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Branching Ratios of 8 Mesons to K, K, and K /K
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By studying lepton-kaon angular correlations in Y(4S) decays, we have measured the branching ratios
for 8—K+X, 8 K X, 8 K /K X, 8 l K+X, 8 l K X, and 8 l K /K X Their.
values imply that (b — c)/(b all) =098 ~ 0.16+ 0. 12.

PACS numbers: 13.20.3f, 13.25.+m, 14.40.3z, 14.80.Dq

The decay of the b quark, the heaviest quark whose

existence has been firmly established, is a natural testing
ground for theories of the weak interaction. The stan-
dard model' holds that the b quark decays by mixing
with lighter charge —1/3 quarks, d and s, as prescribed

by the Kobayashi-Maskawa mixing matrix. The ele-
ments of this matrix are not predicted by the theory, and
must be determined experimentally. The b quark can
mix into the second generation (one step down) and de-

cay into a c quark, or it can mix into the first generation
(two steps down) and decay into a u quark. A central
goal of b-decay studies is to determine the relative
magnitudes of the decay widths I (b uW ) and
r(b cW ).

Techniques which have previously been employed for
this determination include studies of the 8-meson
semileptonic-decay momentum spectrum and direct

I

measurement of charmed-particle yields. These mea-
surements are hampered by significant systematic uncer-
tainties, and the importance of the Kobayashi-Maska-
wa-angle determinations makes it essential to obtain as
many independent measurements as possible.

One such independent approach is provided by the
study of strange-particle production in 8-meson decays.
The c quark is known to decay dominantly into the s
quark. Therefore, the decay chain b — e8' followed

by c sW+ [Fig. 1(-a)] should produce an excess of s
quarks over s quarks. In contrast, the process b uH

[Fig. 1(b)] should produce s and s equally. Thus, mea-
surement of any excess of s over s can provide a clear,
quantitative signal for b c production.

Previous measurements of kaon yields in 8 decay
have summed over s and s quarks. Here we separately
measure 8 K A and 8 @+X. More explicitly, we

present first measurements of the branching ratios
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FIG. 1. Quark-level diagrams for the decay of the b quark,
showing all sources of strange and antistrange quarks for (a)
6 -= c and (b) h u. Cabibbo-suppressed decays are marked
by ~c.

and an improved measurement of the branching ratio

Here, and throughout this Letter, we average over
charge-conj ugate states.

The 8 mesons used for this study were produced in the
process Y(4S) BB. Since the Q value of that decay is

only 21 MeV, the 8 and 8 are nearly at rest and their
decay products are completely intermixed. We have
used two-particle correlations to distinguish between the
kaons from 8 and the kaons from 8. For example, in an
event in which the 8 decays semileptonically, producing
a negatively charged high-momentum lepton, conserva-
tion of momentum dictates that the other decay products
from the 8 recoil against the lepton, with a probability
distribution peaked at an angle 180 away from the lep-
ton. The charge of the lepton tags the flavor of its parent
8. Since 8 and 8 are spin 0 and are essentially at rest,
the decay products from the 8 will be uncorrelated in
direction with the lepton from the 8, and therefore dis-
tributed isotropically with respect to it. By fitting the
distribution of included angle between lepton and like-
charged kaon, lepton and oppositely charged kaon, and
lepton and K /K with an isotropic component and a
component peaked at 180, we separately obtain the
numbers of K, K+, and K /K per semileptonic B de-
cay and per average 8 decay.

This study was performed with the CLEO detector at
the Cornell Electron Storage Ring (CESR). The data
sample consisted of 78 pb

' on Y(4S) and 36 pb ' at
energies just below Y(4S). Events were required to

satisfy our hadronic-event criteria and to have at least
five charged tracks. The central region of the CLEO
detector contains a seventeen-layer cylindrical drift
chamber instrumented to measure the specific ionization
(dE/dx) of charged particles. We use these dE/dx
capabilities to identify charged kaons in the momentum
interval from 0.2 to 0.6 GeV/c. We determined the
shape of the charged-kaon identification efficiency as a
function of momentum by comparing measured charged
and neutral-kaon yields, both from Y(45) decay and
from the continuum. We assume that the neutral-kaon
efficiency is well simulated by our Monte Carlo program
and that the event generator correctly simulates the
small diflerences between the neutral- and charged-kaon
momentum spectra. We obtained the magnitude of the
charged-kaon efficiency from a sample of p K+K
events, comparing the yield of doubly identified pairs to
the yield of singly identified pairs. The efficiency so ob-
tained agrees well with an independent determination,
based on Monte Carlo simulation of the dF/dx informa-
tion.

Neutral kaons are detected through their decay mode
K~ z+ z . We require an oppositely charged drift-
chamber track pair with a momentum vector extrapolat-
ing back to the region of the event vertex. In addition,
the pair must not be consistent with y e+e or
A pz. We use the wings of the ~+z mass plot to
determine the background.

