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Abstract 

Charmless hadronic decays of beauty mesons have been searched for using the data collected with the DELPHI detector 

at the LEP collider. Several two, three and four-body decay modes have been investigated. Particle identification was used 
to distinguish the final states with protons, kaons and pions. Three candidate events selected in two-body decay modes are 
interpreted as evidence for charmless B decays. No excess has been found in higher multiplicity modes and improved upper 
limits for some of the branching ratios are given. 

1. Introduction 

Charmless hadronic decays of beauty mesons can 
occur both through tree level diagrams involving b -+ 

u transitions and loop diagrams known as “hadronic 
penguin” diagrams (see Fig. 1). These decays have 
been the subject of considerable interest. Tree level 
dominated decays confirm the non-zero value of j i$l 
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Fig. I. Diagrams for the tree level h -+ u (left) and the penguin 
h -+ s, tl g (right) charmless decays. 

in the CKM mixing matrix while those induced by 

penguin processes provide tests of the loop structure 

of the Standard Model. Branching ratios for a large 

number of two-body exclusive decay modes have been 

predicted and are in the range of (0.1 - 1.8) x 10e4 
[ l-41. Evidence for charmless decays has been re- 

ported by the CLEO collaboration which has obtained 

signals for both the radiative decay B -+ K’y [ 51 and 

the two body hadronic decays B -+ TT (K) T [ 61. At 
present it is important to confirm the existence of these 

decays in two body modes, and to extend the search to 

as wide a variety of channels as possible. When more 
data become available, it may be possible to study the 
interference of the penguin and tree level amplitudes 
in hadronic charmless B decays, thereby providing a 

means to analyze the final state strong interactions 

[ 71. Charmless final states may also originate from 
rescattering through double charm production. These 

decays are of special relevance for the studies and the 

interpretation of CP asymmetries in B decays. Multi- 

body charmless decays are subject to larger uncertain- 

ties both in their theoretical predictions [8] and for 
the looser constraints provided so far by experimental 

data. However hadronic charmless b decays are ex- 
pected to have a large pion multiplicity both when in- 

duced by b -+ u [9] and by b --) s [IO] transitions. 
This makes the n7r (n > 2) and Km-n with (m > 1) 

final states particularly sensitive to charmless b decays 

compared to rr and KIT. 
With the statistics presently available at LEP, B 

branching ratios of a few times lo-’ are becoming 

accessible [ 111. There are several advantages in their 
study at this centre of mass energy. As the B particles 

have a large fraction of the available energy, their de- 

cay products are confined in collimated jets and orig- 
inate from detached secondary vertices. This feature, 
when exploited by the use of a silicon vertex detec- 
tor, allows an effective separation of the particles from 
the decay of the B particles from those produced in 

the fragmentation or in light quark events. Further, 

the particle identification capabilities of the DELPHI 
detector allow exclusive decay channels with strange 

particles or protons in the final state to be studied. 
This analysis searched for charmless hadronic de- 

cays of B mesons in several decay modes with all 

charged mesons nr (n = 2 to 4)) nK and Kmr (n = 
2 to 3; m = 1 to 3) final states and with baryons 

pf7mn (m=Oto2). 

2. Data analysis 

The present analysis is based on the statistics col- 

lected during 1991, 1992 and 1993 by DELPHI at 

LEP, corresponding to about 1.7 million Z” hadronic 

decays. 
The DELPHI detector has been described elsewhere 

[ 121. Of particular importance for this study are the 

accurate track extrapolation and the particle identifi- 

cation. 
A three layer silicon vertex detector (VD) in the 

DELPHI tracking system ensures precise track recon- 

struction near the interaction region. The accuracy of 

extrapolation for high momentum particle tracks to the 
vertex was measured to be 24 pm in the transverse 

plane (R$) . This allows the use of secondary vertex 

reconstruction to separate B decay products from pri- 

mary hadronization particles. 

Particle identification over a large momentum 

range is an important feature of the DELPHI detector. 

