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Abstract

Using data taken with the CLEO II detector, we have studied the decays

of the D0 to K+K�, K0 �K0, K0
SK

0
SK

0
S , K

0
SK

0
S�

0, K+K��0. We present

signi�cantly improved results forB(D0 ! K+K�) = (0:454�0:028�0:035)%,

B(D0 ! K0 �K0) = (0:054 � 0:012 � 0:010)% and B(D0 ! K0
SK

0
SK

0
S) =

(0:074� 0:010� 0:015)% where the �rst errors are statistical and the second

errors are the estimate of our systematic uncertainty. We also present a new

upper limit B(D0
! K0

SK
0
S�

0) < 0:059% at the 90% con�dence level and the

�rst measurement of B(D0 ! K+K��0) = (0:14� 0:04)%.

PACS numbers: 13.25.Ft, 14.40.Lb
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I. INTRODUCTION

Detailed measurements of rare exclusive decay modes of charmed mesons provide a pow-
erful way to probe the details of charmed decays, such as the contributions of W-exchange
diagrams and �nal-state interactions. This allows a probe of the interplay between the weak
and strong interactions. The CLEO II experiment is now reaching a level of sensitivity
which allows for the systematic study of several rare decay modes of the D0. In particular,
we report the measurements of several decays to �nal states containing two or more kaons.

A. K+K�

This decay mode is Cabibbo suppressed. Some of the Feynman diagrams leading to this
�nal state are shown in Fig. 1. Some years ago it was observed that the ratio B(D0 !
K+K�)=B(D0 ! �+��) was not one. This was surprising since the two decays proceed
through similar diagrams. Solutions proposed to explain the deviation from 1 include SU(3)
symmetry breaking e�ects [1], �nal-state interactions [2{4], and QCD sum rules [5]. A
di�erent approach is to invoke penguin diagrams which interfere constructively with the
spectator decay for KK but destructively for �� [6]. The results presented here can be
combined with the CLEO II measurement of D0 ! �+�� [7] to give a better measurement
of this ratio.

Table I lists a survey of theoretical predictions for the D0 ! K+K� branching ratio.
The world average for the branching ratio is (0.454�0.029)% [11].

B. K0 �K0

The D0 ! K0 �K0 decay channel allows us to study the e�ect of �nal state interactions.
TheD0 ! K0 �K0 decay is expected to occur primarily via the W exchange diagrams shown in
Fig. 2. Since the Cabibbo factors have opposite signs, we might expect an exact cancellation
of the two amplitudes in the four-quark model. In the standard six-quark model the di�erence
between the two amplitudes is tiny, and we thus might expect the branching fraction for the
decay to be very small. However, a standard model based calculation predicts a relatively
large branching fraction due to �nal state re-scattering, leading to a branching ratio of
B(D0 ! K0 �K0) = 0:3% [10]. Table I gives a survey of theoretical predictions for the
D0 ! K0 �K0 branching ratio. The world average for the branching ratio is (0.11�0.04)% [11].

C. K0
SK

0
SK

0
S

Since this decay was �rst observed by the ARGUS Collaboration (B(D0 !
K0

SK
0
SK

0
S)=B(D

0 ! �K0�+��) = 0:017 � 0:007 � 0:005) [12], there have been two other
measurements, made by CLEO 1.5 (B(D0 ! K0

SK
0
SK

0
S) = (0:11� 0:03)%) [13] and by E687

(B(D0 ! K0
SK

0
SK

0
S)=B(D

0 ! �K0�+��) = 0:035 � 0:012 � 0:006) [14]. This channel is
Cabibbo allowed but the decay does not proceed via a simple spectator process. Instead, its
formation requires the popping of an s�s pair (Fig. 3) and so its existence is an indication of
either W exchange or �nal state interactions.

3



D. K0
SK

0
S�

0

There has been no previous measurement of this decay rate. This decay channel is
Cabibbo-suppressed and involves the popping of d�d or s�s pairs (Fig. 4). Since the Cabibbo
factors have opposite signs between the two amplitudes in each pair, we might expect an
almost complete cancellation of the two amplitudes in each pair. We thus might expect the
branching fraction for the decay to be very small. We do not distinguish between resonant
and non-resonant decay modes. The branching ratio can be compared with that of the
Cabibbo favored K0

SK
0
SK

0
S channel.

E. K+K��0

There has been no previous measurement of this decay rate. This decay is Cabibbo-
suppressed (Fig. 5). We do not distinguish between resonant and non-resonant decay modes.
This result can be compared with the upper limit for the doubly Cabibbo suppressed decay
mode of K+���0 measured at CLEO II [15].

