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Using the CLEO II detector at the Cornell Electron Storage Ring we have measured the ratio
of branching fractions, B(D* — K~ n*x*)/B(D° — K~ x*) = 2.35+ 0.16 £ 0.16. Our recent
measurement of B(D® — K~ x%) then gives B(D* — K~ n*nt) = (9.3 £ 0.6 + 0.8)%.
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The decay D* — K~ n*wrt is the most commonly
used mode for normalizing D* yields, since it has a rela-
tively large branching fraction and is one of the simplest
to reconstruct. A precise measurement of this branch-
ing fraction sets the overall scale for all D branching
fractions, and is thus a necessary quantity for reactions
which involve D* mesons, e.g., charm production cross
sections and measurement of form factors involved in
Dt semileptonic decays. In addition, measurements of
B meson branching fractions containing a D* in the fi-
nal state are also dependent on a precise determination
of B(D* — K~wn*w*). Many of the current charm and
bottom meson decay results are systematically limited by
the precision of B(D* — K~ wn*nt). Previous measure-
ments of this decay mode were performed by the Mark
III [1] and ACCMOR [2] Collaborations. Mark III used
the relative number of singly detected D* mesons to the
number of reconstructed D D~ events to determine the
branching fraction. The ACCMOR Collaboration mea-
sured the ratio of Dt — K~ 7t relative to the total
number of 3-prong decays, and used topological branch-
ing ratios determined by other experiments to obtain a
branching fraction. However, ACCMOR could not easily
distinguish D*, D}, and A} decay vertices, and had to
rely on estimates of the relative production ratios of these
particles. In this analysis, we use the exclusive yields,
Nkx and Nggy, of the (D*t — D°x+ ,D° — K—nt)
and the (D** — D*7% D+¥+ — K~ntrnt) decay se-
quences, respectively, to measure the ratio, B(D* —
K-rntnt)/B(D° — K~nt), and apply our measure-
ment of the branching fraction for B(D® — K~-=%) [3]
to obtain B(D* — K~ ntn).

The data used in this analysis consist of 1.79 fb~! of
ete™ collisions recorded with the CLEO II detector oper-
ating at the Cornell Electron Storage Ring (CESR). The
CLEO II detector has been described in detail elsewhere
[4]. Data were recorded at the Y(4S) resonance and in
the continuum both below and above (the e*e~ center
of mass energies ranged from 10.52 to 10.70 GeV).

We obtain clean samples of D* mesons by requiring
the 7° and the 7+ emitted in their decays to fulfill strict
selection criteria. To reconstruct m°’s, we start with neu-
tral showers which satisfy isolation cuts and cannot be
matched to any charged track in the event. These pho-
ton candidates must have | cos 6| < 0.71 (6. is the polar
angle measured relative to the beam axis) to ensure that
they lie in that portion of the electromagnetic calorimeter
which has the best efficiency and resolution, and the least
systematic uncertainty. In addition, photon energies have
to be greater than 30 MeV. We then kinematically con-
strain v+ combinations with masses between 125 and 145
MeV/c? to the known 7° mass to improve the momen-
tum resolution. To reduce 4y combinatoric background,
79 candidates are required to have momenta greater than
200 MeV/c. In addition, the kinematically constrained
#0 candidates must have |cosfro| < 0.70. Charged pi-
ons are selected if they have momentum greater than 200

MeV/e, and |cosf,+| < 0.70. The polar angle cuts on
7+'s and 7%’s ensure that D** mesons reconstructed with
either charged or neutral pions have the same geometric
acceptance.

The ratio Ngnr/Nkr of the measured yields can be
expressed in terms of branching ratios and efficiencies as

ND¢+B(D*+ — D+7ro)BK1r1r€K1r7r

NK?I"II’ — (1)
Np-+B(D*F — DOn+)Bynexs

NK'rr B

where Bgr.r and By, are the relevant Dt and D°
branching fractions, respectively. The total number of
D**’s produced in the data sample is Np.+ (which can-
cels in the ratio); exr.» and ex, are the efficiencies for
reconstructing D¥ — K~ n*tw+ and D° — K—nt, re-
spectively, with their respective D** tags. Using isospin
invariance, the CLEO II measurements of the D**-D+
and D**-D° mass differences [5], and the fact that these
decays are p wave, we estimate the ratio [6]

B(D** - x+D°)
B(D** — n°D¥)

=2.21 £0.07. )

The efficiencies in Eq. (1) include the efficiency of recon-
structing the D decay, as well as the efficiency for the
slow pion emitted in the D* decay. The D reconstruc-
tion efficiency is reliably simulated by the Monte Carlo
because the main cuts on the D daughters are geomet-
ric. It is harder to simulate the efficiencies to detect the
slow neutral and charged pions, since the efficiency for
detecting charged tracks varies rapidly at low momen-
tum [7], and the 70 efficiency is known only to +5%.
We have checked the slow charged and neutral pion ef-
ficiencies from the data in several ways. The ratio of
branching fractions for  — 7%7%7° and 7 — vy as mea-
sured in our data sample has been compared with the
world average (8] to obtain an estimate of the accuracy
of the photon finding efficiency. We find that this effi-
ciency is simulated to an accuracy of +2.5%. We have
studied the charged particle tracking by comparing the
yield of fully reconstructed D° — K~ n+7° with partially
reconstructed D® — K~ 7%(n+), where the n+ is not de-
tected. This check shows that the charged pion efficiency
is simulated to a precision which is better than +2%.