Hadrons were identified by the combined use of the 
information derived from the specific ionisation in 
the Time Projection Chamber (TPC) and from the 

Ring Imaging Cherenkov detector (RICH). The TPC 

provides up to 192 sampling points along the track 

and a dE/dx resolution of about 7% in hadronic 

events. This corresponds to separating kaons from pi- 
ons by 1.5 standard deviations ((+) for particles with 

momenta above 3.5 GeV/c. The use of the RICH 

gas radiator separates light particles (e, p, r) from 

heavy ones (K, p) above 3.5 GeV/c and gives ex- 
clusive kaon and proton identification from 9 to about 

20 GeV/c. The identification algorithm used in this 
analysis was tuned in order to optimise its efficiency. 
The efficiency for tagging a particle in this kinemat- 
ical region is about 80 % and independent of the 
particle momentum. For particles tagged as kaons, the 
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rejection factor against misidentified pions is close to 
5 using the dE1d.x information and between 8 and 5, 

depending on the particle momentum, using the RICH 

detector. In order to increase the efficiency for recon- 

structing decays with pp, only the more energetic of 

the two particles was required to be identified as a 
proton. The second was only required to be tagged as 

a heavy particle with momentum above 3.5 GeV/c. 

Muon identification was based on the information 

from the Muon Chambers and the energy deposited 

in the Hadron Calorimeter. Electrons were tagged by 

the shape and energy of the associated electromag- 
netic shower in the High density Projection Chamber 

(HPC). The dE/dx and RICH information was also 

used to complement the HPC response for electron 
tagging. 

Identified particles were attributed their correspond- 

ing masses. Those without identification information 

were assumed to be pions. 

2.1. Event selection and B decay reconstruction 

Hadronic events were selected by the standard Del- 

phi hadronic criteria [ 131. These provided 1.62 mil- 

lion events from the combined 1991-1993 data sam- 

ple. For each event the primary vertex was fitted us- 

ing a procedure that iteratively linked tracks to the 

beam-spot. Tracks not compatible with the hypothe- 
sis of originating from a common vertex were then 

removed. The selected hadronic events were divided 

into two hemispheres defined by the plane perpen- 

dicular to the event thrust axis. For each hemisphere 

the leading charged particle was used to start the sec- 
ondary vertex reconstruction. The other charged parti- 

cles were iteratively tested to form a common n-prong 

detached vertex with this leading particle. These were 

selected within the (n + 1) most energetic charged 
particles, which had momenta above 0.8 GeVlc and 
were within 1.0 rad of the leading track. In order to 

preserve an accurate extrapolation to the vertex region, 
only tracks with at least one hit in the VD were consid- 
ered. The impact parameters for particle tracks were 

computed in the R# plane with respect to the pri- 

mary vertex. Tracks having impact parameters larger 
than 0.5 cm were rejected, because they could be due 

to a long-lived particle decay or to a problem in the 
pattern recognition. Vertices with a fit probability be- 
low 10m5 were discarded. Secondary vertices with one 

or more lepton candidates were also rejected as the 
lepton comes from either a semileptonic heavy quark 

decay or a charmonium decay. 

Kinematic cuts were applied to exploit the hard b 
fragmentation. The total energy of the B candidate was 

required to be larger than 20 GeV and not to exceed 
the beam energy. For two (greater than two) prong 
topologies, the momentum of the leading track had 

to be larger than 10 (8) GeVlc and that of the other 
secondary tracks larger than 1.0 (0.8) GeV/c. 

There are two main sources of background in the 

reconstruction of exclusive B decays. The first comes 
from combinatorial background and originates from 
all Z” hadronic decays. This component was sup- 

pressed by requiring that the candidate secondary ver- 
tex is separated by more than 2.5 u from the recon- 

structed primary vertex in the R4 plane and that the 
decay distance was smaller than 2.0 cm. This second 
cut removes background from long-lived particles. In 

addition a b-tagging algorithm was applied to enhance 

the fraction of bi; events in the selected sample. This 

algorithm used the impact parameter significance of 
all the tracks in the event and gave the probability Z’prim 

for the hypothesis that all particles originate at the Z” 
production point [ 141. Events with Pprim below 0.15 

were selected. In a simulated qq sample this criterion 

selected 65% of 66 and 15% of non bb events. 

