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Charmless hadronic two-bodyB meson decays
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We report the results of a study of two-boBymeson decays to the complete seKaf, 7, andKK final
states. The study is performed on a data sample of230.3 million BB events recorded on th¥(4S)
resonance by the Belle experiment at KEKB. We observe significant signalsknrafinal states and in the
7" 7 and 7 #° final states. We set limits on the®#° and KK final states. A search is performed for
partial-rate asymmetries between conjugate states for flavor-specific final states.
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I. INTRODUCTION Here, we present measurements of, or limits on, the

There exists a gold mine of weak and hadronic physics irf)ranching fractions 0B mesons to th&z, mm, andKK
— . inal states including all combinations of charged and neutral
two-body B meson decays to th&#, 77, and KK final

kaons and pions. We refer to these final states collectively as

states. Indeed, if one assumes unitarity _of the q_uark mixin%ﬁhh, including charge conjugate states unless explicitly
matrix [1], these modes contain enough information to meagyateq. For final states where the charge of the kaon or pion

sure all angles of the unitarity triang[@]. Methods to ex-  specifies the flavor of the pareBtmeson, known as flavor-
tract weak-sector physics from these decays are complicateghecific final states, we present limits on the partial-rate
by hadronic uncertainties. However, if enough final states argsymmetries defined as
measured, we will have sufficient information to constrain
the sizes of hadronic amplitudes and strong phases, a neces- N(B—f)—N(B—f)
sity in disentangling the unitarity angles from measurements Acp(f)= N(B. f—)+ N(Bf)’
of flavor asymmetries and the relative size of the partial (B— (B—
widths among these modg3-10].

We have previously reported measurements of, or limit
on, the branching fractions & mesons to th& s, =, and

KK final states excluding ther®7° and K°K° final states

[11] as well as a search for charge asymmetries in the flavor-

specificK 7 final state§12], based on a data sample of 11.1  The analysis is based on data taken by the Belle detector

million BB events. The results presented here include thé21l at the KEKFe*e storage rind22]. The data set con-

previous data and supersede all previous results. SimilanSts Of 29.1fb™ on theY (4S) resonance corresponding to

studies have been performed by other experimgts-20. 31.7+0.3 million BB events. An off-resonance data set of
4.4 fo ! was taken 60 MeV below th¥ (4S) resonance to
perform systematic studies of the continuwetie” —qq

*On leave from Nova Gorica Polytechnic, Slovenia. background wherg is either au, d, s, or c quark. The num-

whereB represents either B or B* meson f represents a
%Iavor-specific final state, an andf are their conjugates.

Il. APPARATUS AND DATA SET
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ber of BB events is determined by subtracting the number of '*°%® ‘ 12000 T

events in the scaled off-resonance data set from the on
resonance data set. The scale factor is derived from the ratis. go00[ 1 8000
of on-resonance to off-resonance integrated luminosities, an&
is determined using Bhabha and dimuon events. KEKB col-Z
lides 8 GeV electrons and 3.5 GeV positrons that are storec§4ooo
in separate rings, producing a(4S) system that is boosted &
by yB8=0.425 along the beam axis. In this analysis, all vari- | =/ X\
ables are calculated in the center-of-mass frame of the elec o.%s 0.408 0528 098 0108 013 0163 019
tron and positron beams unless explicitly stated. m(n'n) (GeV) m(yy) (GeV)

The Belle detector is a general purpose magnetic spec- .
trometer with a 1.5 T axial magnetic field. Charged tracks are FIG. 1. Thf”;f (left) and yy (right) mass spectra foB"
reconstructed using a 50 layer central drift cham{@DC) —Kgh™ andh™ = candldzi:ces' |n_the_ be_am constrained mass side-
and a 3 layer double-sided Silicon vertex deted®VD). band data §ample. The;rﬂ- dl_strlbutlon_ls modeled as the sum of
Candidate electrons and photons are identified using an 873§° Gaussians for truis candidates while the background is mod-
crystal Csl(T) calorimeter(ECL) inside the magnet. Muon efetc:lastaseéond-prder_poéy;o’\r/lm\all.fThet: Woe'ghted aveLagTehresolunon
and KE candidates are identified using resistive plate chamg, e TWO aUSsIans IS 3.4 VIV Tor fi€s mass peak. They

