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A REANALYSIS OF CHARMED D MESON
BRANCHING FRACTIONS®

Gary Gladding
University of Illinois
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(representing the MARK III collaboration )

ABSTRACT

We report a new determination of charmed D meson absolute hadronic branch-
ing fractions based on complete reconstruction of DD events at the ¥(3770). Two
backgrounds, Cabibbo suppressed and multi-x® D decays, are addressed in detail.
Removal of these backgrounds reduces the values of our previously reported hadronic
branching fractions by (21 - 24)%, leaving their ratios essentially unchanged. The
new values are unable to account fully for a reported deficit of charm production in
B meson decay.
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The purpose of this report is to correct our (MarkIII) previously published
values" for the absolute hadronic branching fractions of the charmed D meson.
We have discovered backgrounds arising from real DD pairs which produce a peak
in the fitted mass distribution and were therefore not removed by the background
subtraction performed in the original analysis. These backgrounds can be effectively
removed by the addition of a simple kinematic cut, which results in a (21 - 24)%
reduction in the absolute D meson hadronic branching fractions, leaving the relative
values essentially unchanged. As a result of this experience, we have gained a new
respect for the subtleties of nature and a heightened appreciation for the difficulty of
obtaining reliable results from high energy experiments. We hope that by exposing
carefully and openly our mistakes in the previous analysis, we will encourage other

groups to act similarly in the future.

The new analysis uses the same data sample (9.56 pb~!), particle identifica-
tion, and kinematic fitting technique” employed in the previous work."  Briefly,
the exclusive production of D* D~ and D°DP at the %(3770) allows the isolation of
two classes of events: single tags, in which only one D of a pair is reconstructed, and
double tags in which both D mesons are reconstructed through kinematic fitting of
the reaction ete~ -+ XX —» final state, with the mass constraint Mx = Mg. By
comparing the number of observed single and double tag events, individual branch-
ing fractions are determined independent of the production cross section. The single
tags, having significantly smaller statistical errors, essentially fix the relative branch-

ing fractions, while the double tags largely determine their absolute value.

The single and double tag samples include the modes D° —» K~x+, K~ n*x0,
K- ntrxtnr~ and Dt — K%, K—ntxt, KOrtn0, KOrtrtr~. These samples
differ from the original only by the addition of D* — K°r*r*7~ and the elimination
of DY - K~ n*tx*70, 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 accounted for in the previous procedure of simply subtracting
the observed number of events in the low-mass sideband region (1.83 < Mx < 1.85
GeV/ ¢?). Backgrounds escaping this subtraction must arise exclusively from sources
having fitted values of M x ~ Mp. Extensive Monte Carlo studies of the kinematic
fitting procedure for double tagging indicate that the leading source of 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 incorrectly assigned D
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decay can arise either from (i) a single particle being misidentified (e.g. 7+ = K%)
or (i7) the loss of a single low energy 7° (e.g. K ntn® — K~rt). Other event
topologies (e.g. missing neutrinos as in K ~e*v —» K~7rt) have been studied and

have been found to produce negligible backgrounds in the double tag sample.

Background (¢) arises from Cabibbo suppressed channels having the correct
D momentum, but incorrect energy after #* = K= interchange. Background (%)
comes predominantly from higher multiplicity Cabibbo allowed channels containing
7’s, where one soft 70 is lost; the larger measurement errors for photons allow such
losses to occur while still satisfying the x? requirement of the kinematic fit. The Mx
distributions from Monte Carlo simulations for both (a) the signal (K~ 7t vs. K*7™)
and (b) the background (K ~ntvs. (K* K~ or 7tm~ or K *n~n°)), as shown in Figure
1, demonstrate that these backgrounds produce a peak whose mass and width are
similar to those of a true signal. Indeed, I think we can say that we have better peaks

in our background than most people have in their signal.
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Figl. Mxfromfitsto K~nt vs. K*Tr~ Fig 2. AM for (a) the original data,

from Monte Carlo simulations of and (b) Monte Carlo simulations of:
(a) K~nt vs. Kt7™, (i) the signal (K~7t vs.K*7r~), and
(b) K~nt vs. (KT K~ or 7tw~(shaded) (ii) the backgrounds (K~#* vs. 7~ 7t
or K*tn~n° (dotted)). (shaded), and K *r~7°(darkened),

and K~ K*(dotted)).
While both backgrounds can be suppressed by lowering the x? cut, this pro-

cedure would result in a substantial reduction in detection efficiency for some final
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states. Therefore, we have chosen to keep the previous x? cut, but impose an addi--
tional kinematic selection on the individual D mesons composing a double tag. For
each D candidate the unfitted invariant mass (Mj,y) is compared with the mass evalu-
ated using the beam energy constraint (Mbc).m Distributions of the difference AM =
My - My, are shown in Figure 2 for the K~7" mode of the original analysis and
for Monte Carlo simulations of the signal (K~7%) and the dominant backgrounds
(K—n*t,n~nt, and K-7t7°). Requiring |AM| < 60 MeV/c? for all modes con-
taining only charged particles, removes essentially all the background with a loss of
efficiency of < 5% for each mode. For modes containing 7°’s, the cut is widened
to —120 < AM < 100 MeV/c?, eliminating 90% of the background with a loss of
efficiency of < 30% for each mode. The fraction of signal events (fam) remaining

after the AM cut for each final state is given in Table 1.