In addition, we have directly checked the ratio of
slow neutral and charged pion efficiencies, €,o0/€,+, from
the data. Using yields for D*+(®) — DOzt where
D° — K—nt, we have measured the ratio of inclusive
D*t and D*® production cross section in the continuum
to be 1.06 £ 0.09. This result is consistent with unity,
which is expected since the D*’s are not being produced
near threshold and the D**+-D*° mass difference is neg-
ligible compared to the center of mass energy. We have
also studied this ratio by using the decays n — w7~ 70
and K9 — 7ntm~,7%0; here we find that the Monte
Carlo estimate for €0 /€, + is 0.96 + 0.05 times the value
extracted from data. In summary, all our checks of the
estimate for €;0/e,+ show that there is good agreement
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between Monte Carlo simulation and data. We assign a
systematic error of +5.4% due to this efficiency ratio in
the final results.

We now determine the exclusive yields and reconstruc-
tion efficiencies used in Eq. (1). The D* is recon-
structed by requiring the K~ and 7+ tracks to have
|cosd| < 0.81, and to have momenta greater than 200
MeV/c. In Fig. 1 we present the invariant mass dis-
tribution of K~w+tnt combinations, for which the mass
difference, Apro = Mg -+ g+ (n0) — Mg~q+q+, is within
+5 MeV/c? of the value expected for Mp.+ — Mp+. Us-
ing two Gaussians for the signal and a first order poly-
nomial for the background, we obtain 1618 + 91 events.
To account for true D*-random-7n° combinations, which
would peak in the D mass plot but not in the mass dif-
ference plot, we also fit the Apso sidebands. Subtracting
the Apso sideband contribution from the signal region
yield gives the number of true D** — D* 70 events. We
observe 116 £ 40 events in the scaled sideband [9]. After
subtraction, the net yield is 1502 + 99 events. The effi-
ciency €xrr is estimated from Monte Carlo simulation to
be (15.4 +0.2)%.

The DO is tagged using the D** — DO7* decay, and is
reconstructed by requiring the K~ and 7+ tracks to have
|cos 8| < 0.81, and to have momenta greater than 200
MeV/c. InFig. 2 we present the invariant mass distribu-
tion of K~7n* combinations, where the mass difference,
Ap+ = Mg+ (n+) — Mg+, is within £5 MeV/c? of
the value expected for Mp.+ — Mpo. Using two Gaus-
sians for the signal and a first order polynomial for the
background, we obtain 5555 + 102 events. A fit to the
A+ sidebands yields 103 + 21 events [9]. The net yield
is 5452 £ 104 events. The efficiency ex, is estimated to
be (59.5 +0.6)%.
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FIG. 1. Mass distribution for D* — K~ #n* 7%t candidates
tagged via D*t — D% x® decays; the histogram represents
events in the mass difference signal region; triangles with error
bars represent events in the (scaled) mass difference sideband
region. The solid line is the fit to the data.
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Substituting the exclusive yields, the efficiencies for re-
constructing these final states, and the known ratio of
D** — Dr branching fractions in Eq. (1), we obtain

B(D* — K~ ntnt)
B(D® — K—7+)

where the first error is statistical and the second is
an estimate of the systematic uncertainty. The sys-
tematic error includes the uncertainty on the ratio of
D** — Dr branching fractions (£3.2%), the error due
t0 €x0/€x+ (£5.4%), the error due to Monte Carlo statis-
tics (£1.6%), and the uncertainty from the effects of reso-
nant substructure on the K77 final state (£1.3%). Using
our measurement [3], B(D® — K~ 7nt) = (3.95 + 0.08 &+
0.17)%, we obtain

=2.35+0.16 + 0.16, 3)

B(D* —» K~ntnt) = (9.3 +0.6 +0.8)%. @)

This result accounts for the effects of decay radiation
in the final state, because we have used the radiatively
corrected value for B(D® — K~n+) [10]. The determi-
nation of statistical and systematic errors is described
above. The systematic error also includes the error in
our measurement of B(D® — K~ nt).

In conclusion, using yields of D¥ — K~ n*xt and
D® — K—rt, which have been tagged via D** — Dr
decays, and our measurement of B(D° — K~rn%t) [3],
we obtain B(D* — K-ntnt) = (9.3 £ 0.6 £+ 0.8)%.
This result agrees well with the Mark III measurement,
(9.1 £1.3+0.4)% [1], but is larger than the ACCMOR
result, (6.4 + 1.5)% [2].
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FIG. 2. Mass distribution for D° — K~ 7" tagged via
D*t — D%t decays; the histogram represents events in the
mass difference signal region; triangles represent events in the
(scaled) mass difference sideband region. The solid line is the
fit to the data.
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The scale factor is such that the number of events in the
sideband region is the same as the number of events in
the background under the mass difference signal. We in-
vestigated different mass difference sidebands to estimate
the systematic error associated with this technique. The
yields quoted in the text are obtained from the sideband
where the D**-D mass difference is in the range 146.6—
155.6 MeV/c? for D**-D*, and 151.4-160.4 MeV /c? for
D*+-D°.

The effect of final state decay radiation on D° — K~ 7+
and DY — K~ n%znt is to reduce their reconstruction
efficiencies by approximately 1%. Therefore, the ratio of
the two efficiencies, €ex~ and €xrr, is very insensitive to
the effects of decay radiation. We used the program PHO-
TOS to estimate these effects [E. Barberio, B. van Eijk,
and Z. Was, Comput. Phys. Commun. 66, 115 (1991)].
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