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Charmless hadronic two-bodyB meson decays
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We report the results of a study of two-bodyB meson decays to the complete set ofKp, pp, andKK̄ final

states. The study is performed on a data sample of 31.760.3 million BB̄ events recorded on theY(4S)
resonance by the Belle experiment at KEKB. We observe significant signals in allKp final states and in the

p1p2 and p1p0 final states. We set limits on thep0p0 and KK̄ final states. A search is performed for
partial-rate asymmetries between conjugate states for flavor-specific final states.

DOI: 10.1103/PhysRevD.66.092002 PACS number~s!: 13.25.Hw, 11.30.Er, 12.15.Hh, 14.40.Nd
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I. INTRODUCTION

There exists a gold mine of weak and hadronic physic

two-body B meson decays to theKp, pp, and KK̄ final
states. Indeed, if one assumes unitarity of the quark mix
matrix @1#, these modes contain enough information to m
sure all angles of the unitarity triangle@2#. Methods to ex-
tract weak-sector physics from these decays are complic
by hadronic uncertainties. However, if enough final states
measured, we will have sufficient information to constra
the sizes of hadronic amplitudes and strong phases, a ne
sity in disentangling the unitarity angles from measureme
of flavor asymmetries and the relative size of the par
widths among these modes@3–10#.

We have previously reported measurements of, or lim
on, the branching fractions ofB mesons to theKp, pp, and

KK̄ final states excluding thep0p0 and K0K̄0 final states
@11# as well as a search for charge asymmetries in the fla
specificKp final states@12#, based on a data sample of 11

million BB̄ events. The results presented here include
previous data and supersede all previous results. Sim
studies have been performed by other experiments@13–20#.

*On leave from Nova Gorica Polytechnic, Slovenia.
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Here, we present measurements of, or limits on,
branching fractions ofB mesons to theKp, pp, and KK̄
final states including all combinations of charged and neu
kaons and pions. We refer to these final states collectivel
B→hh, including charge conjugate states unless explic
stated. For final states where the charge of the kaon or p
specifies the flavor of the parentB meson, known as flavor
specific final states, we present limits on the partial-r
asymmetries defined as

ACP~ f !5
N~B̄→ f̄ !2N~B→ f !

N~B̄→ f̄ !1N~B→ f !
,

whereB represents either aB0 or B1 meson,f represents a
flavor-specific final state, andB̄ and f̄ are their conjugates.

II. APPARATUS AND DATA SET

The analysis is based on data taken by the Belle dete
@21# at the KEKBe1e2 storage ring@22#. The data set con-
sists of 29.1 fb21 on theY(4S) resonance corresponding
31.760.3 million BB̄ events. An off-resonance data set
4.4 fb21 was taken 60 MeV below theY(4S) resonance to
perform systematic studies of the continuume1e2→qq̄
background whereq is either au, d, s, or c quark. The num-
2-2
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ber ofBB̄ events is determined by subtracting the numbe
events in the scaled off-resonance data set from the
resonance data set. The scale factor is derived from the
of on-resonance to off-resonance integrated luminosities,
is determined using Bhabha and dimuon events. KEKB c
lides 8 GeV electrons and 3.5 GeV positrons that are sto
in separate rings, producing anY(4S) system that is booste
by gb50.425 along the beam axis. In this analysis, all va
ables are calculated in the center-of-mass frame of the e
tron and positron beams unless explicitly stated.

The Belle detector is a general purpose magnetic sp
trometer with a 1.5 T axial magnetic field. Charged tracks
reconstructed using a 50 layer central drift chamber~CDC!
and a 3 layer double-sided Silicon vertex detector~SVD!.
Candidate electrons and photons are identified using an 8
crystal CsI(Tl ) calorimeter~ECL! inside the magnet. Muon
andKL

0 candidates are identified using resistive plate cha
bers embedded in the iron magnetic flux return~KLM !. Had-
ron and auxiliary lepton identification is provided by an arr
of 1188 Silica aerogel Cˇ erenkov threshold counters~ACC!
and a barrel of 128 time-of-flight~TOF! plastic scintillator
modules.

III. EVENT RECONSTRUCTION

Event triggers are based on fast signals from the CD
ECL, TOF, and KLM@21#. Hadronic events are selected u
ing event multiplicity and total energy variables@23#. For
signal events that pass allB→hh selection criteria, the trig-
gering and hadronic event selection efficiencies range f
99% for B0→h1h2 modes to 76% for theB0→p0p0 final
state.