Electrons were identified by specific-ionization and
electromagnetic-shower measurements. M uons were
identified by their ability to pass through 0.5-1.0 m of
steel and be detected by both planes of the outer muon
drift-chamber system. The leptons used in this study
had momenta between 1.5 and 2.8 GeV/c. The require-
ment that the lepton momentum be greater than 1.5
GeV/c minimizes the number of leptons from D decay.
There are 3770~ 103 muons and 3230+ 92 electrons
from 8 decay in our event sample.

The distributions of included angle OI~ for like-
charged pairs and for oppositely charged pairs are shown
in Figs. 2(a) and 2(b), respectively. Subtractions have
been performed which use data collected just below the
Y(45) to remove the 17% of all lepton-kaon pairs which
are from continuum events. We estimate that 3% of the
apparent leptons are misidentified hadrons, and statisti-
cally subtract these pairs as well. We also subtract a
Monte Carlo prediction of lepton-kaon pairs which
include a particle misidentified as a K —. Mis-
identifications account for (13~ 1)% of the observed
yield of charged kaons. The distribution of l —Kp in-
cluded angle is shown in Fig. 2(c). The distributions
have not been corrected for kaon or lepton identification
efficiencies. One notes a strong peak at 180 in the
l —K —plot and the l —K~ plot, and almost no peak and
a larger isotropic component in the l —K plot. Since
the process b e s will produce like-charged pairs
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TABLE I. Branching ratios as measured by our fits. The
errors shown are statistical and systematic, respectively.

0.02-

Q. O I-

0.00

v) 0.02
c

- O.OI-
D

g 0.00

0.02-

O. OI-

~ ~ ~~ ~ ~ o te

b)

c)

Branching ratio

r(B —- l -K -x)
r(B- &

-x)
r(B- I K'X)
r{B-t-X)

r(B- & K'!K'-x)
r(B- l -x)

I {B K X)
r(B all)

r(B- K+K)
1 (B all )

r(B- KO/K'x)
1 (B all)

Measured value

0.54 ~ 0.07 ~ 0.06

0. 10+ 0.05+ 0.02

0.39 ~ 0.06+ 0.04

0.66 ~ 0.05+ 0.07

0. 19 ~ 0.05+ 0.02

0.63 + 0.06+ 0.06

~ ~

0..00 ~ ~ ~ ~ ~ ~ I ~ I

1.0 0.6 0.2 -0.2
cos (eg K )

—0.6 —
I .0

FIG. 2. Distribution of the included angle for (a) I —K —,
(b) I —K, and (c) l —Kg. The distributions are normalized
so as to be per identified lepton. The curves are from a b
Monte Carlo simulation, scaled to give the best fit to the data.
The dotted curve is for pairs from the same 8, the dashed
curve for pairs one from each B, and the solid curve their sum.

from the same B and oppositely charged pairs from
difterent 8 mesons, this is the result expected when b de-
cays to c. The higher peak at 180 in the neutral-kaon
distribution as compared to the charged-kaon distribu-
tions is due to the fact that we detect neutral kaons to
higher momentum, for which the angular correlation
effect for pairs from the same B is larger.

We use Monte Carlo simulations of the process
Y(4S) BB and of the CLEO detector to produce the
theoretical curves with which to fit the lepton-kaon angu-
lar distributions. The Monte Carlo simulation assumes a
100% branching ratio for (b c)/(b all) and 0.75 for
the ratio D*/(D*+D), and has been adjusted to match
known features of B decay such as the multiplicity and
the lepton and kaon momentum spectra.

We extract branching ratios through three two-
parameter fits to the data. For lepton-kaon pairs involv-

ing higher-momentum kaons, OI~ will more likely be near
180 . For this reason, we divide the charged-kaon data
into kaon-momentum intervals of 0.2 to 0.4 GeV/c and
0.4 to 0.6 GeV/c when fitting the charged-kaon data. In
all three fits, to like-charged-, oppositely-charged-, and
neutral-kaon-lepton data, the eK and pK distributions
are treated separately. Thus ten distributions are fitted.
The results of the fits are shown as curves in Figs.
2(a)-2(c). One of the two theoretical curves in each
figure is the distribution of included angle for lepton-

kaon pairs coming from the same 8 (dotted curve) and
has a strong peak at 180 . The other curve is the distri-
bution for pairs coming from different 8 mesons (dashed
curve) and is an isotropic distribution, except for
detection-efficiency effects. The solid curve is their sum.
The fitting parameters are the normalizations of the two
theoretical curves. I n each fit we measure a kaon
branching ratio in semileptonic B decay by measuring
the number of lepton-kaon pairs that come from the
same B, and also a kaon branching ratio in all B decay
by measuring the number of pairs that come from
different 8 mesons. The values of I /dof, 27/38, 36/38,
and 21/18 for like-charged-, oppositely-charged-, and
neutron-kaon-lepton fits, respectively, are in all cases ac-
ceptable.