. . . distribution is modeled as the sum of a primary symmetric Gaussian
bers embedded in the iron magnetic flux rett¢aM ). Had- and a secondary asymmetric Gauss24] for 7° candidates and a

ron and auxiliary lepton identification is provided by an array secong-order polynomial for background. The weighted average

of 1188 Silica aerogel €renkov threshold countef&CC)  yesolution of the two Gaussians is 8.9 MeV for thiemass peak. In

and a barrel of 128 time-of-flightTOF) plastic scintillator  poth distributions the solid curves are the sum of signal and back-

modules. ground components while the dashed curve is the background com-
ponent.

4000

lll. EVENT RECONSTRUCTION <150 MeV andE 4> 70 MeV. Ther" 7~ andyy mass

Event triggers are based on fast signals from the CDCspectra are shown in Fig. 1 f@" —Kh" andh® #° can-
ECL, TOF, and KLM[21]. Hadronic events are selected us- didates in the beam constrained mass sideband data sample
ing event multiplicity and total energy variabl¢®3]. For  defined below.
signal events that pass & hh selection criteria, the trig- Continuum background is reduced using event shape vari-
gering and hadronic event selection efficiencies range fromables. We quantify the event topology with modified Fox-
99% forB°—~h*h~ modes to 76% for th&°— #°#° final ~ Wolfram momentg25] defined as
state.

Chargedw and K mesons are identified by their energy so_ n. 5
loss (E/dx) in the CDC and their 6renkov light yield in hi*=2 pipjPi(cosd),
the ACC. For each hypothesiK (or 77), thedE/dx and ACC
probability density functions are combined to form likeli-
hoods,Lx and £, . K and = mesons are distinguished by a hP°=2, p;pPi(cosb;),
cut on the likelihood ratioCx /(Lx+ L,,). A similar likeli- b
hood ratio including calorimeter information is used to iden-
tify electrons. All charged tracks that have impact parameters _ . - : :
within 5 cm along the beam axis and 0.1 cm in theb 3ndj andk enumerate theemainingparticles in the eventd

I . i articles; p; is theith particle’s momentum, an@(cosé;)
gilggfé dagg E;%:%tr%?ig'\gzé%?gzed as electrons, are co s thelth Legendre polynomial of the angl; between par-

. 0 . . ticlesi andj. The hi° terms contain information on the cor-
CandidateK g mesons are reconstructed using pairs of op- . . S L

; : ; . relation between th8& candidate direction and the direction
positely charged tracks that have an invariant mass in the

(0] H _
ange 480 Mev-m(r = )16 MeV[24]. The caugrier o ' 28,01 e evert. Tne oaf” ems partaly fecor
pions are required to have impact parameters in rthg u : ! ! vent wh

plane greater than 0.02 cm and impact parameters along thyen terms quanufy.the sphenqty of the ch_er side of the
RN . event. We create a six-variable Fisher discriminant called the
beam axis within 2.4 cm of each other. Tk& perpendicular super Fox-Wolfram defined as
flight length is required to be greater than 0.22 cm and the P
reconstructed(% momentum vector must be aligned within 50 hoO
i i i | |
3(()) mrad of the vector between the interaction point and the SFW= > al(?)> + > Bl(m),
Kg decay vertex. The momentum Kig candidates passing I= hg I=1-4 hg
these requirements is re-determined with the kinematic con-
straint that the two daughter pions originate from the samevherea, and B, are the Fisher coefficients.
point. The SFWvariable is combined with thB flight direction
Candidate7® mesons are formed from pairs of photons with respect to the beam axis, ofis, to form a single like-
with an invariant mass in the range 114 MeYh(yy) lihood

