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Search for b = u Transitions in Exclusive Hadronic B-Meson Decays
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From a data sample of 242000 BB pairs collected with the CLEO detector at the Y(4S) resonance,
we set upper limits for the branching ratios for exclusive hadronic decays of 8 mesons arising from
b u transitions. Model-dependent limits for the ratio of the Kobayashi-Maskawa matrix elements
V„b/V, b are presented.

PACS numbers: 13.25.+m, 12.15.Ff, 14.40.3z

In the standard model' of electroweak interactions, b

quarks can decay to either c or u quarks via the charged
weak current. The decay amplitudes for these two chan-
nels are proportional to the Kobayashi-Maskawa (KM)
matrix elements V,p and V„p, respectively. While many
b c transitions have been observed, the evidence for
b u transitions in 8-meson decay is controversial.
However, a nonzero value of V,~ is needed in order to
account for CP violation in the standard model. It is
very important, therefore, to probe any channel which
might lead to evidence for b u transitions. These con-
siderations motivated the search for b ~ u transitions in
exclusive B-meson decays to two or three hadrons de-
scribed in this paper.

The results are based on a data sample collected by
the CLEO experiment at the Cornell Electron Storage
Ring (CESR). The CLEO detector has been described

in detail elsewhere. Its performance for charged-
particle detection has been recently improved by instal-
ling a new tracking system, consisting of a 51-layer drift
chamber, a three-layer straw-tube vertex detector, and a
middle ten-layer vertex chamber. The momentum reso-
lution for charged particles achieved with this new
configuration is (8p/p) =(0.23%p) +(0.7%), with p
expressed in GeV/ Tche rms ionization (dF/dx) reso-
lution of the central drift chamber is 6.5%. In this
analysis, only data collected with the improved detector
were employed. The integrated luminosity of the data
sample is 212 pb

' collected at the Y(4S) and 101 pb
collected in the continuum just below the BB threshold.
This corresponds to approximately 242000 BB events.
We assume that the branching ratios of the Y(4S) to
charged- and neutral-8-meson pairs are 57% and 431o,
respectively. The large luminosity and improvements in
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detector performance result in substantial improvements
in the upper limits for some decays previously investigat-
ed and the possibility of extending the search to addi-
tional final states.

Exclusive two- or three-body channels containing only
nonstrange and noncharmed hadrons were considered in
this search. They are summarized in Table I. Observed
particles were grouped into candidate hadronic reso-
nances by requiring the invariant mass of the composite
system to be within —,

' I of the resonance mass (I is the
width of the resonance). Resonances were observed via
the decays p x+rr, fo~ rr+rr, f2~ rr+rr, a~~pz, a2 ~pz, h~pz, h, ~pz, and
their charge conjugates. In order to reduce the combina-
torial backgrounds, the dE/dx of charged particles was
required to be within 2 standard deviations of the ioniza-
tion expected for the particle assignment. In addition,
the total energy of the tracks in a 8-meson candidate,
Et t had to be within 2 standard deviations of the beam
energy Eb. The energy resolution for each decay mode
was determined by Monte Carlo simulation of the CLEO
detector; the result ranged between 25 and 37 MeV for
all the modes investigated. In addition, the angle 0~ be-
tween the beam axis and the total reconstructed momen-
tum pt, t of the candidate 8 meson was required to satisfy
the condition

I cosO~ I
& 0.8. This cut is useful since 8

mesons produced in Y(4S) decays have a p-wave angular
distribution, proportional to sin Oz. For the decay
8 p z we used the fact that the p is polarized
and required

I
cosOH I & 0.5, where OH is the angle of the

relative to the boost direction in the p rest frame.
For the 8 decay channels shown in Table I continuum

qq events are the dominant background. The spatial dis-
tribution of the decay products of the two 8's are not
correlated. Therefore the angle between a chosen decay

product of one 8 with respect to the direction of the oth-
er 8 is spherical. On the other hand, continuum events
are jetlike and so the direction of each particle tends to
be aligned along the event axis. We have exploited this
diff'erence in topology by determining the sphericity axis
of the tracks in an event that were not included in a 8-
meson candidate, and calculating the angle 8, between
this axis and the direction of a selected particle in the 8
candidate. The distribution of cosO, should be uniform
for real 8 decays. The coso, distribution for continuum
events containing 8 x+x candidates is shown in
Fig. 1; the shape is similar for all other modes. We re-
quired Icos8, I