Chargedp and K mesons are identified by their energ
loss (dE/dx) in the CDC and their Cˇ erenkov light yield in
the ACC. For each hypothesis (K or p), thedE/dx and ACC
probability density functions are combined to form like
hoods,LK andLp . K andp mesons are distinguished by
cut on the likelihood ratioLK /(LK1Lp). A similar likeli-
hood ratio including calorimeter information is used to ide
tify electrons. All charged tracks that have impact parame
within 5 cm along the beam axis and 0.1 cm in ther -f
plane, and are not positively identified as electrons, are c
sidered as kaon or pion candidates.

CandidateKS
0 mesons are reconstructed using pairs of

positely charged tracks that have an invariant mass in
range 480 MeV,m(p1p2),516 MeV @24#. The daughter
pions are required to have impact parameters in ther -f
plane greater than 0.02 cm and impact parameters along
beam axis within 2.4 cm of each other. TheKS

0 perpendicular
flight length is required to be greater than 0.22 cm and
reconstructedKS

0 momentum vector must be aligned with
30 mrad of the vector between the interaction point and
KS

0 decay vertex. The momentum ofKS
0 candidates passin

these requirements is re-determined with the kinematic c
straint that the two daughter pions originate from the sa
point.

Candidatep0 mesons are formed from pairs of photo
with an invariant mass in the range 114 MeV,m(gg)
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,150 MeV andEg(lab).70 MeV. Thep1p2 andgg mass
spectra are shown in Fig. 1 forB1→KS

0h1 andh1p0 can-
didates in the beam constrained mass sideband data sa
defined below.

Continuum background is reduced using event shape v
ables. We quantify the event topology with modified Fo
Wolfram moments@25# defined as

hl
so5(

i , j
pipj Pl~cosu i j !,

hl
oo5(

j ,k
pj pkPl~cosu jk!,

wherei enumeratesB signalcandidate particles (s particles!
andj andk enumerate theremainingparticles in the event (o
particles!; pi is the i th particle’s momentum, andPl(cosuij)
is the l th Legendre polynomial of the angleu i j between par-
ticles i and j. The hl

so terms contain information on the cor
relation between theB candidate direction and the directio
of the rest of the event. The oddhl

oo terms partially recon-
struct the kinematics of the otherB in the event while the
even terms quantify the sphericity of the other side of
event. We create a six-variable Fisher discriminant called
super Fox-Wolfram defined as

SFW5 (
l 52,4

a lS hl
so

h0
soD 1 (

l 5124
b lS hl

oo

h0
ooD ,

wherea l andb l are the Fisher coefficients.
TheSFWvariable is combined with theB flight direction

with respect to the beam axis, cosuB , to form a single like-
lihood

FIG. 1. Thep1p2 ~left! and gg ~right! mass spectra forB1

→KS
0h1 andh1p0 candidates in the beam constrained mass s

band data sample. Thep1p2 distribution is modeled as the sum o
two Gaussians for trueKS

0 candidates while the background is mo
eled as a second-order polynomial. The weighted average resol
of the two Gaussians is 3.4 MeV for theKS

0 mass peak. Thegg
distribution is modeled as the sum of a primary symmetric Gaus
and a secondary asymmetric Gaussian@24# for p0 candidates and a
second-order polynomial for background. The weighted aver
resolution of the two Gaussians is 8.9 MeV for thep0 mass peak. In
both distributions the solid curves are the sum of signal and ba
ground components while the dashed curve is the background c
ponent.
2-3
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LBB̄5L~SFW!BB̄3L~cosuB!BB̄

for signal and an equivalent product for continuum,Lqq̄ .
Continuum background is suppressed by cutting on the l
lihood ratio

LR5
LBB̄

LBB̄1Lqq̄

.

These variables are shown in Fig. 2. The signal probab
density functions~PDF! are derived from Monte Carlo~MC!
simulations; the continuum PDFs are taken from sideb
data discussed below. TheSFW PDFs are modeled as th
sum of a simple Gaussian and an asymmetric Gaussian@26#
for both signal and continuum; the cosuB PDF is modeled as
a second-order polynomial for signal and is flat for co
tinuum. We make separate requirements onLR for each
mode depending on the expected background determine
ing sideband data. As an example, Fig. 2 shows theB0

→K1p2 data sample before and after imposing theLR
.0.8 requirement.