wherei enumerate8 signalcandidate particless(particles
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L= L(SFWgpX L(c0slg)pp oosk N ' ] 0'02‘% % ' ' '
for signal and an equivalent product for continuug,. _;*' % «%
Continuum background is suppressed by cutting on the like- ! X }w
lihood ratio 0.02 ! . 001“*“"‘"'%“'* A % g
LR=—CB £ !
Bt a A L . I I I 3
Les ﬁqq 0080 025 050 075 100 08% 025 o050 075 100
These variables are shown in Fig. 2. The signal probability SEW cosBy
density functiongPDF) are derived from Monte CarlMC) ~ *" T . O pefore LR cut |
simulations; the continuum PDFs are taken from sidebanc S 400 1
data discussed below. TH&FW PDFs are modeled as the 0108;’; E s00k ]
sum of a simple Gaussian and an asymmetric Gau$ggin Lk N
for both signal and continuum; the casPDF is modeled as F Y g © ’ ‘ ’
. - . I S after LR cut
a second-order polynomial for signal and is flat for con- o.osf LY 14
tinuum. We make separate requirements ldR for each ‘».,M% sor ]
mode depending on the expected background determined us | .5 ¢ e ; -

ing sideband data. As an example, Fig. 2 shows Ble 088097505075 Tao 5% o in e oo
—K 7~ data sample before and after imposing thR LR B’ > K'n m,, (GeV)
>0.8 requirement.

Table 1 lists the reconstruction, particle identification, and  FIG. 2. Continuum suppression variables: SRap left), coség
continuum suppression efficiencies for each final sta@. (top righd, and the combined likelihood ratitbottom lefy. The
The reconstruction and continuum suppression efficienciesolid curves are the signal PDFs derived from MC. The dashed
are determined using @EANT-based MC prograrfi28]. The  curves are the continuum PDFs derived from sideband data. The
error in the reconstruction efficiencies are determined by emepen points are th®*—D%r", D°-K~ 7" data sample. The
bedding MC program generated particles into hadronic everfiolid points are off-resonance data. The bottom right distribution is
data and comparing the efficiencies between the embeddd@e beam constrained mass distribution for Bfé~K* 7~ data
events and the default MC and also by measuring the relativ@mple before and after requiring the likelihood ratio ¢uR
yields of Dodecays to various final states. The charged track:>0-8-
70, andK2 selection criteria efficiencies are tested by mea- _ _
suring theD event yields before and after each cut is applied..BO_>K+7 and "7 MC events before and after apply-
Further comparisons are made between kinematic distripd"9 P1on identification cuts on both tracks.
tions of particles in sideband daf@iscussed belopand con-
tinuum MC events. Based on the results of these studies, we V- B RECONSTRUCTION AND YIELD EXTRACTION

assign a relative systematic error in the reconstruction effi- 14 reconstruc8 mesons we form two quantities: the en-
ciencies of 2.5% for charged tracks, 6.3% k& mesons and ergy difference AE=Eg— Epear, and the beam constrained

7.3% for7° mesons. The relative systematic error as:sociateg:hass Mpo= /—Z—ZEb —pZ, where Epear= \/5/2:5 29 GeV
! eam 1 : 1

Wi_th the con'ginuum suppression cut is .4% yvhich is deter-and Eg andpg are the reconstructed energy and momentum
mined by taking the ratio oBB™ —D%# " yields in data after

and before continuum suppression is applied and comparing TagLE I. Efficiencies to reconstruct thB—hh modes. Listed

to the MC efficiency. The8%— 7%7° final state includes an are the efficiencies for reconstruction, particle identification, con-
additional relative systematic error of 10% to account fortinuum suppression, the final combined efficiencies, and products of
difficulties in triggering and hadronic event selection for thisefficiency times intermediate branching fraction.

mode.

A critical feature of the analysis is the measurement of theMode Rec. PID aq Final eX B.F.
particle identification efficiency and fake rate. These are de-
termined using nearly pure samples i§fand = mesons K'7~ 073 076 055 031 031
tagged using the continuunD** decay chainD** 7 7 075 077 052 030 0.30
—D% ", D°—~K~«*. Figure 3 shows th& =" invariant K K~ 071 074 038 020 0.20
mass distributions before and after applying PID cuts. FoK™*m° 043 086  0.39 0.14 0.14
tracks in the B—hh signal region of 2.4 Ge¥p w7 w° 0.46 0.88 0.39 0.16 0.16
<2.8 GeV(1.5 GeV<p,;,<4.5 GeV) theK efficiency and K°w* 0.53 0.88 0.68 0.32 0.11
fake rate aresx=0.86 andf,=0.086(true K fakes); the = K°K* 0.51 0.86 0.38 0.17 0.06
« efficiency and fake rate are,=0.88 andf ,=0.071(true  K°#® 0.34 1 0.69 0.23 0.08
7 fakesK). The relative systematic errors are 2% in the #%#° 0.31 1 0.41 0.13 0.13
efficiencies and 4% in the fake rates. These errors are domi0k? [27] 0.37 1 0.54 0.20 0.04

