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We report the results of a search for the rare baryonic deB%yspE AA, and B+apK. The analysis is
based on a data set of 3k10° BB events collected by the Belle detector at the KE&Be™ collider. No
statistically significant signals are found, and we set branching fraction upper IB(BS— p6)<1.2
%1078, B(B°—AA)<1.0x10°%, andB(B* —pA)<2.2x 10 ° at the 90% confidence level.

DOI: 10.1103/PhysRevD.65.091103 PACS nuntderl13.25.Hw

The Belle Collaboration recently reported the observation = The event selection criteria are based on tracking and PID
of the decay proces8*—ppK™ [1], which is the first requirements, and are optimized using Monte C&MC)
known example of 8 meson decay to a charmless final statesimulated event samples.
containing baryons. In this paper we report the results of a All primary charged tracks are required to satisfy the fol-
search for the related two-body modB8—pp, AA and lowing track quality criteria based on the track impact pa-
B+Hp/T [2]. In the standard model, these decays are exfameters relative to the interaction poiif®), which is deter-
pected to proceed via color-suppreséedu tree diagrams mined run by run. The axis is defined by the positron beam
[Figs. 1a) and 1c)] andb—s, d penguin diagram§Figs. line. The deviations from the IP position are required to be
1(b) and Xd)]. The search is based on a 29.4 fsample of within =0.05 cm in the transversex{y) plane, and within
e*e~ data accumulated at the(4S) resonance, which con- =2 ¢m in thez direction. Tracks that satisfy the muon or
tains 31.7 millionBB pairs. A previous search for these de- e'eCtFO” identification re_qUIrements are rejected.
cays by the CLEO Collaboration using a 5.41" tsample Primary proton candidates are selected baseq/ét =
of Y(4S) data yielded 90% confidence-levéT.L.) upper likelihood functions obtained from the hadron identification

limits [3].

Belle [4] is a general purpose detector operating at the & i [ L ]
KEKB asymmetrice*e™ collider [5]. Tracking information d p,A [ T p,A
is provided by a silicon vertex detector and a central drift B W <"s B° g @“’s
chamber(CDC) in a 1.5 T magnetic field. Hadron identifica- us us
tion (PID) for «/K/p discrimination is obtained from CDC ¢ WPy g PA
dE/dx measurements, aerogele@nkov counter pulse @ (b)
heights, and timing information from the time-of-flight sys- B w
tem. Electron identification is based mainly on @$) elec- b— u_ b——— s _
tromagnetic calorimeter and CD@E/dx information. K W s A Lo ga
and muons are identified by a system of resistive plateB’ < d g é
counters interleaved with the iron plates of the flux-return ﬂ p ﬂ o
iron yoke. © u @ u

FIG. 1. lllustrative diagrams foB decays to charmless baryon
*On leave from Nova Gorica Polytechnic, Slovenia. pairs.
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<1200 of the noncandidate tracks and showers. This distribution is
% nearly flat for signal events and is strongly peaked &t for
=1000f p continuum background. We also use égsthe cosine of the
5 I angle between thB candidate flight direction and the posi-
800 ; tron beam direction. The signal has a %#in distribution
2 while the background is uniformly distributed. We require
L%’ 800 the absolute values of c@s and co% to be less than 0.9 for
AA decays and less than 0.8 for the other modes. For the
400 latter case, the background reduction factor is more than five,
while ~70% of the signal is retained.

200 l l We use the following two kinematic variables to identify

st oy ; the reconstructe® meson candidates: the beam constrained
0 ' ‘ ‘ :
1105 1.1 1115 .12 1125 1.13 mass, Mp.= \EZeai- P2, and the energy differenceA E
pr’ Mass (GeV/c%) =Eg— Epeam WhereEpeam Pg andEg are the beam energy,

the momentum and energy of the reconstrudeheson in

FIG. 2. The mass distribution of the selectéd-p=~ candi- . . .
dates for a typical run period. The MC distribution is shown as athe Y(4S) cm. frame, respectively. We retain events with

