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Abstract 

We report on a search for several charmless hadronic B meson decay modes 
to charged particle final states using 5.3 million BB pairs recorded on the 
T(4S} resonance by the Belle experiment at KEKB. The two final states, 
so -t K+w- and B 0 -t 11'+11'-, can be clearly separated using the high 
momentum particle identification system of the Belle detector. We observe 
25.6 !~:~ ± 3.8 S 0 -t K+1r- events corresponding to a branching fraction 
of B(B0 -7 K+w-) = (1.74 !8:~~ ± 0.34) x w-5. Excesses are visible for 
B+ -t Ksw+ and B0 -t w+7r- with marginal significance. We report 90% 
confidence level upper limits of B(B+ -t K 0w+) < 3.4 x w-s, B(Bo -t 

r.+w-) < 1.65x 10-5, 13(B0 -t K+K-) < 0.6x 10-5, and B(B+ -t K°K+) < 
0.8 x w-s. The results reported here are preliminary. 
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I. INTRODUCTION 

B meson decays to charmless final states offer a rich testing ground for both Standard 
Model and new Physics ll}. The Standard Model diagrams for charmless decays are shown 
in Figure 1. Some interesting cases include the b -+ uus final states, such as B0 -+ J(+1f-, 
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 ¢s. At the quark level, direct CP violation is not expected 
in the b -+ dds transitions such as s+ -+ K 01r+. However, several techniques have been 
proposed to use the K 01r+ final state along with the K+1r0 final states to place limits on 

¢,[!]. 
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FIG. 1. Feynman diagrams for the b --t u, s, d charmless transitions. 

The b -). u, d transitions, such as B 0 -+ 11'+11'- ar-e also interesting. Along with direct 

CP violation via Penguin-Tree interference, some final states are CP eigenstates that should 
exhibit time-dependent indirect CP violation through J30 J3o mixing that can be used to 

measure the angle ¢2. 
At the quark level, b -+ us:S final states such as B 0 -+ 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 final states probe both long range final state interactions and 
physics beyond the standard model. 

In this paper, we describe our study of charmless B decay to charged particle final states. 

In these final states, each mode has roughly the same detection efficiency 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. !::J.E and mB(beam con
strained mass) are used to reconstruct the B meson [2]. Background from continuum 
e+ e- -+ qij processes is removed by cutting on a likelihood ratio formed from three con
tinuum .suppression variables: the B flight direction, the decay axis direction, and the Super 

Fox Wolfram variable [3J, which is an 8-variable Fisher discriminant containing Fox Wol· 
fram moments modified 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 
efficiencies are determined using Monte Carlo and verified using independent data. 

Hadrons are identified as kaons or pions using a combination of specific 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+1r- signal to the n+?r- signal [6], the signal to noise for a K+n- signal with 
a n+n- background is expected to be 36 : 1 while the signal to noise for a n+n- signal 
with a K+n- background is expected to be 1.8: 1. The particle identification efficiency is 
determined using pure data samples of kaons and pions tagged using kinematically selected 
continuum produced n•+ mesons which decay via n·+ -? D0n+' D0 -? K-n+. 

The signal yield is extracted by fitting the l:::.E distribution and verified by fitting the mB 
spectrum. The signal shapes are obtained from the s- -+ D0n- analysis and high momen
tum continuum [jJ -? K-n+ decays. The continuum background shapes are determined 
using sideband data. A B0 -? K+7r-(n+n-) component is added to the B0 -7 7r+n-(K+7r-) 
fit to take into account the cross talk among the various modes due to misidentification of 
the particle species. The dominant source of background for all modes considered is qij 
continuum background [2J. 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 final states where the vector particle 
decays asymmetrically. However, this background is shifted in l:::.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 significant 
signal in the B 0 -? Kr1r- mode. We see excesses in the 7r+7r- and Ksn+ modes with 
marginal significance. We see no excess in the K+ K- or K 5 K+ 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 T(4S) resonance corresponding 
to 5.3 M BB events. Approximately 600 pb-1 of data is taken"-' 60 MeV below the Y(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 T ( 4S) systems boosted by ""' 10% in the z direction. 