nated by uncertainties in sample purity. Figure 3 also shows

092002-4



CHARMLESS HADRONIC TWO-BODYB MESON DECAYS PHYSICAL REVIEW D66, 092002 (2002

3000 T T T T T 2500 [ T T T T T ] T T T 025 T T T
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= 20001 J
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| 500F 1 0.05F 1
0 = T 0 ememizez S 0.00 1 1 1 :'v 0.000 L ~
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FIG. 3. TheD* " —D%*, DK~ #" decay sample used to
determine the PID efficiencies and fake rates, shown in the top row. FIG. 4. Kinematic reconstruction variables,. (left) and AE
The distribution on the left is th® mass distribution where the (right) for B>—K* 7~ and#"#~ MC (top) andB*—K" 7% and
kaon daughter is required to have a similar momentum andcos =" #° MC (bottorm). The solid histograms arB°(")— 77 7~
distribution as the two-bod—hh decay daughters. The open MC. The dotted histograms are off-resonance data. The dashed his-
histogram contains all candidates. The hatched histogram contaiiegrams are foB%*)—K* 7~ () MC events, which are indistin-
events where the kaon passes PID cuts. The solid histogram coguishable in themy, distribution but shifted by-45 MeV in AE
tains events where the kaon is mis-identified as a pion. The distridue to pion mass assignment to the kaon track. The dot-dashed
bution on the right is the corresponding figure for the pion daughterhistograms represent background from multibody charnfesse-

The bottom row shows the combin®@—K* 7~ andw" 7~ MC son decays.
AE distribution assuming a 4:K*# :#" 7~ production ratio.
The distribution on the left is before PID cuts are applied. In thefeed component is shifted from the signal component by 45
distribution on the right, both tracks are required to be identified asvieV as described above. The charmIBs$ecay background
pions. The solid histogram is the sum Kf' 7~ and #*#~, the  is dominated by events where tBaneson decays to drhr
dashed histogram is thé* 77~ component, and the hatched histo- final state such apm or fo(980)K where one pion is not
gram is thew "7~ component. reconstructed. This shifts the charmlés®ackground by at
least the mass of the missing pion. We expect no back-
of the B candidate in the center of mass frame. These argrounds fromb—c decays based on a large MC sample.
shown in Fig. 4 forB° ™ —K*7# © and 7" 7 (® MC For charged particle final states, th& signal is modeled
events. Modes containing®s have a tail extending into the with a Gaussian. For modes containinds, the signal is
negativeA E region due to shower leakage out of the back ofmodeled as the sum of a primary Gaussian and a secondary
the calorimeter and photon interactions with the material iraSymmetric Gaussidi26]. The mean positions of the two are
front of the calorimeter. We calculate the energy of final stateequal and thet AE o of the asymmetric Gaussian is con-
charged particles using a pion mass assumption. This shifsirained to equal the  of the primary Gaussian. The cross-
AE by —45 MeV for each charged kaon in the final state.feed component has an equal shape, shifted by 45 MeV for
The signal yields are extracted by a binned maximum-each misidentified particle.
likelihood fit to the AE distribution in the region 5.271 The Gaussiaw is 22 MeV for =" 7~. The positivecs is
<m,.<5.289 GeV (n,.>5.270 GeV for modes containing 39 MeV for 7+ #° while the average negative is 78 MeV.
7%s) and—300 MeV <AE<500 MeV. The yields are veri- For m°7°, the corresponding values are 54 MeV and 130
fied by fittingm, in the AE signal region. A sideband region MeV. The pion mass assignment to the kaon track increases
of 5.2 Ge\< m,<5.26 GeV is used to study the continuum the K™ 7~ o by about 2 MeV. Thes for K27 is 3
background in the\E distribution, while a sideband of 150 MeV larger thanz* 7 (©).
MeV <AE<500 MeV is used to study the continuum back- The widths of theAE signal distributions are determined
ground in them,,. distribution. using inclusive high momentunD’—K 7+, K 7" =0,

