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Abstract

We report on a search for several charmless hadronic B meson decay modes

to charged particle �nal states using 5:3 million B �B pairs recorded on the

�(4S) resonance by the Belle experiment at KEKB. The two �nal states,

B0 ! K+�� and B0 ! �+��, can be clearly separated using the high

momentum particle identi�cation system of the Belle detector. We observe

25:6 +7:5
�6:8 � 3:8 B0 ! K+�� events corresponding to a branching fraction

of B(B0 ! K+��) = (1:74 +0:51
�0:46 � 0:34) � 10�5. Excesses are visible for

B+
! KS�

+ and B0
! �+�� with marginal signi�cance. We report 90%

con�dence level upper limits of B(B+ ! K0�+) < 3:4 � 10�5, B(B0 !

�+��) < 1:65�10�5, B(B0 ! K+K�) < 0:6�10�5, and B(B+ ! K0K+) <

0:8� 10�5. The results reported here are preliminary.
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I. INTRODUCTION

B meson decays to charmless �nal states o�er a rich testing ground for both Standard
Model and new Physics [1]. The Standard Model diagrams for charmless decays are shown
in Figure 1. Some interesting cases include the b ! u�us �nal states, such as B0 ! K+��,
which can occur via a b! s penguin transition or a Cabibbo suppressed b! u transition.
These two amplitudes can interfere leading to direct CP violation in this mode and a probe
of the Unitarity Triangle angle �3. At the quark level, direct CP violation is not expected
in the b ! d �ds transitions such as B+ ! K0�+. However, several techniques have been
proposed to use the K0�+ �nal state along with the K+�0 �nal states to place limits on
�3 [1].
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FIG. 1. Feynman diagrams for the b! u; s; d charmless transitions.

The b ! u; d transitions, such as B0 ! �+�� are also interesting. Along with direct
CP violation via Penguin-Tree interference, some �nal states are CP eigenstates that should
exhibit time-dependent indirect CP violation through B0 �B0 mixing that can be used to
measure the angle �2.

At the quark level, b ! us�s �nal states such as B0 ! K+K� can only occur via W
exchange or annihilation amplitudes and are thus highly suppressed in the Standard Model.
Because of this, the K �K �nal states probe both long range �nal state interactions and
physics beyond the standard model.

In this paper, we describe our study of charmless B decay to charged particle �nal states.
In these �nal states, each mode has roughly the same detection e�ciency and systematic
error. Combinatorial and b! c backgrounds are small in these two body modes.

The analysis is based on a simple set of kinematic variables. �E and mB(beam con-
strained mass) are used to reconstruct the B meson [2]. Background from continuum
e+e� ! q�q processes is removed by cutting on a likelihood ratio formed from three con-
tinuum suppression variables: the B 
ight direction, the decay axis direction, and the Super
Fox Wolfram variable [3], which is an 8-variable Fisher discriminant containing Fox Wol-
fram moments modi�ed to include information on whether or not the tracks are from the
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B candidate or from the the rest of the event. Reconstruction and continuum suppression
e�ciencies are determined using Monte Carlo and veri�ed using independent data.

Hadrons are identi�ed as kaons or pions using a combination of speci�c ionization loss [4],
(dE=dx), and whether or not at a given momentum, the particle is above or below the thresh-
old to produce Cherenkov light in silica Aerogel [5], (ACC). Assuming a 4 : 1 production
ratio of the K+�� signal to the �+�� signal [6], the signal to noise for a K+�� signal with
a �+�� background is expected to be 36 : 1 while the signal to noise for a �+�� signal
with a K+�� background is expected to be 1:8 : 1. The particle identi�cation e�ciency is
determined using pure data samples of kaons and pions tagged using kinematically selected
continuum produced D�+ mesons which decay via D�+ ! D0�+, D0 ! K��+.

The signal yield is extracted by �tting the �E distribution and veri�ed by �tting themB
spectrum. The signal shapes are obtained from the B� ! D0�� analysis and high momen-
tum continuum D0 ! K��+ decays. The continuum background shapes are determined
using sideband data. A B0 ! K+��(�+��) component is added to the B0 ! �+��(K+��)
�t to take into account the cross talk among the various modes due to misidenti�cation of
the particle species. The dominant source of background for all modes considered is q�q
continuum background [2]. Backgrounds from other B meson decay modes are small. The
signal track momenta are generally above the kinematic limit for tracks from b! c transi-
tions; the signal topology of two back to back high momentum tracks can only be formed by
B meson decays to charmless vector plus pseudo scalar �nal states where the vector particle
decays asymmetrically. However, this background is shifted in �E by at least the mass of
the undetected slow particle, typically 140 MeV.

