-5
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We fitted the remainingMgg distribution of peak candi-
dates in each momentum bin to obtain the signal yield. T
examples are shown in Fig. 9.

Signal yields

After all background subtractions listed above, a total
11 2626164 ,-p1 and 26866142 ,-p0 remain as signal.
Figure 10 shows the yields as a function of pion momentu

To obtain reconstruction efficiencies, we generated eve
containingB→D* , n̄(D* →Dp) using the model of Scora
and Isgur@11# ~ISGW2!. The events were passed through
full GEANT-based detector simulation and offline analys
We perform the analysis on tagged signal candidates. Fig
11 shows the resulting efficiency as a function of pion m
mentum for both,-p1 and,-p0 analyses. The efficiencie
for ,-p0 reconstruction of B̄0→D* 1,2n̄, and B̄2

→D* 0,2n̄, are expected to be equal, and since the M
result is consistent with this expectation, it is assumed to
the case.

IV. RELATIONSHIP OF MEASUREMENT TO DECAY
RATES

The numbers of reconstructed,-p1 and ,-p0 signals,
N1 andN0, have the following relationships to the branchin
fractions:

FIG. 8. Fit of data/MC scaling factors for uncorrelated bac
ground. Scaling factors obtained by fitting in momentum bins
fitted to a single constant.

FIG. 9. Fits of Mgg for peak candidates, to determine sign
yields. The fake, correlated, and uncorrelated background nor
izations are fixed. Shown are plots for two bins ofp0 momentum.
05200
o

f

.
ts

.
re
-

e

N152323NBB̄f 003e013B~B̄0→D* 1,2n̄,!

3B~D* 1→D0p1!, ~2!

and

N052323NBB̄f 123e203B~B2→D* 0,2n̄,!

3B~D* 0→D0p0!12323NBB̄f 003e00

3B~B̄0→D* 1,2n̄,!3B~D* 1→D1p0!, ~3!

where f 00 ( f 12) is the fraction of neutral~charged! B me-
sons inY(4S) events, ande01 , e20, ande00 are the recon-
struction efficiencies for the correspondingB→D* ,n(D*
→Dp) modes. Two factors of 2 enter in these expressio
because eachBB̄ event contains twoB mesons, and we add
the signals for electrons and muons. Solving for the bran
ing fractions,

-
e

al-

FIG. 10. Yield in data of partially reconstructed signal in,-p0

~left! and,-p1 ~right! as a function ofp momentum. Distributions
are not corrected for reconstruction efficiency.

FIG. 11. Efficiencies for reconstruction of decays via part
reconstruction, as a function ofp momentum:,-p0 ~top! and,-p1

~bottom! analysis.
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B~B̄0→D* 1,2n̄,!5
N1

4NBB̄f 00e01B~D* 1→D0p1!
~4!

B~B2→D* 0,2n̄,!5
N024NBB̄f 00e00B~B̄0→D* 1,2n̄,!B~D* 1→D1p0!

4NBB̄f 12e20B~D* 0→D0p0!

5
N02N1e00B~D* 1→D1p0!/e01B~D* 1→D0p1!

4NBB̄f 12e20B~D* 0→D0p0!
. ~5!
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Dividing Eq. ~5! by Eq. ~4!, assuming thate205e00, and
definingn[N1e00/N0e01 , we get

B~B2→D* 0,2n̄,!

B~B̄0→D* 1,2n̄,!

5
f 00@B~D* 1→D0p1!2nB~D* 1→D1p0!#

n f12B~D* 0→D0p0!
,

~6!

and

a[
f 12

f 00

B~B2→D* 0,2n̄,!

B~B̄0→D* 1,2n̄,!

[
B~D* 1→D0p1!2nB~D* 1→D1p0!

nB~D* 0→D0p0!
. ~7!

Although it is implied in the above equations that the ra
n is a ratio of total rates, it is also equal to the ratio of ra
over any given restricted kinematic region, as long as
kinematics of the decays are the same. We thus take the
of the ,-p1 to ,-p0 signals as a function of pion momen
tum, corrected for the reconstruction efficiencies in each

FIG. 12. Efficiency-corrected ratio of,-p1 to ,-p0 candidates
in bins of p momentum. The values are fitted to a constant.
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to obtainn, and fit to a constant. The fit yields an overa
value n50.66960.037 ~Fig. 12!. Using this value and the
D* branching fractions shown in Table I, we obtaina
51.13660.090, where the error is statistical only.

