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The weak hadronic decay D°— K°K* K~ is observed in a data sample of 9.3 pb~! collected with
the Mark III detector at the ¢ (3770) resonance. An analysis of the K* K~ subsystem suggests that
while the decay proceeds in part through the K% channel, providing evidence for the presence of
nonspectator amplitudes in D® decays, a significant fraction of the decays occurs through both
higher- and lower-mass K * K~ systems. A limit is set on the decay D°— K°K?°, also thought to

proceed by nonspectator processes.

PACS numbers: 13.25.+m

The inequality of D° and D* charmed-meson life-
times has been demonstrated both through direct life-
time measurements! and by comparison of the semi-
leptonic branching fractions.? This difference may
arise from a suppression of the D* width, an enhance-
ment of the D° width, or a combination of the two.
Evidence for interference among final-state amplitudes
leading to a suppression of the D+ width? has previ-
ously been presented.* We address herein the ques-
tion of the enhancement of the D° width through a
study of the decays D°— K% and K°K°. In these fi-
nal states, the absence of the u quark of the parent D°
provides a signature for flavor annihilation,>% a
mechanism which can enhance the Cabibbo-allowed
D° and the Cabibbo-suppressed D* partial widths.
Evidence for D°— K% has been previously reported.’
Further evidence is presented for this nonspectator de-
cay through a measurement of B(D°— K%) in the
KJK* K~ final state, and a detailed study of its back-
grounds. A limit is also established for the decay
D*— KO°KO.

The Mark III detector has been described in detail
elsewhere.! The analysis of the K% channel proceeds
as follows: The K? is isolated through its K¢ decay
into w+ 7~ in which at least one 7 is required to miss
the beam-interaction point by R ;=2 mm in the
transverse plane. The pair’s direction at the decay
point must align with the vector joining the w*7~
vertex and the primary vertex, within errors. The
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«+ 7~ invariant mass is then required to lie within

0.020 GeV/c? of the KQ mass. Charged kaons are
identified by cuts on time of flight* and dE/dx loss.?
The momentum of the Ké’K * K~ is required to lie
within +0.050 GeV/c of that expected for D”s pro-
duced at the ¢ (3770). Combinations whose momenta
lie outside the expected range (in sidebands from
0.060 to 0.110 GeV/c) are used to estimate the shape
of the background. The resulting mass distribution
and fit are shown in Fig. 1(a). A fit yields 25.2 +5.4
events in the D° signal when the mass resolution is
fixed to 0.015 GeV/c? (determined from Monte Carlo
calculations). Reflections from other D° decays in
which 7-K misidentification has occurred appear at
higher masses ( ~1.974 GeV/c?) and thus are not a
source of background.

To study the K+ K~ system, 28 KK+ K~ events
whose masses are within +0.040 GeV/c? of the D°
mass are selected; 4.8 of these events originate from
backgrounds. The resulting K* K~ mass distribution
is shown in Fig. 2(a). Monte Carlo calculations indi-
cate that the ¢ mass resolution is 0.0042 GeV/c?; the
K* K~ efficiency varies slowly above 0.995 GeV/c2.
The ¢ region is defined as 1.019 +0.015 GeV/c?
there are 4 events below, 11 events within, and 13
events above this region. The K+ K~ mass distribu-
tion of the 4.8 random background events is deter-
mined from a sample of 25 K¢K* K~ combinations
consistent with the D° mass, but lying in the momen-
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FIG. 1. (a) K¢K* K~ mass and fit. Throughout this pa-
per we adopt the convention that reference to a particle state
also implies reference to its charge conjugate. The back-
ground shape is derived from off-momentum events.
K8K*+*K~ mass and fit (b) for |cos®*|=0.2, (c) for
|cos6*| = 0.4, (d) for |cos6*| = 0.6.

tum sidebands. Of these 5 K+ K~ pairs lie within the
¢ region, yielding a limit of = 1.7 events at 90% con-
fidence level (C.L.) from random backgrounds, when
scaled to a total of 4.8 events. The shape of the distri-
bution of these 25 events is well represented by in-
clusive K+ K~ pairs. This shape is used to model the
random background.

Additional backgrounds arise from specific final
states. Events from the Cabibbo-suppressed decay
D°— ¢m* 7~ can have a w7~ at the KQ mass. A
signal in ¢ 7~ of 10.5 +5.5 events is observed by
selection of combinations of = * 7~ excluding the K¢
mass. Vertex requirements on the K¢ reduce the con-
tamination of these decays into K% to <0.3 event.
The decay D°— K~ K*#*m~ may contribute at any
K* K~ mass. No signal is observed, yielding an upper
limit of 28 events in the sample. After K vertex cuts,
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FIG. 2. (a) K*K~ mass in K{K* K~; solid curve is the
combined fit; dashed curve, the K%? and dot-dashed
curve, the random background. (b) Fit for |cos8*| =0.2.
(c) Fit for |cos8*| =0.4. (d) Fit for |cos8*| = 0.6.