With a data sample of approximately 5:3 million B meson pairs, we see a signi�cant
signal in the B0 ! K+�� mode. We see excesses in the �+�� and KS�

+ modes with
marginal signi�cance. We see no excess in the K+K� or KSK

+ modes. (Here and in the
rest of this report, the inclusion of charge conjugate states is implied.)

II. DATA SAMPLE

The analysis uses data taken by the Belle detector [7] at the KEKB [8] e+e� storage
ring. The data set consists of approximately 5:1 fb�1 on the �(4S) resonance corresponding
to 5:3 M B �B events. Approximately 600 pb�1 of data is taken � 60 MeV below the �(4S)
resonance to perform systematic studies of the continuum Monte Carlo and the detector
performance.

KEKB is a two ring, energy asymmetric storage ring with 8 GeV electrons and 3:5 GeV
positrons producing �(4S) systems boosted by � 10% in the z direction.

The Belle detector is a general purpose magnetic spectrometer with a 1:5 T magnetic
�eld. Charged tracks are reconstructed using a 50 layer Central Drift Chamber [4] (CDC)
and a 3 layer double sided Silicon Vertex Detector (SVD) [9]. Candidate 
 s and electrons
are identi�ed using an 8736 crystal, CsI(Tl) calorimeter [10] (ECL) located inside the magnet
coil. Muons and KL are detected using resistive plate chambers (RPC) embedded in the
iron magnetic 
ux return (KLM) [11]. Charged tracks are identi�ed as either pions or kaons
based on their speci�c ionization loss (dE=dx) [4], Cherenkov threshold in silica Aerogel
(ACC) [5], and their time of 
ight [12] (TOF).
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III. GENERAL FEATURES OF THE ANALYSIS.

A. B Reconstruction

B candidates are reconstructed by combining the momentum of charged tracks that come
from the interaction point. The tracks are boosted back to the �(4S) rest frame assuming a
� mass hypothesis. B candidates are identi�ed using the beam constrained mass, mB, and
energy di�erence, �E, distributions:

mB =

vuutE2
beam �

 X
i

~pi(cms)

!2

;

�E =
X
i

Ei(cms)� Ebeam;

Ebeam =
p
s=2 � 5:29 GeV:

Figure 2 shows the mB and �E distributions for K+��, �+��, and K+K� Monte Carlo
events. The mB distribution is the same for all these modes while �E is di�erent for the
K+�� and �+�� modes, due to the incorrect mass assignment.

Since the vector sum of the 3 momenta of the daughter particles is relatively small for
true signal tracks, mB is essentially independent of tracking errors; the resolution in mB
is determined primarily by the beam energy spread. This resolution is measured using
B� ! D0�� decays to be 3 MeV/c2.

The �E resolution forB0 ! �+�� is 24 MeV. This resolution is determined by measuring
the D0 mass resolution for high momentum continuum D0 ! K��+ decays where the
daughter tracks are selected to have momentum and angular distributions similar to the
signal tracks.

The K+��(K+K�) �E signal shifts by 44 and (88) MeV, respectively, due to the in-
correct mass assignments. This shift is a function of the kaon laboratory momentum which
causes the K+�� and K+K� �E resolutions to increase to about 26 MeV.

We select candidate events by requiring mB > 5:2 GeV=c2 and j�Ej < 250 MeV. This
window includes large sidebands in both variables that are used to model the continuum
background and determine the size of the background in the signal region. The lower �E
sideband (�250 < �E < �170 MeV, mB > 5:26 GeV=c2) may contain backgrounds from
charmless B decays to vector plus pseudoscalar decays and is, thus, not used to determine
continuum background parameters.

The e�ciency for signal events at this level is 78%. From studies of independent event
samples, in particular the B� ! D0�� modes, we estimate the relative error in this e�ciency
to be 10%.

B. KS Reconstruction

Candidate KS ! �+�� decays are reconstructed by combining two oppositely charged
tracks and requiring the two track invariant mass to be within�30 MeV of theKS mass. The
two tracks must converge to a single point clearly separated from the interaction point. We
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FIG. 2. B reconstruction variables, beam constrained mass (mB) (top) and �E (bottom).

The K+��, �+��, and K+K� signals cannot be separated in the mB distribution. In the �E

distribution, the �+�� signal is the solid histogram centered at 0 MeV, the K+�� signal is the

dashed histogram centered at �44 MeV, and the K+K� signal is the dotted histogram centered

at �88 MeV. No particle identi�cation cuts have been applied and the branching fractions are

assumed to be equal.

also require that the KS 
ight direction is along a line connecting the interaction point and
theKS decay vertex. Figure 3 is theKS mass distribution for high momentum continuumKS

candidates. The mass resolution is 2:1 MeV. The KS reconstruction e�ciency is 74 � 2%.
Once a KS is identi�ed, we perform a vertex constrained �t to improve the momentum
resolution.