&0.7.
We calculated the invariant mass M of 8-meson can-

didates using Eb instead of Etot. This (beam-con-
strained) mass resolution is nearly an order of magnitude
better than it would have been were Et,t used. If more
than one combination of tracks in a given event satisfied
the selection criteria discussed above and had M & 5.2
GeV/c, the candidate with Et„closest to Eb was used.
Yields were obtained by counting events with M within 5
MeV of the 8 mass for the Y(4S) data sample and con-
tinuum sample. No net signal remained after subtract-
ing the scaled continuum from the Y(4S) yield. This is
illustrated in Fig. 2, which shows the mass distributions
for 8 ~+ n candidates. The detection efficiency for
each decay mode was estimated from a Monte Carlo
simulation of the response of the CLEO detector to 88
events where one 8 decays into the mode of interest.
Whenever possible, the correct angular distributions
were generated; in cases where these are not uniquely
determined, the decays were generated with an isotropic
distribution. The resulting efticiencies, summarized in
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FIG. 2. The mass distributions for B z+z candidates:
(a) at the Y(4S); (b) in the continuum below the Y(4S); and
(c) the net distribution from BB events. The arrow indicates
where a B signal should appear.
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TABLE I. Upper limits (90% C.L.) for exclusive b u decays. The upper limits for the
branching ratios are for the modes indicated; the upper limits for the number of events are for
the modes indicated plus their charge conjugate. The detection efticiencies include branching
ratios for daughter decays.

Mode

8 0

0 +

8 —a2—n~0 +.

0

0

B fper

B f2'
8 —p'a l

8 —p'a2
8 z
8 —p'zr

8 ~h, h,8'- a++a
8 ~ h, ++3,
8 —W'p

8 6 p

Detection
e%ciency

0.45
0.064
0,055
0.017
0.13
0.12
0.12
0.052
0.035
0.29
0.22
0.45
0.013
0.12
0.12
0.083
0.25

Events

8.9
7.6
4.0

1 1.4
9.3
3.9
7.0
7.7
6. 1

13.5
8.9
3.9
4.8
3.2
3.2
7.3
8.3

Upper limits
Branching ratio
(units of 10 )

0.9
5.7
3.5

32.2
3.4
1.2
2. 1

5.4
6.3
1.7
1.5
0.4

17.6
1.3
1.3
3.3
1.3

I V.b/V. b I

0.21
0.30

0.66

0.57

0.39

8(8 D*+rr ) =(0.46+0.12+0.1)%%u . (2)

The values of a; were derived from the model of Bauer,
Stech, and Wirbel. This model has been applied with
reasonable success to describe D-meson phenomenolo-
gy' and should be reliable also for B decays, especially
for two-body decays involving at least one heavy meson
and no baryons in the final state. '' Predictions from this
model for specific branching ratios were used in the cal-
culation for the channels for which they were available
and gave meaningful limits for

~ V„b/V, b ~. The upper

Table I, include all intermediate branching ratios in the
decay chains. The corresponding 90%-confidence-level
upper limits for the branching fractions are also reported
in Table I.

The decay modes investigated have partial widths
which are proportional to

~ V„b ~
through a model-

dependent coefficient which contains the details of the
wave functions and form factors which relate quark dy-
namics to hadron dynamics. In order to reduce the sen-
sitivity to the uncertainties in the theoretical calculation,
we used

2
&ub

Q'
Vb,

to calculate
~ V„b/V, b ~

from the results for a particular
channel i.

The ratio on the right-hand side was calculated from
the upper limits reported in this paper and our unpub-
lished measurement,

limits obtained complement limits from the end point of
the lepton spectrum, ' since they have diAerent sys-
tematic uncertainties. In particular, the limit obtained
from B ~ a+z is almost as stringent as the one from
inclusive semileptonic B decays.

In conclusion, only upper limits for b u transitions
in exclusive hadronic B decays have been found in this
extensive search. Although the value of

~
V„b/V, b ~

has
yet to be measured, the consistent upper limits collective-
ly reinforce the conclusion that this ratio is small.
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