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We report a revised determination of charmed-D-meson absolute branching fractions based on com-
plete reconstruction of DD events at the y(3770). Two backgrounds, Cabibbo-suppressed and multi-tt
D decays, are addressed in detail. The first measurement of the decay D K n+z n establishes the
sensitivity to hitherto unobserved multi-z modes. Removal of both backgrounds reduces the values of
our previously reported branching fractions by (21-24)%, leaving their ratios largely unchanged. The
new values are unable to account fully for a reported deficit in charm production in B-meson decay.

PACS numbers: 13.25.+m, 14.40.Jz

Knowledge of the decay branching fractions of
charmed mesons is essential not only for a complete un-

derstanding of the weak decay of the charmed quark, but
also for the study of charm production mechanisms and
the production and decay of all heavier flavors. We have
recently introduced a new technique ' to directly measure
D and D+ branching fractions independent of the
charm production cross section. These results, based on
full reconstruction of DD pairs, differ from prior re-
sults which employed the cross section (oD) at the
tlt(3770) to convert observed charm production (crD8;)
into D branching fractions (8;). The 8; so obtained
were larger than those determined with use of the older
method. Measurements of charm mesons in 8-meson de-

cay and in the e+e continuum ' employing the new B;
suggested that charm production was considerably small-
er than expected. So motivated, we have reexamined our
previous analysis and have isolated and corrected for two
sources of background present in the original treatment
of the data. This reanalysis results in a (21-24)%
reduction in the absolute D branching fractions, but
leaves the relative values essentially unchanged.

The new analysis utilizes the same data sample (9.56
pb ), particle identification, and kinematic fitting tech-
nique employed in the previous work. ' Briefly, the ex-
clusive production of D+D and D D at the tlr(3770)
allows the isolation of two classes of events: single tags,

wherein only one D of a pair is reconstructed, and double
tags wherein both D mesons are reconstructed through
kinematic fitting of the reaction e+e XX final
state, with the mass constraint M~ =My. By compar-
ison of the number of observed single- and double-tag
events, individual 8; are determined independent of oD.
The single tags, having smaller statistical errors, largely
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FIG. 1. M~ from fits to K x+ vs K++ from Monte Carlo
simulations of K tt+ vs K+tt (dot-dashed line) and K tt+
vs Itt+n (shaded area), K+tt tto (cross-hatched area), and
K+K (solid histogram)].
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FIG. 3. Fitted mass M~ for K+n vs K -z+zozo
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FIG. 2. t),M for (a) original data, and (b) Monte Carlo
simulations of the signal (K z+ vs K+m ) and the back-
grounds [K z+ vs z z+ (cross hatched), K z+ vs K+z tt
(solid), and K m vs K K+ (shaded)]. The relative size of
signal and background in (b) reflect that which is expected in
the data.

TABLE I. Signal events removed by the hM cut.

Double-tag combination
Predicted Observed

loss loss

K+@
K+@
K++ x n+
vs K++ x'
vs K+@ x x+
z vs K+@ z z+
vs K'z
vsK+x x
vsK'x n'
Totals

K x+ vs

K z+ vs

K z+ vs

K z+n
x+x'

K n+x+
K x+z+
K -~+~+
K x+x+

0.95
0.66
0.92
0.51
0.67
0.91
0.93
0.94
0.72

6~2
48+ 6
11+2
49+ 9
40~6
2+1
2+1
4~1
6~2

168+ 13

11 ~4
50+ 8
13+5
34+ 14
53~10
1+3
2-+ 1

8+3
4+4

176+ 21

determine the relative 8;, while the double tags establish
their absolute value.

The single- and double-tag samples include the modes
D K z+, K z+n, K z+m+n and D+~ K z+,
K z+z+, K x+z, IC z+z+n . These samples dif-
fer from the original only by the addition of D +

K n+z+n and the elimination of D+

K z+z+no, which suffered from a poor signal-to-
background ratio. The focus of the reanalysis is the
determination of those backgrounds in the double-tag
sample which are not subtracted by the previous pro-
cedure utilizing the low-mass sideband region
(1.83~ M~~ 1.SS GeV/c ). Such backgrounds arise
exclusively from sources having fitted values of
M~-MD. Extensive Monte Carlo studies of the fitting
procedure for double tagging indicate that the principal
background after the sideband subtraction is true DD
pairs in which the decay products of one D are correctly
identified, and those of the second are not. An incorrect-
ly assigned D decay can arise either from (i) a single
particle being misidentified (e.g. , n —~K —) or (ii) the
loss of a single low-energy z (e.g. , K z+tr K z+).

Background (i) arises from Cabibbo-suppressed chan-
nels having the correct D momentum, but incorrect ener-

gy after tr —~K —interchange. Background (ii) comes
predominantly from higher-multiplicity Cabibbo-allowed
channels containing one or more soft z 's, where one x
is lost; the larger measurement errors for photons allow
such losses to occur while still satisfying the X require-
ment of the kinematic fit. The M~ distributions from
Monte Carlo simulations for both the signal (double-tag
events K z+ opposite K+n+) and the background
[K tr opposite (K+K or z+z or K+z pro)], as
shown in Fig. 1, demonstrate that these backgrounds
produce a peak whose mass and width are similar to
those of a true signal.

