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We present new measurements of branching fractions for the color-favored dgcay®°x~ and BO
—D*%#". Using 9.6 1¢° BB pairs collected with the CLEO detector, we obtain the branching fractions
B(B~—D%r")=(49.7+1.2+2.9+2.2)x 10 * andB(B*—~D* 7~) = (26.8+ 1.2+ 2.4+ 1.2)x 10_*. 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 neutBmesons inY (4S) decays. These results, together with the current
world average for the color-suppressed branching fradﬂCEPHDOTrO), are used to determine the cosine of
the strong phase differencé, between thel=1/2 and |=3/2 isospin amplitudes. We find cés
=0.863 5553 0 552 0055 and obtain a 90% confidence interval of 16:5%<38.1°. This nonzero value af,
suggests the presence of final state interactions ibthesystem.
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This paper presents the results of measurements of theesons are similarly reconstructed via the méder™ 7.
branching fractions foB~—D%#~ andB°—~D* 7~ and the In each case) meson candidates are required to have a mass
extraction of the strong phase differende between the within 3o (standard deviationsof the Particle Data Group
—1/2 and 1=3/2 isospin amplitudes in th® = system. (PDG) D masg[12] before kinematic fitting. Resolutions for
These decays are an excellent testing ground for the theordfl€ variousD modes range from 6 to 12 MeV.

ical description of hadroni®-meson decays. Our under- EachB meson candidate is reconstructed using the four-

. , . . momentum of the mass-constrainBdmeson and an addi-
standing of these decays has improved considerably durlnEonal charged track in the everiassumed to be a pipn

Lheea\?;ztuzvﬁlg;:é;vvglm;2&%;%0[2%62;gnsif?zgllllfr?;:rn %tandidates are then identified using the beam-constrained
effective theory(SCET) [3]. Originating from the simple, but massM(sz VtEbeam_g.*é’ ;NhereEbeatm denotg,'?hthe beamd(_ef?-
very effective, idea of color transparenf], the factoriza- ergy ZnE de f € gatr: 'Agj gof]sn_ug' an he enéargy cli er-
tion hypothesis has been put on a more solid basis, and in t ce elinéd DyAE=Ep T Ex~ Epeam WNEre€tp an

» are theD meson andr energies, respectively. Preselec-

case ofB—D, has been proven within the framework of ;" ¢ B andidates requiresl >5.24 GeVE? and AE to

SCET. . _ be between-50 and 50 MeV. Additionally, we calculate the
The recent observatiof§,6] of the color-suppresseB®  sphericity vector§13] of the B daughter particles and of the

—D%° decay completed the measurement of fer final  rest of the event. We require the absolute value of the cosine

states and was used to determine the cosine of the strorg the angle between these two vectors to be less than 0.8.

phase difference ca$=0.89*+0.08, a value which is consis- The distribution of this angle is strongly peaked-at for

tent with 1. A value of cog; inconsistent with 1 would signal = . sinuum background and is nearly flat BB events. We

the presence of final-state interactions ine D 7 process  g|so require events to satisR,<0.45, whereR, is the ratio

[7.8]. In this paper, we present improved measurements ojf the second to zeroth Fox-Wolfram moments of the event

branching fractions for the color-favored decay®™  [14]. Finally, for events with more than ormeson candi-

—D% andB°—~D"#~ based on a larger data set than date, the candidate with the small¢AE| is chosen.

that from which the previous results were obtained, as well Tg obtain event yields foB— D~ for eachD meson

as a new evaluation of cdp which takes into account the decay mode, thél distribution of candidates surviving the

correlations among the various contributions to the overalhpove selection cuts is fit using a binned maximum likeli-

systematic error. hood fit. The function used is a Gaussian for the signal plus
This analysis usee™e™ annihilation data recorded with gp empirical background function, f(Msg)

the CLEO detector at the Cornell Electron Storage Ring. The:AMB\/meXpa[l_(MB/Ebean)z]r having a

integrated luminosity of the data sample is 9_.15]ﬂ:r;ol- fixed Epeqr="5.29 GeV. All other parameters in both back-

lected on theY (4S) (on-resonande corresponding t0 9.67  ground and signal functions are allowed to float in the fit.

