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Abstract

We use data collected by the CLEO II detector at the Cornell Electron Storage

Ring (CESR) to search for B+
! h+h�h+ (non-resonant) decays, where h�

can be either ��;K� or p(�p). We see no evidence for signals and set upper

limits on the branching fractions in the range (2:8� 8:9)� 10�5. If observed,

these decays may display CP violating asymmetries.
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The mode B+ ! (h+h�)h+, where h� can be either ��; K� or p(�p), may display CP
violating asymmetries when (h+h�) pairs have masses near the �c or �c0 resonances [1]. This
is because the large decay widths of the �c and �c0 resonances (10-15 MeV) provide a large
strong phase di�erence (expected to be �=2) between the two contributions to the decay
amplitude; one due to the decay proceeding via the �b! �cc �d transition producing �c(�c0)�

�

and the other due to the �b! �uu �d transition producing non-resonant states like �+���� or
K+K���. These two contributions also have di�erent weak phases, thus leading to a CP
asymmetry. Asymmetries of the order of 10% are expected in some of these modes.

The branching ratio for B+ ! �+�+�� (non-resonant) is predicted to be in the range
(1.5-8.4)�10�5 [2]. The authors of Ref. [2] point out that the interference between the non-
resonant amplitude (with m(�+��) � 3:4 GeV) and B+ ! �c0�

+ followed by �c0 ! �+��

could lead to a measurable CP asymmetry of about (0:40�0:48) sin , where  = arg(V �
ub)

[3]. This is an example of a process in which one may be able to cleanly measure  at an
e+e� facility operating at the �(4S).

This paper describes a search for B+ ! �+�+�� (non-resonant), as well as the other
non-resonant states B+ ! �+��K+; �+�+K�; �+K�K+; K+K+K�, p�p�+ and p�pK+, and
their charge conjugates.

The data used in this analysis were recorded by the CLEO II detector operating at the
Cornell Electron Storage Ring. The dataset consists of approximately 3.17 fb�1 of e+e�

collisions on the �(4S) and 1.14 fb�1 in the continuum (60 MeV below the �(4S)). The
CLEO II detector is described elsewhere [4].

Pions, kaons and protons are identi�ed using speci�c ionization, dE/dx, information
collected by the central tracking chambers. For pions and kaons, we require that dE/dx
measurements be within 2.5 sigma of the expected hypothesis. For tracks above 1 GeV/c,
approximately 98% of true pions and kaons pass this cut. For the same momentum range,
the probability for a kaon to fake a pion (and vice-versa) is about 87%, and the probability
for a proton to fake a pion or a kaon is about 75%. For protons, we calculate the ratio of the
probability of the track to be a proton and the sum of the probabilities of the track to be a
�, K or a proton, and require this ratio to be greater than 0.25. For tracks with momentum
above 1 GeV/c, approximately 87% of true protons pass this requirement, whereas about
(30-70)% of �'s and K's pass this cut (depending upon the �/K momenta). These results
indicate that dE/dx measurements provide some discrimination between pions, kaons and
protons. Additional separation is provided by energy constraints (discussed below).

The main background in this analysis is due to the continuum under the �(4S). Such
backgrounds are suppressed using event shape cuts. We require that events have R2 =
H2=H0 < 0:3, where H2 and H0 are the Fox-Wolfram moments [5]. The R2 distribution for
B �B events produced at the �(4S) peaks toward 0, while for jet-like continuum events it
peaks toward 1. In addition, we require jcos(�T )j � 0.7, where �T is the angle between the
thrust axis of the three tracks making up the candidate B and the thrust axis of all other
tracks and electromagnetic showers in the event. This distribution is at for B �B events and
peaked at �1 for continuum events. These two cuts remove � 99:7% of the continuum, while
retaining about 40% of the signal events.

To further reduce continuum backgrounds, we make a cut based on the kinematics of a
non-resonant three body decay [6]. In the rest frame of the B, the angle between the fastest
and the second fastest track has a mean value of about 150�. On the other hand, continuum
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events which fake a B have the topology of two high momentum tracks traveling almost back
to back combined with a third low momentum track. Thus, we require that the cosine of the
angle between the highest momentum and the second highest momentum candidate track
be larger than -0.8, i.e., the angle is � 143�. This criterion, after applying the cuts in the
previous paragraph, keeps about 25% of the signal and only 4% of the remaining continuum
background, considerably improving signal-to-noise. In addition, this requirement removes
essentially all contributions due to resonant decays like B+ ! �0�+; �K�0�+, etc. Since
the vector particle is produced polarized it emits one track almost back to back with the
additional pion, thereby imitating a continuum-like distribution. This cut also removes most
of B+ ! D0�+; D0 ! K��+=�+��=K+K�; the e�ciency for the D� �nal state to pass all
the above cuts is about 1/5 that of the 3 body signal.