The Belle detector is a general purpose magnetic spectrometer with a 1.5 T magnetic 
field. Charged tracks are reconstructed using a 50 layer Central Drift Chamber [4] (CDC) 
and a 3 layer double sided Silicon Vertex Detector (SVD) j9J. Candidate 1 sand electrons 
are identified using an 8736 crystal, Csi(TQ calorimeter flO] (ECL) located inside the magnet 
coil. Muons and KL are detected using resistive plate chambers (RPC) embedded in the 
iron magnetic flux return (KLM) [11]. Charged tracks are identified as either pions or kaons 
based on their specific ionization loss (dE/dx) [4], Cherenkov threshold in silica Aerogel 
(ACC) [51, and their time of flight [12J (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 T(4S) rest frame assuming a 
1r mass hypothesis. B candidates are identified using the beam constrained mass, mB, and 
energy difference, .6.E, distributions: 

mB=,IEc"m- (~p,(cms))', 
tJ.E = L E;(cms)- E.,,m, 

Eo.om = vs/2 ~ 5.29 GeV. 

Figure 2 shows the mB and .6.E distributions for K+1r-, n+1r-, and K+ K- Monte Carlo 
events. The mE distribution is the same for all these modes while llE is different for the 
K+n- and 1r+1r- 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 mE 
is determined primarily by the beam energy spread. This resolution is measured using 
s--+ D01r- decays to be 3 MeV /c2. 

The l:::.E resolution for B 0 -+ 1r+1r- is 24 MeV. This resolution is determined by measuring 
the no mass resolution for high momentum continuum no -? x-7(+ decays where the 
daughter tracks are selected . to have momentum and angular distributions similar to the 
signal tracks. 

The K+7r-(K+ K-) tJ.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+n- and K+ K- l:::.E resolutions to increase to about 26 MeV. 

We select candidate events by requiring mE > 5.2 GeV /c2 and j.6.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 .6.E 
sideband ( -250 < .6.E < -170 MeV, mB > 5.26 GeV fc2) may contain backgrounds from 
charmless B decays to vector plus pseudoscalar decays and is, thus, not used to determine 
continuum background parameters. 

The efficiency for signal events at this level is 78%. From studies of independent event 
samples, in particular the s- -? n°n- modes, we estimate the relative error in this efficiency 
to be 10%. 

B. Ks Reconstruction 

Candidate Ks -? 1r+1r- decays are reconstructed by combining two oppositely charged 
tracks and requiring the two track invariant mass to be within ±30 MeV of the Ks mass. The 
two tracks must converge to a single point clearly separated from the interaction point. \Ve 
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FIG. 2. B reconstruction variables, beam constrained mass (mB) (top) and !::J.E (bottom). 
The K+Tr-, ?T+1f-, and K+ K- signals cannot be separated in the mB distribution. In the D.E 
distribution, the 1r+1r- signal is the solid histogram centered at 0 MeV, the K+tr- signal is the 
dashed histogram centered at -44 MeV, and the K+ K- signal is the dotted histogram centered 
at -88 MeV. No particle identification cuts have been applied and the branching fractions are 

assumed to be equal. 

also require that the Ks flight direction is along a line connecting the interaction point and 
the Ks decay vertex. Figure 3 is the Ks mass distribution for high momentum continuum Ks 
candidates. The mass resolution is 2.1 MeV. The Ks reconstruction efficiency is 74 ± 2%. 
Once a Ks is identified, we perform a vertex constrained fit to improve the momentum 
resolution. 

To understand the difference in the detection efficiencies between the h+ h-(h = n, K) 
modes and the Ksh± modes, the Ks detection efficiency is tested using the ratio of n+-+ 
K 5n+ decays to n° -+ K-1r+ decays. We find good agreement between data and Monte 
Carlo for the Ks efficiency however, due to limited statistics, the relative error in the Ks 
detection efficiency is presently determined to a precision level of 13%. 

C. High Momentum Particle Identification 

The Belle particle identification 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 flight of charged kaons and pions are indistinguishable and, therefore, 
TOF information is not used in this analysis. 
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FIG. 3. 1r+1r- inV<Lriant mass distribution for high momentum continuum Ks after Ks selection 
·cuts have been applied. 