The AE fits include four components: signal, crossfeedand D+_>ng+ decays after requiring thB daughter par-
from other misidentifiedB—hh decays, continuum back- ticles to have a momentum range similaBte- hh candidate
ground, and backgrounds from multibody and radiativeparticles. These distributions are shown in Fig. 5. Compari-
charmlessB decays. These are shown in Fig. 4. The crosssons between thB mass widths in MC events and data are
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T T T T T T 800 r T T T T
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FIG. 6. TheB*—D%*, D°-K 7" data sample used to de-
2000 terminem, (left) and AE (right) fit parameters. ThAE distribu-
. tion contains backgrounds froB°— D%z 7.
» 1500
= . . :
Y000 nents is modeled with the same functional form as Alte
2 signal shapes discussed above witlvalues on the order of
g 500 2.7 MeV. We parametrize the continuum background with a
S . . X
R function that behaves like phase space near the end(tloat
198 TTET a6 1e0 1o ARGUS shapg29]).
mK ' n’) (GeV)
FIG. 5. Mass spectra for inclusii@®—K 7" (top lefy), D* V. RESULTS

—Kgm" (top right, and D°—~K ™"« (bottom used to deter- Figures 8, 9, and 10 show theE and m,, distributions
mine AE fit parameters. In each case, momentum cuts are placed Of%r the K. = andKK final states respectively. TheE
the D daughter particles to simulate the momentunBadaughter . Y L ! )
particles. s_|gnal_ yields and the _S|gn|f|cance above backgr_o_und_are
listed in Table II[30]. Using these results and the efficiencies
used to scale thB—hh AE MC widths. This procedure is listed in Table I, we derive the branching fractions listed in
also used to determine the ratio of primary to secondaryrable Il based on the data sample of 31.7 mill®B events
Gaussians for modes containing’s. [31]. In all cases, tham,. fits give consistent results. The
The peak positions of thédE signal and background systematic error in the fitting procedure is determined by
Gaussians can be shifted from their nominal values by errorgarying the parameters of the fitting functions within their
in the beam energy and the momentum scale. The beam esrrors and measuring the change in the signal yield. The
ergy is determined using the peak position of thg distri-  deviations from the nominal yields are typically 1 to 2
bution for theB* — D%, D°—K~ 7" data sample shown events. These deviations, along with the error in the efficien-
in Fig. 6. The momentum scale is verified using the peaksjes andN(BB) (1%) areadded in quadrature to give the
positions of the inclusiv® mass signals as discussed abovesystematic error in the branching fractions. For modes with

as well as the peak position of tfe" — D% " AE distribu-  significance below & [32], we report 90% confidence level
tion also shown in Fig. 6.

The continuum background is modeled with a second- 0.050
order polynomial with coefficients determined from sideband i
data. Figure 7 demonstrates the validity of this method by
comparing the continuumAE background shape in on-
resonancem,. sideband data to the shape in ting. signal FT
region in the off-resonance data sample. Backgrounds from 0.0307,
charmlessB decays are modeled by a smoothed MC histo- [
gram.

For all final states except * 7% and 7+ #°, the normal-
izations of the four components are the only free parameters
in the fits. The significance of the signal yield above back-
ground is determined by refitting theE distribution without i
a signal component and comparing the maximum likelihoods 0.000 T
of the two fits. Due to the large overlap of the signal and AE (GeV)
crossfeed components in the' 7° and 7" #° signals, we
perform a simultaneous fit to the* 7% and = #° AE dis- FIG. 7. TheAE distribution forB*—K 2" candidates imm,

tributions constraining the crossfeed to the expected valueSdeband datddashed-histograyncompared to the same distribu-
based on the PID fake rates. tion in them, signal window for off-resonance dafhlack circles.

The m, distribution provides no discrimination among The solid curve is a second-order polynomial used to parametrize
the threeB decay components. The sum of the three compothe shape.

0.040f

0.020}

o.010f .
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upper limits[33] calculated with the efficiency and(BB)
reduced by their systematic errors. =

For theK ™ 7% 7+ #° simultaneous fit, we refit the distri- =
butions after removing the constraints. The central values oft
the signal yields differ by at most 2.3 events. These devia-&
tions are also included in the systematic error.

