VOLUME 71, NUMBER 19 PHYSICAL REVIEW LETTERS 8 NOVEMBER 1993

Measurement of the Absolute Branching Fraction for D° — K—nt
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Using 1.79 fb™! of data recorded by the CLEO II detector we have measured the absolute
branching fraction for D° — K~n*. The angular correlation between the 7% emitted in the
decay D** — D°z*, and the jet direction in ete~ — ¢ events, is used to determine the total
number of inclusive D° mesons produced from this source. The subsequent reconstruction of the
decay chain D** — D%t D° — K~ n% allows a measurement of the absolute D° — K~ =¥
branching fraction. Correcting for decay radiation in the final state, we find B(D° — K~ n%) =
[3.95 + 0.08(stat)+0.17(syst)] %.

PACS numbers: 13.25.+m, 14.40.Jz
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A precise value for the absolute branching fraction
B(D®° — K~—7%t) is extremely important for B and D
meson experimental measurements. The D° — K—rxt
decay mode is the simplest, cleanest, and most com-
monly used normalizing mode for D° decays. Many of
the past and current D and B branching fraction mea-
surements are systematically limited by the precision of
B(D° — K—7t).

There have been several measurements of the absolute
D° — K—rnt branching fraction. In order to extract
this branching fraction, one must first determine the to-
tal number of D® mesons in the event sample. To date
this has been achieved by two different techniques. The
first uses double tagged D°DO° events [1], and the sec-
ond uses D° mesons produced in D** — DOt decays
[2,3]. Once the total number of D® mesons is known, by
reconstructing the D° in the decay mode of interest, one
can determine the absolute branching fraction for that
channel. There exists a third technique that measures
the ratio of DY — K~rt relative to the total number
of even prong decays [4,5]. The D® — K~ n%t branching
fraction is then calculated using topological branching
fractions measured by other experiments to correct for
missing zero prong decays.

Here we use the second method. The D** — DOx+
decay is a two-body process, and the small amount of
energy available means that the n* is very soft, having a
transverse momentum, p, , relative to the D** direction
which cannot exceed 40 MeV/c. This low transverse mo-
mentum provides the D*+ — D%z signature. The D°
is not reconstructed at this point, so the D** direction
is not measured; however, it is well approximated by the
thrust axis of the event [6]. The resolution on the D** di-
rection using this technique has been measured with the
data for fully reconstructed D** — D%+, D° — K—¢t
decays to be 0.080 rad full width at half maximum.

The data used for this analysis consist of 1.79 fb~1
of ete~ collisions recorded with the CLEO II detector at
the Cornell Electron Storage Ring (CESR). The CLEO II
detector has been described in detail elsewhere [7]. Data
were recorded on the Y(4S) resonance and the nearby
continuum. There are two sources of D*t mesons at
the Y(4S5) energy; continuum ete™ — c¢¢ reactions and
B — D**X decays. Since Y(4S) — BB decays are
spherical, the thrust axis no longer approximates the D*+
direction. To eliminate B — D*t X decays, we require
that the 7t have a momentum greater than 225 MeV/c,
which selects D*t — D%n* decays which are too ener-
getic to come from a B decay. This cut retains over 40%
of the D*+ — D%+ decays in continuum events. We also
require that the thrust [6], T, value be greater than 0.75
to reduce combinatorial background from Y(4S) decays
and to ensure a well defined thrust axis. To minimize sys-
tematic errors from modeling of the detection efficiency
we also require that the thrust axis have a polar angle
with respect to the beam axis of greater than 45°.

Previous measurements have used the p2 = p2 sin® o
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FIG. 1. The sin® « distribution for the eight 25 MeV/c mo-
mentum slices. The solid histogram is the result of a fit which
includes signal and background contributions. The dashed
curve in the region sin? & ~ 0 shows the contribution of the
background function to the fit. The vertical line marks the
end of the fitted region.
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distribution to determine the total number of D** —
D%t decays, where a is the angle between the pion
and the thrust axis and p, is the magnitude of the
w+ momentum in the laboratory frame. Instead we
divide the data sample into eight 25 MeV/c slices in
pr. The p? and sin? o distributions then contain essen-
tially the same information, and the sin? a distribution is
used to determine the number of D*t — DOt decays,
N(D**+ — DOxt),

In Fig. 1 we show the sinZ o distributions for pions in
the eight momentum slices from 225 to 425 MeV/c. A
clear peak from D*t — D%z* decays is observed near
zero. The histogram is the result of a fit to a signal
shape obtained from a Monte Carlo simulation and a
background function which is described below. The fit to
the sin? a distributions excludes the region 0.9 < sin? o <
1.0 which is far from the signal region. The D** — DOx+
yields obtained from each fit are given in Table I.