We use a combination of specific ionization loss [4], (dE/dx), and whether or not the 
particle produces Cherenkov light in silica Aerogel [5), (ACC). The barrel (34.2 < 8 < 120 
degrees) ACC has a 6 dependent index of refraction ranging from n = 1.010 ton= 1.028. 
This corresponds to a pion Cherenkov threshold of about 1 Ge V and a kaon threshold of 
about 3.5 GeV. 

The ACC and dE I dx information are combined using a likelihood method: 

C(h) = C(h)(ACC) x C(h)(dEfdx), 

where h denotes a hypothesized particle species. The dE/dx probability density function 
(PDF) is taken to be a Landau distribution while the ACC PDF is taken to be the ACC 
counter efficiency if the particle records a hit and 1 minus the efficiency otherwise. Particles 
are identified as kaons or pions by cutting on the likelihood ratio (PID): 

C(K) 
PID(K) = C(K) + £.(,-)' 

PID(,-) = 1- PID(K). 

A particle is identified if its likelihood ratio is greater than 0.6. The efficiencies and fake 
rates are determined using pure kaon and pion data samples. The particles are kinematically 
tagged using continuum n• decays: n•+-+ n°ni, no-+ K-1r+. The charge of the slow 
pion tags the flavor of the D 0. Our cut has a K- identification efficiency of 0.78 and a 
fake rate of 0.17(true K fakes 1r) . The n+•s have an identification efficiency of 0.91 and a 
fake rate of 0.06 (true 1r fakes K). The error in these efficiencies and fake rates is ±0.02 
and includes sample statistics, sample background, and discrepancies between the angular 
dependence of the sample tracks and the signal tracks. 

For so -+ K+1f-, we require either the positive or negative track be identified as a kaon. 
Since the majority of particles in hadronic events are pions, it is not necessary to apply a 

8 



pion PID cut to the other track. For B0 -7 11"+11"-, we expect a large background from the 
B 0 -7 K+r.- signal where the kaon is misidentified as a pion. We veto this background by 
requiring that both tracks be identified as pions. Similarly~ we require both tracks to be 
identified as kaons for the K+ K- final state. For the Ksh± final states, the primary track 
is required to be identified as a kaon or pion while no particle identification is required for 
the Ks daughters. 

The f:::.E distributions for the n+n-, K+n- and K+ K- signal Monte Carlos, assuming a 
1 :0.25: 0.1 ratio for the K1r: 1r1r: KK branching fractions, are shown in Fig. 4 before and 
after the application of PID. Figure 5 is the K-1r+ invariant mass distribution for the D0 

decays discussed above before and after the application of PID. We first apply PID to the 
kaon track to demonstrate the PID efficiency. Second, we apply pion ID to both tracks to 
demonstrate our ability to remove the B 0 ~ K+1r- feed down into the B 0 -l- 1r+1r- mode. 
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FIG. 4. The !:::J.E distributions for 1r+1r-, K+'lr-, and K+ K- signal Monte Carlo. The 7r+'lr

signal is the hatched histogram centered at 0, the K+n- 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 identified as a kaon. C) after both tracks are identified as pions. D) 
after both tracks are identified as kaons. The branching fractions are assumed to be 1 : 0.25 : 0.1 
for K1r: 1r1r: KK. 
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FIG. 5. The K-1r+ invariant mass distribution in the decay chain n•+-+ D01r+, D0 -+ K-1r+ 
+c.c. The open histogram is before the application of PID. The hatched histogram is after one 
track is required to be identified as a kaon. The solid histogram is after both tracks have been 
required to be pions. 

D. Continuum Suppression 

Events are characterized as BB or qq events based on event topology. In the 1(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 BB events and collimated continuum events. 

