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Using data taken with the CLEO II detector, we have studied the decays of theD0 to K1K2, K0K̄0,
KS
0KS

0KS
0 , KS

0KS
0p0, K1K2p0. We present significantly improved results forB(D0→K1K2)5(0.454

60.02860.035)%, B(D0→K0K̄0)5(0.05460.01260.010)%, and B(D0→KS
0KS

0KS
0)5(0.07460.010

60.015)%, where the first errors are statistical and the second errors are the estimate of our systematic
uncertainty. We also present a new upper limitB(D0→KS

0KS
0p0),0.059% at the 90% confidence level and

the first measurement ofB(D0→K1K2p0)5(0.1460.04)%.@S0556-2821~96!00319-0#

PACS number~s!: 13.25.Ft, 14.40.Lb
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I. INTRODUCTION

Detailed measurements of rare exclusive decay modes
charmed mesons provide a powerful way to probe the det
of charmed decays, such as the contributions
W-exchange diagrams and final-state interactions. This
lows a probe of the interplay between the weak and stro
interactions. The CLEO II experiment is now reaching
level of sensitivity which allows for the systematic study o
several rare decay modes of theD0. In particular, we report
the measurements of several decays to final states contai
two or more kaons.

*Permanent address: BINP, RU-630090 Novosibirsk, Russia.
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A. K1K2

This decay mode is Cabibbo suppressed. Some of t
Feynman diagrams leading to this final state are shown
Fig. 1. Some years ago it was observed that the rat
B(D0→K1K2)/B(D0→p1p2) was not one. This was sur-
prising since the two decays proceed through similar di
grams. Solutions proposed to explain the deviation from
include SU~3! symmetry breaking effects@1#, final-state in-
teractions@2–4#, and QCD sum rules@5#. A different ap-
proach is to invoke penguin diagrams which interfere con
structively with the spectator decay forKK but destructively
for pp @6#. The results presented here can be combined wi
the CLEO II measurement ofD0→p1p2 @7# to give a bet-
ter measurement of this ratio.

Table I lists a survey of theoretical predictions for the
D0→K1K2 branching ratio. The world average for the
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branching ratio is~0.45460.029!% @11#.

B. K0K̄0

TheD0→K0K̄0 decay channel allows us to study the e
fect of final-state interactions. TheD0→K0K̄0 decay is ex-
pected to occur primarily via theW-exchange diagrams
shown in Fig. 2. Since the Cabibbo factors have oppos
signs, we might expect an exact cancellation of the two a
plitudes in the four-quark model. In the standard six-qua
model the difference between the two amplitudes is tiny, a
we thus might expect the branching fraction for the decay
be very small. However, a standard model based calculat
predicts a relatively large branching fraction due to fina
state rescattering, leading to a branching ratio
B(D0→K0K̄0)50.3% @10#. Table I gives a survey of theo-
retical predictions for theD0→K0K̄0 branching ratio. The
world average for the branching ratio is~0.1160.04!% @11#.

C. KS
0KS

0KS
0

Since this decay was first observed by the ARGUS C
laboration @B(D0→KS

0KS
0KS

0)/B(D0→K̄0p1p2) 5 0.017
60.00760.005] @12#, there have been two other measur
ments, made by CLEO 1.5@B(D0→KS

0KS
0KS

0) 5 (0.11
60.03)%] @13# and by E687 @B(D0→KS

0KS
0KS

0)/
B(D0→K̄0p1p2)50.03560.01260.006] @14#. This chan-
nel is Cabibbo allowed but the decay does not proceed vi
simple spectator process. Instead, its formation requires

FIG. 1. The most important Feynman diagrams fo
D0→K1K2: ~a! quark decay,~b! W-exchange decay, and~c! pen-
guins.

TABLE I. The present predictions for theKK branching ratios.

Theory models Branching ratio~%!