The effects of backgrounds from charmldésslecays can
be demonstrated by refitting theE distributions in the re-
gion AE>—130 MeV without a charmlesB background
component. For modes with%s in the final state, the yields i
deviate by as much as 12%, clearly indicating the need for
these components in the fit. There is almost no deviation in..
the yields of final states that do not includer& In each fit,
the measured charmleBsbackground yield agrees with the
expected values based on independent measurements
these modes. However, the errors on the fitted yields and th%
expected values are both large.

In Table 11, we list ratios of partial widths among tiker
and 77 modeg 31]. The correlations between the numerator
and denominator are included in the systematic error calcu:
lation. The systematic error includes a 2.5% fractional error ' ' ' ' '
from the ratio of charged to neutrBlmeson lifetimes where
we have used™/7°=1.091+ 0.027[34] to convert the ratio
of branching fractions to the ratio of partial widths.

We measure partial-rate asymmetries in all measurec
flavor-specific modes. Th&E distributions are shown sepa-

rately for B andB modes for theK* 7=, K*#°, and 7" 7
final states in Fig. 11. Figure 12 shows the corresponding
distributions for thek 27~ final states. The fitting results and
partial-rate asymmetries are listed in Table IV. Here, the
90% confidence intervals assume Gaussian statistics and a4
expanded linearly by the systematic error. The systematic.
errors are dominated by fitting systematics but also include & ¢
1% contribution, added in quadrature, to account for pos-&
sible detector-based asymmetries, as discussed below. In trg +
K*7* final states, the asymmetry is corrected by a dilution
factor of 0.984-0.001, due to double misidentification of
K7™ asK™ 7*. N S |
Four samples are used to verify the symmetric perfor- %2 00
mance of the Belle detector for high momentum particles. An
inclusive sample of tracks in the two-body decay momentum g\ g TheAE (left) andm,. (right) fits to theB— K event

bin 2.4 Ge\p<2.85 GeV is used for tracking efficiency samples. The sum of the signal and background functions is shown

tests before and after PID cuts are applied. Eventslip  as a solid curve. For thAE distributions, the dashed curve repre-
sideband data further test the reconstruction efficiency alongents the signal component, the dotted curve represents the con-

with the continuum suppression cut efficiency. We also checkinuum background, and the hatched histogram represents the
the difference between inclusive high momentu?*)  charmlessB background component. For the¢™ 7~ and K* °
—K~ 7", K27, and K~ 7" 7° decays and their charge distributions, the crossfeed components frehz~ and " 7° are
conjugates that test for asymmetries in the detector resolghown by dot-dashed curves centered 45 MeV above the signal
tion. The entire reconstruction procedure is applied to théomponents. For then, distributions, the continuum background
B—Dm"; DK 7, ng+, andK* 7* 7° data samples. IS represented by the dotted curve while the sum _of signal, charm-
The results are listed in Table V. The inclusive track sampld€SS B background, and crossfeed components is shown by the
yields an asymmetry in the track reconstruction efficiency off@shed curve.

(N(h™)=N(h™))/(N(h")+N(h™)) = (—3.6=0.3)x 10 3.

Considering the statistical precision of the current data seshift has been taken into account when determining the error
we ignore this very small asymmetry. We also see a 1.8 Me\in the peak position of thAE distributions for modes with
shift between the inclusiv® ™ —K27~ and D*—K27*  odd numbers of tracks in the final state. Furthermore, as
mass peaks indicating an approximate 0.1% momenturshown in the Table V, the shift does not result in an asym-
scale difference between positive and negative tracks. Thisetry between the efficiency to reconstruct the two flavors.

Eve
Events | 2.5 MeV

0 5225 525 5275 530
m,. (GeV)

nts / 20 Me
Events | 2.5 MeV

0 R, Is) L L it
—025  0.00 0.25 0.50 520 5225 525 5275 5.30
AE (GeV) m, (GeV)

ts / 20 MeV

Even
Events | 2.5 MeV

0 ; o 0 L L U
-0.25 0.00 0.25 0.50 520 5.225 525 5275 530
AE (GeV) m,, (GeV)

L O ]

........