Both backgrounds can be completely suppressed by
our imposing a more restrictive cut on X; however, such
a procedure substantially reduces the efficiency for ob-
serving some final states. Therefore, an additional kine-
matic selection on the individual D mesons composing a
double tag is imposed. For each D candidate, the
unfttted invariant mass (M;„„)is compared with the
beam energy constrained mass (Mb, ). ' Distributions
of the different hM—:Mb, —M;„„areshown in Fig. 2 for
the K x+ mode of the original analysis and for Monte
Carlo simulations of the signal (K n+) and the most
prominent backgrounds (K K+, n n+, and K ++x ).
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15 TABLE II. D and D+ branching fractions.
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Decay mode

D'- K-~+
D K ex z+
D'- EC -~+~'
D+ K ex+
D+ K x+
D+- K'~+~'
D+ K xx x+

Branching fraction (%)

Results of global fits
4.2 + 0.4 + 0.4
9.1 ~ 0.8 + 0.8

13.3 ~ 1.2+ 1.3
9.1 ~ 1.3 ~ 0.4
3.2 ~ 0.5 ~ 0.2

10.2 ~ 2.5 ~ 1.6
6.6 + 1.5 + 0.5

10— 10—
New double-tag measurement

D ~K x+xz' 14.9 ~ 3.7+ 3.0
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Corrected values
D ~K K+
D ~z
D'- EC'y

0 —0 +D ~ K K Kgpg-rc, gD'- EC'EC'

D p
—e

D+~ K+EC
D+ x+x

+ + +D ~ EC EC

7E'ttpg-ting

D+—yx'
D+ -~ K+K

for previous measurements
0.51 ~ 0.09 ~ 0.07
0.14+ 0.04+' 0.03

0.86-II 5"-%I'&

o.85-II:H'-'45
~ 0.460 at 90% C.L.
~ 0.012 at 90% C.L.

1.01 +' 0.32+' 0.17
0.38+ 0.15 ~ 0.09
0.54 ~ 0.25 ~ 0.09
0.77 ~ 0.22+ 0.11
0.44+' 0.20 ~ 0.10

0 rl

(e)

n r

O l f1 Hl

1.8Z 1.86
0

1.89 1.85

M&SS (t"eV/c~)

1,86 1.89

The requirement that
1
hilf

1
~ 60 MeV/c for all modes

containing only charged particles removes all back-
ground with a loss of efficiency of ~ 5% for each mode.
For modes containing z 's, the cut is widened to —120
~AM ~ 100 MeV/c, eliminating 90% of the back-

ground with a loss of efficiency of ~ 30% for each mode.
The fraction of signal events (f~) that remain after the
AM cut for each final state is given by a product of these
efficiencies (see Table I).

To verify that the AM requirement provides sufficient
background rejection regardless of the source, Monte

FIG. 4. Mass Ms for double tags: (a) K z+ vs K+n, (b)
K x+ vs K+s z z+, (c) K @+@+A vs K+@ x z+, (d)
K rr+x+ vs K++ x, (e) K x+z+ vs K z z, (f) K x+ vs
K++ z', (g) K z+m+z vs K+z z', (h) K x+x' vs
K+z z, (i) K z+z+ vs K rr, (j) K m+z+ vs K x z x+.

Carlo simulations of all contributing topologies were
generated and compared with the data. Measurements
of many Cabibbo-suppressed decays9 and of several
modes containing a single no already exist'; no data have
heretofore been available on decays with two or more
x 's. Examination of the double tags containing candi-
dates for D E z+x indicates, however, the pres-
ence of an additional z in a subset of events that survive
the kinematic fit but fail the hM cut. These events,
which form the largest background to K z+zn in the
previous analysis, arise from the multi-z decay D

E n+z z . We observe 24~ 5 events with 7%
efficiency in fully reconstructed DoD events along with
K+z (see Fig. 3).

To further test our understanding of the identification
and rejection of these backgrounds, a study of the abso-
lute number of signal events removed by the hM cut is
presented in Table I. The loss of 176+ 21 signal events
from the original sample by the hM cut compares well
with that predicted (168 ~ 13) from Monte Carlo simu-
lation of D background sources for all measured modes,
and suggests that all significant backgrounds are now ac-
counted for.

The fitted M~ distributions are shown in Fig. 4 after
the hM cut. The sideband subtraction is performed as in

the previous work, and combined with the single tags to
perform independent fits to the D and D+ samples. ' A
X of 3.5 for five and 1.8 for three degrees of freedom is
obtained for the D and D+ fits, respectively.

The 8; so obtained are given in the top part of Table
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II. The systematic errors are calculated as before' with

a new term [+ 7% (+ 2%)] for each D (D+) mode

arising from uncertainties in the efficiency of the AM
cut. The cross sections cr&0=5.8+ 0.5+ 0.6 nb and
cr~+=4.2~0.6~0.3 nb are obtained from the fitted
number of produced events (27700+ 2400 ~ 2600 D D
and 20300~2900~1100 D+D ) and the integrated
luminosity. ' The branching fraction for the new chan-
nel Do K tr+tr tt is given in the middle part of
Table II, and previous Mark III results "' are correct-
ed and summarized in the bottom part of Table II. A
new HRS measurement' of B(D K tr+) =(4.5
~ 0.8 ~ 0.6)% using daughter tr

—from D decay to tag
charm offers confirming evidence for the scale of the D
branching fractions reported here.

The existence of a large deficit in charm from B-
meson decay was first suggested by the CLEO group
based on their inclusive measurement of 8(B„d Do

or D++X) 0.56~0.06~0.06. With use of the cor-
rected D branching fractions, this result becomes
0.70 ~ 0.08 ~ 0.07, ' which still differs significantly from
the expectation of one D meson per 8 decay. ' Recent
results from ARGUS, ' when similarly corrected, give8(B„Dor D++X) =0.88~0.08~0.09, in closer
agreement with theoretical expectations.
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