Table I lists the reconstruction, particle identification, a
continuum suppression efficiencies for each final state@27#.
The reconstruction and continuum suppression efficien
are determined using aGEANT-based MC program@28#. The
error in the reconstruction efficiencies are determined by
bedding MC program generated particles into hadronic ev
data and comparing the efficiencies between the embed
events and the default MC and also by measuring the rela
yields ofD decays to various final states. The charged tra
p0, andKS

0 selection criteria efficiencies are tested by me
suring theD event yields before and after each cut is appli
Further comparisons are made between kinematic distr
tions of particles in sideband data~discussed below! and con-
tinuum MC events. Based on the results of these studies
assign a relative systematic error in the reconstruction e
ciencies of 2.5% for charged tracks, 6.3% forKS

0 mesons and
7.3% forp0 mesons. The relative systematic error associa
with the continuum suppression cut is 4% which is det
mined by taking the ratio ofB1→D0p1 yields in data after
and before continuum suppression is applied and compa
to the MC efficiency. TheB0→p0p0 final state includes an
additional relative systematic error of 10% to account
difficulties in triggering and hadronic event selection for th
mode.

A critical feature of the analysis is the measurement of
particle identification efficiency and fake rate. These are
termined using nearly pure samples ofK and p mesons
tagged using the continuumD* 1 decay chain D* 1

→D0p1, D0→K2p1. Figure 3 shows theK2p1 invariant
mass distributions before and after applying PID cuts.
tracks in the B→hh signal region of 2.4 GeV,p
,2.8 GeV~1.5 GeV,plab,4.5 GeV) theK efficiency and
fake rate areeK50.86 andf K50.086~true K fakesp); the
p efficiency and fake rate areep50.88 andf p50.071~true
p fakes K). The relative systematic errors are 2% in t
efficiencies and 4% in the fake rates. These errors are do
nated by uncertainties in sample purity. Figure 3 also sho
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B0→K1p2 and p1p2 MC events before and after apply
ing pion identification cuts on both tracks.

IV. B RECONSTRUCTION AND YIELD EXTRACTION

To reconstructB mesons we form two quantities: the e
ergy difference,DE5EB2Ebeam, and the beam constraine
mass, mbc5AEbeam

2 2pB
2, where Ebeam5As/255.29 GeV,

andEB andpB are the reconstructed energy and moment

FIG. 2. Continuum suppression variables: SFW~top left!, cosuB

~top right!, and the combined likelihood ratio~bottom left!. The
solid curves are the signal PDFs derived from MC. The das
curves are the continuum PDFs derived from sideband data.
open points are theB1→D0p1, D0→K2p1 data sample. The
solid points are off-resonance data. The bottom right distributio
the beam constrained mass distribution for theB0→K1p2 data
sample before and after requiring the likelihood ratio cutLR
.0.8.

TABLE I. Efficiencies to reconstruct theB→hh modes. Listed
are the efficiencies for reconstruction, particle identification, c
tinuum suppression, the final combined efficiencies, and produc
efficiency times intermediate branching fraction.

Mode Rec. PID qq̄ Final e3 B.F.

K1p2 0.73 0.76 0.55 0.31 0.31
p1p2 0.75 0.77 0.52 0.30 0.30
K1K2 0.71 0.74 0.38 0.20 0.20
K1p0 0.43 0.86 0.39 0.14 0.14
p1p0 0.46 0.88 0.39 0.16 0.16
K0p1 0.53 0.88 0.68 0.32 0.11
K0K1 0.51 0.86 0.38 0.17 0.06
K0p0 0.34 1 0.69 0.23 0.08
p0p0 0.31 1 0.41 0.13 0.13

K0K̄0 @27# 0.37 1 0.54 0.20 0.04
2-4
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of the B candidate in the center of mass frame. These
shown in Fig. 4 forB0(1)→K1p2(0) and p1p2(0) MC
events. Modes containingp0s have a tail extending into th
negativeDE region due to shower leakage out of the back
the calorimeter and photon interactions with the materia
front of the calorimeter. We calculate the energy of final st
charged particles using a pion mass assumption. This s
DE by 245 MeV for each charged kaon in the final sta
The signal yields are extracted by a binned maximu
likelihood fit to the DE distribution in the region 5.271
,mbc,5.289 GeV (mbc.5.270 GeV for modes containin
p0s) and2300 MeV,DE,500 MeV. The yields are veri-
fied by fittingmbc in theDE signal region. A sideband regio
of 5.2 GeV,mbc,5.26 GeV is used to study the continuu
background in theDE distribution, while a sideband of 15
MeV ,DE,500 MeV is used to study the continuum bac
ground in thembc distribution.

