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We present new measurements of branching fractions for the color-favored decaysB2→D0p2 and B̄0

→D1p2. Using 9.673106 BB̄ pairs collected with the CLEO detector, we obtain the branching fractions

B(B2→D0p2)5(49.761.262.962.2)31024 andB(B̄0→D1p2)5(26.861.262.461.2)31024. The first
error is statistical, the second is systematic, and the third is due to the experimental uncertainty on the
production ratio of charged and neutralB mesons inY(4S) decays. These results, together with the current

world average for the color-suppressed branching fractionB(B̄0→D0p0), are used to determine the cosine of
the strong phase differenced I between the I 51/2 and I 53/2 isospin amplitudes. We find cosdI

50.86320.02320.03520.030
10.02410.03610.038, and obtain a 90% confidence interval of 16.5°,d I,38.1°. This nonzero value ofd I

suggests the presence of final state interactions in theDp system.
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This paper presents the results of measurements of

branching fractions forB2→D0p2 andB̄0→D1p2 and the
extraction of the strong phase differenced I between theI
51/2 and I 53/2 isospin amplitudes in theDp system.
These decays are an excellent testing ground for the the
ical description of hadronicB-meson decays. Our unde
standing of these decays has improved considerably du
the past few years with the development and application
heavy quark effective theory~HQET! @1,2# and soft collinear
effective theory~SCET! @3#. Originating from the simple, bu
very effective, idea of color transparency@4#, the factoriza-
tion hypothesis has been put on a more solid basis, and in
case ofB̄→Dp, has been proven within the framework
SCET.

The recent observation@5,6# of the color-suppressedB̄0

→D0p0 decay1 completed the measurement of theDp final
states and was used to determine the cosine of the st
phase difference cosdI50.8960.08, a value which is consis
tent with 1. A value of cosdI inconsistent with 1 would signa
the presence of final-state interactions in theB̄→Dp process
@7,8#. In this paper, we present improved measurements
branching fractions for the color-favored decaysB2

→D0p2 and B̄0→D1p2 based on a larger data set th
that from which the previous results were obtained, as w
as a new evaluation of cosdI which takes into account th
correlations among the various contributions to the ove
systematic error.

This analysis usese1e2 annihilation data recorded with
the CLEO detector at the Cornell Electron Storage Ring. T
integrated luminosity of the data sample is 9.15 fb21 col-
lected on theY(4S) ~on-resonance!, corresponding to 9.67
3106BB̄ pairs, and 4.35 fb21 collected 60 MeV below the
BB̄ threshold~off-resonance!, which is used for background
studies. The results we present in this paper forB(B2

→D0p2) andB(B̄0→D1p2) supersede those in the CLE
publication, Ref.@9#, which were based on a 1.3 fb21 subset
of the data used in the present analysis. Data were reco
with two detector configurations, CLEO II@10# and CLEO
II.V @11#. Cylindrical drift chambers in a 1.5 T solenoid
magnetic field measure momentum and specific ioniza
(dE/dx) of charged particles. Photons are detected usin
CsI~Tl! crystal electromagnetic calorimeter, consisting o
barrel-shaped central part of 6144 crystals and 1656 crys
in the forward regions of the detector~endcaps!. In the
CLEO II.V configuration, the innermost tracking chamb
was replaced by a three-layer, double-sided silicon micro
tex detector, and the main drift chamber gas was chan
from argon-ethane to a helium-propane mixture.

In our analysis, we impose quality requirements
charged particle tracks and improve the purity of pions a
kaons used to reconstructD mesons by usingdE/dx infor-
mation if the particle momentum is less than 800 MeV/c.
The neutralD mesons are reconstructed using three de
modes: K2p1, K2p1p0 and K2p1p2p1. ChargedD

1Throughout this paper, charge conjugation is implied.
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mesons are similarly reconstructed via the modeK2p1p1.
In each case,D meson candidates are required to have a m
within 3s ~standard deviations! of the Particle Data Group
~PDG! D mass@12# before kinematic fitting. Resolutions fo
the variousD modes range from 6 to 12 MeV.

EachB meson candidate is reconstructed using the fo
momentum of the mass-constrainedD meson and an addi
tional charged track in the event~assumed to be a pion!.
Candidates are then identified using the beam-constra
massMB5AEbeam

2 2pB
2, whereEbeam denotes the beam en

ergy andpB the candidate momentum, and the energy diff
enceDE defined byDE[ED1Ep2Ebeam, whereED and
Ep are theD meson andp energies, respectively. Presele
tion of B candidates requiresMB.5.24 GeV/c2 andDE to
be between250 and 50 MeV. Additionally, we calculate th
sphericity vectors@13# of theB daughter particles and of th
rest of the event. We require the absolute value of the co
of the angle between these two vectors to be less than
The distribution of this angle is strongly peaked at61 for
continuum background and is nearly flat forBB̄ events. We
also require events to satisfyR2,0.45, whereR2 is the ratio
of the second to zeroth Fox-Wolfram moments of the ev
@14#. Finally, for events with more than oneB meson candi-
date, the candidate with the smallestuDEu is chosen.