X 10°BB pairs, and 4.35 fb* collected 60 MeV below the The fitted My distributions for each of th® meson decay

BB threshold(off-resonancg which is used for background modes are presented in Fig. 1. -
studies. The results we present in this paper B{B~ A small, non-negligible background from the decBy
—D% ") andB(B°—D* ") supersede those in the CLEO — DK™ contributes to the yields obtained by the fit proce-
publication, Ref[9], which were based on a 1.3 thsubset dure described above. We have, therefore, simulated this
of the data used in the present analysis. Data were recorddickground via Monte Carlo simulation to determine the
with two detector configurations, CLEO [IL0] and CLEO fraction of feed-through to thB 7~ sample, and performed
IV [11]. Cylindrical drift chambers in a 1.5 T solenoidal @ subtraction using the average of the two measurements
magnetic field measure momentum and specific ionizatioh15,16 of B(B™—D°K~)/B(B~—D°7)=0.071+0.009
(dE/dx) of charged particles. Photons are detected using and the recent measuremdi$] of B(B°—D "K™)/B(B°
CsI(Tl) crystal electromagnetic calorimeter, consisting of a—D* 77)=0.068+0.017. The amount dDK feed-through
barrel-shaped central part of 6144 crystals and 1656 crystals found to be approximately (41)% of theD = yield. We
in the forward regions of the detectgendcaps In the then reduce the event yields obtained in the fit to the data by
CLEO 1.V configuration, the innermost tracking chamber this fraction.
was replaced by a three-layer, double-sided silicon microver- Using efficiencies determined by applying the above
tex detector, and the main drift chamber gas was changeghethod of analysis to samples of signal Monte Carlo events,
from argon-ethane to a helium-propane mixture. we obtain the branching fractions for the processes under
In our analysis, we impose quality requirements oninvestigation from the event yields corrected for theé&
charged particle tracks and improve the purity of pions andeed-through:
kaons used to reconstrubt mesons by usinglE/dx infor-
mation if the particle momentum is less tha}n 800 MeV/ B Corrected Yield
The neutralD mesons are reconstructed using three decay  B(B—Dr)= ,
modes:K™ 7%, K 7" #® and K- 7" 7~ #*. ChargedD eXB(D—f.s.)XN[Y(45)]x2f

@

where f representsf, _ or fy, the charged or neutré®
Throughout this paper, charge conjugation is implied. meson production ratios at tRé(4S), as appropriate. The
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FIG. 1. FittedMg distributions for(@) B~ —D%K #*)7~, (b) B-—=D%K 7" 7% 7", (c) B —=DYK ' m =*)m, and(d) B°
DK 7 a7

corrected yields, efficiencies and final branching fraction ob- 30D~ w*)+T(D%r+)—6T(D°#°)

tained for eactD decay mode are shown in Table I. We have COSo, = A A ,
assumed ;. _=fy=0.5. | Ay2Asz2]

The threeB—D decay branching fractiongthe two . . . .
color-favored modes, which we report measurements for jy/here the isospin amplitudess, and Ay, are given by

the present paper, as well as the color-suppressed Bdde

2

— +
—D%70% form a complete set of branching fractions with | A *=T'(D°n"),  and 3
which we may calculate ca%, the cosine of the strong o
phase angle difference between the two isospin amplitudes | A1?= 3 [I'(D”7*)+T(D°70)]
| =1/2 andl =3/2 that contribute to the decay process. The o
expression for co§,, following Ref.[7], is —1r(D%"). (4)

TABLE I. Results for the branching fractiol¥B~— D%z ") and B(B°—D "« ). Fit yields with errors
and efficiencies are obtained as described in the text. The errors given for the efficiencies correspond to the
Monte Carlo statistical errors for each mode. Tenode branching fractions and the branching fraction
errors have been taken from the PIDIZ]. The errors reported for the measuigbranching fraction are the
statistical errors only. The current PDG average values for the two branching fractions have been included for

comparison.
B~ —D%"
D° Decay Mode Yield Efficiency (%) D° modeB(%) B(B~—D%)(x1073)
K 7" 820+ 31 45.4-0.3 3.83£0.09 4.90:0.18
Kot 1200+45 17.10.2 13.9:0.9 5.20£0.19
K ata w* 740+ 33 20.9+0.3 7.49-0.31 4,91 0.22
PDG 5.3t0.5
B—D*m
D* Decay Mode Yield Efficiency (%) D" modeB(%) B(B°—D* 7 )(x1073)
K ata?t 764+ 33 32.8£0.4 9.0-0.6 2.68-0.12
PDG 3.0:04
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FIG. 2. The error distributions for ca% and 5, obtained from the ensemble 0&2L.0° Monte Carlo experiments described in the text.
The shaded area in the coplots is the* 1o window (the 90% C.L. region in thé, plots). The upper two plots show the distributions for
(a) cosg and(b) 6, obtained using only the CLEO measuremenBo§°—>D°7r°). The lower two plots are distributions féc) coss, and
(d) 5, obtained using both CLEO and Belle measurement8(&°— D%#°).