K1K2 K0K̄0

Spectator model@8# 0.14 0
WSB model@1# 0.56 2

CC model@2# 0.2560.06 0
FSI model@4# 0.39 0.13
QCD sum rule@5# 0.3 0
K. Terasaki@9# 0.46 0
X. Y. Pham@10# 2 0.3
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popping of anss̄ pair ~Fig. 3! and so its existence is an
indication of eitherW-exchange or final-state interactions
We know of no published theoretical predictions for this
decay mode.

D. KS
0KS

0p0

There has been no previous measurement of this dec
rate. This decay channel is Cabibbo suppressed and invol
the popping ofdd̄ or ss̄ pairs ~Fig. 4!. Since the Cabibbo
factors have opposite signs between the two amplitudes
each pair, we might expect an almost complete cancellati
of the two amplitudes in each pair. We thus might expect th
branching fraction for the decay to be very small. We do no
distinguish between resonant and nonresonant decay mod
The branching ratio can be compared with that of th
Cabibbo favoredKS

0KS
0KS

0 channel. We know of no published
theoretical predictions for this decay mode.

E. K1K2p0

There has been no previous measurement of this dec
rate. This decay is Cabibbo suppressed~Fig. 5!. We do not
distinguish between resonant and nonresonant decay mod
This result can be compared with the upper limit for th
doubly Cabibbo suppressed decay mode ofK1p2p0 mea-
sured at CLEO II@15#. We know of no published theoretical
predictions for this decay mode.

II. ANALYSIS

A. Data sample

We use data taken with the CLEO II detector at the Co
nell Electron Storage Ring between November 1990 and Ju
1993. The data set used in this analysis corresponds to
fb21 of data taken on and just below theY(4S) resonance.
For the statistics-limitedK0K̄0 channel, we also use data
collected through May 1994, corresponding to an addition
0.8 fb21.

r

FIG. 2. The Feynman diagrams forD0→K0K̄0.

FIG. 3. The Feynman diagram forD0→KS
0KS

0KS
0 .
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The CLEO II detector@16# is designed to detect both
charged and neutral particles with excellent resolution a
efficiency. The detector consists of a charged particle tra
ing system surrounded by a time-of-flight~TOF! scintillation
system and an electromagnetic shower detector consistin
7800 thallium-doped cesium iodide crystals. In the ‘‘goo
barrel’’ region, defined as the region where the angle of t
shower with respect to the beam axis lies between 45° a
135°, the rms resolution in energy is given bydE/E(%)
50.35/E0.7511.920.1E ~E in GeV!. The tracking system,
time-of-flight scintillators, and calorimeter are installed in
side a 1.5 T superconducting solenoidal magnet. Imme
ately outside the magnet are iron and chambers for mu
detection. The momentum resolution of the tracking syste
is given by (dp/p)25(0.0015p)21(0.005)2, wherep is in
GeV/c. Ionization loss information (dE/dx) is also pro-
vided.

B. Procedure

We use aD*1 tag (D*1→D0p1 decay mode! for all the
channels except theKS

0KS
0KS

0 channel.1 Since this latter chan-
nel is kinematically restricted, we can see a clean sig
without this tag. For theK0K̄0 decay channel we add the
D* 0 tag (D* 0→D0p0 decay mode! so as to increase the
number of events, even though the mass difference res
tion for theD* 0 tag is not as good as that for theD*1 tag.
Table II summarizes the tags and normalization modes us
To get the Monte Carlo~MC! efficiencies, we generated
20 000 events in each channel. In this analysis, we will a
sume that theD0 and D̄0 partial decay rates are equal sinc
an inequality could only result if the processes wereCP
violating. An earlier analysis shows that anyCP asymme-
tries are small @17#. The following analyses sum both
charges.

C. The initial selection

We first reconstruct theD0 decay mode of interest. De-
tails of this reconstruction can be found in the sections

1Throughout this paper, any reference to a specific decay or s
also implies a reference to its charge conjugate.