The DE fits include four components: signal, crossfe
from other misidentifiedB→hh decays, continuum back
ground, and backgrounds from multibody and radiat
charmlessB decays. These are shown in Fig. 4. The cro

FIG. 3. TheD* 1→D0p1, D0→K2p1 decay sample used t
determine the PID efficiencies and fake rates, shown in the top
The distribution on the left is theD mass distribution where the
kaon daughter is required to have a similar momentum and cu
distribution as the two-bodyB→hh decay daughters. The ope
histogram contains all candidates. The hatched histogram con
events where the kaon passes PID cuts. The solid histogram
tains events where the kaon is mis-identified as a pion. The di
bution on the right is the corresponding figure for the pion daugh
The bottom row shows the combinedB0→K1p2 andp1p2 MC
DE distribution assuming a 4:1K1p2:p1p2 production ratio.
The distribution on the left is before PID cuts are applied. In
distribution on the right, both tracks are required to be identified
pions. The solid histogram is the sum ofK1p2 and p1p2, the
dashed histogram is theK1p2 component, and the hatched hist
gram is thep1p2 component.
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feed component is shifted from the signal component by
MeV as described above. The charmlessB decay background
is dominated by events where theB meson decays to anhhp
final state such asrp or f 0(980)K where one pion is not
reconstructed. This shifts the charmlessB background by at
least the mass of the missing pion. We expect no ba
grounds fromb→c decays based on a large MC sample.

For charged particle final states, theDE signal is modeled
with a Gaussian. For modes containingp0s, the signal is
modeled as the sum of a primary Gaussian and a secon
asymmetric Gaussian@26#. The mean positions of the two ar
equal and the1DE s of the asymmetric Gaussian is con
strained to equal thes of the primary Gaussian. The cros
feed component has an equal shape, shifted by 45 MeV
each misidentified particle.

The Gaussians is 22 MeV for p1p2. The positives is
39 MeV for p1p0 while the average negatives is 78 MeV.
For p0p0, the corresponding values are 54 MeV and 1
MeV. The pion mass assignment to the kaon track increa
the K1p2(0) s by about 2 MeV. Thes for KS

0p1(0) is 3
MeV larger thanp1p2(0).

The widths of theDE signal distributions are determine
using inclusive high momentumD0→K2p1, K2p1p0,
andD1→KS

0p1 decays after requiring theD daughter par-
ticles to have a momentum range similar toB→hh candidate
particles. These distributions are shown in Fig. 5. Comp
sons between theD mass widths in MC events and data a

w.

ins
n-

ri-
r.

s

FIG. 4. Kinematic reconstruction variablesmbc ~left! and DE
~right! for B0→K1p2 andp1p2 MC ~top! andB1→K1p0 and
p1p0 MC ~bottom!. The solid histograms areB0(1)→p1p2(0)

MC. The dotted histograms are off-resonance data. The dashed
tograms are forB0(1)→K1p2(0) MC events, which are indistin-
guishable in thembc distribution but shifted by245 MeV in DE
due to pion mass assignment to the kaon track. The dot-da
histograms represent background from multibody charmlessB me-
son decays.
2-5
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used to scale theB→hh DE MC widths. This procedure is
also used to determine the ratio of primary to second
Gaussians for modes containingp0s.

The peak positions of theDE signal and background
Gaussians can be shifted from their nominal values by er
in the beam energy and the momentum scale. The beam
ergy is determined using the peak position of thembc distri-
bution for theB1→D0p1, D0→K2p1 data sample shown
in Fig. 6. The momentum scale is verified using the pe
positions of the inclusiveD mass signals as discussed abo
as well as the peak position of theB1→D0p1 DE distribu-
tion also shown in Fig. 6.