Events / 2.5 MeV
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L n P LA

L 0 2
0.25 0.50 520 5225 525 5275 530
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FIG. 10. TheAE fits to theB— KK event samples. The sum of

N . 8 n’n’ 1 the signal and background functions is shown as a solid curve; the
s S dotted curve represents the continuum background. In Bfe
S - 4 . —K*K™ distribution, the dot dashed curve representsKier~
> P crossfeed. In the8*—K2K ™" distribution, the hatched histogram
§ S s ] represents the charmleBsbackground. In th&°— K2k distribu-
R = tion, the dashed curve represents the signal component.
o . .
0.25 0.50 520 5225 525 5275 530

AE (GeV)

m, (GeV)

FIG. 9. TheAE (left) andmy, (right) fits to theB— 77 event

see no clear evidence for partial-rate asymmetries between

the B andB decay amplitudes in these modes.
The partial-rate asymmetry betwedd —K°%7~ and

samples. The sum of the signal and background functions is show ' —K°%7* of 0.46+0.15+0.02 has a nonzero significance
as a solid curve. For thAE distributions, the dashed curve repre- of 2.90. Since this is below &, we defer claiming evidence

sents the signal component, the dotted curve represents the con-
tinuum background, and the hatched histogram represents the TABLE II.

charmlessB background component. For thet s~ and 7" #°
distributions, the crossfeed components fréMz~ and KT 70 are
shown by dot-dashed curves centered 45 MeV below the signal
components. For the, distributions, the continuum background
is represented by the dotted curve while the sum of signal, charm-
less B background, and crossfeed components is shown by the

con

Signal yields, significance above background, and
branching fractions foB—hh modes assuming equal production
f[actions for neutral and chargd®l meson pairs. We report 90%
fidence level upper limits for thB°— 7%7° and B—KK de-
cays.

: . .
dashed curve. Yield Sig. B.F. (x107°)
Ktar 217.6'13% 16.4 2.25:0.19+0.18
All other mass and width parameters are consistent within . 113 025
the errors between the two flavors for the thidedecay K7 58.571077 6.4 1.307554+0.13
cklanne(l)s.IFlgure 13 show§ the sample; most reIeyant t.o theo -+ 66.7"108 756 1.94'93L+0.16
B*—Kgm™ final states. With the exception of the inclusive o o os 058
track sample, all are consistent with zero asymmetry withirk™ 7 19.873 2.8 0.80793;=0.16
;hr(; E;%rwafg we conclude that detector based asymmetries: - 51.0° 118 5.4 0.54+0.12+0.05
0.
s 36.7" 153 35 0.74"523+0.09
VI. DISCUSSION AND CONCLUSIONS 700 12.5°82 24 <0.64
We have presented measurements of the branching frag-"k - 0132 0 <0.09
tions of all B—K final states and th&8— 77~ and ot 120
x* 70 final states. We see no significant evidence for the<'K 0-5 0 <0.20
decaysB°— #°7% or B~ KK and set 90% confidence level k0ok©° 0.9°29 0 <0.41

upper limits on their branching fractions. Furthermore, we
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TABLE IIl. Ratios of partial widths among the variouB 20— . . 20— . r
— K and 77 final states assuming equal production fractions for
neutral and chargeB meson pairs. The ratios of branching frac- % 2
tions are converted to ratios of partial widths using 7°=1.091 E E
+0.027[34]. Q d
& £
$ S
I,/T, s S
mta K 0.2473:98+0.02 WA
2K 70K 7 1.34+0.33 1913 00 0% 0%
Kt IKOm+ 1.27"9%+0.10 AE (GeV)
K* 7 12K0m0 141755 152 T
ata2nt 0.40+0.15+0.05 o o KT
7070 7t 70 <0.83 (90% C.L.) = s | 1
" n
N N ]
P 2
for an asymmetry until a larger data sample is collected. s s ]
The partial width ratios (7" 7 )/T(K*7~) and M =
()20 (=" =°) are significantly below 1. This could o , L 0 R
be an indication of large destructive interference between 520 5225 525 5275 530 520 5225 525 5275 530
m, (GeV) my, (GeV)

50 50

FIG. 12. Distributions forB™ —K27*. The top row contains
40 A AE distribution for B (left) and B (right) candidates. The corre-

- spondingm,. distributions are shown in the bottom row. The sum
of the signal and background functions is shown as a solid curve.
The dashed curve represents the signal component, the dotted curve
represents the continuum background, and the hatched histogram
represents the charmleBsbackground component.