To obtain event yields forB̄→Dp2 for eachD meson
decay mode, theMB distribution of candidates surviving th
above selection cuts is fit using a binned maximum like
hood fit. The function used is a Gaussian for the signal p
an empirical background function, f (MB)
5AMBA12(MB /Ebeam)

2 expa@12(MB /Ebeam)
2#, having a

fixed Ebeam55.29 GeV. All other parameters in both bac
ground and signal functions are allowed to float in the
The fittedMB distributions for each of theD meson decay
modes are presented in Fig. 1.

A small, non-negligible background from the decayB̄
→DK2 contributes to the yields obtained by the fit proc
dure described above. We have, therefore, simulated
background via Monte Carlo simulation to determine t
fraction of feed-through to theDp2 sample, and performed
a subtraction using the average of the two measurem
@15,16# of B(B2→D0K2)/B(B2→D0p2)50.07160.009
and the recent measurement@16# of B(B̄0→D1K2)/B(B̄0

→D1p2)50.06860.017. The amount ofDK feed-through
is found to be approximately (461)% of theDp yield. We
then reduce the event yields obtained in the fit to the data
this fraction.

Using efficiencies determined by applying the abo
method of analysis to samples of signal Monte Carlo eve
we obtain the branching fractions for the processes un
investigation from the event yields corrected for theDK
feed-through:

B~B̄→Dp!5
Corrected Yield

e3B~D→ f .s.!3N@Y~4S!#32 f
, ~1!

where f representsf 12 or f 00, the charged or neutralB
meson production ratios at theY(4S), as appropriate. The
1-2
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FIG. 1. FittedMB distributions for~a! B2→D0(K2p1)p2, ~b! B2→D0(K2p1p0)p2, ~c! B2→D0(K2p1p2p1)p2, and ~d! B̄0

→D1(K2p1p1)p2.
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corrected yields, efficiencies and final branching fraction
tained for eachD decay mode are shown in Table I. We ha
assumedf 125 f 0050.5.

The threeB̄→Dp decay branching fractions~the two
color-favored modes, which we report measurements fo
the present paper, as well as the color-suppressed modB̄0

→D0p0) form a complete set of branching fractions wi
which we may calculate cosdI , the cosine of the strong
phase angle difference between the two isospin amplitu
I 51/2 andI 53/2 that contribute to the decay process. T
expression for cosdI , following Ref. @7#, is
03110
-
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e

cosd I5
3G~D2p1!1G~D̄0p1!26G~D̄0p0!

4uA1/2A3/2u
, ~2!

where the isospin amplitudesA3/2 andA1/2 are given by

uA3/2u25G~D̄0p1!, and ~3!

uA1/2u25 3
2 @G~D2p1!1G~D̄0p0!#

2 1
2 G~D̄0p1!. ~4!
d to the
on

ded for
TABLE I. Results for the branching fractionsB(B2→D0p2) andB(B̄0→D1p2). Fit yields with errors
and efficiencies are obtained as described in the text. The errors given for the efficiencies correspon
Monte Carlo statistical errors for each mode. TheD mode branching fractions and the branching fracti
errors have been taken from the PDG@12#. The errors reported for the measuredB branching fraction are the
statistical errors only. The current PDG average values for the two branching fractions have been inclu
comparison.

B2→D0p2

D0 Decay Mode Yield Efficiency (%) D0 modeB(%) B(B2→D0p2)(31023)

K2p1 820631 45.460.3 3.8360.09 4.9060.18
K2p1p0 1200645 17.160.2 13.960.9 5.2060.19

K2p1p2p1 740633 20.960.3 7.4960.31 4.9160.22
PDG 5.360.5

B̄0→D1p2

D1 Decay Mode Yield Efficiency (%) D1 modeB(%) B(B̄0→D1p2)(31023)

K2p1p1 764633 32.860.4 9.060.6 2.6860.12
PDG 3.060.4
1-3
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FIG. 2. The error distributions for cosdI andd I obtained from the ensemble of 23106 Monte Carlo experiments described in the te
The shaded area in the cosdI plots is the61s window ~the 90% C.L. region in thed I plots!. The upper two plots show the distributions fo

~a! cosdI and~b! d I obtained using only the CLEO measurement ofB(B̄0→D0p0). The lower two plots are distributions for~c! cosdI and

~d! d I obtained using both CLEO and Belle measurements ofB(B̄0→D0p0).
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The calculation of cosdI in the Dp system takes into
account correlations of systematic errors between the
color-favored decay modesB2→D0p2 andB̄0→D1p2. It
also considers the fact that some of the systematic erro
the measurement ofB(B2→D0p2) using the threeD0 de-
cay modes are correlated. Further, apart from the errors
f 00 and f 12 ~which are anticorrelated!, we treat the errors
between the two color-favoredB̄→Dp modes and the color
suppressedB̄0→D0p0 mode as uncorrelated. This treatme
is justified since the systematic error on the color-suppres
mode is dominated by the background parametrization
fit uncertainties, whereas such contributions are not do
nant for the color-favored modes@5,6#.