FIG. 4. The most important Feynman diagrams fo
D0→KS

0KS
0p0.
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each specific decay mode. TheD0 candidate is then com-
bined with a pion to reconstruct aD*1→D0p1 candidate.
This pion is denoted as the soft pion. In this reconstruction
the dominant source of background is combinatorics2 ran-
dom combinations of tracks which accidentally give the ex
pected mass. This background is mostly due to either a co
rectly reconstructedD0 which is combined with a wrong soft
pion, or a fakeD0 in which at least one of the decay products
is misidentified, combined with the correct soft pion from the
D* decay.

We selectD* ’s by requiring that the reconstructed mass
difference DM ([MD*12MD0) lies within 2.0 MeV/c2

~;3s! of the nominal mass difference of 145.4 MeV/c2.
This cut strongly suppresses the background coming from
random combinations of tracks which accidentally give the
expected masses.

Most of the background comes from using a wrong sof
pion to form theD* . We determine the number of these
events by fitting theDM background distribution and inte-
grating under the curve in the signal region. The functiona
form used is

a~DM2mp1!0.51b~DM2mp1!1.51c~DM2mp1!2.5,

wheremp1 is p1 mass, the first term is from a nonrelativ-
istic model of phase space, and the second and third term
are the first- and second-order relativistic corrections to th
nonrelativistic model, respectively.

The momentum spectrum for continuum charm produc
tion is peaked at large momentum, while that for the combi
natoric background, from both continuum andB decay, is
peaked at lowD* momentum.D* candidates are therefore

tate

r

FIG. 5. The most important Feynman diagrams for
D0→K1K2p0.

TABLE II. Tags and normalization modes.

Channel Tag Normalization mode

K1K2 D*6 K2p1

K0K̄0 D*6,D* 0 K̄0p1p2

KS
0KS

0KS
0 No tag K̄0p1p2

KS
0KS

0p0 D*6 K̄0p1p2

K1K2p0 D*6 K2p1p0
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required to have a momentum (p) greater than 2.45 GeV/c
which is equivalent to a cut ofxp greater than 0.5, where

xp5p/pmax with pmax5AEbeam
2 2mD*

2 . This means that we
exclude charm events coming fromB decays.

We detectp0’s by their decays togg. Candidatep0’s are
formed by taking two-photon combinations. The individu
photons appear as clusters in the CsI calorimeter. The ene
of each cluster has to be at least 30 MeV and the dipho
combination must have at least one photon in the high
resolution portion of the calorimeter@ ucos(u)u,0.71, where
u is the angle with respect to the beam axis#. We reject all
clusters matched to charged tracks in the central detector.
require that the momentum of the diphoton combination
greater than 0.2 GeV/c and that the mass of this combinatio
be within 3s(;15 MeV/c2) of the nominal pion mass.

When we did a systematic check of the effects of o
event selection cuts, we compared and corrected theD* mo-
mentum distribution between real data and MC using t
normalization mode ofD0→K2p1 to ensure that we had
the same momentum distribution for both samples. Then,
checked the effect of varying theD* momentum cut.

III. MEASUREMENTS AND RESULTS

A. K1K2

For this channel we apply a cut on the kaon momentum
PK6. 0.3 GeV/c, and require thatucosuK6u, 0.8 where the
angleuK6 is the angle between theK6 momentum in the
D0 rest frame and theD0 laboratory momentum. Since the

FIG. 6. ~a! The K1K2 invariant mass distribution. The solid
line is theD0 mass signal in the mass difference signal region. T
dotted line is the background from the mass difference sideba
region. The shaded area represents the background coming f
other charm decay modes after doing theDM sideband subtraction.
This background is determined by Monte Carlo events. We se
peak around 1.98 GeV/c2 due to misidentifiedD0→K2p1 events.
~b! The reconstructedK1K2 invariant mass distribution after sub
tracting all the backgrounds.
al
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D0, K1, andK2 are spinless particles, theD0 decays isotro-
pically, whereas the background shows a peak atucosuK6u
'1.0.