Two variables usually used at the T{ 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, cos9thrust [2]. While R2 is a purely inclusive variable, cos9thrust 
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 

H, = 2:: IPil[pj[F\(X;J)
iJ 

Where ~(ZiJ) is the J1h order Legendre polynomial between two particles and the sum is 
over all particles in the event. We break this sum into three terms 

H, = h,[l] + h,[IJ + h00 [1]. 

h$$ is summed ·over tracks from the B candidate; h00 is summed over particles from the rest 
of the event after the signal tracks have been removed; for h$0 , one index runs over signal 
tracks and the other over particles from the other side of the event. 
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Since h88 is highly correlated with the kinematic B reconstruction variables, it is removed. 
For odd values of l, h80 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 
modified moments, we can maximize the separation by combining the modified 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 first four orders of the moments. We 
are left with what we call the Super Fox Wolfram [3]: 

• 
SFW = 2:a,h,.[l] + ,IJ,hoo[l], 

1=1 

where a 1 and /31 are the Fisher coefficients. Figure 6(A) shows the SFW distribution for 
BfJ and continuum events. 

1. Combinations of Continuum Suppression Variables 

Although the best discriminator of Bi3 and qij events at the "f( 4S) is the event topology, 
there are other variables which are also somewhat useful. Two of these are the B flight 
direction, cos06 , (Fig. 6(B)) and the B decay axis direction, cosO" (Fig. 6(C)). The B flight 
direction is distributed as sin2 ()8 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 8 
distribution for continuum events. 

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

.C(BB) = .C(Bfi)(SFW) x .C(Bfi)(cosOs) x .C(Bfi)(cosO,,), 

- .C(BB) 
LR(BB) = .C(BB) + .C(q~)' 

For the SFW, both signal and continuum probability density functions (PDF) are taken 
to be Gaussian. For cos8s, the signal PDF is a- bx2 and the continuum PDF is constant. 
For cos~h, the signal PDF is constant and the continuum PDF is c + dx'l. In the region 
jcos8hh] > 0.7, the B decay axis shape is dominated by the detector acceptance for both the 
signal and continuum distributions. Thus we set the cos8hh PDF to 1 for both signal and 
continuum if Jco~h] > 0.7. Fig. 6(0) shows a plot of the likelihood ratio, LR, for both the 
signal and continuum distributions. 

The maximum significance (SJ../S + N) expected at 5 fb-I for the B0 -7 K+n- signal is 
achieved with LR > 0.8. This cut has a significance of 4.3 and an efficiency of 49%. At this 
same efficiency, the expected significance with the R2 cut is 3.2, the expected significance 
with the cos()thrust cut is 3.6 and the expected significance with the SFW cut alone is 3.9. 

This efficiency relies heavily on the correct modeling of the shapes of the PDFs for the 
signal and continuum distributions. We test this efficiency by measuring the B- -+ Don-
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FIG. 6. Continuum suppression variables: Super Fox Wolfram (A), B flight 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/c'). 

yield before and after making a cut on the likelihood ratio. The relative error on this cut 
efficiency is 8% which is dominated by the statistics of the D0n- data sample. 

The final efficiencies are listed in Table I. The relative error of these efficiencies 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 
identification, ±8% for continuum suppression, and 13% for Ks reconstruction/selection. 
The absolute errors are included for each mode in the table. The Ks efficiencies include the 
intermediate branching fraction of Ks-+ n+n-. 

IV. METHODS OF EXTRACTING THE SIGNAL YIELD 

We fit to the mB distrib.ution after 6.E cuts have been applied and the 6.E distribution 
after mB cuts have been applied. The mB fit had the advantage of a well defined signal 
peak with a narrow width ("'-' 3 MeV o'). The tl.E fit has the advantage of a kinematic sepa
ration among the K+1r-, n+n-, and K+ K- signals, while in the mB fit these contributions 
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Mode Efficiency before PID Efficiency after PID 
K+n 0.34 ± 0.04 0.28 ± 0.04 

n+n 0.34 ± 0.04 0.28 ± 0.04 

K+K- 0.33 ± 0.04 0.20 ± 0.03 

Ksn+ 0.14 ± 0.03 0.13 ± 0.02 

KsK+ 0.14 ± 0.03 0.11 ± 0.02 

TABLE I. Efficiency for each mode. The Ks efficiencies include the intermediate branching 
fraction of Ks ~ 7r+7r-. 