To understand the di�erence in the detection e�ciencies between the h+h�(h = �;K)
modes and the KSh

� modes, the KS detection e�ciency is tested using the ratio of D+ !
KS�

+ decays to D0 ! K��+ decays. We �nd good agreement between data and Monte
Carlo for the KS e�ciency however, due to limited statistics, the relative error in the KS

detection e�ciency is presently determined to a precision level of 13%.

C. High Momentum Particle Identi�cation

The Belle particle identi�cation system provides clean separation of charged pions from
charged kaons in all momentum regions. For two-body modes, the daughter tracks have
momenta ranging from 1:5 GeV to 4:5 GeV in the Belle lab frame. In this momentum
region the time of 
ight of charged kaons and pions are indistinguishable and, therefore,
TOF information is not used in this analysis.
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pion PID cut to the other track. For B0 ! �+��, we expect a large background from the
B0 ! K+�� signal where the kaon is misidenti�ed as a pion. We veto this background by
requiring that both tracks be identi�ed as pions. Similarly, we require both tracks to be
identi�ed as kaons for the K+K� �nal state. For the KSh

� �nal states, the primary track
is required to be identi�ed as a kaon or pion while no particle identi�cation is required for
the KS daughters.

The �E distributions for the �+��, K+�� and K+K� signal Monte Carlos, assuming a
1 : 0:25 : 0:1 ratio for the K� : �� : KK branching fractions, are shown in Fig. 4 before and
after the application of PID. Figure 5 is the K��+ invariant mass distribution for the D0

decays discussed above before and after the application of PID. We �rst apply PID to the
kaon track to demonstrate the PID e�ciency. Second, we apply pion ID to both tracks to
demonstrate our ability to remove the B0 ! K+�� feed down into the B0 ! �+�� mode.
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FIG. 4. The �E distributions for �+��, K+��, and K+K� signal Monte Carlo. The �+��

signal is the hatched histogram centered at 0, the K+�� signal is the open histogram centered at

�44 MeV, and the K+K� signal is the closed histogram centered at �88 MeV. A) before pid is

applied. B) after one track is identi�ed as a kaon. C) after both tracks are identi�ed as pions. D)

after both tracks are identi�ed as kaons. The branching fractions are assumed to be 1 : 0:25 : 0:1

for K� : �� : KK.
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FIG. 5. The K��+ invariant mass distribution in the decay chain D�+ ! D0�+, D0
! K��+

+c:c: The open histogram is before the application of PID. The hatched histogram is after one

track is required to be identi�ed as a kaon. The solid histogram is after both tracks have been

required to be pions.

D. Continuum Suppression

Events are characterized as B �B or q�q events based on event topology. In the �(4S) rest
frame, the two B mesons are essentially at rest, the two B decay axes are uncorrelated. How-
ever, continuum quarks are not at rest, and the two quarks are back-to-back and hadronize
along a single axis. This leads to spherical B �B events and collimated continuum events.

Two variables usually used at the �(4S) resonance to quantify this sphericity are the
normalized second Fox Wolfram moment [13], R2 = H2=H0, and the angular distribution
between the thrust axis of the signal B and the thrust axis of the rest of the event with
the signal tracks removed, cos �thrust [2]. While R2 is a purely inclusive variable, cos �thrust
includes the extra information that one knows which tracks belong to each B.

We improve the continuum suppression power of the Fox Wolfram Moments by using the
information about whether or not a track comes from the B candidate or from the other
side of the event. The Fox Wolfram moments can be written as

Hl =
X
i;j

j~pijj~pjjPl(xi;j):

Where Pl(xi;j) is the l
th order Legendre polynomial between two particles and the sum is

over all particles in the event. We break this sum into three terms

Hl = hss[l] + hso[l] + hoo[l]:

hss is summed over tracks from the B candidate; hoo is summed over particles from the rest
of the event after the signal tracks have been removed; for hso, one index runs over signal
tracks and the other over particles from the other side of the event.
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Since hss is highly correlated with the kinematic B reconstruction variables, it is removed.
For odd values of l, hso sums to zero if the signal tracks are back to back resulting in a strong
correlation with the beam constrained mass. To remove this correlation, we restrict the sum
to only one signal track. This removes the correlation while retaining the information on
the B thrust axis.