Using these cuts, we obtain theD0 mass spectrum shown
in Fig. 6~a!. For this channel the signal region is betwee
1.84 and 1.89 GeV/c2. TheD0 signal region is defined to be
within 3s of the fitted mass, determined using a Gaussian
of the real data. The number of events in theD0 signal re-
gion is 2785 and the number of background events comi
from the mass difference sideband region is 1119620 where
the error comes from statistics in the sideband regions, wh
determine the background normalization. Since we det
mine these numbers by scaling theDM sideband contribu-
tions, the error is smaller than the square root of the numb
of events. We also consider the statistical uncertainty in t
DM background shape as a systematic error.

At this stage, there is the possibility that background
from other charm decay modes such asK2p1p0 are also
present in theD0 signal region even if most of these event
lie outside it. To determine this background, we use a M
simulation of continuum charmed hadron production and d
cay based onJETSET 7.3, followed by a fullGEANT-based
simulation of the signals that the particles produce in th
detector. We treat these events as data and do theDM side-
band subtraction. The result is given in Fig. 6~a!. The nor-
malization of the simulated events is absolutely determin
from the luminosity. We find 564640 background events
from this source. After subtracting all the backgrounds, w
find N(K1K2)5 1102669 for D0→K1K2. In order to
show how well the backgrounds are understood, the ba
ground contributions to Fig. 6~a! have been subtracted from
the data~solid line! histogram and the result is shown in Fig
6~b!. This subtracted histogram was not used to calculate
yields and is included purely for illustrative purposes. Fo
this decay mode, one advantage of the above procedu
compared with simply fitting theK1K2 mass plot, is that it
avoids the necessity of fitting the complicated backgrou
shape which arises from the misidentification of otherD0

decay modes.
To get the branching ratio, we useD0→K2p1 as the

normalization mode

B~D0→K1K2!

B~D0→K2p1!
5FN~K1K2!

eK1K2
GF eK2p1

N~K2p1!G ,
whereN is the number of observed events in each case a
e is the corresponding reconstruction efficiency which in
cludes theD*1 reconstruction efficiency as determined from
MC events. The detector efficiencies from MC simulatio
are eK1K25(22.960.3)% andeK2p15(37.760.5)%. We
observe N(K2p1)515 6336202 for D0→K2p1. We
measureB(D0→K1K2)/B(D0→K2p1)50.11660.007.

As a systematic check of the effect of our event selecti
cuts, we extract the signal yields with the mass differen
cut,D* momentum cut, and the decay angle cut individual
tightened by 20% of their nominal values. We take the lar
est effect on the yield as setting the size of the systema
error, giving a contribution to the systematic error of 2.0%
The systematic error, due to the statistical uncertainty in t
DM background functional form used to get the number
background events coming from the mass difference sid

he
nd
rom

e a

-



nd
e

n

-

e
he
e

d
ller
e

the

on

t
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band region, is 5.3%. The variations of the yield with diffe
ent sideband subtractions and different fitting methods
negligible compared to the other systematic errors. The s
tematic error due to limited MC statistics is 2.0%. This give
a total systematic error of 6.0%. Using
B(D0→K2p1)5(3.9160.0860.17)% @18#, we measure
B(D0→K1K2)5(0.45460.02860.035)%.

B. K0K̄0

We study theKS
0KS

0 component of this decay. Because o
the small number of events, we use both theD*6 tag and the
D* 0 tag.

In this channel the dominant sources of backgrounds
from nonresonantKS

0p1p2 and p1p2p1p2 production.
To reduce feedthrough fromD0→KS

0p1p2, where the
p1p2 fakes aKS

0 or from D0→p1p2p1p2, where the
four pions fake 2KS

0’s, we first reconstructKS
0 mesons from

p1p2 pairs with an invariant mass within 0.0108 GeV
c2(;3s) of the nominalKS

0 mass and a vertex displaced a
least 5 mm from the beam position. We also apply
ucosuKS0

