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Using the ARGUS detector at the ¢ * ¢~ storage ring DORIS II at DESY, we searched for b—u transitions in exclusive hadronic
B meson decays. A systematic analysis of B decays into pions has been performed for decay modes with 2-7 pions in the final
state. In none of the decays a positive signal was obscrved. The upper limits obtained on various branching ratios are consistent
with the current model predictions.

The standard model of electroweak interactions allows for b—c and b-»u transitions. Whereas much infor-
mation is available on the decay of the b quark into charm [1], very little is known concerning b—u decays.
Evidence for these decays has been observed analyzing semileptonic B decays [2,3]. The attempt to reconstruct
hadronic B decays containing ncither charm nor strangeness in the final state has not led to conclusive results
up to now [4,5]. Therefore a systcmatic study of B decays into charged and neutral pions has been performed.

The results reported here are based on a data sample of 214 pb~! obtained on the Y(4S) resonance and 93
pb~' in the continuum using the ARGUS detector at thc DORIS 11 storage ring. Scarches for B decays have
been made in decay channcls *! containing charged and ncutral pions:

(a) Bon*n—, (b) B¥-n*x?,

(¢) B*osn*ntn—, (d) B°»r*r—n°, (e) Bt 5r*n'n’,
(fy BPsn*nta—=n~, (g) B orn*m*x~n’, (h) B'sra*nnn®,
(i) B*>3n*2n—, (j) B°-2nt2nn°,

(k) B°-3n*3n— () B*=3n*2n—n°,

(m) B°-3x*3a—n",

The ARGUS detector is a 47 spectrometer, which has been described in detail elsewhere [6]. Charged parti-
cles are identified on the basis of measurements of both specific ionization and time of flight. Only those charged
tracks are accepted as pions, for which the corresponding likelihood ratio cxceceds 1%. The two photons from a
n° decay may either form two separate clusters in the calorimeter or merge into one cluster. In the two-cluster
case, the energy of each photon has to be larger than 50 MeV. Each combination of two photons is accepted as a
n° candidate, if their invariant mass lics within 2.5 standard deviations of the table value. The accepted candi-
dates are subject to a mass constraint fit. To cover the merged cluster case, photons with an energy above 800
MeV are accepted as n° candidates.
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Since B mesons produced in Y'(4S) decays must have the beam ecnergy Fyeam, Which is half of the T{4S) mass
of 10.580 GeV/c? [7], we require the energy of B candidate combinations to satisfy | Kg— Eyeam | <20g. Eg iS
the measured energy of the B candidate, and o the corresponding error. An energy constraint fit is then per-
formed which transforms the moderate momentum resolution into a mass resolution of a few McV/¢2. Adding
the contribution of the Y(4S) resonance width and that of the DORIS beam energy spread, we cxpect a signal
to have a width between 3.7 and 5.5 McV/c?. The B mcsons have a p-wave angular distribution proportional to
sin?@y, where 0y is the polar angle of the B meson with respect to the beam axis. Taking advantage of this fact,
we require |cos 8| <0.8. This cut rcduces the background by about 20% at an efficiency of 94%.

The background from continuum events is very efficiently reduced by a topological cut, exploiting the fact
that B mesons from Y (4S) decays have small momenta and decay isotropically. Two thrust axes arc calculated
for each event, one for the B candidate and onc for the remaining particles. For Y'(4S) decays there is no corre-
lation between the two axes, while for continuum events there is a strong peaking at | cos Gqpeus | = 1, Where Qprus
is the opening angle between the two thrust axes. Therefore, we require that | Cos Qs | <0.6.

For a B candidate, the total probability obtained from the sum of all * contributions from particle identifi-
cation and kinematical fits must excecd 2%. After applying these cuts, the remaining cvents can contain more
than one candidate for a given final state with a mass above 5.15 GeV/¢?. To avoid double counting, the can-
didate with the largest total probability is chosen. After this sclection, the pions were combined to look for
hadronic resonances. The invariant mass of thc composite system was required to be within the mass range as
indicated.

0

pPomtnT  AM=1200MeV/c?, ptontn® AM=1250MeV/c?,
a%sprn- AM=1350McV/c?, af -p*n® AM==350MeV/c?, af-p'n* AM=1350 MeV/c?,
nontnn® AM=130MeV/c?, o-rntnn® AM==60McV/c’.

For the decay B— prt we use the fact that the p is polarized resulting in an angular distribution proportional to
cos? 8., where 0, is the angle between the pion from the B decay and onc of the pions from the p decay in the p
rest frame. We cut on |cos 0, =0.5.

Fig. la shows the invariant mass distribution of the decay B* »n*n". There is no evidence for a signal coming
from B decays. This conclusion is substantiated by examining the same mass distribution after subtraction of
the underlying continuum events. For this purpose, the continuum data has been analyzed in the same way as
the Y(4S) sample, and then scaled according to the luminosities and the 1/s dependence of the hadronic cross
section. The resulting mass distribution (fig. 1b) shows that the background is dominated by continuum events.
The Y (4S) mass distributions of the individual final states have been fitted with a gaussian distribution of mass
5.279 GeV/c? [8] and expected width plus the following function to model the background:
dN/dM~M \/1 —M?*Eiamexpl—a(1=M?*/El.n)] -

The upper limits on the number of events have been derived by integrating the likelihood distributions obtained
in the fits over positive values of the number of events. The fit results are summarized in table 1.