The second source of background is due to partially 
reconstructed B decays. This gives a mass distribution 

that falls steeply up to about 5.0 GeV/c2 for B mesons. 
Above this mass value, a rather flat tail extending to 

much higher masses is present. While partially recon- 
structed decays of beauty baryons also contribute be- 
low the Ab mass value, this tail is due mainly to tracks 
from the primary vertex being incorrectly assigned to 

the secondary vertex. It was suppressed by requiring 
every track used in the secondary vertex reconstruc- 
tion to have an impact parameter with respect to the 
primary vertex larger than 1.5 times its associated er- 

ror. Furthermore cuts on the vertex topology were ap- 
plied. A candidate was rejected if any track not used 
in the secondary vertex reconstruction either missed 
the primary vertex by more than 2 cr or fitted the sec- 

ondary vertex within 1 cr. 
These criteria selected a pure sample of secondary 

vertices from b particle decays. A detailed simulation 
study showed that 99%, 98% and 94% of the selected 
two, three and four-prong vertices with invariant mass 
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above 4.5 GeV/c2 belong to beauty decays and respec- 
tively 2%, 12% and 32% of these have one or more 
primary particles wrongly assigned to the secondary 
vertex. 

2.2. Two-prong topology 

The two-prong topology is particularly clean since 
there is almost no physical source of background in the 
B mass region. A study of simulated b events includ- 
ing full detector simulation showed that the highest 
invariant mass obtained by B decay products passing 
the two-prong selection used in the present analysis 
and originating from b -+ c decay channels is around 
4.8 GeV/c2. 

2.3. Multi-prong topologies 

In these topologies, fully reconstructed B decays 
with charmed intermediate states, such as B -+ @Km- 

and B --+ Dnn-, have to be rejected. These were re- 
moved by requiring that no pair of particles had an 
invariant mass close to the Q mass if given electron 
or muon mass, or close to the Do if assigned either 
kaon-pion or pion-pion masses. The widths of the in- 
variant mass intervals around the charm states corre- 
sponded to a 3 (T cut, using the measured mass res- 
olutions of the states considered. Triplets of particles 
from the four-prong vertices were checked also for 
compatibility with the D- mass by testing all the pos- 
sible K-n-++- mass combinations, with the 0; mass 
by testing all possible K+K-rr- combinations. Again 
events were removed accordingly. All possible com- 
binations of mass assignments were tested provided 
the corresponding invariant mass of the multi-prong 
was compatible with the B mass region defined be- 
low. The efficiency of these criteria in rejecting beauty 
decays to charm has been evaluated with simulation 
by studying the fractions of rejected events, for which 
all the tracks used at the secondary vertex came from 
a b + c decay. These fractions were (94 f 3) % 
and (96 f 2) % for three and four-prong topology 
respectively. A further suppression of the charm in- 
termediate states was achieved by the application of 
particle identification requirements and intermediate 
resonance constraints depending on the channel con- 
sidered. The charm states passing the selection crite- 

ria were taken into account in the evaluation of the 
background. 

Charmless b decays were classified in the following 
way. A decay was considered to take place via an in- 
termediate resonance provided that the reconstructed 
mass of the relevant particles was within 2 u of the 
resonance mass, where u is the convolution of the 
natural width and the mass resolution, and the mass 
assignments were consistent with the particle identifi- 
cation information. For 4 -+ KK only one of the two 
kaons had to be identified, since the narrow mass cut 
around the 4 mass already efficiently removed most 
of the combinatorial background. In the B decays in- 
volving a vector and a pseudo-scalar meson, such as 
B -+ K*r and pr, the vector meson is fully polar- 
ized. The distribution of events as a function of the 
helicity angle f3* in the vector meson rest frame is 
proportional to cos2 0* while the background is more 
isotropic. Therefore in these channels 1 cos 8’ 1 was re- 
quired to be larger than 0.5. 