u,0.8 cut, where the angleuK
S
0 is the angle between

theKS
0 momentum in theD0 rest frame and theD0 labora-

tory momentum.
To get the branching ratio, we use

FIG. 7. ~a! The invariant mass distribution forKS
0KS

0 for the
D*6 tag. ~b! The invariant mass distribution forKS

0KS
0 for the

D* 0 tag. The solid line is theD0 mass signal in the mass differenc
signal region. The dotted line is background from the mass diff
ence sideband region. The shaded area represents the backg
coming from other charm decay modes after doing the mass dif
ence sideband subtraction. This background is determined
Monte Carlo events.~c! The sum of the invariant mass distribution
for KS

0KS
0 for D*6 tag andD* 0 tag data after subtracting all the

backgrounds.
r-
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B~D0→K0K̄0!

B~D0→K̄0p1p2!

5
1

B~KS
0→p1p2!FN~KS

0KS
0!

eK
S
0K

S
0 GF eK

S
0p1p2

N~KS
0p1p2!G ,

whereN is the number of observed events in each case a
e is the corresponding reconstruction efficiency. Becaus
B(D0→K0K̄0)52B(D0→KS

0KS
0) (D0→KS

0KL
0 is forbidden!

@19#, the factors B(K̄0p1p2→KS
0p1p2) and B(K0K̄0

→KS
0KS

0) become equal and cancel in the above equatio
@20#. We use B(KS

0→p1p2)5(68.660.3)% @11#. The
yield was extracted in the same way as for theK1K2 chan-
nel.

1. D*6 tag

Using theD*6 tag, we obtain theD0 mass spectrum
shown in Fig. 7~a!. For this tag the signal region is between
1.84 and 1.89 GeV/c2. The number of events in theD0 sig-
nal region is 21 and the number of background events com
ing from the mass difference sideband region is 2.860.8,
yielding N(KS

0KS
0)518.264.6. At this stage, in order to

check the background from other charm decay modes, w
run on Monte Carlo events using the same cuts as for t
K0K̄0 channel. We find that the background comes from th
nonresonantp1p2 decay modes such asKS

0p1p2 and
p1p2p1p2 and therefore is calculated using the sideban
method. Since real data are more reliable and have a sma
associated statistical error than the Monte Carlo events, w
use only the real data for background subtraction and use
sideband region of theKS

0 mass domain to determine the
nonresonantp1p2 background. We consider this back-
ground to be a source of a systematic error. The detecti
efficiencies determined by MC simulation areeK

S
0K

S
0

5(8.460.2)% and eK
S
0p1p25(13.460.3)%. We get

N(KS
0p1p2)544706137, giving B(D0→K0K̄0)/B(D0

→K̄0p1p2)50.009460.0024 for this tag.

2. D* 0 tag

We use a more restrictive mass difference cu
uMD* 02MD020.1423u,0.0022 GeV/c2 (;2.5s) for the

e
er-
round
fer-
by

TABLE III. Summary of systematic errors for theK0K̄0 chan-
nel.

Systematic errors~%!

Source of error D*6 tag D* 0 tag

Uncorrelated error 18.2 15.6
Signal yield~cuts! ~17.4! ~12.5!
Nonresonantp1p2 background ~3.8! ~0.0!
MC statistics ~3.5! ~9.4!

Correlated error 5.0 5.0
KS
0’s finding efficiency ~5.0! ~5.0!

Total 18.9 16.4



A
in

ys-
er-
e

to

w,
e

m

d.
s

y-

54 4217ANALYSIS OF D0→KK̄X DECAYS . . .
D* 0 tag since the resolution of the mass difference is poo
for this channel. We obtain theD0 mass spectrum shown in
Fig. 7~b!. For this tag the signal region lies between 1.84 a
1.89 GeV/c2. The number of events in theD0 signal region
is 11 and the number of background events coming from
mass difference sideband region is 3.460.8. This gives
N(KS

