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Abstract

Using data samples taken at the T(4S5) resonance and nearby continuum
ete~ annihilation with the CLEO II detector at CESR, we have measured the
inclusive branching fraction B(B — nX)=(17.611.111.2)%, and the momen-
tum distribution of the 5 mesons from B meson decay. The n yield cannot be
explained as arising solely from the decay of intermediate charmed mesons.
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*Permanent address: University of Hawaii at Manoa

2



Little is known about the inclusive production of light mesons from the decays of B
mesons. In this paper we report a measurement of the B — #.X branching fraction and the
momentum spectrum of 77 mesons from B meson decay.

The data used in this analysis were recorded with the CLEO-II detector [1} at the Cornell
Electron Storage Ring. An integrated luminosity of 927 pb™' was accumulated at the T(45)
resonance and a further 416 pb~!, denoted as ‘continuum’ data, was collected at energies just
below that resonance. To eliminate events not consistent with having come from ete™ — qg,
we require that each event has at least 3 charged tracks originating from the interaction
region and a visible energy of at least 15% of the total center of mass energy. Since B
mesons produced in T(45) are nearly at rest, BB events have a spherical topology while
the background continuum production of light quark pairs tends to produce two jets. To
suppress non- BB events, we require that the event shape parameter R2, the ratio of second
and zeroth Fox Wolfram moments (2], be less than 0.3.

We measure the 7 yield in each 100 MeV interval in momentum for both the T(4S5) and
the continuum. The yield from B meson decays is determined by subtracting the number
measured in the continuum, scaled to account for the relative on-/off-resonance luminosities
and the s? dependence of the continuum cross-section, from that found in the on-resonance
data and then correcting for efficiencies.

We use the 7 — 47 decay channel since it has a large branching fraction, 38.9% (3], and
the CLEO II detector has excellent photon detection with its Csl crystal electromagnetic
calorimeter. We detect photons only in the the barrel region of the calorimeter, defined by
| cos 8] < 0.71 where 8 is the angle of the shower with respect to beamline. The photon energy
resolution for the barrel region is 8 E/ E(%) = 0.35/E** + 1.9~ 0.1E, where E is in GeV. We
require that each photon candidate be found in a single isolated neutral energy cluster with
a minimum energy of 10 MeV, and that it have a lateral shower shape consistent with that
expected for photons. Combinatoric background tends to preferentially populate asymmetric
decays. To suppress this background, we require the decay angle of the photon, defined as
the angle between the photon momentum in the vy frame and the vy lab momentum, to
have a cosine less than 0.85.

Fig. 1 shows the 7y mass spectra from the sum of T(45) and continuum data, without an
R2 cut, for two momentum intervals: (a) 0.8-0.9 GeV/c and (b) 1.4-1.5 GeV/c. The curves
are the result of fitting the data with a function consisting of a polynomial background term
and an asymmetric Gaussian (i.e., it has different widths below, o4, and above the mean,
og) for the signal. The asymmetry comes from the v energy loss due to crystal rear-end
leakage. The spectra from the sum of the continuum and T(4S5) data without the R2 cut are
used to determine the parameters for the signal function. We find that the mass is constant
as a function of momentum with an average value of 547.0+0.3 MeV, which is consistent
with the world average value 547.4510.19 MeV [3]. We fix the # mass in all subsequent
fits to 547.0 MeV. The two r.m.s. widths, o4 and op, have also been derived from the
data. These are shown in Fig. 2 (a) and (b) as a function of n momentum. The same
r.m.s. widths obtained from Monte Carlo simulation are shown in Fig. 2 (¢) and (d). In
the low momentum region the data do not determine these widths well due to the large x°
background. In contrast, the widths found from the Monte Catlo are poorly determined in
the high momentum region above 2.0 GeV due to insufficient statistics. In the intermediate
region the agreement between data and Monte Carlo is excellent. We have chosen to use the

weighted average of the data and Monte Carlo distributions for the variation of these a’s
with momentum. In Fig. 2 (e) and (f) we show this average and third order polynomial fits
which we use to fix the o’s in our subsequent analysis.

In Fig. 3, the vy invariant mass plot for the 7 momentum interval 0.8 to 2.0 GeV/cis
shown for: (a) T(4S) data , (b) continuum data , and (c) Y(4S5) data after scaled continuum
subtraction. The number of signal events is derived from (c).

The 7 detection efficiency as a function of y momentum, found by Monte Carlo simulation,
is shown in Fig. 4. The efficiency does not include thep — 77 branching fraction. The photon
detection efficiency in the barrel calorimeter is about 50%. Hence, the n — vy mode will
have a reconstruction efficiency around 25% if the directions of the two 7’s are uncorrelated.
The efficiency increases at lower momentum, however, due to the nearly complete correlation
in the directions of the two 7’s, and at higher momentum due to the partial correlation. We
fit the data of Fig. 4 with a smooth curve and then use the fitted values to deduce the
efficiency corrected rates.