2.4. Efficiency and background evaluation 

Reconstruction efficiencies were evaluated using 
Monte Carlo generated samples of signal events 
passed through full detector simulation. The mass 
resolution was found to be (90 f 6) MeV/c2 for the 
two-prong, (61 f 5) MeV/c2 for three-prong and 
(45 f 8) MeV/c2 for four-prong topology. The Bd,u 

(B,) candidates were accepted in the invariant mass 
region defined by the intervals 5.15-5.55 GeV/c2 
(5.25-5.65 GeV/c2) and 5.20-5.50 GeV/c2 (5.30- 
5.60 GeV/c2) for two and more than two-prongs 
respectively. 

Efficiencies were studied in two steps. First the ef- 
fect of the cuts described above on the signal sample 
was evaluated. The efficiency was found to be 16% for 
the two-prongs, 6% for the three-prongs and 4% for 
the four-prongs. In the second step, the efficiency for 
the particle identification and for the cuts on the in- 
termediate mass states was measured for each specific 
channel. As the sample of identified kaons is rather 
pure and most of the two body channels considered in- 
clude intermediate resonances, the mis-classification 
probability is small. Assuming equal production rate, 
only 10% of the events classified as rn come from 
misidentified K7r signal events and only 4% of those 
reconstructed as K*w and p are from non-resonant 
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three body decays. 
The background was studied with three samples of 

simulated events: 2.95 million qq events, 1.05 million 

66 events and 0.25 million c? events. This simulated 

sample corresponds to about 4.6 times the amount 

of real data. The decay branching ratios for beauty 
mesons in the simulation were tuned in order to repro- 

duce the present data on exclusive channels and inclu- 

sive particle content and kinematics. For the beauty 

baryons the experimental data are still very limited. 

Therefore the results of the fragmentation and decays 

as treated in the JETSET program [ 151 were assumed. 
The uncertainty in the b baryon production and de- 

cay was included as a source of systematic error in 

the evaluation of the background. Charmless b decays 

were removed for evaluating the backgrounds. The re- 
jection factors of the cuts at each stage of the selec- 

tion were compared for real and simulated data and 
found to be in good agreement. Finally absolute nor- 

malizations corresponding to the number of selected 

hadronic Z” decays in each quark state were applied 

to the simulated data. 
Special samples of beauty meson and baryon decays 

in a number of exclusive channels were also used to 

study the possible contamination from b -+ c decays 

in the multi-prong modes. 

3. Results and discussion 

The individual channels studied for the different de- 

cay modes are discussed in this section. Upper lim- 

its at 90% confidence level for the branching ratio of 
these channels are derived. In computing these limits, 

the fractions of Bi;, and By mesons were assumed 

to be 0.39 and 0.12 respectively. Several channels can 

receive contributions from decays of both the B$ and 
Bi mesons. Since these contributions cannot be sep- 
arated with the present statistics and mass resolution, 

limits are given for the weighted average of the decay 
rates of the two neutral B mesons. 

The number of background events expected in the 
signal region was evaluated in two ways. The first es- 

timate used the number of events found in the simu- 
lation samples in the mass region from 5.1 GeV/c2 to 
6.0 GeV/c2 normalised to the signal mass interval. AS 
a second method, the background was evaluated for 
each individual channel by studying independently the 

rejection powers of the cuts applied. The secondary 
vertex selection criteria were relaxed for the two-prong 

sample. The effect of intermediate mass and the he- 

licity angle constraints were also studied in the multi- 

prong sample. In addition the background suppression 

coming from kaon or proton identification was mea- 
sured for all the channels. This second method reduces 

the statistical uncertainty on the estimate. However it 

assumes that the effects of the cuts are independent. 
Its reliability was therefore further checked by com- 

paring the number of events seen in the real data for 

all the channels considered in this analysis with the 
expected number of events in the mass interval from 

4.95 GeV/c2 to 6.0 GeV/c2 but excluding the signal 

regions. Summing over all the decay modes considered 

in the present analysis, the number of events expected 

from the study of the rejection powers in simulation 
was 21.3 & 1 .O, in good agreement with 18 events 
present in the data. For comparison the expected num- 

ber of events obtained with the first method by count- 

ing the events passing all the cuts in the simulation 

sample was 17.2 & 2.0. 