Branching ratios are obtained by the multiplication of
the branching ratio used in the Monte Carlo simulation
in each case by the appropriate fitting parameter deter-
mined from the fit. The resultant branching ratios are
given in Table I. The errors shown are statistical and
systematic, respectively. Systematic errors come from
various sources. The charged-kaon efficiency is known to
~ 9% (the statistical precision of the p K+K mea-
surement). The neutral-kaon efficiency is known to
within 10%. We varied the charged-kaon misidentifi-
cation probability by ~ 10%, recalculated the correction
to the data, and refitted to arrive at a 2% systematic er-
ror due to this source. Likewise, we refitted the data
after varying relevant Monte Carlo parameters within
reasonable limits: the fraction of Y(45) decays that pro-
duce 8 8, from 0.4 to 0.6, and the D*/(D*+D) rat'o,
from 0.6 to 0.9. These variations contribute a 3% uncer-
tainty to the measured branching ratios. The uncertain-
ty in our estimate of the fraction of charged kaons with
momenta between 0.2 and 0.6 GeV/c is the statistical er-
ror on the K~ data we use to make the measurement,
~ 5%. All systematic errors were combined in quadra-
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ture.
Our measurement for the sum of the B K+X and

8 K X branching ratios (0.85+'0.07 ~0.09) com-
pares we11 with the previous C LEO measurement
(0.97+ 0. 12 ~ 0.20), and our measurement for the
8 K /K X branching ratio (0.63~0.06~0.06) also
agrees with the previous measurements by Brody et al.
and Giannini et al. of 0.72+ 0.12+ 0.14 and 0.79
~ 0. 15 ~ 0.09, respectively.

We have made a coarse measurement of the relative
probability of ss creation from the vacuum in B decay to
determine if it agrees with expectations. For the branch-
ing ratio B K+X, one expects contributions from
Cabibbo-suppressed D decays (0.03, inferred from mea-
surements by Baltrusaitis et al. ) from the decay chain
b cW, W cs, c sX (0.07, based on phase-
space considerations), and from ss pairs created from the
vacuum (0.10, assuming 15% relative probability of ss
pair creation). These sum to 0.20, in agreement with our
measurement of 0. 19 ~0.05 ~0.02. If we take the other
sources as given, the ss fraction of pairs created from the
vacuum is determined to be (14+ 8)%. Similarly, we

can measure the ss creation rate using the diA'erence be-
tween 8 K /K X and 8 l K /K X. Using the
measured value of 0.23+ 0. 12 and Monte Carlo simula-
tions of the same quality, we obtain an ss creation frac-
tion of (7 ~ 11)%. The combination of the results from
charged- and neutral-kaon data gives a relative probabil-
ity of ss pair creation in 8 decay of (11 7)%. This is

in agreement with measurements from continuum frag-
mentation.

The Monte Carlo prediction for 100% b c and the
data are in good agreement. In particular, the excess of
K over K+ in B semileptonic decay is 0.46 in the
Monte Carlo simulation and 0.44~0.09 in data, while
the excess of K over K+ in all B decays is 0.48 in the
Monte Carlo program and 0.47+ 0.07 in data. The de-
cay chain b c s causes this excess. Monte Carlo
studies of b u, on the other hand, give equal branching
ratios for K+ and K to within 0.02. We can therefore
use our inclusive kaon yields to set limits on b u. The
two measures of excess K are derived from the same
two fits. We find from studying the error matrices that
the errors on the two excesses are highly correlated. The
error on the measured excess is no smaller when both
measurements are used. Therefore, we use only the
more precise of the two measurements to extract
(b c)/(b all). Dividing the measured excess
8(8 K X) —8(8 K+X) of 0.47 ~ 0.07 by that
expected for 100% b c, we determine

(b c)/(b all) =0.98 ~ 0.16 ~ 0.12

where the errors are statistical and systematic, respec-

tively. The systematic error is calculated under the same
assumptions used to calculate the errors on our branch-
ing ratios. Plausible B-decay model variations produce a
5% systematic error in (b c)/(b all), uncertainties
in the kaon eSciency give a 9% systematic error, and un-
certainties in the charged-kaon misidentification rate
cause a 1% systematic error. We add these in quadra-
ture with a 5% error in the measurement of the fraction
of the charged-kaon spectrum between 0.2 and 0.6
GeV/c to obtain a 12% total systematic error.

With this measurement we place a 90%-confidence-
level lower limit on (b c)/(b all) of 0.68. This re-
sult is independent of the mass of the u-quark system,
unlike the more restrictive limits placed by analysis of
the lepton spectrum from B decay. Recent studies of B
decay to charm, which use the measured D branching
ratios, suggest that B decay to noncharmed final states
may be substantial. Although not definitive, the results
reported in this Letter show no evidence of this.
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