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

For the beam constrained mass fit, the signal function is a Gaussian centered at 5.2801 
GeV fc2 for the neutral modes and 5.2796 GeV jc? for the charged modes with a = 2.98 
MeV jr?. These parameters are determined by the fitting mB for the s---+ D0

1r- modes, 
and the B 0 --+ D-n+ modes. Since the mean and width of the signal mB distribution are 
determined from the same data set, their errors are correlated. \·Ve determine the correlation 
coefficient to be about 0.01 which is small enough to ignore. The continuum mB distribution 
is modeled using a kinematic threshold function (ARGUS function) [15]: 

ARGUS(x) = Nx ( v'1- x2 ) e"l'-•'l, 

x=mB/EIJeom· 

The fit has two parameters, an overall normalization, N, and an exponential coefficient, a. 

The parameter, Q, is determined from the shape of the mB distribution in the D.E sideband 
(80 < l:J..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 fit of the continuum mB distribution in the !:::.E sideband using the ARGUS function. 
The confidence level for the fit is 36.2%. 

Figure 2 shows the MC expectations for the l:J..E distribution for the n+w-, K+Tr-, and 
K+ K- signals. The peak positions and width of the l:J..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 B 0 mass from the 
n-n+ mode. We find that the peak positions are at the expected values of 0, -44, and -88 
MeV for the n+7r-(K5 n+), K+Tr-(KsK+), and K+ K- signals to within about ±2 MeV. 
The momentum resolution is tested in data using the D0 -+ K-n+ invariant mass peak 
where the K and 1r have been selected to be in the same momentum and theta ranges as 
the signal tracks. We find that the n+n- resolution is 24 MeV and the K+n- and K+ K
resolutions are 26 MeV. These resolutions are known to about ±1 MeV. Since both the 
mean and a of these distributions are determined from the same data sample, their errors 
are correlated. Again, the correlation coefficient is about 0.01 which we ignore. 

The continuum l:J..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 l:J..E distribution and the continuum 
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suppression likelihood ratio. Therefore, we determine the l:J..E slope after we make continuum 
suppression cuts but before we make PID cuts. We find no correlation between the slope and 
the PID cuts. Figure 7(B) is a fit of the continuum D.E distribution in the mB sideband. 

The confidence level of the fit is 20.5%. 
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FIG. 7. B reconstruction variables in the data sidebands. (A) is the mB distribution in the t::..E 

sideband (80 < b..E < 250 MeV). The distribution is fit with an ARGUS background shape. The 
confidence level for the fit is 36.2%. (B) is the t::..E distribution in the mB sideband (mB < 5.265 
GeV jc2 .) The distribution is fit with a straight line. The confidence level for the fit is 20.5%. 

Due to the large kinematic overlap of the K+tr- and 7r+7r- signals, the K+n- and n+n
modes are nearly indistinguishable without PID. Even with Belle's particle identification 
systems, there is still a finite misidentification probability. We expect about 14% of the 
K+tr- events will be misidentified as n+n- candidates and about 11% of the w+w- events 
will be misidentified as K+1r- candidates. If we assume a K+w- to tr+n- ratio of about 
4 : 1, the S/N for 1T+n- signal to K+n- background is about 1.8 while the S/N for the 
K+1r- signal to the :;r+1T- background is 36. To account for this in the l:J..E fits, we add a 
K+1r- background component to the n+n- fit and a n+1T- background component to the 
K+n- fit. 

A. Significance, Confidence Intervals, and Upper Limits 

Fluctuations in the measured yields are caused by Poisson fluctuations in the number of 
signal &:nd background events and fluctuations due to misidentifica6on of events as signal or 
background due to overlapping l:J..E distributions. Furthermore, the signal yield and branch
ing fractions are systematically shifted if the wrong shapes are used for the D.E PDF's or 
if the efficiency correction applied to the signal yield either overestimates or underestimates 
the true efficiency. To determine the signal probability distribution including all the above 
factors, we are conducting a large Monte Carlo experiment where the confidence intervals 
are determined by repeating the simulated experiment several times for all possible values 
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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 significance and confidence intervals using 
the likelihood function. The s standard deviation error interval is given by 

s' = -2ln (!.:(~)) 
C(No) 

where iJ is the vector of signal and background yields, and No are the values that maximize 
the likelihood. Values of constant s define contours inN. The statistical error is given by 
N - No when s = 1 and is roughly .j Ns + Nb. The signal significance is given by s when 
the signal yield is constrained to be zero and is roughly Nsf ..[Nb. 