3.1. Two body decay modes 

The following decay modes and their corresponding 

charge conjugates were investigated: 

- Bj: -+ r+r-- 
- B, -+ p(77o)Or-, p(77O)O --+ ?7+7r- 

- Bll, + K+w 
- B; -+ K-&770)‘, ~(770)’ + Ii-TTf?i- 

- Bi,, + K+al(1270)-, a, (1270)- + rTT-rTT+n-- 

- B, -+ It* (892)Or-, k‘ (892)’ --) K-r+ 

- BiA --+ K+K- 
- B’ + #4 1020)K-, 4( 1020) -+ K+K- 
- B;+pp 

Three candidate events were found in the mass in- 

tervals defining the signal region close to the B mass. 

They are in the Bz,,v --+ K+7.r-, B; --t p(770)‘~- 
and B; --t i?* (892)Or- channels. In the first event 

the kaon was identified only in the TPC, in the last it 

was identified using both the RICH and TPC. In Ta- 
ble 1 the reconstructed mass of the candidates, their 
energy EB, the significance of their decay distance d 
and the proper decay time 78 are given. For the two 
decay candidates including a resonant state, also the 
values for 1 COSP and the distance from the central 
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Table I 
Characteristics of the candidate events in two bodies. 

Channel 

K?r 
P 
K*T 

Mass Es 
[GeV/c*] [GeVl 

5.47 f 0.10 43.7 
5.40 f 0.09 38.1 
5.21 f 0.06 40.0 

d/ffd 

8.5 
70.4 
17.6 

Q-8 1 coso*l 
[PSI 

1.5 
3.4 0.68 
1.2 0.59 

Distance in (T 
from resonant mass 

+0.95 
+0.78 

Table 2 

Summary of the upper limits at 90 % confidence level for two body decays. The efficiency E quoted refers to the charged particle decay 
mode that has been searched for, The quoted upper limit (UL) has been corrected for the resonance branching fraction into the final state. 

Events Bkg. 

7 0.04 0.02 

0 0.002 
0 0.001 
1 0.04 
1 0.02 
0 0.08 
0 0.005 
0 0.08 

c Signal 

I%1 Event UL 

14 11 2.3 3.9 

5 2.3 
4 2.3 
5 3.9 
4 3.9 
4 2.3 
3.5 2.3 
3 2.3 

Theory 
BRxlO’ 

1.8 1.1-1.8 12331 II-31 

0.4-I .4 l2.31 
0.6-0.9 [I,21 
0.0 I-0.06 [I>21 
0.6- 1.4 1 I,2741 

Exp. UL 
BRx IO5 

2.9 2.6 [‘51 [61 

0.7 L6l 
3.4 1161 
I5 [I71 
15 [181 
8 1181 
9 1181 

This UL 
BRxlOs 

9 5.5 

12 
35 
26 
48 
I9 
44 
39 

value of the mass of the resonance in units of its total 
r.m.s. are given. A display of the vertex region for the 
K*T candidate is shown in Fig. 2 together with the 
hadron identification properties. 

The invariant mass distribution for the sum of all 
the two body channels investigated is given in Fig. 3. 
The agreement between real and simulated data in the 
invariant mass region outside the signal range is good, 
showing that the effect of the selection cuts is well 
reproduced in the simulation. 

The two candidates with three-prong topology were 
checked to study their compatibility with a charmed 
decay channel. The estimated contribution to the back- 
ground from fully reconstructed B + J/*K and B + 
DOT decays is 0.06 events. Furthermore it was found 
that the particle combination closest to a charm state 
mass was 5.6 u from the Do mass for the p7r candi- 
date and the corresponding invariant mass of the three- 
prongs was (5.86 & 0.10) GeV/c2 which is incom- 
patible with the B mass. 

