
BELLE-CONF-0006

Parallel Session: PA-07

Plenary Session: PL-01b

A Study of Charmless Hadronic B Decays to h�0 Final States

The Belle Collaboration

Abstract

We report preliminary results on a study of B ! h�0 decays using a 5.3

fb�1 data sample collected at the �(4S) resonance with the Belle detector at

the KEKB e+e� storage ring. Clear signatures for B+ ! K+�0 and B0 !

K0�0 have been seen and the corresponding branching ratios are measured

to be (1:88+0:55
�0:49�0:23) � 10�5 and (2:10+0:93

�0:78
+0:25
�0:23) � 10�5, respectively. No

statistically signi�cant signal is observed for B+ ! �+�0 and we report a

90% CL. upper limit of 1:01 � 10�5.
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I. INTRODUCTION

Charmless hadronicB decays can be described by external and internalW emission, gluonic and

electromagnetic penguins,W exchange and annihilation diagrams. Measurements of the branching

fractions of various charmless B decays probe the CKM [1] sector of the standard model [2]. It has

been suggested that an isospin analysis can be performed [3] to extract the second CP violation

angle �2(=�) using the decay rates of B
+ ! K+�0; B+ ! K0�+ and B0 ! K+��, along with the

rates and the CP asymmetry in B0 ! KS�
0. The third CP violation angle �3(=
) may be also

determinable via the �� and K� branching ratios [4].

Recent CLEO results based on 9.7 fb�1 of integrated luminosity at �(4S) CM energies indicate

that the branching ratios are (1 � 2) � 10�5 for the K� modes and (3 � 7) � 10�6 for the �+�

modes. With more than 5 fb�1 data collected in Belle, we perform a B ! h�0 search to check

CLEO results and prepare for a future direct CP asymmetry search. In this paper, h stands for

K+; �+, or KS .

We analyzed 5.3 fb�1 of data which corresponds to 5:5� 106B �B events. This data sample was

collected by the Belle detector [5] on the �(4S) resonance at the KEKB asymmetric e+e� storage

ring [6]. The beam energy is 3.5 GeV for positrons and 8.0 GeV for electrons. The Belle detec-

tor is described in [5] and we only brie
y describe the apparatus used in this analysis. Charged

particle tracking is provided by three layers of double-sided silicon vertex detector (SVD) [7] and

a cylindrical drift chamber (CDC) [8], which consists of 50 layers segmented into 5 axial and 4

stereo superlayers. Charged tracks are reconstructed inside a 1.5 T solenoidal magnet using the

incremental Kalman �ltering technique to successively update the track parameters after associat-

ing CDC and SVD hits in each layer. The charged particle acceptance covers the angle between

� = 17o and 150o in the laboratory frame. Charged hadrons are identi�ed from three subsystems:

dE=dx information from the CDC, a mosaic of 1188 aerogel �Cerenkov counters (ACC) [9] covering

the range 1 < Plab < 4 GeV/c, and a time-of-
ight scintillation counter system (TOF) [10] with

100 ps time resolution (Plab < 1:5 GeV/c). Outside the tracking and particle identi�cation systems

is an electromagnetic calorimeter (ECL), which consists of 8736 CsI crystals with 16.2 X0 depth

[11].

II. DATA ANALYSIS

In the h�0 search, �0s are identi�ed by combining two photon clusters and requiring their

combined mass be within 16.2 MeV/c2 of the nominal �0 mass. For each �0 candidate we then

perform a �0 mass constraint using the error matrix for each photon cluster. Hadron identi�cation

is provided by the ACC and CDC. Since the charged hadrons in the h+�0 channel have momenta

above 1.5 GeV/c, TOF information is not used. We combine the K=� probability from the ACC

and dE=dx to form a K/� likelihood L(K)=L(�). K=� separation is then achieved by cutting

on the likelihood ratio, LK/(L� + LK). Charged tracks with likelihood ratio greater than 0.6 are

identi�ed as kaons and less than 0.4 as pions. KS candidates are formed by vertex constraining two

oppositely charged particles and selecting candidates with vertex �t �2 < 10 and masses within

3.5 sigma of the nominal KS mass. In addition, we require that the transverse distance between

the KS vertex and the run average beam position is greater than 0.2 cm.

The h�0 candidates are identi�ed using two variables: the beam constrained mass Mb and the

energy di�erence �E in the e+e� center of mass frame. The de�nitions of Mb and �E are
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Mb =
q
E2
beam

� (
�!
P h +

�!
P �0)2; (1)

�E = Eh�0 �Ebeam: (2)

(3)

We select events with the criteria Mb > 5:2 GeV/c2 and -0.45 GeV < �E < 0:15 GeV and de�ne

the region with Mb > 5:27 GeV/c2 and -0.15 GeV < �E < 0:05 GeV as the signal region and

Mb < 5:26 GeV/2 as the sideband region. After the Mb and �E selections, 9393, 19788, and 1255

events are found for K+�0, �+�0, and Ks�
0 modes, respectively.

