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Vsing data samples taken at the T(4S) resonance and nearby continuum e+e annihilation with
the CLEO-II detector at CESR, we have measured the inclusive branching fraction 8(B ~ r/A) =
(17.6 + 1 1 + 1 2)%, and the momentum distribution of the r/ mesons from B meson decay. The g
yield cannot be explained as arising solely from the decay of intermediate charmed mesons.
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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 —+ gX branching fraction
and the momentum spectrum of g 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 (CESR). An integrated luminosity of 927 pb was
accumulated at the T(4S) resonance and a further 416
pb, denoted as "continuum" data, was collected at en-
ergies just below that resonance. To eliminate events not
consistent with having come from e+e —+ qq, we require
that each event has at least three charged tracks origi-
nating 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(4S) are nearly at rest, BB events
have a spherical topology while the background contin-
uum 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 g yield in each 100 MeV interval in
momentum for both the T(4S) and the continuum. The
yield &om B meson decays is determined by subtracting
the number measured in the continuum, scaled to account
for the relative on- or oK-resonance luminosities and the
8 dependence of the continuum cross section, from that
found in the on-resonance data and then correcting for
efBciencies.

We use the g —+ pp decay channel since it has a large
branching fraction, 38.9% [3], and the CLEO-II detector
has excellent photon detection with its CsI crystal elec-
tromagnetic calorimeter. We detect photons only in the
barrel region of the calorimeter, defined by

~

cos 0~ ( 0.71
where 0 is the angle of the shower with respect to beam
line. The photon energy resolution for the barrel region
is 8E/E(%) = 0.35/E ~ + 1.9 —0.1E, where E is in
GeV. We require that each photon candidate be found in 0.030 {a)::

0.020

0.010- Ilk e

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 de-
cay angle of the photon, defined as the angle between the
photon momentum in the pp frame and the pp labora-
tory momentum, to have a cosine less than 0.85.

Figure 1 shows the pp mass spectra from the sum of
T(4S) 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, a~, and above the mean, o~) for the signal. The
asymmetry comes from the p energy loss due to crys-
tal rear-end leakage. The spectra from the sum of the
continuum and T(4S) 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 con-
sistent with the world average value 547.45 + 0.19 MeV
[3]. We fix the g mass in all subsequent fits to 547.0
MeV. The two rms widths o ~ and 0 ~ have also been
derived from the data. These are shown in Figs. 2(a)
and 2(b) as a function of i) momentum. The same rms
widths obtained from Monte Carlo simulation are shown
in Figs. 2(c) and 2(d). In the low momentum region
the data do not determine these widths well due to the
large m background. In contrast, the widths found from
the Monte Carlo simulation are poorly determined in the
high momentum region above 2.0 GeV due to insufhcient
statistics. In the intermediate region the agreement be-
tween data and Monte Carlo simulation is excellent. We
have chosen to use the weighted average of the data and
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FIG. 1. The pp mass spectrum for the sum of T(4S)
and continuum data, for the momentum intervals (a) 0.8—0.9
GeV/c and (b) 1.4—1.5 GeV/c.

g Momentum (GeV/ c)

FIG. 2. o.~ and o~ given as functions of g 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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Monte Carlo distributions for the variation of these 0's
with momentum. In Figs. 2(e) and 2(f) we show this av-
erage and third-order polynomial fits which we use to fix
the o's in our subsequent analysis.

In Fig. 3, the pp invariant mass plot for the g mo-
mentum interval 0.8 to 2.0 GeV/e is shown for (a) T(4S)
data, (b) continuum data, and (c) T(4S) data after scaled
continuum subtraction. The number of signal events is
derived from 3(c).

The g detection efFiciency as a function of g momen-
tum, found by Monte Carlo simulation, is shown in Fig. 4.
The efficiency does not include the g —+ pp branching
&action. The photon detection efficiency in the barrel
calorimeter is about 50%. Hence, the rl ~ pp mode will
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FIG. 4. Monte Carlo generated g efficiency. The curve is a
fit to a fourth-order polynomial.
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FIG. 3. The pp mass spectra for (a) T(4S) data, (b) con-
tinuum data, and (c) scaled continuum subtracted. The il
momentum interval is 0.8—2.0 GeV/c.
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FIG. 5. Measured g momentum spectrum from B decay.

TABLE I ~ Numbers of events.

