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Evidence for the charmless decay B+
! �K+ at Belle

The Belle Collaboration

Abstract

We report on a search for two-body charmless decays B+=B0 ! �(1020)K

using a sample of � 5:5 � 106 of B �B pairs recorded at the �(4S) resonance

with the Belle detector at the KEKB e+e� storage ring. We report evidence

for B+ ! �(1020)K+ and determine a branching fraction. The results are

preliminary.
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I. INTRODUCTION

Decays involving b ! ss�s transitions such as B ! �(1020)K cannot occur via a tree
process and are expected to be dominated by the penguin diagram, thus their measurement
will give information on the strength of the penguin transition. Upper limits for B !
�K decays channels have been set by the CLEO experiment in data samples with integrated
luminosities of 2.42 [1], 3.11 [2] and 5.5 fb�1 [3] . The current best 90% C.L. upper limits for
the branching fractions of B� ! �K� and B0 ! �K0 decays are 0:59�10�5 and 2:8�10�5

respectively [3].
The results reported here are based on a data sample recorded with the Belle detector

[4] at the KEKB e+e� accelerator [5] operating at the �(4S) resonance. The data sample
contains about 5:5� 106B �B pairs.

The KEKB accelerator is a double ring asymmetric storage ring with 8GeV electrons
and 3:5GeV positrons. Asymmetric collisions result in a small boost of B �B pairs along the
beam line.

The Belle detector is a general purpose magnetic spectrometer equipped with a 1.5 T
superconducting solenoid magnet. Charged tracks are reconstructed in a 50 layer Central
Drift Chamber (CDC) [6] and in three concentric layers of double sided silicon strip detectors
of the Silicon Vertex Detector (SVD) [7]. The charged particle acceptance of the spectrom-
eter covers the laboratory polar angles 17� < � < 150� which corresponds to � 90% of
the full CMS solid angle. The momentum resolution is determined from cosmic rays and
e+e� ! �+�� events to be �pt=pt = (0:36� 0:28pt)%, where pt is the transverse momentum
in GeV. Photons and electrons are identi�ed using the CsI(Tl) Electromagnetic Calorimeter
(ECL) [8] located inside the magnet coil. Muons and K0

L's are detected using resistive plate
chambers embedded in the iron magnetic 
ux return (KLM) [11]. Charged particles are
identi�ed using speci�c ionization losses in the CDC and identi�cation information from the
Aerogel Cherenkov Counters (ACC) [9] and Time of Flight Counters (TOF) [10]. By these
three methods, K=� separation is achieved over the momentum range from about 0:2 to
3:5GeV. The high momentum kaon identi�cation e�ciency is measured to be � 80% [9].

II. EVENT SELECTION

We study the following two �nal state topologies:

B+ ! �(1020)K+ where �! K+K�,
B0 ! �(1020)K0

s where �! K+K�, K0
S ! �+��

(the inclusion of the charge conjugate states is always implied in this report). In the search
for the above channels we take full advantage of asymmetric e+e� collisions resulting in
boosted B �B pairs and the good vertexing and particle identi�cation capabilities of the Belle
detector.

We search for �(1020) ! K+K� decays by selecting pairs of oppositely charged tracks
that are well measured in the SVD and have a minimum level of positive kaon identi�cation
(which selects kaons with > 90% e�ciency). The candidate kaon pairs are required to pass
a vertex �t with a beam spot constraint (�x � 100�m , �y � 5�m and �z � 3mm) enlarged
by a halo corresponding to the width expected for the B meson lifetime (� 20 �m in the
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FIG. 1. The K+K� (p�KK > 2GeV) invariant mass distribution in the �(1020) region. The

superimposed curve : the result of the �t with a Breit-Wigner formula convoluted with a Gaussian

describing mass resolution and a polynomial and threshold terms describing background. �� was

�xed at the PDG value. Fitted mass m� = 1019:6� 0:4MeV, and resolution � = 1:2� 0:1MeV

transverse plane). A run dependent Interaction Point (IP) position and Beam Spot (BS) size
are used in the �t. No cuts on the �(1020) vertex quality are made: only the convergence
of the �t is required. This procedure slightly enhances the position and mass resolutions
for pairs of tracks with small opening angles, and rejects secondary vertices not compatible
with the primary vertex of the event. Events with a candidate �(1020) are accepted if
the � momentum in the CMS exceeds 2:0GeV. The momentum cut value is based on the
approximate monochromaticity of the B decay products in a two-body decay and takes into
account the B momentum spread in the �(4S) CMS. This cut is 100% e�cient for all �nal
states studied. It e�ectively suppresses � mesons from B cascade decays, and reduces the
continuum background by a factor of 3. The �(1020) invariant mass distribution for selected
events is shown in Fig. 1.