0KS
0)57.663.4 after background subtraction. Th

detection efficiencies determined from MC ar
eK

S
0K

S
05(3.560.2)% and eK

S
0p1p25(6.860.6)%. We get

N(KS
0p1p2)51589671, and we measureB(D0→K0K̄0)/

B(D0→K̄0p1p2)50.013460.0060 for this tag.
Figure 7~c! shows the sum of theD*6 tag and theD* 0

tag data after subtracting all the backgrounds. As a syste
atic check of the effect of our event selection cuts, we extr
the signal yields with the mass difference cut,D* momen-
tum cut, the decay angle cut, the vertex cut, and theKS

0 mass
cut individually tightened by 20% of their nominal values
We take the largest effect on the yield as setting the size
the systematic error. Another systematic error is due to
possibility that backgrounds from other charm decay mod
such asK̄0p1p2 or p1p2p1p2 are also present in the
D0 signal region. In order to check this, we studied a sid
band region in theKS

0’s mass domain to determine the non
resonantp1p2 background. Results indicate that there a
0.7 nonresonantp1p2 background events inD0 signal re-
gion for theD*6 tag and none for theD* 0 tag. The other
systematic error is the uncertainty in theKS

0 finding effi-
ciency. We get this systematic error by comparingKS

0 yields
~reconstructed via thep1p2 mode! when using theKS

0 find-
ing subroutine and when using the same routine with so
cuts relaxed. This error on this efficiency is 5% perKS

0

which does not include track systematic error. The trac
finding efficiency ofKS

0 daughters is cancelled by that of th
normalization mode. The error on theKS

0 finding efficiency

FIG. 8. The invariant mass distribution ofKS
0KS

0KS
0 The signal is

fitted using a Gaussian while the background is fit to a straight lin
rer

nd
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e
e

m-
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.
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e-
-
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me

k-
e

gives a correlated systematic error affecting bothD*6 and
D* 0 tags. All the other systematic errors are uncorrelated.
summary of the systematic errors for this channel is given
Table III.

The final ratios ofB(D0→K0K̄0)/B(D0→K̄0p1p2) are
0.009460.002460.001760.0005 for the D*6 tag and
0.013460.006060.002160.0007 for theD* 0 tag where the
first errors are statistical, the second are the uncorrelated s
tematic errors and the last are the correlated systematic
rors. Finally, we combine the data from the two tags. Th
combined ratio is B(D0→K0K̄0)/B(D0→K̄0p1p2)
50.010160.0022(stat)60.0016(syst). Using B(D0

→K̄0p1p2)5(5.360.6)% @11#, we obtainB(D0→K0K̄0)
5@0.05460.012(stat)60.010(syst)#%.

C. KS
0KS

0KS
0

This particular mode is essentially background free due
its kinematics, so we do not require aD* tag. ThreeKS

0’s
have to be observed, which makes the efficiency rather lo
so theKS

0 cuts used for this decay are looser than those w
use for the other analyses described in this paper.

We first reconstructKS
0 mesons fromp1p2 pairs with an

invariant mass within 0.0108 GeV/c2(;3s) of the nominal
KS
0 mass and a vertex displaced at least 2 mm from the bea

position. We plot the KS
0KS

0KS
0 invariant mass for

PD0.2.48 GeV/c which is similar to requiringxp greater
than 0.5. For this mode, we have to use the fitting metho
We do not use aD*1 tag and therefore we do not do a mas
difference sideband subtraction. ThisKS

0KS
0KS

0 invariant mass
distribution is fitted using a Gaussian and Chebyshev pol
nomial of order 1. We obtain a signal ofN(KS

0KS
0KS

0)
561.068.4 ~Fig. 8!.

To get the branching ratio, we use

e.

FIG. 9. The invariant mass distribution ofKS
0KS

0p0 after sub-
tracting all the backgrounds. The arrows show the signal region.
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B~D0→KS
0KS

0KS
0!

B~D0→K̄0p1p2!

