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Abstract. Using the ARGUS detector at the electron-
positron storage ring DORIS II at DESY, we have
measured the branching ratios of the D® meson de-
cays into K°w, K5 and K*°y relative to the K~ n*
mode. Using the known branching ratio Br(D°
—+K nt)=(424044+04% we find Br(D°
- K°w)=(424+16+09%, Br(D°—K°))<27%
(90% CL) and Br(D° —» K*%%)<2.9% (90% CL).

The observation of the D° decay mode K°¢ with
a branching ratio of about 1% by ARGUS [1],
MARK III [2] and CLEO [3] was originally consid-
ered as evidence for the existence of non-spectator
processes by Bigi and Fukugita [4]. More recently
however, in some models rescattering effects produce
this D? decay even in the absence of weak annihilation
[5-7]. The D° decay modes K°w, K°# and K*°y
should also be sensitive to final state interactions in
these models. Table 1 lists predictions of various mod-
els including the QCD sum rule predictions of Blok
and Shifman [8], which do not contain final state
interactions. Measurements of the D° decays into
K%w, K% and K*°y are therefore of theoretical in-
terest.

The data sample used for our study corresponds
to an integrated luminosity of 189/pb, obtained with
the ARGUS detector on the Y(2S5) and Y(4S) reso-
nances and in the nearby continuum. A short descrip-
tion of the ARGUS detector, its trigger conditions
and the method of charged particle identification can
be found in previous publications [9]. The D° decay
into K~ " was used * to normalize the other decays;
the mass distribution of these candidates is shown
in Fig. 1a. Since the fragmentation of charmed quarks
produces a hard D® momentum spectrum we required
the scaled momentum x,=p(K™ 77)/pp..(D°) to be
greater than 0.55 for all measured D° decays. This
cut reduces the combinatorial background considera-
bly as shown in Fig. 1b. From a fit with a gaussian
and a second-order polynomial background we find
the signal at a mass of (1863.841.3) MeV/c? with a
width, consistent with expectation, of
6=(31.4+1.6) MeV. We observed 3323+170 D° me-
sons in this decay mode.

The K° mesons from the D° decays into K°w
and into K°# are reconstructed in the K? decay mode
ntn”. A cut on the angle é between the momentum
vector of the (n* = 7)-system and the direction from
the interaction point to the decay vertex, cos 6 >0.9,
provides us with an almost background free K? sam-

* References to a specific particle state should be interpreted as
implying the charge-conjugate state also

Table 1. Branching ratio predictions for the studied decay modes

Ko K%y K*%q
Bauer, Stech and Wirbel [5] 3.0% 0.4% 3.0%
Donoghue [6] >2%
Kamal [7] 1.5%
Blok and Shifman [8] 1.5% 0.4% 0.3%

ple. The ® meson is reconstructed through its
7t 7~ n° mode, the # meson in the same mode and
through the decay into yy. Based on the number of
shower counters set by an incoming particle, the
amount of energy deposited in the shower counters,
and the lateral distribution of the energy, a cut was
used to reduce the background from hadronic show-
ers in the photon identification [10]. The energy of
the photons was required to be greater than 40 MeV.
To improve the resolution on the w and # mass in

BRI L L L RAad A aaas a s R
4 [ K
+ h
10 e (a) ]
o +H ]
1.4 i E
", ;
— + -
E *
1.2 F 3
E + E
L +
1.0 —
~
N -
b ;
3 2 3
= o8| &
N ] E
:/ '+
~
Z os6E ek,
AT T T P T N P T P T TP ST P
1.5 1.6 1.7 . 1 2.2
M({KT) (Gev/c?)
AL L B o e
1200 kH"I"H' {b) _:
1000 [ ++ E
800 3
~ - 3
F4 E
Q F ]
> soof 3
(] £
z . 3
o F k
U 400 [ E
N 3 i
z b
Poooelesredoeneloeonlovneloenvedugpafoeneloesadprealonnelonssloercdsey
1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2

M KT (Gevic?)

Fig. 1. a Invariant mass distribution of all K~ n" combinations;
b of only those with x,20.55
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Fig. 2. a Invariant mass distribution of all K°z* n~ 7° combinations
with x,20.55 and 0.76 GeV/c? <m(n® n~ z°)<0.83 GeV/c?. b Side-
band analysis for the D° decay into K°w

the final state n* =~ n° we applied a #° mass-con-

straint fit to all yy combinations with an invariant
mass within 44 MeV/c? of the 7° mass.