If the signal significance is lower than 3, we quote 90% upper Hmit confidence levels, 
following [6], defined as 

0.9 
J,u.L .C(N)dN, 

J0
00 t.:(N)dN, 

where Ns is the signal yield and Cis re-ma.ximized at every value of N8 • In principle, this is 
different from the confidence intervals defined in [14], however, in practice, the final answers 
are very similar. The upper limit yield is then inflated by 1 a of the systematic error. In 
the future we will quote upper limit confidence levels based on the results of the above 
mentioned Monte Carlo experiment. 

V.RESULTS 

A. B0 --t K+w-

Figure S(A) shows a plot of b.E versus mB for the K+Tr- event candidates. The box 
indicates the 3a window in mB and b.E where an excess can be clearly seen in the signal 
box. Figures S(B) and S(C) are fits to the beam constrained mass and b.E distributions 
for the K+n- signal after 3a cuts are placed on the opposite variable. The mB fit yields 
31.3~~:~ signal events and 21.3± 1.9 continuum background events in the signal region. The 
confidence level for the fit is 69.8%. This signal yield includes the K+n- signal and possible 
background from rr+n- decays where the b.E value is within 3a of the K+n- central value 
and one of the pions is misidentified as a kaon. 

We use the t:l.E distribution to separate these components. The .6.E fit yields 25.6:!~:~ 
K+n- events, 7.6 ± 5.8 n+n- events, and 19.9 ± 3.0 continuum events. The confidence 
level for the fit is 32.8%. The significance of the signal, as determined by re-maximizing the 
likelihood with the signal yield constrained to zero events, is 4.4. The b.E yield corresponds 
to a branching fraction of B(SO-+ K+Tr-) = (1.74:~:~~) x IQ-5 where the error is statistical 
only. The systematic error is discussed below. Figure 9 is a plot of the n+n- yield versus 
the K+n- yield for the b.E fit. The contours correspond to changes of .6.s = 1 with 
s2 = -2ln (c(iJ)jC(fJ0 )) as defined above. The s = 4.4 contour is represented by the 
dashed line. 

Figure 10(A) compares the K+w- signal yield for the b.E and mB fits where the likeli
hood ratio is used as the continuum suppression variable and where cosOtbrust is used as the 
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FIG. 8. B reconstruction variables for the K+11'- candidate e~ents, (A), l::J..E versus mB, (B), 
mB after ±3a cuts are applied to 6E, (C), !::J.E after cutting on mB > 5.27 GeV jc2. The curves 
and the results of the fits are described in the text. 

continuum suppression variable. This indicates our likelihood ratio selection has not biased 
our signal yield. Although the final 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 cosOthrust cut as demonstrated in Figure 10(8) which plots the continuum background 
yields for each fit. Again, the mB yields (3, 4) contain a rr+rr- background and are thus 
systematically higher than the b.E yields {1, 2). 
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contours correspond to changes of l:!.s = 1 with s2 = -2ln (.qfl)/ .C{N0 )) as defined in the text. 
The s = 4.4 contour is represented by the dashed line. 

B. B0 --+ .,..+.,..-

Figure ll(A) shows a plot of fj.E versus mB for the B 0 --t 1r+1r·· event candidates. The 
box indicates the 3a window in mB and b.E. A slight excess can be seen in the signal 
box. Figure 11(8) shows the beam constrained mass fit for the 1r+1r- signal. The fit yields 
14.1!~:i events over a background of 16.4 ± 1.7 events and a confidence level of 88.8%. Due 
to the large kinematic overlap in b.E between the 1r+n- and K+1f- signals, this peak is 
expected to contain both a 1f+1f- component and a K+1r- background component where 
the kaon is misidentified as a pion. 

Figure ll(C) shows the D..E fit which yields 9.3:!:~:i 1r+1r- events, 4.7±5.2 K+1r- events, 
and 17.7 ± 2.6 continuum events and has a confidence level of 88.7%. The .6.E yield cor
responds to a branching fraction of B(B0 --t 1r+1r-) = (0.63!8:ig) x w-s where the error is 
statistical only. The systematic error is discussed below. 