The calculation of cog in the D7 system takes into case of thdd—K ™~ 7" 7% submode, 2.3% 7% for D-meson
account correlations of systematic errors_between the tWBranching fractions, 2 3% for background parametrization
color-favored decay modé™ —D°7~ andB°—D* 7. It and fitting, and 0.7% 2% for Monte Carlo statistics. The
also considers the fact that some of the systematic errors i8xperimental errors of 4.5% on the individual quantities

- 0,_.— : 0 . .
the measurement df(B- —D"# ") using the thre®" de-  andf,[17] are reported as a separate systematic error in our
cay modes are correlated. Further, apart from the errors off,5/ result.
foo and f, _ (which are anticorrelatgdwe treat the erors  the oyerall systematic error for our measurement of
between the two color-favordgl— D 7= modes and the color- B(§OHD+7T_) is obtained by standard error propagation of

suppresse®’— D mode as uncorrelated. This treatment the individual contributions. However, in order to extract the
is justified since the systematic error on the color-suppresseghrrect overall systematic errors f5(B~— D% ") and for
mode is dominated by the background parametrization angoss, | we must take into account the correlation among the
nant for the color-favored mod¢5s.,6]. ~ To do this, we perform Monte Carlo experiments in which
We estimate the following systematic error contributionsye vary the measured branching fractions by their various
to our results for these measurements: 1% per track for tra‘%‘ystematic errors. In each experiment and for each system-
finding and fitting, 2% for the total number BB pairs, 2%  atic error contribution, we generate multiplicative correction
per track for whichd E/dx is used, 2.5% for the cuts used in factors according to a Gaussian distribution. The combined
the analysis and 1% for thBK feed-through subtraction. B~ — D%~ branching fraction and ca% are then calculated
Other systematic errors include 2% far® finding in the  from the values which have been varied as described above
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for each Monte Carlo experiment. From the complete en-

semble of 2 10° Monte Carlo experiments, we obtain the

probability distribution functions and errors foB(B~ Our final results for cog, and 8, are based on the average

—D% ") and cosy, which are shown in Fig. 2. of both measurements of3(B°—D%#r%) =2.92+0.45
We thus obtain the following final results for the color- x 104 [5,6]. Using this average, we obtain

favored branching fractions.

13.6°<,<38.3°.

— 0.024+0.036+0.038
B(B™ D% )=(49.7+1.2+2.9+2.2 X 10*, €085 =0.8630.0.525"0 035" 0 030
Similarly, we obtain our final result fob,, a 90% confi-

B(B° D" 7 )=(26.8+1.2+2.4+1.2)x 104, dence interval of

In each measured quantity, the first error is statistical and the
second is systematic. The third error is a separate systematic
error which corresponds to the experimental uncertainty of Using our results for B(B~—D% ) and B(§°

the production fraction of chargédr neutral, as appropriate D" ), we also calculate the ratio of tHe=1/2 and|

B mesons inY (45) decays. =3/2 isospin amplitudes, A,/ Ag,=0.69+0.03+0.06

Our results forB(B°~D*7~) and for B(B~—D%r")  +0.06. In the heavy quark limitd,,/ Az,= 1.2 Corrections
each reflect improvement with respect to the present PDGo this areO(A ocp/m,), which is consistent with our result.
average valuef12]. Our result forB(B°—D " 7~) may be In summary, we have measured the branching ratios for
directly compared with the prediction of Reffl] for this  the color-favoredB— D= decays, and used these measure-
decay. Their prediction of 322710 is marginally consis- ments, together with the current average of measurements of

tent with our result. _ . B(B"—D%7?%), to determine the value of the cosine of the

The largest g)ntrlbutlon to the overall systematic error Nstrong phase differencg in the D system, and the ratio of
our result for3(B"—D " 7”) is the 6.6% relative systematic |=3/2 andl =1/2 isospin amplitudes. Our result for cs
error due to thé® branching fraction. We therefore report the differs from one by approximate|y 203and thus suggests
following  result which is independent of theD™ o presence of final-state interactionsBin-D 7 decays.
—K~#*x#" branching fraction: B(B®—D* 7 )xB(D™"
—K 7" 7")=(2.41-0.11+0.15+-0.11)x 10" *. We thank Jonathan Rosner and Matthias Neubert for use-

Using the CLEO measuremdri] of the color-suppressed ful discussions. We gratefully acknowledge the efforts of the
branching fractionB(BOHDowo):2.74_*8;§gr 0.55x 1074, CES.R staff in providing us with excellent luminosity and
and the PD@&O002 ratio of B lifetimes, 7(B*)/7(B°) running conditions. M. Selen thank§ the PFF program of the
—1.083+0.017. we obtain NSF and the Research Corporation, and A.H. Mahmood
’ thanks the Texas Advanced Research Program. This work
was supported by the National Science Foundation, and the
U.S. Department of Energy.

The error distributions derived from the ensemble of
Monte Carlo experiments for cdsand 8, are shown in Fig.
2. Integrating thed, distribution over the physical region

16.5°<,<38.1°.

cos5=0877+0 030 ST 318

2The ratio given here is based on the formalism of ReF. It is

|cosé|<1, we obtain a 90% confidence interval:

equivalent taA,,,/(y2.A4,,) according to that of Ref8].
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