5
1

B~KS
0→p1p2!2FN~KS

0KS
0KS

0!

eK
S
0K

S
0K

S
0 GF eK

S
0p1p2

2N~KS
0p1p2!G ,

whereN is the number of observed events in each case a
e is the corresponding reconstruction efficiency. The dete
tion efficiencies determined from MC simulation ar
eK

S
0K

S
0K

S
05(5.260.2)% and eK

S
0p1p25(16.860.4)%. We

get N(KS
0p1p2)514 9936457. Using B(KS

0→p1p2)
5(68.660.3)% @11#, we measure B(D0→KS

0KS
0KS

0)/
B(D0→K̄0p1p2)50.013960.0019.

As a systematic check, we study the variations of t
yield with the D0 momentum cut, the vertex cut and th
KS
0 mass cut individually tightened by 20% of their nomina

values. The biggest systematic error due to these cut va
tions is 13.5%. The systematic error due to theKS

0 finding
efficiency for twoKS

0 in the CLEO II detector is 10.0%. The
systematic error due to the MC statistics is 3.9%. So, t
total systematic error is 17.2%. Finally, usingB(D0

→K̄0p1p2)5(5.360.6)% @11#, we measure B(D0

→KS
0KS

0KS
0)5@0.07460.010(stat)60.015(syst)#%.

D. KS
0KS

0p0

In this decay mode, there are very few events and
background is large. So, we use the same tight cuts on
KS
0’s as we do for theKS

0KS
0 channel.

For this channel the signal region is between 1.82 a
1.90 GeV/c2. The number of events in the signal region is 3
and the number of background events, estimated using

FIG. 10. The invariant mass distribution ofK1K2p0 after do-
ing the normalized mass difference sideband subtraction. In fitti
we exclude the region between 1.92 and 2.02 GeV/c2 due to an
excess of misidentifiedD0→K2p1p0 events which survive the
veto.
nd
c-
e

he
e
l
ria-

he

the
the

nd
5
the

mass difference sidebands, is 2462. Using the same meth-
ods as for theK1K2 channel, we find from Monte Carlo
simulation that other charm decay modes contribute 666
events to the signal region. After subtracting all the bac
grounds ~Fig. 9!, we get N(KS

0KS
0p0)5569. The corre-

sponding unsubtracted figures are omitted. The signal is c
sistent with zero. We therefore calculate an upper limit o
the branching fraction.

To get the branching ratio, we use

B~D0→KS
0KS

0p0!

B~D0→K̄0p1p2!

5
1

B~KS
0→p1p2!FN~KS

0KS
0p0!

eK
S
0K

S
0p0 GF eK

S
0p1p2

2N~KS
0p1p2!G ,

whereN is the number of the observed events in each ca
ande is the corresponding reconstruction efficiency. The d
tection efficiencies determined from MC simulation ar
eK

S
0K

S
0p05(5.360.2)% andeK

S
0p1p25(13.460.3)%. All the

systematic errors are negligible given the size of the statis
cal error and so have not been included. We g
N(KS

0p1p2)531846102. Using B(KS
0→p1p2)5(68.6

60.3)%, we get B(D0→KS
0KS

0p0)/B(D0→K̄0p1p2)
50.002960.0052. Using B(D0→K̄0p1p2)5(5.3

ng,

FIG. 11. The previous measurements and our result for t
B(D0→K1K2)/B(D0→K2p1) ratio. The hatched area indicates
the world average.

FIG. 12. The previous measurements and our result for t
B(D0→K0K̄0) channel. The hatched area indicates the world ave
age.~a! We have usedB(D0→K1K2) 5 (0.45460.029)%@11#.
~b! We have usedB(D0→K̄0p1p2) 5 (5.360.6)% @11#.



r.

g-
-

,
ti-

r
e
t

ff

of
.
.,
.,
d
-
e
al

t
tic

54 4219ANALYSIS OF D0→KK̄X DECAYS . . .
60.6)% @11#, we measure B(D0→KS
0KS

0p0)5(0.015
60.027)% orB(D0→KS

0KS
0p0), 0.059% at the 90% con-

fidence level.