The Fox Wolfram moment is a momentum weighted combination of these terms. How-
ever, this may not be the optimum choice. Since we are using a linear combination of the
modi�ed moments, we can maximize the separation by combining the modi�ed moments
into a Fisher Discriminant [2]. Also, whereas R2 only uses the second order moment, infor-
mation on the event topology is useful in at least the �rst four orders of the moments. We
are left with what we call the Super Fox Wolfram [3]:

SFW =
4X

l=1

�lhso[l] + �lhoo[l];

where �l and �l are the Fisher coe�cients. Figure 6(A) shows the SFW distribution for
B �B and continuum events.

1. Combinations of Continuum Suppression Variables

Although the best discriminator of B �B and q�q events at the �(4S) is the event topology,
there are other variables which are also somewhat useful. Two of these are the B 
ight
direction, cos�B, (Fig. 6(B)) and the B decay axis direction, cos�hh (Fig. 6(C)). The B 
ight
direction is distributed as sin2 �B for true B mesons and is uniform for continuum events.
Since the B is at rest, its decay axis is uniformly distributed in contrast to the 1 + cos2 �
distribution for continuum events.

Instead of cutting on these three variables separately, we improve the e�ciency by taking
the product of the likelihoods of the three variables and cutting on the combined likelihood
ratio:

L(B �B) = L(B �B)(SFW ) � L(B �B)(cos �B) � L(B �B)(cos �hh);

LR(B �B) =
L(B �B)

L(B �B) + L(q�q) :

For the SFW , both signal and continuum probability density functions (PDF) are taken
to be Gaussian. For cos�B, the signal PDF is a� bx2 and the continuum PDF is constant.
For cos�hh, the signal PDF is constant and the continuum PDF is c + dx2. In the region
jcos�hhj > 0:7, the B decay axis shape is dominated by the detector acceptance for both the
signal and continuum distributions. Thus we set the cos�hh PDF to 1 for both signal and
continuum if jcos�hhj > 0:7. Fig. 6(D) shows a plot of the likelihood ratio, LR, for both the
signal and continuum distributions.

The maximum signi�cance (S=
p
S +N) expected at 5 fb�1 for the B0 ! K+�� signal is

achieved with LR > 0:8. This cut has a signi�cance of 4:3 and an e�ciency of 49%. At this
same e�ciency, the expected signi�cance with the R2 cut is 3.2, the expected signi�cance
with the cos�thrust cut is 3:6 and the expected signi�cance with the SFW cut alone is 3:9.

This e�ciency relies heavily on the correct modeling of the shapes of the PDFs for the
signal and continuum distributions. We test this e�ciency by measuring the B� ! D0��
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FIG. 6. Continuum suppression variables: Super Fox Wolfram (A), B 
ight direction (B), decay

axis direction (C), and the likelihood ratio combining all three (D). In each case, the solid line is

signal Monte Carlo while the dashed line is continuum data in the mB sideband (mB < 5:265

GeV/c2).

yield before and after making a cut on the likelihood ratio. The relative error on this cut
e�ciency is 8% which is dominated by the statistics of the D0�� data sample.

The �nal e�ciencies are listed in Table I. The relative error of these e�ciencies is 13%
for the h+h� modes and 18% for the KSh

� modes. As described in the above sections,
the contributions to the relative error are �10% for B reconstruction, �2% for particle
identi�cation, �8% for continuum suppression, and 13% for KS reconstruction/selection.
The absolute errors are included for each mode in the table. The KS e�ciencies include the
intermediate branching fraction of KS ! �+��.

IV. METHODS OF EXTRACTING THE SIGNAL YIELD

We �t to the mB distribution after �E cuts have been applied and the �E distribution
after mB cuts have been applied. The mB �t had the advantage of a well de�ned signal
peak with a narrow width (� 3 MeV �). The �E �t has the advantage of a kinematic sepa-
ration among the K+��, �+��, and K+K� signals, while in the mB �t these contributions
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Mode E�ciency before PID E�ciency after PID

K+�� 0:34� 0:04 0:28� 0:04

�+�� 0:34� 0:04 0:28� 0:04

K+K� 0:33� 0:04 0:20� 0:03

KS�
+ 0:14� 0:03 0:13� 0:02

KSK
+ 0:14� 0:03 0:11� 0:02

TABLE I. E�ciency for each mode. The KS e�ciencies include the intermediate branching

fraction of KS ! �+��.

cannot be distinguished. In each case, we perform a binned likelihood �t [14] where the
normalization of the signal and background functions are the only free parameters in the �t.