The above mentioned criteria are very e�cient at retaining B decays to charmonium
�nal states, e.g., B+ !  K;  ! h+h�. Since backgrounds from the  K �nal state are
large and tend to populate the signal region for the non-resonant �nal states, we choose to
explicitly veto them. To remove instances of  ! l+l�, we require that none of the three
tracks be identi�ed as a lepton. Additional contamination from B !  K occurs when both
leptons are unidenti�ed or when  ! p�p; ��;KK. Therefore, we explicitly remove 3 body
combinations where any two oppositely charged tracks (analyzed as �+��, K+K� and p�p)
fall within 60 MeV of the  mass (� 3�). Similarly, to remove any remaining B+ ! D0�+

decays, we combine opposite sign tracks (as ��,KK, K�; �K), and veto the combination if
it falls within 40 MeV of the D0 mass(� 3�).

In three of the decay modes under study (�+��K+; �+�+K�; K+K+K�), there is the
possibility of feed-through from B� ! XccK

�, where Xcc can be �c; �c0; �c1; hc or �c2, and
Xcc ! �� or KK. Only the �c1K

+ �nal state has been measured [7]. The theoretical
predictions for the other charmonium states [8] imply that we could have about 1 to 2 events
coming from these sources in our data sample. Since vetoing all combinations where two
oppositely charged tracks have masses falling in the �c(�c; hc) mass window would drastically
reduce the detection e�ciency (the selection criteria discussed above preferentially select
events in this region of phase space), we choose to make no vetoes on the three �c, �c and
hc states and accept any feed-through as non-resonant signal candidates. This procedure
makes the upper limits for these non-resonant �nal states somewhat conservative.

The e�ciency for each of the three body decay modes is estimated using a GEANT [9]
based simulation package. The e�ciencies for the various decay modes range between 3:6%
and 7:1%, as shown in Table I. The error on the e�ciency includes our estimate of systematic
errors (discussed below).

All the cuts used in this analysis are studied using only Monte Carlo (MC) samples. We
use a MC model of signal events to get the number of events surviving various cuts and MC
samples of generic B �B and continuum events to determine backgrounds in the signal region
[10]. We choose those cuts which maximize S2=B.

Since the �(4S) decays to only two B mesons which are produced almost at rest
(pB=MB � 0:06), we constrain the B meson energy to be the same as the beam energy.
This constraint greatly improves the mass resolution of the three track combination. In
addition, we de�ne �E = (E1 + E2 + E3 � Ebeam), where Ei is the energy of each of the
three candidate tracks. We thus de�ne the signal region to be within �25 MeV (� 1�) in
�E and within 6 MeV (� 2:5�) of the nominal B mass (5.28 GeV/c2). The tight cut on the
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�E region reduces the possibility of cross-feed backgrounds, e.g. B ! KK� feeding into
K�� or KKK.

We do not explicitly account for any cross-feed backgrounds when determining upper
limits, e.g., we do not account for true B ! K�� decays which may be misidenti�ed as B !
���. Since we do not observe signals in any mode, this is not an important consideration.
The amount of feed across depends on the decay mode under consideration. For instance,
the e�ciency for B ! ��� is about 4.5%, whereas the feed across from K�� is roughly
(0.3 - 0.6)% depending on whether it is from K��+�+ or from K+���+. In the decays
B ! �+�+K�, and �+��K+, however, the overlap is of the order of 70-100%, since �E
provides little separation.