2 2 _
dashed histogram. The5 MeV mass window is indicated by the 5.20 Gevt <mb°_<5'29,Ge\_/b and -0.2 G(',}V.<.AE
vertical arrows. <0.2 GeV. The signal yield is extracted by maximizing the

likelihood function

system. The selection criteria atg,/(L,+Lg)>0.6 and N

Lp/(Lp+L,)>0.6, whereL,, stands for the proton/kaon/ L=e s+ b)Hl [SPy(Myg, AE;) +bPy(Myg, AE))],

pion likelihood. =
A candidates are reconstructed via e~ decay chan- . .

nel and are selected using cuts on four parameters: the angii€7e N is the total number of candidate evens¢b) de-

lar difference between th# flight direction and the direction notes the signalbackgroundl yield and Py, denotes the

inting f IP to the d tex in the t laneSignal (backgroundl probability density functior{pd).
pointing from O Mhe fecay veriex I Ie Tansverse p.ane Themy,. andAE signal pdf’s are determined by MC simu-

the distance between each track and the IP in the transver'fe_ Wi G ian f - he sianal bdf for th
plane; the distance between the decay vertex and the IP in t %tlon.' € use a Laussian unction as t € signal par for the
m,,. distribution and a sum of two Gaussians for th&

transverse plane; and the displacementiaf the closest ' bc ='=" ;
approach points of the two tracks to the beam axis. ThéliStribution. The Gaussian parametersean andr) are de-
secondary protons are required to hayg/(L,+L,)>0.6 termined separately for each mode. Background shapes are
P . b . . . .
The p7— mass spectrum after the application of the abovef€termined from events in sideband regions\@ and m
d. separately. We adopt an empirical functi@] to model the

selection criteria is shown in Fig. 2 for a typical run perio k
The peak position is consistent with the nominamass[6] ~ Mbc background shgpéfor events W't_h 0.1 GeV|AE|
<0.2 GeV) and a first-order polynomial for theE back-

and the mass resolution is about 0.9 Me¥/Finally, we , Y.
require the invariant mass of the candidate to be within ground shapz)e (for events with 5.20 Ge<my.
<5.26 GeVE9).

+5 MeV/c? of the nominalA mass. . L

Due to the high momentum of the primary particles from Table | summarizes the results. The efficiencies for the
these two-body decay modes, the background from geBeric AA andpA modes include thé —p7~ branching fraction
decays is negligible in the kinematic regi¢described be- (64%). The efficiencies are determined from a signal MC
low) for signal fitting. This is checked with MC samples of sample with the identical event selection and fitting proce-
B*B~ and B°B° pairs where theB-mesons decay domi- dure as for the data. Figures 3 and 4 show fig (with

H 2

nantly via b—c processes. We also checked background$2E[<0.05 GeV) and AE (with 5.27 GeVE*<my,

using MC samples of charmleBsmeson decays that include ~2:29 G‘?Vb_z) projections for these three modes, respec-
low multiplicity B-decays into final states with, K, K*, p tively. Projections of the fits are shown as smooth curves. No

— . statistically significant signals are found and we determine
w, ¢, n, andny’ mesons. Only thep mode is found to have y SI9 g

) . 90% C.L. upper limits on the signal yields by integrating the
any background contamination. However, the level of thlﬁikelihood function. We also compute limits using a counting

contarpma::on is neglcliglble, corresponding to less than ONG . thod [9]. We define a signal region by 5.27 Ga¥/
event ort.e current data _set. _ — <m,<5.29 GeVEt? and |AE|<0.05 GeV, and treat the
The main background is from continuuqq processes. nymber of background events from the maximum likelihood
This is confirmed using an off-resonance data[238 fb* it as a prediction for the background in this region. We then
taken 60 MeV below ther'(4S)] and a MC sample of 65 count the number of events actually observed, and apply the
million continuum events. These continuum events have @ethod of[9] to obtain 90% C.L. intervals.
jetlike topology whileBB events are more spherical in the  To estimate the possible influence of fluctuations on the
Y (4S) center of masgc.m,) frame. For continuum event determination of the upper limits, we vary the parameters of
rejection we use cog, the cosine of the angle between the the pdf's by one standard deviation and change the form of
direction of one primary decay particle and the thrust §kls the AE signal pdf to a single Gaussian. The relative change
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TABLE |. Results of the search for the exclusive baryon modes. The signal y¥ldmd errors are
determined from maximum likelihood fits. The 90% C.L. upper limits from the fits and from the counting
method are listed together. We quote the higher values as our conservative estimates for upper limits. The
efficiencies,e, are obtained from MC simulation. The 90% C.L. upper limits for the branching fract§ns,
determined by this experiment are shown along with previous CLEO results. Some theoretical predictions
from Ref.[10] are quoted for comparison.