We estimate the following systematic error contributio
to our results for these measurements: 1% per track for t
finding and fitting, 2% for the total number ofBB̄ pairs, 2%
per track for whichdE/dx is used, 2.5% for the cuts used
the analysis and 1% for theDK feed-through subtraction
Other systematic errors include 2% forp0 finding in the
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case of theD→K2p1p0 submode, 2.3%27% forD-meson
branching fractions, 223% for background parametrizatio
and fitting, and 0.7%22% for Monte Carlo statistics. The
experimental errors of 4.5% on the individual quantitiesf 12

and f 00 @17# are reported as a separate systematic error in
final result.

The overall systematic error for our measurement

B(B̄0→D1p2) is obtained by standard error propagation
the individual contributions. However, in order to extract t
correct overall systematic errors forB(B2→D0p2) and for
cosdI , we must take into account the correlation among
systematic error contributions for each of theD submodes.
To do this, we perform Monte Carlo experiments in whi
we vary the measured branching fractions by their vario
systematic errors. In each experiment and for each syst
atic error contribution, we generate multiplicative correcti
factors according to a Gaussian distribution. The combin
B2→D0p2 branching fraction and cosdI are then calculated
from the values which have been varied as described ab
1-4
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for each Monte Carlo experiment. From the complete
semble of 23106 Monte Carlo experiments, we obtain th
probability distribution functions and errors forB(B2

→D0p2) and cosdI , which are shown in Fig. 2.
We thus obtain the following final results for the colo

favored branching fractions.

B~B2→D0p2!5~49.761.262.962.2!31024,

B~B̄0→D1p2!5~26.861.262.461.2!31024.

In each measured quantity, the first error is statistical and
second is systematic. The third error is a separate system
error which corresponds to the experimental uncertainty
the production fraction of charged~or neutral, as appropriate!
B mesons inY(4S) decays.

Our results forB(B̄0→D1p2) and for B(B2→D0p2)
each reflect improvement with respect to the present P
average values@12#. Our result forB(B̄0→D1p2) may be
directly compared with the prediction of Ref.@1# for this
decay. Their prediction of 32.731024 is marginally consis-
tent with our result.

The largest contribution to the overall systematic error
our result forB(B̄0→D1p2) is the 6.6% relative systemati
error due to theD branching fraction. We therefore report th
following result which is independent of theD1

→K2p1p1 branching fraction:B(B̄0→D1p2)3B(D1

→K2p1p1)5(2.4160.1160.1560.11)31024.
Using the CLEO measurement@5# of the color-suppresse

branching fraction,B(B̄0→D0p0)52.7420.32
10.3660.5531024,

and the PDG~2002! ratio of B lifetimes, t(B1)/t(B0)
51.08360.017, we obtain

cosd I50.87760.03020.04420.031
10.04610.039.

The error distributions derived from the ensemble
Monte Carlo experiments for cosdI andd I are shown in Fig.
2. Integrating thed I distribution over the physical regio
ucosdIu<1, we obtain a 90% confidence interval:
,
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13.6°,d I,38.3°.

Our final results for cosdI andd I are based on the averag
of both measurements ofB(B̄0→D0p0)52.9260.45
31024 @5,6#. Using this average, we obtain

cosd I50.863020.02320.03520.030
10.02410.03610.038.

Similarly, we obtain our final result ford I , a 90% confi-
dence interval of

16.5°,d I,38.1°.

Using our results for B(B2→D0p2) and B(B̄0

→D1p2), we also calculate the ratio of theI 51/2 andI
53/2 isospin amplitudes,A1/2/A3/250.6960.0360.06
60.06. In the heavy quark limit,A1/2/A3/251.2 Corrections
to this areO(LQCD/mc), which is consistent with our result

In summary, we have measured the branching ratios
the color-favoredB̄→Dp decays, and used these measu
ments, together with the current average of measuremen
B(B̄0→D0p0), to determine the value of the cosine of th
strong phase differenced I in theDp system, and the ratio o
I 53/2 andI 51/2 isospin amplitudes. Our result for cosdI
differs from one by approximately 2.3s and thus suggest
the presence of final-state interactions inB̄→Dp decays.
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2The ratio given here is based on the formalism of Ref.@7#. It is
equivalent toA1/2/(A2A3/2) according to that of Ref.@8#.
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