E. K1K2p0

Finally, we measureD0→K1K2p0. For this decay
mode, the misidentification of ap1 as aK1 is the largest
source of background. The major source of this backgrou
is from the decayD*1→D0p1 followed by the Cabibbo
favored decayD0→K2p1p0. Since the branching ratio
B(D0→K2p1p0) for this background is much bigger than
the branching ratioB(D0→K2p1) for the K1K2 channel
background ~B(D0→K2p1p0)/B(D0→K2p1)53.78
60.071@21#!, we use tighter cuts than those for theK1K2

channel.
In order to select theK1K2p0 decay mode and reduce

theK2p1p0 background, we change a kaon candidate tra
assignment to a pion candidate track and calculate the res
ant D0 mass (MK2p1p0). If MK2p1p0 is within 3s of the
nominalD0 mass, we eliminate the combination. We als
use a tight cutPD*1.2.93 GeV/c which is equivalent to
requiringxp greater than 0.6.

We require that the normalized difference between t
expected and measureddE/dx for the kaon hypothesis be
within 2s for both kaons. We also requirePK6. 0.3 GeV/
c. We use the samep0 selection described in Sec. II C ex
cept for requiring that the momentum of thep0 be greater
than 0.4 GeV/c and that the mass of thep0 be within
2s(;10 MeV/c2) of the nominal pion mass.

Using these cuts, we obtain theD0 mass spectrum shown
in Fig. 10 after doing the normalized mass difference sid
band subtraction. For this mode, we have to use the fitt
method since the backgrounds from other charm dec
modes are so complicated that the fitting method is mo
reliable. It is fitted by a Gaussian and a Chebyshev polyn
mial of order 2. We get a signal ofN(K1K2p0)
5151642, andeK1K2p05 ~9.260.3!%.

FIG. 13. The previous measurements fo
B(D0→KS

0KS
0KS

0)/B(D0→K̄0p1p2) and our result for this ratio.
The hatched area indicates the world average.
nd

ck
ult-

o
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-

e-
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ay
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o-

To get the branching ratio, we use

B~D0→K1K2p0!

B~D0→K2p1p0!
5FN~K1K2p0!

eK1K2p0
GF eK2p1p0

N~K2p1p0!G .
We get eK2p1p05(4.760.3)% and N(K2p1p0)
581516246, giving the ratio B(D0→K1K2p0)/
B(D0→K2p1p0) 5 0.009560.0026. Using the ratio
B(D0→K2p1p0)/B(D0→K2p1)53.7860.071 @21# and
B(D0→K2p1)5(3.9160.0860.17)% @18#, we get
B(D0→K1K2p0)5(0.1460.04)%. All the other system-
atic errors are negligible given the size of the statistical erro

IV. SUMMARY AND CONCLUSIONS

We have investigatedD0 decays to several rare final
states which have two or three kaons in the final state. Fi
ures 11@22–28#, 12 @29#, and 13 show the previous measure
ments and our results forK1K2, K0K̄0, andKS

0KS
0KS

0 , re-
spectively. Table IV gives the final summary of our results
where the first error is statistical and the second is the es
mate of our systematic uncertainty. TheK1K2, K0K̄0, and
KS
0KS

0KS
0 results have significantly smaller errors than earlie

measurements. We also report the first upper limit on th
D0→KS

0KS
0p0 branching fraction and the first measuremen

of theD0→K1K2p0 branching fraction.
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TABLE IV. Summary of the branching fractions, where the firs
error is statistical and the second is the estimate of our systema
uncertainty.

Channel Theory~%! B ~%! World average~%!

K1K2 0.14–0.56 0.45460.02860.035 0.45460.029

K0K̄0 0–0.3 0.05460.01260.010 0.1160.04

KS
0KS

0KS
0 0.07460.01060.015 0.08660.025

KS
0KS

0p0 ,0.059 @90% CL
K1K2p0 0.1460.04
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