Mode Y UL (fitting/counting & (%)  B(10% CLEOB(10°%  TheoryB(10 %)
pp 0.6°3¢ 7.0/9.7 27520 <12 <7.0 0.1-7.0
AN 0.0°33 3.0/3.2 10811 <10 <3.9 0.0-0.2
pA 1.0°33 7.0/10.4 16.214 <22 <26 0.2-3.0

of the upper limit is 25%, which is mainly due to the changesp and p), then the resulting errors are combined in quadra-
in the background shape. The upper limit determination bytyre. When determining the upper limit for the branching
the counting method is checked by redefining the signal refraction, the efficiency was reduced by one standard devia-

gion (varying theAE range from 2r to 40) and comparing tion. The efficiencies and upper limits for all three decay
the outcomes. The upper limits from both methods listed inmodes are listed in Table I.

column 3 of Table I include these fluctuations. We quote the |n summary, we have performed a search for the rare
values from the counting method as the most conservativi

°—pp, AA, andB* —pA with 31.7 mil-
upper Ilmlts Fit projections with the signal yield f|xed at the Baryonlc decay8 pp, and PA with 31.7 mi

g]on BB events collected by the Belle detector at the KEKB
*e~ collider. No statistically significant signals are found

dashed curves in Figs. 3 and 4 for comparison. f h g q " heir b hi
The systematic error due to the efficiency of the proton{Of these modes, and we set upper limits on their branching

identification (-K and p-#) criteria is studied usingA fractions at the 90% C.L. The upper limits are
samples. We vary the likelihood ratio requirement for pro-
tons and compare the ratio of reconstructedields in data

and MC calculation. The overall error is about 3%. We in-

B(B°—pp)<1.2x10°°,

clude a 2% error per track to account for the uncertainty in B(B°—AA)<1.0x10 ©,
tracking efficiency. The A reconstruction efficiency is o
checked by comparing the flight distance distributions of B(BT—pA)<2.2x10°8.

data and MC calculation. They agree very well and no addi-

tional error is assigned. The correlated parts of the errors are These are currently the most stringent limits for these de-
added linearly to obtain the overall uncertainty in the track-cays. The limit orB°— pp has been improved by a factor of
ing efficiency and the uncertainty in the PID efficiencf®  six compared to the existing boufi8]. These limits are con-

% sf ®

g oL = (o) PP

2 6f H H 2 4

S 4f oot o 2 b 10

5 2F 3 i L]

c 1 n ol L

[} r

i 3f I (b) A B (b) AR
N 15F

L S A -
1M 1 I M ] H\ 05E
0 ' — |
4F (C) pA () pA
3F M 2k _
HHftE *ﬁN it ]
%2 522 524 526 528 53 %z 015 01 005 0 005 01 015 02
my, (GeV/c } AE (GeV)
FIG. 3. The distributions ofn,. for (a) B—pp, (b) B°~AA FIG. 4. The distributions oAE for (a) B—pp, (b) B>>AA

and(c) B+—>chandidates. The solid curve is the projection of the and(c) B*—>pK candidates. The solid curve is the projection of the
maximum likelihood fit. The dashed curve shows the fit with the maximum likelihood fit. The dashed curve shows the fit with the
signal yield fixed at the 90% C.L. upper limit. signal yield fixed at the 90% C.L. upper limit.
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