The continuum background is modeled with a seco
order polynomial with coefficients determined from sideba
data. Figure 7 demonstrates the validity of this method
comparing the continuumDE background shape in on
resonancembc sideband data to the shape in thembc signal
region in the off-resonance data sample. Backgrounds f
charmlessB decays are modeled by a smoothed MC his
gram.

For all final states exceptK1p0 andp1p0, the normal-
izations of the four components are the only free parame
in the fits. The significance of the signal yield above ba
ground is determined by refitting theDE distribution without
a signal component and comparing the maximum likeliho
of the two fits. Due to the large overlap of the signal a
crossfeed components in theK1p0 and p1p0 signals, we
perform a simultaneous fit to theK1p0 andp1p0 DE dis-
tributions constraining the crossfeed to the expected va
based on the PID fake rates.

The mbc distribution provides no discrimination amon
the threeB decay components. The sum of the three com

FIG. 5. Mass spectra for inclusiveD0→K2p1 ~top left!, D1

→KS
0p1 ~top right!, and D0→K2p1p0 ~bottom! used to deter-

mineDE fit parameters. In each case, momentum cuts are place
the D daughter particles to simulate the momentum ofB daughter
particles.
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nents is modeled with the same functional form as theDE
signal shapes discussed above withs values on the order o
2.7 MeV. We parametrize the continuum background with
function that behaves like phase space near the endpoint~the
ARGUS shape@29#!.

V. RESULTS

Figures 8, 9, and 10 show theDE and mbc distributions
for the Kp, pp and KK̄ final states, respectively. TheDE
signal yields and the significance above background
listed in Table II@30#. Using these results and the efficienci
listed in Table I, we derive the branching fractions listed
Table II based on the data sample of 31.7 millionBB̄ events
@31#. In all cases, thembc fits give consistent results. Th
systematic error in the fitting procedure is determined
varying the parameters of the fitting functions within the
errors and measuring the change in the signal yield. T
deviations from the nominal yields are typically 1 to
events. These deviations, along with the error in the effici
cies andN(BB̄) (1%) areadded in quadrature to give th
systematic error in the branching fractions. For modes w
significance below 3s @32#, we report 90% confidence leve

on

FIG. 6. TheB1→D0p1, D0→K2p1 data sample used to de
terminembc ~left! andDE ~right! fit parameters. TheDE distribu-
tion contains backgrounds fromB0→D0p1p2.

FIG. 7. TheDE distribution forB1→KS
0p1 candidates inmbc

sideband data~dashed-histogram! compared to the same distribu
tion in thembc signal window for off-resonance data~black circles!.
The solid curve is a second-order polynomial used to parame
the shape.
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CHARMLESS HADRONIC TWO-BODYB MESON DECAYS PHYSICAL REVIEW D66, 092002 ~2002!
upper limits@33# calculated with the efficiency andN(BB̄)
reduced by their systematic errors.

For theK1p0/p1p0 simultaneous fit, we refit the distri
butions after removing the constraints. The central value
the signal yields differ by at most 2.3 events. These de
tions are also included in the systematic error.

The effects of backgrounds from charmlessB decays can
be demonstrated by refitting theDE distributions in the re-
gion DE.2130 MeV without a charmlessB background
component. For modes withp0s in the final state, the yield
deviate by as much as 12%, clearly indicating the need
these components in the fit. There is almost no deviation
the yields of final states that do not include ap0. In each fit,
the measured charmlessB background yield agrees with th
expected values based on independent measuremen
these modes. However, the errors on the fitted yields and
expected values are both large.

In Table III, we list ratios of partial widths among theKp
andpp modes@31#. The correlations between the numera
and denominator are included in the systematic error ca
lation. The systematic error includes a 2.5% fractional er
from the ratio of charged to neutralB meson lifetimes where
we have usedt1/t051.09160.027@34# to convert the ratio
of branching fractions to the ratio of partial widths.

We measure partial-rate asymmetries in all measu
flavor-specific modes. TheDE distributions are shown sepa
rately for B̄ andB modes for theK7p6, K6p0, andp7p0

final states in Fig. 11. Figure 12 shows the correspond
distributions for theKS

0p7 final states. The fitting results an
partial-rate asymmetries are listed in Table IV. Here,
90% confidence intervals assume Gaussian statistics an
expanded linearly by the systematic error. The system
errors are dominated by fitting systematics but also includ
1% contribution, added in quadrature, to account for p
sible detector-based asymmetries, as discussed below. I
K7p6 final states, the asymmetry is corrected by a dilut
factor of 0.98460.001, due to double misidentification o
K1p2 asK2p1.