For the beam constrained mass �t, the signal function is a Gaussian centered at 5:2801
GeV/c2 for the neutral modes and 5:2796 GeV/c2 for the charged modes with � = 2:98
MeV/c2. These parameters are determined by the �tting mB for the B� ! D0�� modes,
and the B0 ! D��+ modes. Since the mean and width of the signal mB distribution are
determined from the same data set, their errors are correlated. We determine the correlation
coe�cient to be about 0:01 which is small enough to ignore. The continuummB distribution
is modeled using a kinematic threshold function (ARGUS function) [15]:

ARGUS(x) = Nx
�p

1� x2
�
e�(1�x

2);

x = mB=Ebeam:

The �t has two parameters, an overall normalization, N, and an exponential coe�cient, �.
The parameter, �, is determined from the shape of the mB distribution in the �E sideband
(80 < �E < 250 MeV). The relative error in this parameter due to the limited sideband
statistics is 10%. This parameter is independent of the continuum suppression and PID cuts
and we maximize the statistics by determining it before the cuts are applied. Figure 7(A)
is a �t of the continuum mB distribution in the �E sideband using the ARGUS function.
The con�dence level for the �t is 36:2%.

Figure 2 shows the MC expectations for the �E distribution for the �+��, K+��, and
K+K� signals. The peak positions and width of the �E distribution are determined by the
track momentum resolutions and possible biases. Biases in the measurement are determined
by measuring the mass of several well known resonances as well as the B0 mass from the
D��+ mode. We �nd that the peak positions are at the expected values of 0, �44, and �88
MeV for the �+��(KS�

+), K+��(KSK
+), and K+K� signals to within about �2 MeV.

The momentum resolution is tested in data using the D0 ! K��+ invariant mass peak
where the K and � have been selected to be in the same momentum and theta ranges as
the signal tracks. We �nd that the �+�� resolution is 24 MeV and the K+�� and K+K�

resolutions are 26 MeV. These resolutions are known to about �1 MeV. Since both the
mean and � of these distributions are determined from the same data sample, their errors
are correlated. Again, the correlation coe�cient is about 0:01 which we ignore.

The continuum �E distribution is modeled as a straight line with two parameters, the
slope and the area under the line. We obtain the slope from the mB sideband (mB < 5:265
GeV=c2). There is a slight correlation between the �E distribution and the continuum
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of true signal and background yields. At the time of this writing, this Monte Carlo exper-
iment is incomplete and we estimate the signal signi�cance and con�dence intervals using
the likelihood function. The s standard deviation error interval is given by

s2 = �2 ln
0
@ L( ~N)

L( ~N0)

1
A

where ~N is the vector of signal and background yields, and ~N0 are the values that maximize
the likelihood. Values of constant s de�ne contours in ~N . The statistical error is given by
N � N0 when s = 1 and is roughly

p
Ns +Nb. The signal signi�cance is given by s when

the signal yield is constrained to be zero and is roughly Ns=
p
Nb.

If the signal signi�cance is lower than 3, we quote 90% upper limit con�dence levels,
following [6], de�ned as

0:9 =

R U:L
0 L( ~N)dNsR
1

0 L( ~N)dNs

;

where Ns is the signal yield and L is re-maximized at every value of Ns. In principle, this is
di�erent from the con�dence intervals de�ned in [14], however, in practice, the �nal answers
are very similar. The upper limit yield is then in
ated by 1 � of the systematic error. In
the future we will quote upper limit con�dence levels based on the results of the above
mentioned Monte Carlo experiment.

V. RESULTS

A. B0 ! K+��

Figure 8(A) shows a plot of �E versus mB for the K+�� event candidates. The box
indicates the 3� window in mB and �E where an excess can be clearly seen in the signal
box. Figures 8(B) and 8(C) are �ts to the beam constrained mass and �E distributions
for the K+�� signal after 3� cuts are placed on the opposite variable. The mB �t yields
31:3+7:3

�6:6 signal events and 21:3� 1:9 continuum background events in the signal region. The
con�dence level for the �t is 69:8%. This signal yield includes the K+�� signal and possible
background from �+�� decays where the �E value is within 3� of the K+�� central value
and one of the pions is misidenti�ed as a kaon.

We use the �E distribution to separate these components. The �E �t yields 25:6+7:5
�6:8

K+�� events, 7:6 � 5:8 �+�� events, and 19:9 � 3:0 continuum events. The con�dence
level for the �t is 32:8%. The signi�cance of the signal, as determined by re-maximizing the
likelihood with the signal yield constrained to zero events, is 4:4. The �E yield corresponds
to a branching fraction of B(B0 ! K+��) = (1:74+0:51

�0:46)� 10�5 where the error is statistical
only. The systematic error is discussed below. Figure 9 is a plot of the �+�� yield versus
the K+�� yield for the �E �t. The contours correspond to changes of �s = 1 with
s2 = �2 ln

�
L( ~N)=L( ~N0)