The number of events, the efficiency, and the branching fraction in each momentum
interval are listed in Table I. The efficiency corrected 7 momentum spectrum is shown in
Fig. 5. The errors shown are statistical only and include the error from the fit to the efficiency
curve.

The total branching fraction is obtained by summing the data from the individual mo-
mentum bins. We find B(B — nX)= (17.6+£1.14£1.2)%, where the first error is statisti-
cal and the second one is systematic. The major systematic error arises from the uncer-
tainty in the photon detection efficiency. This has been studied by measuring the ratio
I(y — =°x°x°)/T(n — v7). We use an uncertainty of +6%. We estimate the overall sys-
tematic error from background parameterization to be £3%. We have found that the yield
is insensitive to the value of the R2 cut which is used.

The inclusive B branching fraction to 1 found here is about a factor of 7 larger than
the measured branching fraction to ¢ of (2.3£0.8)% [4]. The processes that could yield a
significant amount of 7’s include D°, D*, and D} decay as well as fragmentation, either
of the virtual W~ or between the charm quark and spectator antiquark. We estimate the
branching fractions for 5 production via D°, D* and D} decay by summing the branching
fractions that have been observed to date [3]. These values and the remaining branching
fraction of 7’s from fragmentation are listed in Table II.

In conclusion, we measure B(B — 7X)=(17.6+1.1+1.2)%. This rate combined with the
measured inclusive B to charm rates indicates that charmed meson intermediate states are
not the dominant source of 7's in B meson decay.
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TABLE 1. Numbers of Events TABLE Il. Branching Fractions of the Three B — nX Processes

P (GeV) # of events (%) ) ~ B(%/GeV) Process Branching Fraction
0.0-0.1 5004189 395 1.7£0.6 B X (17.621.6)%
0.1-0.2 8101416 34.2 3.1+1.6 B —~ S{D(D% D%) - 1} (2.5£0.5)%
0.2-0.3 251911092 30.2 11.144.8 B — Z{D' . ,’} (2.8i0.6)%
0.3-0.4 4397+878 27.4 21.344.3 Difference (12311.8)%
0.4-0.5 32071986 25.5 16.715.1 =
0.5-0.6 38121684 24.4 20.7+3.7
0.6:0.7 35814579 23.9 19.9+3.2 REFERENCES
0.7-0.8 36581410 24.0 20.2+2.3
0.8-0.9 25344339 24.4 13.8+1.8 [1] CLEO Coliaboration, Y. Kubota et al., Nucl. Inst. and Meth. 66, A320 (1992).
0.9-1.0 2383+284 25.1 12.6+1.5 (2} G. Fox and S. Wolfram, Phys. Rev. Lett. 41, 1581 (1978).
1.0-1.1 16724219 26.0 8.5+1.1 [3] Particle Data Group, K. Hikasa et al, Phys. Rev. D 45, Part IT (1994).
1.1-1.2 1518+188 26.9 7.5+0.9 (4] D. Bortoletto et al., Phys. Rev. Lett. 58, 800 (1986).
1.2-1.3 9051161 27.8 4.3+0.8
1.3-1.4 9991138 28.6 4.6+ 0.6
1.4-1.5 5891122 29.4 2.740.6
1.5-1.6 4861105 30.0 2.210.5
1.6-1.7 407194 30.4 1.8+0.4
1.7-1.8 250482 30.7 1.1+0.4
1.8-1.9 240473 30.8 1.0+0.3
1.9-2.0 50166 30.8 0.210.3
2.0-2.1 169+57 30.6 0.710.2
2.1-2.2 78151 30.1 0.3+0.2
2.2-2.3 45+48 30.1 0.240.2
2.3-2.4 -76+45 30.1 -0.31£0.2
2.4-2.5 86139 30.1 0.410.2

Research Council of Canada.
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FIG. 1. The 47 mass spectrum for the sum of T(4S5) and continuum data, for the momentum
intervals (a) 0.8-0.9 GeV/c and (b) 1.4-1.5 GeV/c. 7] Momentum (GeV / c)

FIG. 2. 04 and op given as functions of 7 momenta as determined from data (a) and {b) and
Monte Carlo simulation {c¢) and (d). In (e} and (f) the error weighted average of the data and
Monte Carlo is shown with fits to third order polynomial.
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FIG. 3. The vy mass spectra for (a)T(45) data, (b) continuum data, and (c) scaled continuum
subtracted. The 7 momentum interval is 0.8 to 2.0 GeV/c.
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FIG. 4. Monte Carlo generated 7 efficiency. The curve is a fit to a fourth order polynomial.
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FIG. 5. Measured 1) momentum spectrum from B decay.

10