The predicted signal shape is sensitive to the fragmen-
tation distribution of the D** mesons and the align-
ment of the D*T spin relative to its momentum vec-
tor [8]. We have measured these production charac-
teristics of D* mesons in data using fully reconstructed
D*t — DOx+, D° - K—nt events. The background
curves shown in Fig. 1, described by the functional form
F = ao/(1 + a1 sin* a + azsin® @) + az/+/1 —sin? a, are
found to model the background well in all eight momen-
tum slices for both the data and Monte Carlo distribu-
tions.

We look for sources of background that would peak at
low sin? a by using the charge of the pion track in the low
sin? a region to determine the charge of the D** in one
hemisphere. Since the other hemisphere contains charm
of the opposite flavor, a sample of charged tracks in the
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TABLE 1. Yields, efficiencies, and branching ratios as a function of slow pion momentum. The
errors are statistical only; the error in the last column is due to data statistics only.

Dr N(D*t - D°z%) N(D** — D°#x*,D° — K~ nt) e(K) B(D° — K~ =)
(MeV/c) (%) (%)
225-250 44161 + 611 1129 4+ 44 64.6 +0.9 3.96 +£0.17
250-275 39114 £ 562 945 + 40 64.3+0.9 3.76 £0.17
275-300 29482 1 475 741 + 34 64.4+1.0 3.85+0.18
300-325 21120 + 396 528 + 30 65.1+1.1 3.85+£0.23
325-350 14973 £ 334 393 £ 25 66.0+1.3 3.99 +£0.27
350-375 9165 + 267 262 + 19 66418 4.31+0.33
375-400 5492 + 208 153 £ 15 68.8 £ 2.5 4.06 + 0.42
400-425 2151 + 147 57+9 63.1+4.4 4.20+0.73
225-425 165658 £ 1149 4208 £+ 83 64.93 £ 0.42 3.912 +0.082

opposite hemisphere with the same sign as the tagged
pion will have no contributions from D*~ — D%z~ (if the
tagged pion is a 7), but could have contributions from
other charm processes such as 3. — A 7 decays. We use
a sideband in the tagged sin? o distribution to predict
the shape and normalization of the contribution due to
background tracks at small sin? o in our tagged sample.
Figure 2 shows the background subtracted sin? a dis-
tribution for tracks between 225 and 425 MeV/c in the
opposite hemisphere for approximately 150000 tagged
D*t — DOzt events. We see no evidence of a peak at
sin? a ~ 0. The overlaid curve shows the result of a fit to
our background function. We also looked at pions from
fully reconstructed n — 7t7~7m% and w — 7770 de-
cays in the data. The sin? « distribution for these pions
fits to the background function and is well reproduced
by the Monte Carlo simulation. We also study Monte
Carlo continuum events, in which the slow pions from
D** decays have been removed. For these events there
is no peaking at low sin? a.

To determine the number of D° — K~ 7t decays oc-
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FIG. 2. The sin? o distribution for pions in the opposite
jet with the same charge as the tagged pion. This plot has
been background subtracted to account for the background
underneath the signal in Fig. 1. The curve is the result of a
fit to the background function.
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curring in the sample of D** — D%zt decays, the slow
7w+ is combined with two oppositely charged tracks. A
Cabibbo favored decay of the D° is assumed in order to
assign the K and 7 mass hypotheses. The m and K tracks
are required to have momenta greater than 200 MeV /c,
and the magnitude of the cosine of each track’s polar
angle must be less than 0.81. We select D° candidates
which when combined with the slow pion give a mass
difference, Mp.«+ — Mpo, within £5 MeV/c? of the ex-
pected value of 145.4 MeV/c? [9]. This loose cut (~ 50)
ensures that all the D® — K~ 7% events are present in
the Mg, distribution, which is shown in Fig. 3. The D°
signal shape is well represented by the sum of two Gaus-
sian functions with the same mean but different widths.
The background is well modeled by a second order poly-
nomial. We find 4241 4+ 82 D° — K~ 7t candidates. To
account for random , true D° combinations, we fit the
Mg, distribution from the Mp.+ — Mpo sidebands and
normalize so that the area in the sideband region is equal
to the fitted background area in the signal region. We
subtract the 33 +12 random combinations to obtain a fi-
nal yield of N(D*t — D%+, D% —» K—nt) = 4208 £ 83
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FIG. 3. The M(K) distribution for K7 candidates within
5 MeV/c? of the nominal D** — D° mass difference (solid
points) and for K7 candidates in the sideband of the mass
difference distribution (open points).
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TABLE II. Tabulation of the individual systematic errors.