�
as de�ned above. The s = 4:4 contour is represented by the

dashed line.
Figure 10(A) compares the K+�� signal yield for the �E and mB �ts where the likeli-

hood ratio is used as the continuum suppression variable and where cos�thrust is used as the

15



-0.25
-0.2

-0.15
-0.1

-0.05
0

0.05
0.1

0.15
0.2

0.25

5.2 5.22 5.24 5.26 5.28 5.3
dE (GeV) versus mB (GeV/c2)  Kπ

(A)

mB (GeV/c2)

E
ve

n
ts

 /
 2

.5
 M

e
V

/c2

(B)

∆E (GeV)

E
ve

n
ts

 /
 2

0
 M

e
V

(C)

FIG. 8. B reconstruction variables for the K+�� candidate events, (A), �E versus mB, (B),

mB after �3� cuts are applied to �E, (C), �E after cutting on mB > 5:27 GeV=c2. The curves

and the results of the �ts are described in the text.

continuum suppression variable. This indicates our likelihood ratio selection has not biased
our signal yield. Although the �nal signal error is about the same for both continuum sup-
pression variables, the signal to continuum noise is 1:4 for the likelihood ratio cut and 0:7 for
the cos�thrust cut as demonstrated in Figure 10(B) which plots the continuum background
yields for each �t. Again, the mB yields (3; 4) contain a �+�� background and are thus
systematically higher than the �E yields (1; 2).

16



K
π yie

ld

π π yield

F
IG

.
9.

S
ign

al
y
ield

an
d
stan

d
ard

d
ev
iation

con
�
d
en
ce

in
tervals

for
th
e
K

+
�
�
�
E

�
t.

T
h
e

con
tou

rs
corresp

on
d
to

ch
an
ges

of
�
s
=
1
w
ith

s
2
=
�
2
ln �
L
(
~N
)=
L
(
~N
0 ) �

as
d
e�
n
ed

in
th
e
tex

t.

T
h
e
s
=
4:4

con
tou

r
is
rep

resen
ted

b
y
th
e
d
ash

ed
lin
e.

B
.
B

0
!

�
+
�
�

F
igu

re
11(A

)
sh
ow

s
a
p
lot

of
�
E
versu

s
m
B

for
th
e
B

0!
�
+
�
�
even

t
can

d
id
ates.

T
h
e

b
ox

in
d
icates

th
e
3�

w
in
d
ow

in
m
B

an
d
�
E
.
A

sligh
t
ex
cess

can
b
e
seen

in
th
e
sign

al
b
ox
.
F
igu

re
11(B

)
sh
ow

s
th
e
b
eam

con
strain

ed
m
ass

�
t
for

th
e
�
+
�
�
sign

al.
T
h
e
�
t
y
ield

s
14:1

+
5
:4

�
4
:7
even

ts
over

a
b
ack

grou
n
d
of

16:4�
1:7

even
ts
an
d
a
con

�
d
en
ce

level
of

88:8%
.
D
u
e

to
th
e
large

k
in
em

atic
overlap

in
�
E

b
etw

een
th
e
�
+
�
�
an
d
K

+
�
�
sign

als,
th
is
p
eak

is
ex
p
ected

to
con

tain
b
oth

a
�
+
�
�
com

p
on
en
t
an
d
a
K

+
�
�
b
ack

grou
n
d
com

p
on
en
t
w
h
ere

th
e
kaon

is
m
isid

en
ti�

ed
as

a
p
ion

.
F
igu

re
11(C

)
sh
ow

s
th
e
�
E
�
t
w
h
ich

y
ield

s
9:3

+
5
:7

�
5
:1
�
+
�
�
even

ts,
4:7�

5:2
K

+
�
�
even

ts,
an
d
17:7�

2:6
con

tin
u
u
m

even
ts

an
d
h
as

a
con

�
d
en
ce

level
of

88:7%
.
T
h
e
�
E

y
ield

cor-
resp

on
d
s
to

a
b
ran

ch
in
g
fraction

ofB
(B

0!
�
+
�
�
)
=
(0:63

+
0
:3
9

�
0
:3
5 )�

10
�
5
w
h
ere

th
e
error

is
statistical

on
ly.

T
h
e
sy
stem

atic
error

is
d
iscu

ssed
b
elow

.
F
igu

re
12

is
a
p
lot

of
th
e
�
+
�
�
y
ield

versu
s
th
e
K

+
�
�
y
ield

for
th
e
�
E
�
t.
T
h
e
con

tou
rs

corresp
on
d
to

ch
an
ges

of
�
s
=

1
w
ith

s
2
=
�
2
ln �L

(
~N
)=L

(
~N
0 ) �

as
d
e�
n
ed

ab
ove.