Figure 12 is a plot of the 1f+1f- yield versus the K+1r- yield for the fj.£ fit. The contours 
correspond to changes of .6.s = 1 with s2 = -2ln (£(N)jC(iJ0 )) as defined above. The 
s == 1.9 contour is represented by the dashed line. Since the significance is small, we quote 
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cut. The mB fits contain some 1i'+ n:- background and are thus systematically higher than the b.E 
fit yields. 

a 90% confidence level upper limit of B(B0 -+ n+n-) < 1.65 x 10-5• 

C. B+ -+ Ks1r+ Yield 

Figure 13(A) is a plot of fj.£ versus mB for the K 5n+ event candidates. The box 
indicates the 3cr window in mB and ~E- A slight excess can be seen in the signal box. 
Figure ll(B) shows the beam constrained mass fit to ·the K 51r+ signal. There is a visible 
peak and the fit yields 6.9:!:~:i signal events over a background of 3.3± 0.7 continuum events. 
Figure ll(C) shows the D..E fit. The fit yields 5.7!~:i K 51r+ events and 2.6 ± 1.1 continuum 
events. Due to the wider D..E resolution, there is no visible peak. However, the sidebands 
indicate the background level is quite low, and this is an excess of K 5 1r+ events. The ~E 
yield corresponds to a branching fraction of B(B+ --t K 01r+) = (1.66!&:~~) x 10-s where the 
error is statistical only. The systematic error is discussed below. Since the significance is 
small, we quote a 90% confidence level upper limit of B(B+ --t K 0n+) < 3.4 x 10-s_ 

D. K+ K- and KsK+ 

Figures 14 and 15 show the fj.£ versus mB signal windo"'-s for B 0 --t K+ K- and s+ --t 
K 5 K+ respectively. For the K+ K- signal, both tracks are required to be identified as 
kaons. For K s K+, the charged kaon is required to be properly identified. Fits to the D.E 
distributions yield 0.8:!:~:~ K+ x- events and O.O!&:g K 5 K+ events. we quote upper limits at 
the 90% confidence level of B(B0 -t J<+ K-) < 0.6x 10-5 and B(B+--> I<0 J<+) < 0.8x 10-5 . 
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mB after ±3o- cuts are applied to D.E, (C), ..6.E after cutting on mB > 5.27 GeV fc2 • The curves 
and the results of the fit 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 float in each fit. To account for a possible systematic 
error from uncertainty in the background from cross talk, we refit the distributions without 
the misidentified background component. As expected, the yields increase by a few events. 
However, in both cases, once the component is removed, the fit lies systematically below 
the data for all bins where misidentified background is expected. This difference is added 
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in quadrature with the other fitting systematics. Since our PID cut for the K+n- mode 
only requires PID on one track, the K+ K- background actually has a higher efficiency than 
the signal. We thus added a K+ K- component to the fit to account for this. As expected 
there was no change in the signal yield. For the B 0 -t 1r+1r- fit, we have ignored the 
8°(+) -t p-<0>n+ background that could be responsible for the excess on the lower side of 
the "ir+r.- D..E distribution. Although this background does not peak under the signal, it 
may influence the fit. In the future, we will add a component to the fit. 

The next largest systematic error in the signal yield is the uncertainty in the signal and 
background shapes. To estimate the systematic error in the fit, each fixed parameter is 
varied by ±l(J of its assumed value. The change in the signal yield is taken as the l(J error 
in the yield due to the error in that parameter. The relative errors on each parameter are 
then added in quadrature. 

Finally, we note that the the total number of events in the B+ -t Ks1r+ and K 5 K+ 
fits may be too small to justify binning the data. For these two modes, we also applied an 
unbinned fit to the AE distribution and obtained the same yield indicating that our fitting 
procedure is stable even when the total number of events is smalL 

20 



'o 
:;: 
~ 
"' "' 
J 

0.25 . . . 
(A) 0.2 

.. . 
I 0.15 

. . . • . 
0.1 

. . .. . 
··~I I 0.05 .. . • .... I .• . 