40

30

30

20

Events / 20 MeV
Events | 20 MeV

tree and penguin amplitudes for tB&— 7' 7~ decay al-
though theoretical uncertainties pertaining to the relative
] sizes of the interfering amplitudes are still large-6]. We
note that a more statistically significant examination of the
. ratios of neutral to charged partial widths such as
I'(K* 7 )/T(K°7%), will require an improved measure-
ment of the charged to neutl@Imeson pair production ratio
at theY (4S). This ratio is currently only known to 7%85].
Knowledge of the branching fraction f@°— #%#° is
| required for an isospin analysis &— 7 decays and for
AE (GeV) ’ AE (GeV) ’ tht_e extraction of theCP violation parameter s(in(ﬂz (El%].
With the present data set we set a limit BB~ — 7 ")

Events | 20 MeV
Events | 20 MeV

8- + 0 ]
= > TR TABLE IV. Partial-rate asymmetries. Listed are the number of
E E ] signal events for each final state, thep values with errors, and
Q N their 90% confidence intervals, listed on the following line. In the
8 8 H H H ] K* = final states, the asymmetry is corrected for the dilution due
& & UL to double misidentification.
U
L l Mode N(B) N(B) Acp (90% C.L)
-0.25 0.00 0.25 0.50 -0.25 0.00 0.25 0.50
AE (GeV) AE (GeV) K*m* 102.8¢12.6 1156133  —0.06x0.09'%%
FIG. 11. TheAE distributions forB (left) and B (right) candi- - o —0.21:0.09
date decays to flavor-specific final states. The sum of the signal afd™ ™ 28.7-1.8 30.x=7.7 —00250.1920.02
background functions is shown as a solid curve. The dashed curve —0.35:0.30
represents the signal component, the dotted curve represents tKkam 49.5+8.4 18.6-6.3 0.46-0.15-0.02
continuum background, and the hatched histogram represents the 0.19:0.72
charmless$ background component. The crossfeed components are ™ 7° 24.2+8.4 13.0:7.3 0.30+ O.30i8j8§
shown by dot-dashed curves centered 45 MeV from the signal com- —0.23: 0.86
ponents.
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TABLE V. Tests of detector based asymmetries. The first row is 300 r r 300
based on an inclusive track sample with 2.4 Gg¥<2.85 GeV in
the center of mass frame. The following two rows are the asymme-=3 =
tries in the same sample after applying particle ID. The fourth row = ] =2
is the asymmetry for inclusiv® meson decays to high momentum < QN
K7™, K"~ a° andK2r" final states. The fifth and sixth rows 2 1 % .0
are the asymmetries in then,. sideband and theB*(® & &
—D% )7z data sample before and after th® cut is applied.
. 0
Test sample Acp 050 -0
high p tracks (3.6+0.3)x10°3
with K pid (—3.2£0.5)x10°3 800 800
with  pid (-3.7£0.3)x10°3 § oo § o0
high p D decays ¢2+3)x10°3 " “
beforeLR cut after 2 400 E 400
My sideband £0.07+0.17)x 1073 0.01+0.05 £ g
B—Dw* —0.045-0.025 —0.055+0.027 Q 200 Q 200
0 a” ~ 0 1 EL 4.
1.78 1.82 1.86 1.90 1.94 1.78 1.82 1.86 1.90 1.94
<6.4x10° at the 90% confi(c)iencoe I(()avel. If the excess of m(Kgm ) (GeV) m(K ") (@)
~ — - _ _
sptidei\r:Sntt)?alr?cmggef?ag:ijgn%voug gg(lgeslin;so,;gl)e:?grrze FIG. 13. Control samples for tthHKgf Acp measure-
+1.5+0.7)x 106, ment. The top row contains th&E distributions forB™—D" 7,
D°—K™" 7~ on the left and the charge conjugate decay on the right
after applying identical PID and continuum suppression cuts as for
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