T
h
e

s
=
1:9

con
tou

r
is
rep

resen
ted

b
y
th
e
d
ash

ed
lin

e.
S
in
ce

th
e
sign

i�
can

ce
is
sm

all,
w
e
q
u
ote

17



F
it T

yp
e

K π yield

(A
)

F
it T

yp
e

Continuum background yield

(B
)

F
IG

.
10.

E
ven

t
y
ield

s
for

d
i�
eren

t
cu
ts

an
d
�
ts.

(A
)
are

th
e
K

+
�
�
sign

al
y
ield

s,
(B
)
are

th
e

con
tin

u
u
m
b
ack

grou
n
d
y
ield

s.
F
rom

�
t
ty
p
es
:
1)

�
E
y
ield

w
ith

a
lik
elih

o
o
d
ratio

cu
t,
2)

�
E
y
ield

w
ith

a
cos�

th
ru
st
cu
t,
3)

m
B

y
ield

w
ith

a
lik
elih

o
o
d
ratio

cu
t,
an
d
4)

m
B

y
ield

w
ith

a
cos�

th
ru
st

cu
t.
T
h
e
m
B
�
ts
con

tain
som

e
�
+
�
�
b
ack

grou
n
d
an
d
are

th
u
s
sy
stem

atically
h
igh

er
th
an

th
e
�
E

�
t
y
ield

s.

a
90%

con
�
d
en
ce

level
u
p
p
er

lim
it
ofB

(B
0!

�
+
�
�
)
<
1:65�

10
�
5.

C
.
B

+
!

K
S
�
+
Y
ie
ld

F
igu

re
13(A

)
is

a
p
lot

of
�
E

versu
s
m
B

for
th
e
K

S �
+
even

t
can

d
id
ates.

T
h
e
b
ox

in
d
icates

th
e
3�

w
in
d
ow

in
m
B

an
d
�
E
.
A

sligh
t
ex
cess

can
b
e
seen

in
th
e
sign

al
b
ox
.

F
igu

re
11(B

)
sh
ow

s
th
e
b
eam

con
strain

ed
m
ass

�
t
to

th
e
K

S
�
+
sign

al.
T
h
ere

is
a
v
isib

le
p
eak

an
d
th
e
�
t
y
ield

s
6:9

+
3
:4

�
2
:7
sign

al
even

ts
over

a
b
ack

grou
n
d
of
3:3�

0:7
con

tin
u
u
m

even
ts.

F
igu

re
11(C

)
sh
ow

s
th
e
�
E
�
t.
T
h
e
�
t
y
ield

s
5:7

+
3
:4

�
2
:7
K

S
�
+
even

ts
an
d
2:6�

1:1
con

tin
u
u
m

even
ts.

D
u
e
to

th
e
w
id
er

�
E

resolu
tion

,
th
ere

is
n
o
v
isib

le
p
eak

.
H
ow

ever,
th
e
sid

eb
an
d
s

in
d
icate

th
e
b
ack

grou
n
d
level

is
q
u
ite

low
,
an
d
th
is
is
an

ex
cess

of
K

S
�
+
even

ts.
T
h
e
�
E

y
ield

corresp
on
d
s
to

a
b
ran

ch
in
g
fraction

ofB
(B

+
!

K
0�

+
)
=
(1:66

+
0
:9
8

�
0
:7
8 )�

10
�
5
w
h
ere

th
e

error
is
statistical

on
ly.

T
h
e
sy
stem

atic
error

is
d
iscu

ssed
b
elow

.
S
in
ce

th
e
sign

i�
can

ce
is

sm
all,

w
e
q
u
ote

a
90%

con
�
d
en
ce

level
u
p
p
er

lim
it
ofB

(B
+
!

K
0�

+
)
<
3:4�

10
�
5.

D
.
K

+
K
�
a
n
d
K

S
K

+

F
igu

res
14

an
d
15

sh
ow

th
e
�
E
versu

s
m
B
sign

al
w
in
d
ow

s
for

B
0!

K
+
K
�
an
d
B

+
!

K
S
K

+
resp

ectively.
F
or

th
e
K

+
K
�
sign

al,
b
oth

track
s
are

req
u
ired

to
b
e
id
en
ti�

ed
as

kaon
s.

F
or

K
S
K

+
,
th
e
ch
arged

kaon
is
req

u
ired

to
b
e
p
rop

erly
id
en
ti�

ed
.
F
its

to
th
e
�
E

d
istrib

u
tion

s
y
ield

0:8
+
3
:1

�
0
:8
K

+
K
�
even

ts
an
d
0:0

+
0
:5

�
0
:0
K

S
K

+
even

ts.
w
e
q
u
ote

u
p
p
er
lim

its
at

th
e
90%

con
�
d
en
ce

level
ofB

(B
0!