To determine the reconstruction efficiency, Y(4S) decays have been simulated using the LUND 6.2 model
[ 117, which has been adjusted 1o describe the gencral properties of B meson decays. The production probabili-
ties of neutral and charged B mesons produced in Y'(4S) decays werc assumed to be cqual [8]. The gencrated
events have been passed through a detailed detector simulation program [ 12]. The systematic errors have been
taken into account by folding them with the likelihood distributions obtained from the fits to the individual
mass distributions.

The 90% confidence level upper limits for the branching ratios are given in table 1. For comparison, the
predictions of the two different models [9,10] arc included using a ratio | Vi, /Vec| =0.1 [2,3]. All of the pre-
dicted branching ratios are below the experimental limits. To increase our sensitivity, we added all events with
two or threc pions in the final state (decay channels a-e). Using the reconstruction efficiencies and the model
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Fig. 1. Invariant mass distribution of the decay B* »n*n° (a)
At the Y (4S); the curve shows the result of the maximum likeli-
hood fit described in the text. (b) After subtraction of the contin-
uum contribution. The gaussian curve represents the 90% CL up-
per limit on the signal from the above fit (see table 1).
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Fig. 2. Invariant mass distribution of all B candidates with two
or three pions in the final state (decay channels a-¢). (a) At the
Y (4S); the curve shows the result of the maximum likelihood fit
described in the text. (b) After subtraction of the continuum
contribution. The gaussian curve represents the 90% CL upper
limit on the signal from the above fit.

Summary of the limits at the 90% confidence level on the number of cvents and corresponding branching ratios. For comparison, the
model predictions for two-body [11] and muitibody [12] decays arc given. The first two decay modes have been investigated by both

models.
Decay Upper limits (90% CL) Br® Decay Upper limits (90% CL) Br®
mode (| Vou/ Ve | =0.1) mode (| Vou/ Vel =0.1)
events BR events BR
n*tn® 12.5 24x10-4 0.6(1.3)x10-* on* 5.0 4.0%x10-* 2% 10~
ntr- 8.8 1.3x10-% 2.0(2.5)x10"3 nrt 2.3 7.0x10-4 3x10-¢
ntatn- 23.8 4.5%x10-¢ 6x10-° n* - nln 353 3.1x1073 5% 10~
pon* 5.5 1.5x 104 2%x10-° ptp- 12.5 2.2%x10-3 5%10-°
n n-n° 25.0 7.2%x10°4 2x10-4 afn® 10.7 1.1x10°3 7% 107
p°n® 10.0 4.0x10-¢ 2x10-° wn® 3.9 4.6x10-4 1x10-7
ptn- 11.4 5.2%x10-4 6x10-3 nn’ 3.9 1.8x 1073 -
n*nn® 19.3 8.9%x10-* 6x10-3 3n*t2n~ 25.0 8.6x10~* 2x10*
ptr 8.2 5.5%x 10~ 2% 10~ at p° 5.5 6.0x 10~ 3%x10-3
ntntnon 26.4 6.7%10-¢ 1x10-* 2n*2n— ! 100.0 9.0x10-3 6x10~*
p°p° 5.9 28X 10~ 1X10-6 afp- 1.0 3.4%1073 7% 10-3
atn- 10.4 6.3x10-4 6x10-3 afp°® 17.6 2.4x10°3 8x10-7
n*ntn-n’ 83.0 4.0x10-? 4%x10-% 3n*3n~ 68.5 3.0x1073 2x10~4
p*p° 11.3 1.0X 1073 1103 atar 24.8 6.0x 103 -
aj n® 14.4 1.7x10-3 3x10-3 3n*2n-n¥ 47.8 6.3x10°3 7x10-4
aln~ 17.6 9.0x10-1 - ataf 37.0 1.3x10°2 -
3n73n~n 79.1 1.1x1072 7% 104

#) Refs. [9,10].
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Fig. 3. Invariant mass distribution of all B candidates with four
pions in the final state (decay channels f-h). The continuum
contribution has been subtracted.
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Fig. 4. Invanant mass distribution of all B candidates with five
pions in the final statc (decay channels 1, j). the continuum con-
tribution has been subtracted.

calculations (table 1), we expect a signal of 13 events, which is too small to be observed in fig. 2. The fit to fig.
2a results in 55 events at 90% CL. The mass distribution of B decays into four and five pions arc plotted in fig.
3 and 4 respectively after subtraction of the scaled continuum. With increasing decay multiplicity, the mass
distributions show a rising contribution from Y'(4S) decays. The number of signal cvents expected is about 17
(fig. 3) and 11 (fig. 4). The huge combinatorial background does not allow to observe such small signals coming

from hadronic b »u decays.

In summary, an extensive search for B decays into pions has been performed. No evidence for hadronic b—u
transitions has been observed. The upper limits obtained are consistent with the model predictions.
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