To further distinguish signals from background, we rely on shape variables to discriminate

between B �B events and jet-like events from the e+e� ! q�q continuum. Generic B �B background

is negligible. The shape variable cos �B is de�ned as the cosine of the angle between the B 
ight

direction and the beam axis. Since the helicity of �(4S) produced from e+e� collisions is �1, we

expect a sin2 �B distribution for the B 
ight direction. The variable cos �thrust is the cosine of the

angle between the �0 direction and the thrust axis of the remaining particles of the event after

removing the B daughters, h and �0. Another variable used in this analysis is Sphericity, which

is de�ned as the scalar sum of the transverse momenta of all particles outside a 45Æ cone around

the �0 direction divided by their total momentum sum. We also use a set of variables extended

from the Fox-Wolfram moments [12], which are de�ned as:

Rl =
Hl

H0

; (4)

Hl =
X
ij

j�!p ijj
�!p j jPl(cos �ij); (5)

where l is the lth moment, �!p i is the momentum of the ith particle in an event, and Pl(cos �ij) is

the lth Legendre polynomial. In our new de�nition, we separate the original Fox-Wolfram moment

into three parts:

Rl = Rss
l +Rso

l +Roo
l ; (6)

where, ss stands for particles i and j both coming from B daughters, so means that one particle

is from a B daughter and the other is from the remaining particles in the event. and oo indicates

that both particles are not the B daughters. These new variables are named super Fox-Wolfram

moments (SFW). Since Rss
l is strongly correlated with other variables (Mb and cos �B), we do not

include it. Further studies show that Rso
1 ; R

so
3 and Roo

1 are correlated with the beam constrained

massMb; therefore we also remove these three variables. In this analysis we combine SFW variables

up to l = 4 into our shape variables. Since �ve of the SFW variables, cos �thrust, and Sphericity

are not totally independent, we combine these seven variables into a Fisher discriminant,

F = �!� �
�!
R; (7)

where
�!
R is the vector of the seven shape variables and �!� is the weight vector determined by

optimizing the separation between signal events and continuum background. Note that this Fisher

variable is the one that describes the event topology.

After forming the shape variable Fisher discriminant, we end up with four variables in our

analyses: Mb, �E, cos �B, and the Fisher discriminant. To further reduce the background fraction

of our data sample, we require that the j cos �thrustj < 0:8 for both the K+�0 and KS�
0 samples.
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TABLE I. Function forms of various PDFs

Signal Background

Mb Crystal Ball Line ARGUS function

�E Crystal Ball Line Straight line

cos �B 2nd order Legendre Pol. Straight line

Fisher Double Bifurcated Gaussian Double Bifurcated Gaussian

Since the �+�0 mode has a larger background and the expected signal yield is small, we apply a

tighter constraint, j cos �thrustj < 0:6. The corresponding number of events after the cos �thrust cut

are 2198, 1436, and 335 for K+�0, �+�0 and KS�
0 channels, respectively.

We perform a Maximum Likelihood (ML) �t to obtain signal yield, using the standard �tting

package MINUIT. The likelihood function is de�ned as

L(fs) =
Y
i

[fsPS(Xi) + (1� fs)PB(Xi)]; (8)

where fs is the fraction of the signal yield, PS is the product of all the signal probability densities

of the four input variables, PB is the background probability density, and i is the ith event. The

signal and background probability functions (PDF) are obtained using Monte Carlo signal events

and data events in the sideband area. Figure 1 shows the distributions of those four variables.

The solid histograms are signal MC events and the points with error bars are data in the sideband

region. Superimposed on those histograms are the PDFs used in the likelihood �t. The exact

functional forms of various PDFs are given in Table I.

Since we expect quite a sizeable K+�0 feed down in the �+�0 sample, an extra term fsk is

included in the likelihood. This component has a signal shape but is shifted in �E by -40 MeV

and its normalization is determined from the size of the observed B+ ! K+�0 signal, the kaon

identi�cation eÆciency, the K to � fake rate, and the eÆciency of the cos �thrust cut.

We then use the events in the �0 sideband region andKS sideband region (4-6 � away from their

nominal masses) to test our �tter. No signal events are found in the sideband sample, indicating

the stability of our likelihood method. To further check the reliability of our �t results, we apply

the likelihood ratio analysis to compare the obtained yields. The likelihood ratio (LR) is de�ned

as:

LR =
Ls

Ls + Lb

; (9)

where Ls/Lb is the signal/background likelihood obtained using the variables cos �B and the Fisher

discriminant. We then perform a �t to the Mb and �E distributions after applying the criteria,

j cos �thrustj < 0:9 and LR > 0:8 for the K+�0 and KS�
0 modes. We apply a tighter constraint

LR > 0:9 for the �+�0 mode due to the poorer signal to background ratio. The obtained yields are

compared with the ML �t results after taking into account their corresponding eÆciencies. Both

methods give consistent results while the ML �t has a factor of two better eÆciency.