Four samples are used to verify the symmetric perf
mance of the Belle detector for high momentum particles.
inclusive sample of tracks in the two-body decay moment
bin 2.4 GeV,p,2.85 GeV is used for tracking efficienc
tests before and after PID cuts are applied. Events inmbc
sideband data further test the reconstruction efficiency al
with the continuum suppression cut efficiency. We also ch
the difference between inclusive high momentumD0(1)

→K2p1, KS
0p1, and K2p1p0 decays and their charg

conjugates that test for asymmetries in the detector res
tion. The entire reconstruction procedure is applied to
B→Dp7; D→K7p6, KS

0p7, andK7p6p0 data samples
The results are listed in Table V. The inclusive track sam
yields an asymmetry in the track reconstruction efficiency
„N(h2)2N(h1)…/„N(h2)1N(h1)…5 (23.660.3)31023.
Considering the statistical precision of the current data
we ignore this very small asymmetry. We also see a 1.8 M
shift between the inclusiveD2→KS

0p2 and D1→KS
0p1

mass peaks indicating an approximate 0.1% momen
scale difference between positive and negative tracks. T
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shift has been taken into account when determining the e
in the peak position of theDE distributions for modes with
odd numbers of tracks in the final state. Furthermore,
shown in the Table V, the shift does not result in an asy
metry between the efficiency to reconstruct the two flavo

FIG. 8. TheDE ~left! andmbc ~right! fits to theB→Kp event
samples. The sum of the signal and background functions is sh
as a solid curve. For theDE distributions, the dashed curve repr
sents the signal component, the dotted curve represents the
tinuum background, and the hatched histogram represents
charmlessB background component. For theK1p2 and K1p0

distributions, the crossfeed components fromp1p2 andp1p0 are
shown by dot-dashed curves centered 45 MeV above the si
components. For thembc distributions, the continuum backgroun
is represented by the dotted curve while the sum of signal, cha
less B background, and crossfeed components is shown by
dashed curve.
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All other mass and width parameters are consistent wi
the errors between the two flavors for the threeD decay
channels. Figure 13 shows the samples most relevant to
B7→KS

0p7 final states. With the exception of the inclusiv
track sample, all are consistent with zero asymmetry wit
the error and we conclude that detector based asymme
are below 1%.

VI. DISCUSSION AND CONCLUSIONS

We have presented measurements of the branching
tions of all B→Kp final states and theB→p1p2 and
p1p0 final states. We see no significant evidence for
decaysB0→p0p0 or B→KK̄ and set 90% confidence leve
upper limits on their branching fractions. Furthermore,

FIG. 9. TheDE ~left! andmbc ~right! fits to theB→pp event
samples. The sum of the signal and background functions is sh
as a solid curve. For theDE distributions, the dashed curve repr
sents the signal component, the dotted curve represents the
tinuum background, and the hatched histogram represents
charmlessB background component. For thep1p2 and p1p0

distributions, the crossfeed components fromK1p2 andK1p0 are
shown by dot-dashed curves centered 45 MeV below the si
components. For thembc distributions, the continuum backgroun
is represented by the dotted curve while the sum of signal, cha
less B background, and crossfeed components is shown by
dashed curve.
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see no clear evidence for partial-rate asymmetries betw
the B̄ andB decay amplitudes in these modes.

The partial-rate asymmetry betweenB2→K0p2 and
B1→K0p1 of 0.4660.1560.02 has a nonzero significanc
of 2.9s. Since this is below 3s, we defer claiming evidence
n

on-
he

al

-
e

FIG. 10. TheDE fits to theB→KK̄ event samples. The sum o
the signal and background functions is shown as a solid curve;
dotted curve represents the continuum background. In theB0

→K1K2 distribution, the dot dashed curve represents theK1p2

crossfeed. In theB1→KS
0K1 distribution, the hatched histogram

represents the charmlessB background. In theB0→KS
0KS

0 distribu-
tion, the dashed curve represents the signal component.