In events where the K+K� invariant mass is in the �(1020) mass window jmKK�m�j <
0:010GeV, a search is made for the second B decay product, K� or K0

S. For charged
kaons K�, the required level of particle identi�cation is optimized using the measured kaon
e�ciency and pion misidenti�cation curves: at the chosen cut value the kaon identi�cation
e�ciency exceeded 80%. ForK0

S ! �+�� decays we use oppositely charged track pairs where
the displacement of the �+�� vertex from the interaction region in the transverse (r � �)
plane is more than 1mm and the � coordinate of the �+�� vertex point and the � direction of
the �+�� candidate's momentum vector agree within 0.2 radians and jm���mK0 j < 15MeV.

For the accepted candidates, a vertex �t of the �(1020) decay products and the K can-
didate is performed using the BS constraint described above, to test compatibility of the
vertex with the interaction region. No cut is made on the vertex quality or the distance of
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the vertex from the IP.
To suppress q�q continuum background, cuts are applied on the angle between the B

candidate momentum vector and the thrust vector of the remaining tracks of the event
(j cos(�thr�B)j < 0:8) and on the B candidate production angle in the CMS (j cos(��B)j < 0:8).
We also require j cos(�H)j > 0:5 where the helicity angle �H is the angle between the direction
of the K+ and the momentum vector of �(1020), in the � rest frame�.

III. RESULTS

For each B ! �K candidate event the beam constrained mass is calculated, Mb =q
E�2
beam � p�2B , where p

�
B is the B candidate momentum and E�

beam is half the CMS energy.
The resolution in the beam constrained mass is an order of magnitude better than the
invariant mass resolution. The energy di�erence is de�ned as �E = E�

�+E
�
K�E

�
beam, where

E�
� and E�

K are the measured �(1020) and K energies in the CMS; the � 3MeV variation
in E�

beam between di�erent running periods is taken into account in the calculations. The
signal region is de�ned in the �E vs. Mb plane by a box with �E = �64MeV (3 times the
expected resolution) and Mb > 5:270GeV.

A. B� ! �K�

The �E vs Mb distribution for candidates that pass the cuts is shown in Fig. 2(b).
Eleven candidates fall into the 3� signal box with a modest background of 58 events outside.
An accumulation of events in the signal box can be clearly seen. The Mb projection for
background events in the upper sideband of �E (100MeV < �E < 300MeV) is shown in
Fig. 3(a). The �E < �100MeV sideband is not used for background studies because other
B ! �(1020)KX decays with undetected particles could contribute to this region. The
background shape is rather 
at and does not show any accumulation in the signal region.
The background shape for the sideband events from a sample with looser selection cuts is
shown in Fig. 3(b). This distribution is used to �x the shape parameter of the ARGUS
functiony, which we use to parametrize the background when �tting the Mb distribution in
the signal region.

The largest background contribution to the signal region comes from continuum q�q pro-
duction where a high momentum �(1020) from one jet is randomly combined with a high
momentum kaon from another jet, with a momentum balance within the range kinematically
allowed for B mesons. The amount of this background is estimated using a continuum data
sample of 0:6 fb�1 taken 60 MeV below the �(4S) peak and 25� 106 continuum MC events.

�In a Pseudoscalar(P )! Pseudoscalar - Vector(V ) decay the vector meson is polarized, decaying

to two pseudoscalars V ! PP according to a cos2(�H); the combinatorial bacground is 
at in

cos(�H).

yB(x) = N
p
1� x2 exp(P (1�x2)); where x = Mb

E�

beam

, P is the shape variable �tted to background

sample and N is the overall normalization factor �tted to the distribution in the signal region.
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FIG. 2. (a) The �E projection, (b) �E vs Mb for selected B� ! �(1020)K� candidates, the

box represents the �3� signal region; (c) the Mb projection.
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FIG. 3. (a) The Mb distribution for events from the sideband with 100MeV < �E < 300MeV;

(b) the Mb distribution for the background enriched sample (no cuts on cos(�H) or cos(�
�
B), looser

KID requirements for kaons coming from �(1020) and j cos(�thr�B)j > 0:8)

The background prediction from the continuum data agrees within errors with the amount
of the observed background. The MC prediction in the full �E vs. Mb plane is higher by
30% (a 3� discrepancy). The background shape for continuum is shown in Fig.4.

Other background sources such B ! �(1020)K� decays with missing or misidenti�ed
pions, combinatorial background from generic B or from rare B decays have been studied
with large MC data sets and found to be negligible.

The results of a binned likelihood �t to the Mb distribution in the �E < �3� band
are summarized in Table I and are shown in Fig.5. The free parameters of the �t are the
number of signal and background events, and the B meson mass. The width of the signal is
�xed at the expected value of 3.0 MeV. In some variants of the �t this width was allowed
to vary: this did not change the results. The stability of the �t results has been checked by
changing the background shape parameterization and choosing di�erent sideband regions to
estimate its parameters. The resulting variations of the �t results are used for systematic
error estimation.