The number of background events was determined 
from the sum of all the two body modes considered 
using both the procedures described above. Using the 

Table 3 
Characteristics of the candidate events in three bodies. 

Channel Mass 
[ GeV/c2] 

Es 

[Cevl 
d/ud 7B 

lPS1 

7r977r 5.26 f 0.05 34.6 27.2 2.1 
K?rT 5.23 f 0.05 40.8 5.1 2.4 
KTW 5.39 f 0.04 20.3 17.6 3.0 

first method, the background amounts to 0.30 f 0.17 
events. A more accurate estimate was obtained by 
studying the individual rejection power of the selec- 
tion cuts. Summing over all the channels considered 
gives a total background for the two body modes of 
0.29 f 0.07 events which is in agreement with that 
derived previously, but is more precise. Possible sys- 
tematics in the background estimation were studied 
by comparing the ratio of the number of events in the 
mass interval between 5.1 GeVlc2 and 5.5 GeV/c2 in 
real and simulated data after loosening the cuts on the 
track impact parameters and on the decay distance and 
removing the charm rejection. This ratio is sensitive 
both to systematics on the absolute normalization and 
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DELPH Vertex Display 
Run: 41541 Event: 11f11 

B + K*‘n 

\ 

dE/dx 
.__ _..C... ___-...._---.- 

.._ ..,, _._..__“..,__l..-..“- . . . . . .-*... 

3 

Fig. 2. The candidate B -+ K’ (892) ?r decay: a magnified view 
of the extrapolated tracks at the vertex is displayed above. The 
primary and secondary vertices are indicated by error ellipses 
corresponding to 3 g regions. The plot below summarises the 
hadron identification properties. The lines represent the expected 
response to pions, kaons and protons and the points with error 
bars the measured values for the reconstructed B decay products. 

to the shape of the invariant mass spectrum. These ra- 
tios were found to be consistent with unity for all the 
decay multiplicities. Nevertheless, due to the limited 
statistics, systematic effects at the level of 20% could 
not be excluded. This has been taken into account in 

I3 3 Kp, KCI, 
B + KK, KQ, 
B + PP 

i 

H-l 
1 n 1 , , , n 1 , 

2 5.4 5.6 5.8 6 

lnvoriont Moss (W//c’) 

Fig. 3. Invariant mass distribution for two body decays. Real data 
events are indicated by the dots while simulated data are shown 
by the histogram. The normalization is given by the equivalent 
number of Zc decays, The arrows indicate the signal mass interval 
for candidate B): (lower) and f$ (upper). 

the estimate of the uncertainty on the expected num- 

ber of background events. An additional source of sys- 

tematic uncertainties comes from decays of b baryons. 

The fraction of b baryons was increased by 50% by re- 

weighting the simulated events in which at least one 
of the tracks used at the secondary vertex originated 
from a decay of a beauty baryon. The rejection factors 

were recomputed and the observed 6% increase in the 
estimated background was also included. 

Adding in quadrature the uncertainties on the ab- 
solute normalization, the shape of the invariant mass 

distribution and of the b baryon fraction, the esti- 

mated background becomes 0.29 f 0.09 events. For 

all three channels with a candidate, no background 

event is present in the simulated sample in the range 
(5.1- 6.0) GeV/c2. In the real data sample no entries 
above 5.0 GeV/c2 were observed outside the signal 
region. Using the central value of the background es- 
timation of 0.29 events, the probability that three or 
more candidates in the signal region all originate from 
a fluctuation of the background is 3 x 10W3. After 
propagation of the error on the background estimate, a 
final value for this probability of 6 x 10m3 is derived. 
Upper limits for the branching ratios of the individual 
channels are given in Table 2. 
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Table 4 
Summary of the 90 % C.L. upper limits for three body decays. 

Channel 

B; - ~=+T-T- 
B; - K-~+rr- 

B, - K+K-K- 

K- 
_- -PPa 

Events Bkg. 