TABLE II. Signal yields, significance above background, a
branching fractions forB→hh modes assuming equal productio
fractions for neutral and chargedB meson pairs. We report 90%

confidence level upper limits for theB0→p0p0 and B→KK̄ de-
cays.

Yield Sig. B.F. (31025)

K1p2 217.6217.9
118.6 16.4 2.2560.1960.18

K1p0 58.5210.7
111.3 6.4 1.3020.24

10.2560.13

K0p1 66.7210.1
110.8 7.6 1.9420.30

10.3160.16

K0p0 19.827.6
18.3 2.8 0.8020.31

10.3360.16

p1p2 51.0210.9
111.6 5.4 0.5460.1260.05

p1p0 36.7210.8
111.5 3.5 0.7420.22

10.2360.09

p0p0 12.525.5
16.2 2.4 ,0.64

K1K2 020
13.2 0 ,0.09

K0K1 020
12.0 0 ,0.20

K0K̄0 0.920.9
12.9 0 ,0.41
2-8
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for an asymmetry until a larger data sample is collected.
The partial width ratios G(p1p2)/G(K1p2) and

G(p1p2)/2G(p1p0) are significantly below 1. This could
be an indication of large destructive interference betw

FIG. 11. TheDE distributions forB̄ ~left! andB ~right! candi-
date decays to flavor-specific final states. The sum of the signal
background functions is shown as a solid curve. The dashed c
represents the signal component, the dotted curve represent
continuum background, and the hatched histogram represent
charmlessB background component. The crossfeed components
shown by dot-dashed curves centered 45 MeV from the signal c
ponents.

TABLE III. Ratios of partial widths among the variousB
→Kp andpp final states assuming equal production fractions
neutral and chargedB meson pairs. The ratios of branching fra
tions are converted to ratios of partial widths usingt1/t051.091
60.027@34#.

G2 /G1

p1p2/K1p2 0.2420.05
10.0660.02

2K1p0/K0p1 1.3460.33 20.14
10.15

K1p2/K0p1 1.2720.23
10.2260.10

K1p2/2K0p0 1.4120.60
10.56

20.27
10.28

p1p2/2p1p0 0.4060.1560.05
p0p0/p1p0 ,0.83 (90% C.L.)
09200
n

tree and penguin amplitudes for theB0→p1p2 decay al-
though theoretical uncertainties pertaining to the relat
sizes of the interfering amplitudes are still large@4–6#. We
note that a more statistically significant examination of t
ratios of neutral to charged partial widths such
G(K1p2)/G(K0p1), will require an improved measure
ment of the charged to neutralB meson pair production ratio
at theY(4S). This ratio is currently only known to 7%@35#.

Knowledge of the branching fraction forB0→p0p0 is
required for an isospin analysis ofB→pp decays and for
the extraction of theCP violation parameter sin 2f2 @10#.
With the present data set we set a limit ofB(B0→p0p0)

nd
ve
the
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FIG. 12. Distributions forB7→KS
0p7. The top row contains

DE distribution for B̄ ~left! and B ~right! candidates. The corre
spondingmbc distributions are shown in the bottom row. The su
of the signal and background functions is shown as a solid cu
The dashed curve represents the signal component, the dotted
represents the continuum background, and the hatched histo
represents the charmlessB background component.

r

TABLE IV. Partial-rate asymmetries. Listed are the number
signal events for each final state, theACP values with errors, and
their 90% confidence intervals, listed on the following line. In t
K7p6 final states, the asymmetry is corrected for the dilution d
to double misidentification.

Mode N(B̄) N(B) ACP (90% C.L.!

K7p6 102.8612.6 115.0613.3 20.0660.0920.02
10.01

20.21 : 0.09
K7p0 28.767.8 30.167.7 20.0260.1960.02

20.35: 0.30
KS

0p7 49.568.4 18.666.3 0.4660.1560.02
0.19 : 0.72

p7p0 24.268.4 13.067.3 0.3060.3020.04
10.06

20.23: 0.86
2-9
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CASEY et al. PHYSICAL REVIEW D 66, 092002 ~2002!
,6.431026 at the 90% confidence level. If the excess
;13 events is indeed due toB0→p0p0 events, the corre-
sponding branching fraction would beB(B0→p0p0)5(3.2
61.560.7)31026.
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0p7 ACP measure-

ment. The top row contains theDE distributions forB2→D̄0p2,
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the KS
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