K
+
K
�
)
<
0:6�

10
�
5
an
dB

(B
+
!

K
0K

+
)
<
0:8�

10
�
5.

18



-0.25
-0.2

-0.15
-0.1

-0.05
0

0.05
0.1

0.15
0.2

0.25

5.2 5.22 5.24 5.26 5.28 5.3
dE (GeV) versus mB (GeV/c2) ππ

(A)

mB (GeV/c2)

E
ve

n
ts

 /
 2

.5
 M

e
V

/c2

(B)

∆E (GeV)

E
ve

n
ts

 /
 2

0
 M

e
V

(C)

FIG. 11. B reconstruction variables for the �+�� candidate events, (A), �E versus mB, (B),

mB after �3� cuts are applied to �E, (C), �E after cutting on mB > 5:27 GeV=c2. The curves

and the results of the �t are described in the text.

E. Systematic Errors

The main source of systematic error in the signal yields comes from the size of the
cross talk among modes. Currently, the amount of background from cross talk among the
various signal modes is allowed to 
oat in each �t. To account for a possible systematic
error from uncertainty in the background from cross talk, we re�t the distributions without
the misidenti�ed background component. As expected, the yields increase by a few events.
However, in both cases, once the component is removed, the �t lies systematically below
the data for all bins where misidenti�ed background is expected. This di�erence is added
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FIG. 13. B reconstruction variables for the B+ ! KS�
+ candidate events, (A), �E versus

mB, (B), mB after �3� cuts are applied to �E, (C), �E after cutting on mB > 5:27 GeV=c2.

The curves and the results of the �ts are discussed in the text.

The �t results with both statistical and systematic error are shown in Table II. The sys-
tematic error in the branching fractions includes the �tting error, the error in the e�ciency,
and the error in the number of B �B events (currently 1%) added in quadrature.

VI. CONCLUSIONS

We have performed a search for several charmless hadronic B decays to charged particle
�nal states, and we report preliminary results on their branching fractions. A clear B0 !
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FIG. 14. �E versus mB distribution for B0 ! K+K�. No excess above background is visible.
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FIG. 15. �E versus mB distribution for B� ! KSK
+. No events are found in the signal box.

K+�� signal is seen and we are beginning to see an excess in the B0 ! �+�� and B+ !
KS�

+ modes.
We measure central value branching fractions of (1:74 +0:51

�0:46�0:34)�10�5 for B0 ! K+��

mode, (0:63 +0:39
�0:35 � 0:16) � 10�5 for the B0 ! �+�� mode, (1:66 +0:98

�0:78
+0:22
�0:24) � 10�5 for the

B+ ! K0�+ mode, and see no signal for the K+K� or KSK
+ modes. We conclude at the

90% con�dence level that the branching fractions are below 1:65�10�5 for �+��, 0:6�10�5
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Mode Yield Signi�cance E�ciency BR(�10�5) U.L. (�10�5)

K+�� 25:6 +7:5
�6:8 � 3:8 4:4 0:28� 0:04 1:74 +0:51

�0:46 � 0:34 -

�+�� 9:3 +5:7
�5:1 � 2 1:9 0:28� 0:04 0:63 +0:39

�0:35 � 0:16 1:65

K+K� 0:8 +3:1
�0:8 - 0:20� 0:03 - 0:6

K0�+ 5:7 +3:4
�2:7 � 0:6 2:4 0:13� 0:02 1:66 +0:98

�0:78
+0:22
�0:24 3:4

K0K+ 0:0 +0:5
�0:0 - 0:11� 0:02 - 0:8

TABLE II. Preliminary results of the analysis based on 5:27 M B �B events. Note: in K0 modes,

yields and e�ciencies are quoted for KS ; BR and U.L. for K0.

for K+K�, 3:4 � 10�5 for K0�+, and 0:8 � 10�5 for K0K+. Although the errors are still
large, we con�rm the CLEO results given in [6]. In particular, we con�rm the B0 ! K+��

branching fraction is larger than the B0 ! �+�� branching fraction. We look forward in
the near future to performing direct searches for charge asymmetries in the K+�� mode as
well as placing limits on CP violating phases using the K0�+ modes.

To conclude this paper, we show Fig. 16 which gives the �E distributions for the B0 !
K+�� and the B0 ! �+�� signals before and after the application of particle identi�cation.
This demonstrates the power of the Belle particle identi�cation system. Figure 16(A) is the
�E distribution without PID. The �+�� signal peak evident in Fig. 16(C) is insigni�cant
compared to the K+�� peak. Also, the K+�� peak, shown in Fig. 16(B), is much clearer
due to the removal of most of the �+�� combinations from continuum background.
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