I 
0 . . :LJ -0.05 . . . . . . . . 

-0.1 ... . . 
-0.15 • . . . . : 
-0.2 .. . 

-0.255.2 5.22 5.24 5.26 5.28 5.3 

dE (GeV) versus mB (GeVIc
2

) K,rt 

5 
(B) 

I 
(C~ 

4 

"' 
3 

3 

1;-, 

1 Inn n In 1" IIIII II 
0 

~ 
iii: 
~ 

J 
' /I\ 
I 1- l__ 

J ................... 
1 

5~20 5.225 5.25 5.275 5.30 -0~25 -0.125 0.00 0.125 0.25 

mB (GeV!c
1

) l>E (GeV) 

FIG. 13. B reconstruction variables for the s+ -t Ks1r+ candidate events, (A), l:l.E versus 

mB, (B), mB after ±3a cuts are applied to t::.E, (C), AE after cutting on mB > 5.27 GeVfc2 . 

The curves and the results of the fits are discussed in the text. 

The fit results with both statistical and systematic error are shown in Table II. The sys

tematic error in the branching fractions includes the fitting error, the error in the efficiency, 

and the error in the number of BB events (currently 1%} added in quadrature. 

VI. CONCLUSIONS 

We have performed a search for several charmless hadronic B decays to charged particle 

final states, and we report preliminary results on their branching fractions. A clear B0 --> 
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K+n- signal is seen and we are beginning to see an excess in the B 0 --> n+n- and B+ --> 
Ksn+ modes. 

We measure central value branching fractions of (1. 74 :8:~~±0.34) x w-5 for B 0 --> K+n

mode, (0.63 :g:~ ± 0.16) x 10-5 for the B 0 --> n+n- mode, (1.66 :gJ~ :g:~) x w-s for the 

B+ --> K 0n+ mode, and see no signal for the K+ K- or KsK+ modes. We conclude at the 

90% COnfidenCe level that the branching fractionS are below 1.65 X 10-S for 1r+1r-, 0.6 X lQ-5 
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Mode Yield Significance Efficiency BR(xlo-5) U.L. (x1o-') 

K+1r 25.6 ::a± 3.8 4.4 0.28-±o.Q4 1.74-~81~ ± 0.34 
1r+1r 9.3::5:1 ± 2 1.9 0.28 ± o.o:r- 0.63 ::t~l ± o.16 1.65 
K+ K- 0.8 !~:A 0.20 ± 0.03 0.6 
K 0

1r+ 5.7 ::n ± o.6 2 .• r-- o.13 ± o.o2 1.66 ::8:~~ ~g:~r 3.4 
K° K+ 0.0 '!:g:& 0.11 ± 0.02 0.8 

TABLE II. Preliminary results of the analysis based on 5.27 M BB events. Note: in K 0 modes, 
yields and efficiencies are quoted for Ks; BR and U .L. for K 0. 

for K+ K-, 3.4 x w-5 for K 01r+, and 0.8 x w-s for K 0 [(+. Although the errors are still 
large, we confirm the CLEO results given in (6}. In particular, we confirm the B0 --+ K+n
branching fraction is larger than the SO --+ 1r+1r- branching fraction. We look forward in 
the near future to performing direct searches for charge asymmetries in the K+1r- mode as 
well as placing limits on C P violating phases using the J(fJn+ modes. 

To conclude this paper, we show Fig. 16 which gives the !:J.E distributions for the B 0 -+ 
K+1r- and the B 0 -+ 1r+1r- signals before and after the application of particle identification. 
This demonstrates the power of the Belle particle identification system. Figure 16(A) is the 
b.E distribution without PID. The 1r+1r- signal peak evident in Fig. 16(C) is insignificant 
compared to the K+1r- peak. Also, the K+1r- peak, shown in Fig. 16(B), is much clearer 
due to the removal of most of the 1r+1r- combinations from continuum background. 
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FIG. 16. Comparison of the B0 -t K+7r- and B0 -t 1r+1r- signal yields demonstrating the 
power of the Belle particle identification system. (A) is without PID, (B) is with PID applied to 
the kaon track, (C) is with PID applied to both tracks. 
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