The statistical error is dominated by the error inN0. This
is the first result from a partial reconstruction method th
uses thep0 from the decaysD* →Dp0 to obtain a rate for
the decaysB̄→D* ,2n̄, . While the corresponding recon
struction method using charged pions achieves significa
higher statistical power than that requiring full reconstructi
of a D meson, the method reported here achieves results
are statistically equivalent to those for full reconstruction
B2→D* 0,2n̄, , as can be seen by a comparison of the
sults shown in Table II. The lower statistical significan
results from high combinatorial backgrounds top0 in thegg
invariant mass distribution and the large contribution fro
B̄0→D* 1,2n̄, (D* 1→D1p0) that must be subtracted
Nonetheless, because this measurement is essentially
pendent of that obtained from the more fully reconstruc
decay, it contributes equally from the standpoint of statist

Systematic errors

The systematic uncertainty ina is due to the uncertainty
in determining the ration and uncertainties in theD*
branching fractions. The reconstructions,-p0 and ,-p1

have many features in common and therefore many sh
systematic errors which cancel at least partially in taking
ratio. The principal difference between the two is in the
construction of the pions.

We first discuss the uncertainties from lepton detect
and identification and background subtractions that are c
mon to both reconstructions. The uncertainty in the co
tinuum subtraction is obtained by changing the scaling fac
up and down by 3%. The uncertainty in the lepton fake pro
ability is 30%. The systematic uncertainty in the lepton ide
tification efficiency has been determined to be 2.5%@5#. The

TABLE I. Branching fractions ofD* →Dp.

MODE Branching fraction Reference

D* 1→D0p1 (67.660.8)% @13#

D* 1→D1p0 (30.760.7)% @13#

D* 0→D0p0 (61.962.9)% @2#
3-7
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systematic uncertainties from each of these sources are
mated by varying the affected quantity and observing
shift of the result. These errors cancel at least partially
taking the ration.

The estimation of uncorrelated background depends
accurate modeling of the peak/sideband ratio by MC simu
tion. The overallM̃n

2 distribution of the uncorrelated back
ground is dominated by phase space, i.e., a hard lepton
soft pion distributed isotropically will produce a distributio
similar to that shown. However, because this analysis
high statistical precision, we are somewhat sensitive to
finer details of the Monte CarloB decay generator. A simple
overall test of its reliability is the counting of wrong sig
(,6-p6) candidates, where no signal is expected. An ana
sis identical to that performed with right-sign,-p1 yields a
signal of 2916117, consistent with zero. The wrong-sig
distributions ofM̃n

2 in data and MC simulation are shown
Fig. 13. We take the absolute sum of the ‘‘signal’’ and sta
tical error,tu291u11175208, as an estimate of the system
atic uncertainty due to modeling. This is 3.3% of the num
of wrong-sign peak candidates after continuum and fake s
tractions, so we take 3.3% as the fractional uncertainty
the uncorrelated background in the right sign. This transla
to 1.9% of the net signal in,-p1. For the,-p0, the corre-
sponding uncertainty is 2.0% of the net signal. Althou
these two uncertainties are believed to be largely correla
and should cancel at least partially in taking the ratio,
conservatively take the error onn to be equal to the large
one, 2.0%.

TABLE II. Other CLEO measurements off 12 f 00/t1t0.

Mode *Ldt f12 f 00/t1t0

B→D* , n̄ @12# 1.55 fb21 1.1460.1460.13

B→cK (* ) @14# 9.2fb21 1.11360.06960.045

B→D* , n̄ ~this result! 2.73 fb21 1.13660.09060.143

FIG. 13. The distribution inM̃n
2 for wrong-sign,-p1 candi-

dates, data on resonance~solid histogram!, data off resonance
scaled~dotted!, and MC results normalized to data in the sideba
region1 scaled data off resonance~dash-dotted!.
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To estimate the uncertainty due to our lack of knowled
of theB semileptonic decays toD* p, we vary both the total
branching fraction and the mix of resonant and nonreson
contributions toD* p. The branching fraction, which we
took to be (1.8860.39)% for eachD* charge, averaged ove
B charges as explained earlier, is varied up and down by
amount of the error, holding fixed the relative contributio
of the different modes. We recorded excursions of 0.5%
0.3% for ,-p0 and ,-p1, respectively. We also allow eac
mode in turn to saturate the rate and take the maxim
excursion of the result as a systematic uncertainty. We t
obtain errors of 0.8%, 1.4%, and 1.0%, for,-p0, ,-p1, and
n.