P (GeV)
0.0-0.1
0.1-0.2
0.2—0.3
0.3—0.4
0.4—0.5
0.5-0.6
0.6—0.7
0.7—0.8
0.8-0.9
0.9—1.0
1.0—1.1
1.1—1.2
1.2—1.3
1.3-1.4
1.4-1.5
1.5—1.6
1.6—1.7
1.7-1.8
1.8—1.9
1.9-2.0
2.0—2.1
2.1—2.2
2.2—2.3
2.3-2.4
2.4—2.5

No. of events
500 + 189
810 + 416
2519 + 1092
4397 + 878
3207 + 986
3812 + 684
3581 + 579
3658 + 410
2534 + 339
2383 + 284
1672 + 219
1518+ 188
905 + 161
999 + 138
589 + 122
486 + 105
407 + 94
250 + 82
240 + 73
50 + 66
169 + 57
78+ 51
45+48
—76+45
86+39

e ('%%uo)

39.5
34.2
30.2
27.4
25.5
24.4
23.9
24.0
24.4
25.1
26.0
26.9
27.8
28.6
29.4
30.0
30.4
30.7
30.8
30.8
30.6
30.1
30.1
30.1
30.1

8 (%/GeV)
1.7 + 0.6
3.1 + 1.6
11.1 + 4.8
21.3 + 4.3
16.7 + 5.1
20.7 + 3.7
19.9 + 3.2
20.2 + 2.3
13.8 + 1.8
12.6 + 1.5
8.5 + 1.1
7.5 + 0.9
4.3 + 0.8
4.6 + 0.6
2.7 + 0.6
2.2 + 0.5
1.8 + 0.4
1.1 + 0.4
1.0 + 0.3
0.2 + 0.3
0.7 + 0.2
0.3 + 0.2
0.2 + 0.2
—0.3 + 0.2
0.4 + 0.2

have a reconstruction efficiency around 25% if the di-
rections of the two p's are uncorrelated. The efficiency
increases at lower momentum, however, because of the
nearly complete correlation in the directions of the two
p's, and at higher momentum due to the partial corre-
lation. 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 g momentum spectrum is shown
in Fig. 5. The errors shown are statistical only and in-
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elude the error from the fit to the eKciency curve.
The total branching fraction is obtained by summing

the data from the individual momentum bins. We find
8(B -+ gX) = (17.6 6 1.1 +1.2)'%%, where the first error is
statistical and the second one is systematic. The major
systematic error arises from the uncertainty in the photon
detection eKciency. This has been studied by measuring
the ratio I'(rl M aovr vr )/I'(il M pp) in our detector
and coznparing with the Particle Data Group value [3].
We find an uncertainty of +6%. We estimate the overall
systematic error from background parametrization 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 g found here is
about a factor of 7 larger than the measured branching
fraction to P of (2.3+0.8)%%uo [4]. The processes that could
yield a significant amount of g's include D, D+, and D+
decay as well as fragmentation, either of the virtual R'
or between the charm quark and spectator antiquark. We
estimate the branching fractions for g production via D,
D+, and D+ decay by summing the branching fractions
that have been observed to date [3]. The values and the
remaining branching fraction of g's from fragmentation
are listed in Table II.

An R2 cut of 0.3 keeps 84% of generic BBevents and rejects
60% of continuum events.

TABLE II. Branching fractions of the three B + gX pro-
cesses.

Process
BwgX

B w Z(D(D', D+) -+ g)
B —+Z(D, wq)

Difference

Branching fraction
(17.6 + 1.6)'%%uo

(2.5 + 0.5)%
(2.8 + 0.6)'%%uo

(12.3 + 1.8)%

In conclusion, we measure B(B -+ rIX) = (17.6+ 1.1 6
1.2)%%uo. This rate combined with the measured inclusive
B to charm rates indicates that charmed meson inter-
mediate states are not the dominant source of g's in B
meson decay.

We gratefully acknowledge the effort of the CESR stafF
in providing us with excellent luminosity and running
conditions. J.P.A. , J.R.P, and I.P.J.S. thank the NYI
program of the NSF, G.E. thanks the Heisenberg Foun-
dation, I.P.J.S. and T.S. thank the TNRLC, K.K.G. ,

M.S., H.N.N. , T.S., and H.Y. thank the OJI program
of the U.S. DOE, J.R.P. thanks the A.P. Sloan Founda-
tion, S.M.S. thanks the Islamic Development Bank, and
A.W. thanks the Alexander von Humboldt Stiftung for
support. This work was supported by the National Sci-
ence Foundation, the U.S. Department of Energy, and
the Natural Sciences and Engineering Research Council
of Canada.

[1] CLEO Collaboration, Y. Kubota et al. , Nucl. Instrum.
Methods 66, A320 (1992).

[2] G. Fox and S. Wolfram, Phys. Rev. Lett. 41, 1581 (1978).

[3] Particle Data Group, K. Hikasa et al. , Phys. Rev. D 45,
S1 (1994).

[4] D. Bortoletto et al. , Phys. Rev. Lett. 56, 800 (1986).