=0.80 event of these remain, with =<0.14 event in
the ¢ region itself. Two more potential backgrounds
are nonresonant D°— K9K* K~ and K~8*. Monte
Carlo calculations, when normalized to signal events
with K+ K~ masses above 1.050 GeV/c2, predict less
than 0.70 and 0.20 event, respectively, in the ¢ region.
Events from D°— K%§* $§*— K+ K~ would pro-
duce a cusp below the ¢. The S™ decays pre-
dominantly to w*#~!° but is not seen in D°
— K% +#~—11 Hence, no significant contribution
from this source is expected. Another possible source
of background is the decay D°— K9°, which peaks at
low K*K~ masses but extends to higher K* K~
masses. 2

2137



VOLUME 56, NUMBER 20

PHYSICAL REVIEW LETTERS

19 MAY 1986

l(cewc®)]2

[ |

LT

K°K* MASS?2

DT

ol -]
| 1 | | |
1.0 1.2 1.4 1.6 1.8
K*k- MASS2  [(Gewc?)]2

FIG. 3. Dalitz plot for (a) data, (b) Monte Carlo
D®— K" events, and (c) Monte Carlo D°— K% events.

Figure 3 shows the Dalitz plots for the 28 data
events, and 400 Monte Carlo events each, in the
D%— K9%9° and K% channels. These Monte Carlo
events, which include detector acceptance, are directly
comparable to the data. The K K% channel has a dis-
tinctive decay-angle distribution characteristic of all
pseudoscalar-vector decays of the DO

A likelihood fit is performed to the K* K~ projec-
tion of the Dalitz plot. An incoherent sum of K% and
K%° contributions and a term derived from the in-
clusive spectrum, reflecting the shape of the random
background distribution, is assumed. The fit con-
strains the number of background events to that mea-
sured under the KK+ K~ peak. To enhance the K K%
contribution over possible K%° and background, four
fits are performed with successively tighter cuts on the
decay-angle distribution (cos8*) of the K+ relative to
the K& direction. The KIK* K~ mass distributions
and the fits for |cos6*]=0.0, 0.2, 0.4, and 0.6 are
shown in Figs. 1(a)-1(d) and Figs. 2(a)-2(d). The in-
itial sample of 28 events is reduced to 24, 18, and 14
by these cuts. The K% contribution changes from
4.9%39 to 6.6*33 events, whlle the K%° component
falls from 19. 9*?8 to 5.2+39 events for |cosf*|=10.0
and = 0.6, respectively. The Monte Carlo calculations
predict a loss of 14 K%° events and only 1.6 K%
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events for this cut. The significance of the K% com-
ponent increases from 1.7 to 3.1 standard deviations
through this large reduction in background.

To establish the K% branching ratio, |cosf*|=0.4
is employed, providing substantial background rejec-
tion with a predicted loss of less than 10% of the sig-
nal. There are 65*33 K% events in this fit. To
maximize the K¢K+ K~ signal not arising from K%
and to reduce correlations, no cut on cosé” is applied
in the fit. With use of these fits, the D° production
cross section,!? and the detection efficiencies, the fol-
lowing branching fractions are obtained:

B(D°— K%)= (1.1+31* 3)%

B(D°— K°k* non- K%) (1.1233%33)%.

The first error is statistical, and the second systematic,
arising from uncertainties in detection efficiency
(17%-20%), fitting (12%-31%), and normalization
(8.3%). The K°K* K zo, channel includes an addi-

tional error (7.5%) allowing for uncertainty in the ori-
gin of the events: K%° K~8*, and nonresonant
K°K*K~. _

The decay D°— KOK° is analyzed in the KJK
final state, with tighter vertex cuts (R piss =5 mm) ap-
plied to remove contamination from the large D°
— K% *m~ channel.'* Background is reduced by the
constraint of the KJKQ energy to that of the beam.
One event consistent with the D° mass is observed in
addition to a small background, yielding an upper limit
corresponding to 4.4 events (including systematic er-
rors) of <0.60% for B(D°— K°K°) at 90% C.L._

In summary, evidence for the decay D°— K%,
which occurs only through nonspectator processes, has
been presented. The branching ratios obtained, while
consistent with previous results,’® differ in detail in
the treatment of backgrounds. While the surprisingly
large branching fraction is consistent with the expecta-
tions of suppression from limited phase space and the
removal of an s5 quark pair from the vacuum,’ it sug-
gests that there is little or no additional suppression
from either helicity factors or wave function overlap,
which would be expected if the W-exchange amplitude
governed the decay.>!® The lack of such suppression
could be due to the presence of spin-1 color-octet
gluons in the D-meson wave function, raising the pos-
sibility of an unexpectedly large value for f;.5 Alter-
natively, this decay may result entirely from rescatter-
ing effects having little or no contribution from W ex-
change.® While the decay to K°K® must occur
through nonspectator processes, it is Cabibbo sup-
pressed and vanishes in the limit of exact SU(3) sym-
metry.!” The upper limit relative to D°— K~#w+ 18 ig
consistent with this picture of D° decay.
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