1 0.8 
2 0.7 
0 0.01 

0 0.02 

l Signal 
[%l Event UL 

5 3.3 
4 4.7 
2.5 2.3 

2.8 2.3 

Theory Exp. UL This UL 
BRxlOS BRx IO5 BRx105 

6 [gl 19 1161 22 
19 [I81 40 
35 1191 31 

16 [201 50 

Table 5 
Characteristics of the candidate event in four bodies. 

Channel 

rr?r?r* 

Mass 
[GeV/c2 J 

5.43 i 0.05 

EB 

IGevl 

39.6 

dfud Q-B 

[PSI 

13.2 1.4 

3.2. Three body decay modes 

Three body charmless modes were studied in the 

channels: 

- B, -+ ~-vrTT+~- 
- B, -+ K-r+w 
- B, -+ K-K+K- 
- B; 4 pg?r- 

The 1rr, K?r and KK pairs compatible with a p, 

K* or 4 were treated as such and have already been 

discussed in the previous section. Three events were 

found in the B invariant mass signal region (see 
Fig. 4) ; their characteristics are given in Table 3. 
The event in the n-mrr channel has two tracks with 

an invariant mass 3.2 (T above the J/t) mass when 

assuming them to be muons. In this case a possible in- 

terpretation in terms of a fully reconstructed B decay 
is as a candidate event for the Cabibbo suppressed de- 
cay B -+ J/I@, since imposing the kaon mass for the 
third particle moves the total mass above the B meson 

mass. For the other two candidates, all two particle 
combinations are more than 8 (T from charm states. 

Due to the higher multiplicity and the lack of inter- 
mediate mass constraints, the background in the signal 
region is larger than in two body decay modes. It has 
been estimated to be 1.5 events. No significant excess 
was observed and upper limits are given in Table 4. 

“” 10 

; ,kDELPHI B + m-m 

B + KIT 

B -+ KKK 

B + PP” 

4, 

lu 
f 

Invariant Mass (GeV/c’) 

Fig. 4. Invariant mass distribution for three body decays for real 
and simulated data. 

3.3. Four body decay modes 

Four body charmless modes were studied in the 
channels: 
- B; + ~T+IT-~+w- 

- BZ,, + K+w--,IT~z-- 
- B; -+ p/?&r- 

The ITQTIT combinations compatible with the a1 res- 
onance were already discussed in the two body decay 
section. One event was found in the invariant mass 

signal region with an estimated background of four 
events (see Fig. 5). 

The characteristics of the candidate event are listed 
in Table 5. Upper limits are given in Table 6. 
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Table 6 
Summary of the 90 % CL. upper limits for four body decays. 

Events 

:, 

0 

Bkg. 

2.1 1.9 

0.06 

‘z Signal 
I%1 Event UL 

3.5 2.9 2.8 2.3 

I .4 2.3 

Theory Exp. UL This UL 
BRx TO5 BRx IO5 BRx IO5 

10 181 61 1171 28 
21 

2.5 1201 95 

-ci 

2 

0 
4.6 4.8 5 5.2 5.4 5.6 5.8 6 

Invariant Mass (G&/c’) 

Fig. 5. Invariant mass distribution for four body decays for real and 
simulated data. The arrows indicate the signal mass interval for 
candidate S: (lower) and BP (upper). The two events between 
5.5 GeV/c* and 5.6 GeV/c* are in the rrrrrrrr channel and thus 
are not consistent with the BF hypothesis 

4. Conclusions 

A search for hadronic charmless decays of B 
mesons has been performed using 1.6 million hadronic 

Z” decays. Several decay modes in two, three and four 
body channels were investigated. Three candidates 
were found in two body modes with an estimated 

background of 0.29 f 0.09 events. The probability for 
a background fluctuation to give three or more events 

in the signal region was estimated to be 6 x 10w3. 
These events are interpreted as a signal of charmless 
decays of B mesons. In three and four body modes 
four candidates were found but, due to the increased 
combinatorial, the estimated background was larger 
compared to two body modes and no significant ex- 
cess was observed. Upper limits for the branching 

ratios in the individual channels are given. 
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