TABLE I. Fit results : nS is the yield of �tted signal candidates, nB is the background in a

region �3� around the peak position

nS nB MB (MeV) �MB
( MeV )

B� ! �K� 9:2+3:6�2:9 1:0� 0:4 5281:0� 1:0 3:0(fixed)

The result of an independent �t of a Gaussian form and a constant background term
to the �E projection for Mb > 5:270GeV is shown in Fig. 6. In this �t the width of the
Gaussian is �xed to the measured �E resolution ��E = 21MeV. The �t yields a number
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FIG. 6. The �t to the �E projection for Mb > 5:270GeV.

of signal events, nS = 9:0+3:7�3:0, which is in a good agreement with the result of the Mb �t.
The prediction for the number of background events is higher ( nB = 2:5 � 0:75 ) but still
consistent with the Mb �t results.

Additional studies of systematics were done to check if variations of the number of
signal events follow the expected e�ciency changes. By tightening or loosening the selection
cuts, the Mb distribution has been accordingly depleted or enriched with background. The
number of signal events behaved accordingly to the evaluated selection e�ciency changes.
An example is shown in Fig.7 for the selection that has the e�ciency increased by 35%.

The �nal result for the number of signal events is :

nS = 9:2+3:6�2:9 � 0:8

and for the number of background events is :

nB = 1:0� 0:4� 0:4,

where the second error terms represent systematic errors from background parameterization
and di�erent �mB

assumed in the �t.
Considering statistical errors alone, the nS result is statistically signi�cant, as can be

seen from the following approximate calculations:

� From the likelihood pro�le of the �t as a function of nS, we �nd that �2ln(L) increases
by 29:0 from the function minimum to nS = 0, corresponding to a 5:4 � e�ect.

� Treating these �t results as the measurement of a number of events in a single bin
over a known background, we can apply the Feldman-Cousins method for estimating a
con�dence interval [12]. For an observation of 10:2 events (nS + nb) with an expected
background of 1:0, the 90% con�dence interval on nS is 4:6 < nS < 15:8.
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FIG. 7. The �t to the Mb projection for �E < 3� for events selected with looser selection cuts

(no cuts on cos(�H) or cos(�
�
B) and j cos(�thr�B)j < 0:9). The e�ciency is 35% higher than the

standard cuts.

� The �t to the �E distribution gives similar statistical signi�cance.

Studies of systematic e�ects are still preliminary. The e�ects of present systematic
estimates may be judged by repeating the Feldman-Cousins calculation after lowering the
observed signal, and increasing the observed background, by the systematic errors. For an
observation of 9:8 events over an expected background of 1:4 events, the 90% con�dence
interval for nS is 3:8 < nS < 15:9, which does not include zero.

B. B0 ! �K0

Candidates that pass the B0 ! �K0
S selection criteria are shown in Fig. 8. There are

two candidates in the signal box. The number of background events estimated from the
�E vs. MB region outside the box is 0:4 � 0:2 events. No signi�cant signal is observed.
The product of the detection e�ciency and all relevant branching fractions for this decay
channel is four times lower than in the case of B+ ! �K+. Based on the observed number
of signal events in the charged channel, the ratio of detector e�ciencies for both channels
and assuming isospin invariance of the B decay, 2:4 � 0:7 events are expected in the �K0

S

mode; the observed number of candidates is compatible with this prediction.

IV. BRANCHING FRACTION RESULTS

The detection e�ciency, as determined from the MC simulation, has been corrected for
known di�erences between the MC and the data. A tracking e�ciency correction for the
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MC was obtained from studies of � ! �+���0 and � ! 

 and is found to be 1:012 �
0:045 for high momentum charged pions. The kaon identi�cation e�ciency measured in the
real data for selected �(1020) signal events has been used. The discrepancy between the
particle identi�cation e�ciency for simulated data and real data has been corrected for. The
correction factor for kaons from �(1020)! K+K� decays is determined to be 0:929� 0:013
and that for the kaon from the B decay is calibrated from D�+ ! D0(K�)�+ decays to be
0:87�0:01. The estimated product of the detection e�ciency and (B(�)! K+K�) is equal
to 9:7� 0:6%.

For the branching fraction calculation equal �(4S) decay rates to B+B� and B0 �B0 are
assumed. We obtain a preliminary value of

B(B� ! �(1020)K�) = (1:72+0:67�0:54 � 0:18)� 10�5 .

This result can be also expressed as a 90% con�dence interval determined by the procedure
described above :

0:71� 10�5 < B(B� ! �(1020)K�) < 3:0� 10�5,

based on statistical errors only (the central value of the detection e�ciency has been used).

V. CONCLUSIONS

We report the �rst evidence for charmless B+ ! �(1020)K+ decays. A signal of 9:2+3:6�2:9�
0:8 events has been observed over a low background. The corresponding branching fraction
is only marginally compatible with the CLEO 90% C.L. upper limit [3]. Phenomenological
predictions for this branching fraction span a wide range (see [13], [14], [15], [16], [17]), and
there are predictions that accomodate our result.

No signi�cant signal is observed for B0 ! �K0, but this channel has 4 times lower
e�ective detection e�ciency then B+ ! �(1020)K+.

The results presented here are still preliminary.
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