Quantity Possible source of Estimate of error
systematic error (%)
N(D** — D%zt) Signal shape +1.0
Slow = efficiency +1.0
Thrust cuts +0.5
N(D*t* - 7*D°, D° - K~ =) Fitting +0.6
e(Km) Monte Carlo statistics +0.7
Tracking reconstruction +4.0
Momentum cut on K= tracks +0.3
Total Summed in quadrature +4.4

events.

The efficiency, e(K), for reconstruction of the Km
tracks is determined by a full simulation of the CLEO
detector. The digitized output is processed through the
same analysis chain as the real data. The efficiencies
obtained from this simulation are given in Table I.

The branching fraction is calculated using

N(D*t - D+, DO — K—7t)

0 -t —
B(D"— K™n7) = N(D*t+ — DOrt)e(Kn)

1)

The results for the eight pion momentum slices are sum-
marized in Table I. The x? that all eight measure-
ments arise from the weighted mean is 2.6 for 7 de-
grees of freedom. The low x? value shows that the tech-
nique worked well over the entire pion momentum range.
Combining all eight results we find B(D® — K—nt) =
(3.91 £ 0.08 + 0.17)%, where the first error is statistical
and the second is an estimate of our systematic uncer-
tainty.

The total systematic error is obtained by summing in
quadrature the errors given in Table II. The main con-
tribution to the error is the uncertainty in e(K7) due to
our understanding of the Monte Carlo simulation of track
reconstruction. To determine how accurately the simula-
tion reproduces the data we compare single track efficien-
cies determined from the data with single track efficien-
cies in the Monte Carlo simulation. These studies have a
statistical precision of 2% per track and we assign a total
+4% uncertainty to (K ) from this source. In addition
there is a +0.3% uncertainty in the efficiency due to the
200 MeV/c momentum cut on the K7 tracks. This error
is estimated by varying the fragmentation function of the
D** mesons in the Monte Carlo simulation. There is also
a £0.7% error on (K ) due to Monte Carlo statistics.

The error in determining N(D** — DOzt) is esti-
mated by using different sin® a signal shapes obtained
with different D** production parameters. We see vari-
ations in the total yield of D** events of less than +1%.
As a cross check the number of D** mesons is obtained
without any reference to a signal shape. Using only the
background function to fit the sin? o distribution away

from the signal region, we then extrapolate the back-
ground function underneath the signal and subtract the
estimated background. The yield obtained in this man-
ner agrees to within +1% of that obtained using the full
fit to a Monte Carlo signal shape. The reconstruction
efficiency for the pion emitted in D*t — D%t decay
cancels in Eq. (1) if the pion reconstruction efficiency is
independent of the D° decay mode. The efficiency for re-
constructing this pion measured in the Monte Carlo simu-
lation for various D° decay modes did not change by more
than +£1%. We also study the effect of the thrust value
cut by measuring the acceptance for a Monte Carlo sim-
ulation containing generic D° decays and D° — K~ =t
decays. This study has a statistical precision of 0.5%
and the acceptance agrees within the statistical preci-
sion. Combining these estimates in quadrature we assign
a total systematic error of £1.5% on N(D*t — DOxt),

The systematic error on N(D** — DOrt D° —
K~7") is estimated to be +0.6% by fitting the Mp.+ —
Mpo distribution and comparing the yield with that ob-
tained by fitting the Mg, distribution.

Finally, the K7 daughters can radiate photons in the
final state causing a loss in efficiency. Comparing the de-
tection efficiency with, e(K7y), and without, e(K), ra-
diative effects, we find e(K7vy)/e(Km) = 0.991 £ 0.003 £
0.002. The systematic error is determined by comparing
measured radiative effects [10] in K2 — ntn~ decays
with K2 decays in the Monte Carlo simulation. Cor-
recting for radiative effects, we find B(D® — K—7t) =
(3.95 + 0.08 + 0.17)%, where the errors associated with
the radiative corrections have been added in quadrature
to the systematic error.

In conclusion, we have made the most precise mea-
surement to date of the absolute D° — K~ rt branching
fraction. We find before radiative corrections B(D® —
K-nt) = (3.91 £ 0.08 & 0.17)%, where the first error
is statistical and the second is an estimate of our sys-
tematic uncertainty. Including effects of decay radiation
we find B(D® — K~nt) = (3.95 + 0.08 £ 0.17)%. We
have searched for background contributions at low sin® o
in the data which would invalidate this technique; none
were found.
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