The mass spectrum for the combinations
K%zt 7~ =° with the (" n~ n%-mass in the w mass
band, 0.76 GeV/c?<m(n* n~ n°)<0.83 GeV/c?, is
shown in Fig. 2a. From a fit with a gaussian and
a polynomial background we obtained 136+ 34 D°
candidates which corresponds to a significance of 4
standard deviations above the background level. The
width of the signal agrees with the expected value
from a Monte Carlo simulation of about 30 MeV.
A sideband analysis is necessary to show that we real-
ly did observe the D° decay into K°w and not the
decay mode K°z* n~ n° which has a large branching
ratio of (11.54+2.2+2.8)% measured by MARK III
[11]. For this purpose the number of v mesons in
the D° meson sidebands and the number of D® mesons
in the w meson sidebands were fitted (Fig. 2b). The
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Fig. 3. Invariant mass distributions for the D® decay modes a K%z
with 0.48 GeV/c? <m(yy)<0.60 GeV/c?; b K°x with 0.53 GeV/c?
<m{n* 7~ 7% <059 GeV/c?;, ¢ K¥y with 048 GeV/c? <m(yy)
<0.60 GeV/c? and with x,>0.55

number of D® mesons found in the » sidebands is
7+23 which leads to 129+41 D° decays into Kow.
The signal still has a significance of more than three
standard deviations. To reduce systematic errors in



184

the K? efficiency we applied an additional cut on the
decay length of the K? mesons at 2 cm which reduces
our D° signal finally to 94+32415. The errors in-
clude the uncertainty of the background from the
non-resonant decay K°z* 7~ =° and the uncertainty
of the parametrisation of the polynomial background
function used for the fit.

For the investigation of the D° decay mode K%y
we used the # decays into y7y and into =¥ 7~ 7°. Using
the same procedures as for the D° decay mode K°w
we found N(D°— K%y, n—yy)=304+27 and N(D°
—K%,n—>n"n 1% =2+16 (Fig. 3a and b).

For the D° decay into K*°y we found N(D°
—K*%n, 5 —yy)= —43+120 (Fig. 3c). The less effi-
cient # decay channel n*n~ z° has not been used,
since we get additional systematic uncertainties from
a combinatorical background peaking in the D° mass
region.

To obtain the detector acceptances for these de-
cays we passed events genecrated by the Lund 6.2
Monte Carlo through a full detector simulation [12]
and analysed the events with the same programs as
used for the real data. The Monte Carlo momentum
spectrum for the D° mesons, generated according to
the fragmentation function of Peterson etal. [13],
agrees with the data from the decay K~ n*. The com-
bined detector and selection acceptances for the differ-
ent decay modes are listed in Table 2. The branching
ratios of K°, K*°, w and # mesons into the modes
used for reconstruction reduce these acceptances fur-
ther.

Using these results we find the following relative
branching ratios:

Br(D° - K°w)
S 2R D) 0040.36402
Br(D0 S K-r7) =~ M00£036:£0.20,

0_, 0
DO 2K 1) _028+028<064 (90% CL,
Br(D°* K" =™)
Br(D° - K*%n)

L)
BrD°>K 1) 0240.5<0.7 (90% CL).
For the D° decay mode K°# the two independent
results from the # decays into yy and into ¥z~ n°
have been combined. Using the known branching ra-
tio Br(D® > K~ n")=(4.24+0.4+0.4)% [11] we calcu-
late Br(D° - K°w)=(4.2+ 1.6 +0.9)%, Br(D°

Table 2. Detector and selection acceptances for the measured decay
modes

D° decay acceptances (%)
K rnt 35340.8+1.0
Klw;w—>nt ™ n° 32404404
Ko;n—-yy 641£09+1.0
Kn;p—nta n® 3.2404+06
K—*Ur/;n—ryy 92+1.0+1.1

- K%)<2.7% (90% CL) and Br(D° - K*%#)<2.9%
(90% CL). The measured value for the D° decay into
K% is in good agreement with the result from
MARK III [11] Br(D° > K°w)=(3.2+ 1.3+ 0.8)%.

In summary, we have observed the D° decay into
K% and we have found upper limits for the branch-
ing ratios of the decay modes K°s and K*°x. The
average of the measured branching ratio from
MARK I1I and ARGUS for the D° decay into K°w
of (3.7+1.2)% favours the improved spectator model
of Bauer et al. [5] which includes final state interac-
tions versus the QCD sum rules calculations of Blok
and Shifman [8].
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