To verify that the AM requirement provides sufficient background rejection re-
gardless of the source, Monte Carlo simulations of all contributing topologies were

generated and compared with the data. While measurements of the branching frac-

0 ‘ — — tions of many Cabibbo suppressed decays' and
of several modes containing a single 7#° have al-
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wass (Gevrc?) cut. These events which form the largest back-
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ground to K~ 7t7° in the previous analysis, arise
Fig3. My for K*n~vs. K~ n*n‘n® from the multi-x° decay, D° — K ~n+tx%x°, This
channel is measured with 7% efficiency in fully reconstructed D°D° events along with
K*n~. The fitted mass distribution (M x) for these events is shown in Figure 3 in-

dicating a signal of 24 + 5 events.

To further check our understanding of the identification and rejection of these back-
grounds, a study of the absolute number of signal events removed by the AM cut
is presented in Table I. The loss of 176 + 21 signal events from the original sam-
ple by the AM cut compares well with that predicted (168 £ 13) from Monte Carlo

simulation of D background sources for all measured modes, and suggests that all
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Table I. Signal Events Removed by the AM Cut

Double Tag fam Predicted Observed

Combination Loss Loss
K=t vs. K*tn~ 0.95 6+2 11+4
K=t vs. Ktr—m° 0.66 48+6 50+8
K=t vs. Ktn~m—mt 092 1142 1345
K—ntm° vs. Ktn—m° 0.51 4949 34+14
K—ntmo vs. Ktr—m—nt 0.67 4016 53+10
K ntrtr™ vs. Ktn~ 7 nt 0.91 2+1 1+3
K-ntnt vs. KO~ 0.93 2+1 241
Kntnt vs. Ktn m™ 094 4+1 8+3
K-ntrt vs. KOr 7 0.72 642 414

significant backgrounds are now accounted for.
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Fig 4. Mx for (a)K~ vs. K,
(b) K7 vs. Knnmr, (c)Knm vs. Koo, _ d
VK7 vs. Knn®, (e) Knrm vs. Kwa®, opo = (5.8+0.5+0.6) nb, an

(d
(F)K77° vs. Knn®, (g) Knmw vs. K,
(h)Knm vs. KOnxO, (i) K7 vs. KO,

(G)K7r vs. KOnrmm.

The fitted M distributions are shown in Fig-
ure 4 after the AM cut. The sideband sub-
traction is performed as in the previous work,
and combined with the single tags to perform
independent fits to the D° and D* samples.m
A x? of 3.5 for 5 and 1.8 for 3 degrees of free-
dom are obtained for the D° and D7 fits,

respectively.

The values of the branching fractions obtained
from the D° and D% fits are given in Ta-
ble II (a). The systematic errors are calcu-
lated by propagating individual uncertainties
(acceptance modeling, resonant substructure,
and background subtractions) through the fit
and adding in quadrature an error estimate
of +7%(+£2%) for each D°(D*) mode to ac-
count for uncertainties in the efficiency of the

AM cut. The cross-sections,

op+ = (4.2+06+0.3) nb
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Table II. D° , D* Branching Fractions

Decay Mode Branching Fraction( %)

(a) Results of Global Fits

DO — K—nt 424+04+04
D° o K~gtg—mt 9.1+0.84+0.8
DO 5 K—grta0 13.3+1.2+1.3
Dt - K—rtxt 9.1+1.3+0.4
Dt — Kegrt 3.24+0.54+0.2
Dt - K°ntn® 10.2+2.5+1.6
Dt = Kowrtg—gt 66+1.5+0.5

(b) New Double  Tag  Measurement

D% - K~ ntx0x0 1494+ 3.7+ 3.0

(c) Corrected Values for Previous Mark III Measurements

D KK+ 0.51 £ 0.09 + 0.06
DO s =gt 0.14 + 0.04 + 0.03
D°— K°¢ 0.8610:5070 18

DO RO+ K ey 0857031708

D° —» K°KO < 0.46 at 90 % C.L.
DO —s pte <0.012at 90 % C.L.
Dt -» KtK® 1.01 £ 0.32 £ 0.18
Dt s rtrxt 0.38 + 0.15 & 0.09
Dt —+ K- K*tn} ... 0.54+0.25+0.09
Dt - ¢t 0.77 +£0.22 £ 0.11
Dt — KtK* 0.44 £0.20+ 0.10

are obtained from the fitted number of produced events (27700 + 2400 + 2600 D°D°
and 20300 =+ 2900 + 1100 D*D~) and the integrated luminosity.' Using these new
values, the signal for the new channel D° -+ K~7nt7x%° is converted to a branch-

[s] 7] 8]

ing fraction in Table II (b), and previous Mark III results are corrected and

summarized in Table II (c).

The values of the hadronic branching fractions given in Table II are smaller
than our original determinations by (21 - 24)% but remain substantially larger than
earlier measurements employing o(3770) normalization. P11 Our new values also have
implications for experimental studies of charm production mechanisms and the pro-

duction and decay of all heavier flavors. For example, the existence of a large deficit
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in charm from B meson decay was first suggested by the CLEO group based on their

inclusive measurement™'"? of B(Byg — D° or D*) = 0.56 &+ 0.06 + 0.06. Using

the corrected D hadronic branching fractions, this result becomes 0.70 + 0.08 £ 0.07,

which still differs significantly from the expectation of one D meson per B decay.[m pal

Recent results from ARGUS,ml similarly corrected give B(By g4 — DO or DY) =

0.96 £+ 0.14 = 0.13. The a.vera.ge["] of these results is 0.74 £+ 0.08 £ 0.07, where the

first(second) error represents the statistical(systematic) errors from the combination

of the measurements of the three experiments. We therefore conclude that our new

values are not able to account for a reported deficit of charm production in B meson

decay.
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