III. RESULTS

The results of the ML �t are given in Table II. The �rst error in column 3 is the statistical error

while the second one is the systematic error from the �t. The systematic error of the �t is estimated

6



FIG. 1. The distributions of Mb, �E, cos �B, and the Fisher discriminant for signal MC events

and the data in the sideband region. Solid histograms are signal MC; points with error bars are

sideband data. Superimposed on the histograms are the PDFs used in the likelihood �t.
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TABLE II. The ML �t results in h�0 search.

Mode Ntot Yield Signi�cance EÆciency

K+�0 2198 32:3+9:4
�8:4

+2:4
�2:2 5.0 � 31.3%

�+�0 1486 5:4+5:7
�4:4

+1:0
�1:1 1.3 � 29.9%

K0�0 335 10:8+4:8
�4:0

+0:7
�0:5 3.9 � 18.7 %

by quadratically summing all the deviations of the signal yield after varying each parameter of the

PDFs by one sigma at a time. Figure 2 displays the dependence of �2 ln(L=Lmax) on the number

of signal events. The corresponding statistical signi�cances of the deviations from 0 are 5:0�; 1:3�,

and 3:9� for the K+�0, �+�0, and KS�
0 modes, respectively. The Mb and �E projection plots

are shown in Fig. 3.

The �0 reconstruction eÆciency is checked by studying D0 ! K��+�0 and D0 ! K��+

decays. We compare the ratio of the number of events between these two modes in data with Monte

Carlo prediction. In this study �0s are required to be high momentum (P > 1:5 GeV/c) and all

tracks with P > 0:5 GeV/c. The systematic error on the �0 reconstruction eÆciency estimated in

this ratio method is around 7%. The charged track reconstruction eÆciency is calibrated within

1.7% uncertainty using inclusive high momentum � ! �+���0 and � ! 

 while requiring the

�+�� be in the same momentum range as the B daughters. The reconstruction eÆciency for

K0 ! �+�� is tested using K0 candidates in the B sideband area. We study the ineÆciency by

switching on and o� the �2 and 
ight distance cuts and then comparing the result with the Monte

Carlo expectation. A 7% uncertainty in the KS eÆciency is obtained. The eÆciency and fake rate

of our particle identi�cation procedures are studied using the continuum D�+ ! D0�+ sample.

The identi�cation eÆciency and the K+ ! �+ fake rate for high momentum kaons are 78% and

18%, respectively; the corresponding values for pions are 90% and 7%. The �nal reconstruction

eÆciencies for h�0 events are given in Table II with 10% systematic uncertainty. The number of

K+�0 to �+�0 feed down is estimated to be 5:4+1:6
�1:4

The �nal branching fractions of for h�0 are:

B(B+ ! K+�0) = (1:88+0:55
�0:49 � 0:23) � 10�5

B(B+ ! �+�0) = (0:33+0:35
�0:27 � 0:07) � 10�5

B(B0 ! K0�0) = (2:10+0:93+0:25
�0:78�0:23)� 10�5

Since the �+�0 result is not statistically signi�cant, we establish the upper limit at 90% CL.

by integrating the likelihood to the point that covers 90% of the physically allowed area. We arrive

at an upper limit of B(B+ ! �+�0) < 1:01 � 10�5.

IV. CONCLUSIONS

We have measured branching fractions of charmless B decays with h�0 in the �nal states.

Our preliminary results are consistent with the published results from the CLEO Collaboration

[13]. With more than 10 fb�1 data expected to be collected by the end of this year, we expect to

determine the B+ ! �+�0 branching ratio. In the near future, the clear experimental signatures
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FIG. 2. �2 ln(L=Lmax) as a function of the number of signal yields for (a) K+�0, (b) �+�0,

and (c) Ks�
0
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FIG. 3. The projections of the likelihood �ts on �E and Mb distributions for the (a) K
+�0,

(b) �+�0, and (c) KS�
0 cases. Histograms correspond to real data. Dashed lines in (b) indicate

the K+�0 feed down expectation.
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of B+ ! K+�0 and �+�0 will be used in the search for direct CP violations and the determination

of the phase angles �2 and �3.

The B+ ! KS�
0 mode is of particular interest, since the central value of our measurement is

more than a factor of three larger than theoretical expectations. If this high value persists with

higher precision, it may indicate the importance of strong �nal state interaction (FSI) in rare B

decays [14].
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