The systematic uncertainty in tracking efficiency for slo
charged pions has been measured in a previous CLEO an
sis @12# to be 5%. The uncertainty in the efficiency ratio
slow neutral pions to slow charged pions was determined
be 7%. As the absolute efficiency for neutral pion reconstr
tion is determined by the charged pion efficiency and
ratio, the quadratic sum of their uncertainties gives the s
tematic uncertainty of 8.6%@12# in the neutral pion effi-
ciency.

To estimate the systematic error in the evaluation of fa
p0’s in ,-p0, we vary the fake scaling factor up and dow
by the amount of its statistical error and repeat the analy
We take the maximum excursion of 1.6% to be the syste
atic uncertainty from this source. We also repeat the anal
without excluding thegg mass region 0.014–0.015 GeV/c2

and find that this shifts the result by 0.7%. We add the t
numbers quadratically to get a systematic error in thep0 fit
of 1.7%.

We find the total systematic errors to be 9.4% for,-p0,
6.1% for ,-p1, and 7.6% forn. This results in an uncer
tainty of 10.9% ina, which is dominated by the uncertaint
in the ratio of neutral to charged pion reconstruction e
ciency. The uncertainty in this ratio is limited by data stat
tics and was determined with a 1.55 fb21 data set@12#. The
additional uncertainty from theD* branching fractions is
6.3%. All the systematic uncertainties are summarized
Table III.

V. RESULT

By measuring the ratio of partially reconstructedB
→D* ,n decays in the,-p1 and,-p0 channels as a func

TABLE III. Summary of systematic errors~%!.

Source ,-p0 ,-p1 n a

Continuum subtraction 0.2 0.2 0.2 0.
Fake leptons 0.5 0.5 0.5 0.7
Uncorrelated background 2.0 1.9 2.0 2
D** background 0.8 1.4 1.0 1.4
Fakep0 subtraction 1.7 2 1.7 2.4
p efficiency 8.6 5.0 7.0 10.0
Lepton identification efficiency 2.5 2.5 2 2

D* branching fraction 2 2 2 6.3

Total 9.4 6.1 7.6 12.6
3-8
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tion of pion momentum, we obtain a measurement of
ratio

f 12

f 00

t1

t0
51.13660.09060.143.

This result is in good agreement with published CLEO v
ues~Table II!. Note that the statistical power of this metho
is somewhat higher than that of Ref.@14# if the difference in
luminosity is taken into account. Using the ratio ofB1 and
B0 lifetimes from a recent world average@2#,

t1

t0
51.07460.028,

we obtain the ratio of the charged and neutralB meson pro-
duction at theY(4S) resonance:

f 12

f 00
51.05860.08460.11560.06760.028

where the first error is statistical, the second is systemati
n, the third is due to the uncertainty in theD* branching
fractions, and the fourth is due to the uncertainty in theB
lifetime ratio.

We now consider combining this result with others pu
lished by CLEO. The analysis of Ref.@12# uses the same
decay modes but additionally requires reconstruction of
D meson. It is statistically independent of this result but h
in common the dominant sources of systematic uncertai
the ratio of efficiencies forp0 and p1 reconstruction, and
the branching fractions forD* →Dp. Given the correlations
in systematics and the significantly lower statistical sign
cance, we choose not to combine with this result. The m
surement of Ref.@14# is completely independent in both st
tistical and systematic uncertainties. If we average it w
this result, weighting by the total errors calculated by tak
the quadratic sum of statistical and systematic errors,
obtain

f 12

f 00

t1

t0
51.11760.058460.0456
on

5
1/
s.
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where the errors are the averaged statistical and system
errors, respectively. From this value we obtain

f 12

f 00
51.04160.05460.04260.027

where the first error is statistical, the second is systema
and the third is due to the uncertainty in theB lifetime ratio.

We add the errors quadratically to obtain

f 12

f 00
51.04160.074.

VI. SUMMARY

We report the first use of a partial reconstruction meth
that uses thep0 from the decaysD* →Dp0 to reconstruct
B̄→D* ,2n̄, . This method is used, in combination with th
same method using a charged pion, to obtain

f 12

f 00

t1

t0
51.13660.09060.143.

This result is statistically independent of results obtained
other methods at theY(4S) resonance, and its statistica
power is found to be equivalent to them. Dividing by th
world average value oft1 /t0, we obtain

f 12

f 00
51.05860.08460.136.
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