In Fig. 1, we show the mass distributions for the three track combinations which pass
the above mentioned selection criteria (except the cut on the mass) [10]. In each plot, the
signal region is between the arrows. There are no discernible signals. In Table I, we present
the observed number of events in the signal region. We have also studied the Dalitz plots for
all the decay modes, and observe no evidence of any feed-through from charmonium states,
e.g. B+ ! �cK

+.
To estimate backgrounds in the signal region we use a sideband technique. The sideband

is de�ned to be 5:24 � MB � 5:29 GeV/c2 and j�Ej � 200 MeV but outside the signal
region. The expected background in the signal region is obtained by scaling the number of
events in the combined on-resonance and o�-resonance sideband regions; this is also shown
in Table I. The scale factors are obtained using generic continuum and B �B Monte Carlo
samples, and are obtained by dividing the number of events appearing in the signal region by
the number of events in the sideband region. Comparing the data yields with the estimated
backgrounds shows that we have no evidence for any signi�cant excess.

The important issue in this method of estimating backgrounds is that the ratio of events
in the signal region and in the sideband agree between data and Monte Carlo. Since we
cannot use the signal region in the data sample, we divide the sideband into two regions
(a) Sideband 1, 5:26 � MB � 5:29 GeV/c2, and j�Ej �125 MeV but outside the signal
region, and (b) Sideband 2, the total sideband region as de�ned above but outside sideband
1. Sideband 1 is in the immediate vicinity of the signal region and can be thought of as a
\pseudo-signal" region. The ratios of yields in sidebands 1 and 2 agree between data and
Monte Carlo; the average values of the ratio of yields in data and MC are 2:6 � 0:2 and
2:5 � 0:2, respectively. This gives us con�dence that the ratio of yields between the signal
and the total sideband regions will also agree.

To account for the uncertainty in the background estimates, we reduce the background
estimate by its error before calculating the upper limit on the signal yield. This error
is mainly due to the low statistics involved in determining the scale factors. Similarly, we
reduce the e�ciency by its error before calculating the upper limit on the branching fraction.
The error on the e�ciency is mainly due to systematic errors. These errors are determined
from data wherever possible. Some of the largest contributions to the systematic error are
due to particle identi�cation (9%), continuum suppression cuts (6%), error on the tracking
e�ciency (2% per track), and the tight �E cut (4%). We estimate that the total systematic
error is about 14% for each mode.

In Table I, we present the 90% con�dence level upper limits, which have been calculated
using the procedure outlined in the PDG [7]. The branching fraction upper limits are de-
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termined by dividing the upper limits on the yield by the detection e�ciency (reduced by
1�) and the number of produced B+ and B� mesons. The present dataset corresponds to
(3:33� 0:07)� 106 produced B+ and B� mesons. We assume equal production of charged
and neutral B mesons. A comparison of these upper limits and existing ones is shown in
table II.

In conclusion, we have studied B+ ! h+h+h� (non-resonant) decays, where h� can be
either ��; K� or p(�p), and present upper limits on their branching fractions. These limits
represent a signi�cant improvement over previous limits, and for three of the seven modes
studied these are the �rst published limits. Our limit on B+ ! �+�+�� branching fraction
(4:1� 10�5) rules out more than half the range predicted by theory, (1:5� 8:4)� 10�5 [2].
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TABLE I. Data Yields and results

B+ Decay Signal Est. E�. 90% CL upper limit

mode yields Bkgd. (%) Events BR(10�5)

�+�+�� 2 1:2� 1:2 4:5� 0:66 5.3 4.1

�+�+K� 5 3:9� 1:8 4:5� 0:66 7.2 5.6

�+��K+ 8 13:0 � 4:0 7:1� 1:10 5.6 2.8

�+K�K+ 14 8:8� 3:0 6:7� 0:98 14.3 7.5

K+K+K� 2 3:9� 2:0 3:6� 0:54 3.9 3.8

p�p�+ 8 8:6� 2:4 4:8� 0:70 7.2 5.3

p�pK+ 9 4:3� 1:5 4:5� 0:66 11.4 8.9
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FIG. 1. Mass distributions for (a) B+
! �+�+��, (b) �+�+K�, (c) �+��K+, (d) �+K�K+,

(e) K+K+K�, (f) p�p�+ and (g) p�pK+ candidates. The signal region is between the arrows.

TABLE II. Comparison of branching fractions with previous results and theoretical predictions.

B+ Decay Mode This limit Previous best Theoretical

(10�5) limit (10�5) prediction (10�5)

�+�+�� 4.1 5.0 [11] 1.5 - 8.4 [2]

�+�+K� 5.6 - -

�+��K+ 2.8 19 [12] -

�+K�K+ 7.5 - -

K+K+K� 3.8 20 [13] -

p�p�+ 5.3 8.4 [11] -

p�pK+ 8.9 - -
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