II. ANALYSIS

A. Data Sample

We use data taken with the CLEO II detector at the Cornell Electron Storage Ring
between November 1990 and July 1993. The data set used in this analysis corresponds to
2.7 fb�1 of data taken on and just below the �(4S) resonance. For the statistics-limited
K0 �K0 channel, we also use data collected through May 1994, corresponding to an additional
0.8 fb�1.

The CLEO II detector [16] is designed to detect both charged and neutral particles
with excellent resolution and e�ciency. The detector consists of a charged particle tracking
system surrounded by a time-of-
ight (TOF) scintillation system and an electromagnetic
shower detector consisting of 7800 thallium-doped cesium iodide crystals. In the \good
barrel" region, de�ned as the region where the angle of the shower with respect to the beam
axis lies between 45o and 135o, the r.m.s. resolution in energy is given by �E=E(%) =
0:35=E0:75 + 1:9 � 0:1E (E in GeV). The tracking system, time-of-
ight scintillators, and
calorimeter are installed inside a 1.5 T superconducting solenoidal magnet. Immediately
outside the magnet are iron and chambers for muon detection. The momentum resolution
of the tracking system is given by (�p=p)2 = (0:0015p)2 + (0:005)2, where p is in GeV/c.
Ionization loss information (dE=dx) is also provided.
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B. Procedure

We use a D�+ tag (D�+ ! D0�+ decay mode) for all the channels except the K0
SK

0
SK

0
S

channel.1 Since this latter channel is kinematically restricted, we can see a clean signal
without this tag. For the K0 �K0 decay channel we add the D�0 tag (D�0 ! D0�0 decay
mode) so as to increase the number of events, even though the mass di�erence resolution
for the D�0 tag is not as good as that for the D�+ tag. Table II summarizes the tags and
normalization modes used. To get the Monte Carlo (MC) e�ciencies, we generated 20,000
events in each channel. In this analysis, we will assume that the D0 and �D0 partial decay
rates are equal since an inequality could only result if the processes were CP violating. An
earlier analysis shows that any CP asymmetries are small [17]. The following analyses sum
both charges.

C. The Initial Selection

We �rst reconstruct the D0 decay mode of interest. Details of this reconstruction can be
found in the sections on each speci�c decay mode. The D0 candidate is then combined with a
pion to reconstruct a D�+ ! D0�+ candidate. This pion is denoted as the soft pion. In this
reconstruction, the dominant source of background is combinatorics � random combinations
of tracks which accidentally give the expected mass. This background is mostly due to either
a correctly reconstructed D0 which is combined with a wrong soft pion, or a fake D0 in which
at least one of the decay products is misidenti�ed, combined with the correct soft pion from
the D� decay.

We select D�'s by requiring that the reconstructed mass di�erence, �M(� MD�+ �
MD0) lies within 2.0 MeV=c2 (� 3�) of the nominal mass di�erence 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 soft pion to form theD�. We determine
the number of these events by �tting the �M background distribution and integrating under
the curve in the signal region. The functional form used is

a(�M �m�+)
0:5 + b(�M �m�+)

1:5 + c(�M �m�+)
2:5;

where m�+ is �+ mass, the �rst term is from a non-relativistic model of phase space, and
the second and third terms are the �rst and second order relativistic corrections to the
non-relativistic model, respectively.

The momentum spectrum for continuum charm production is peaked at large momentum,
while that for the combinatoric background, from both continuum and B decay, is peaked at
low D� momentum. D� candidates are therefore required to have a momentum (p) greater
than 2.45 GeV/c which is equivalent to a cut of xp greater than 0.5, where xp = p=pmax with

pmax =
q
E2
beam �m2

D�. This means that we exclude charm events coming from B decays.

1Throughout this paper, any reference to a speci�c decay or state also implies a reference to its

charge conjugate.
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We detect �0's by their decays to 

. Candidate �0's are formed by taking two-photon
combinations. The individual photons appear as clusters in the CsI calorimeter. The energy
of each cluster has to be at least 30 MeV and the di-photon combination must have at least
one photon in the higher resolution portion of the calorimeter (jcos(�)j < 0:71, where � is
the angle with respect to the beam axis). We reject all clusters matched to charged tracks
in the central detector. We require that the momentum of the di-photon combination be
greater than 0.2 GeV/c and that the mass of this combination be within 3�(� 15 MeV=c2)
of the nominal pion mass.

When we did a systematic check of the e�ects of our event selection cuts, we compared and
corrected the D� momentumdistribution between real data and MC using the normalization
mode of D0 ! K��+ to ensure that we had the same momentum distribution for both
samples. Then, we checked the e�ect of varying the D� momentum cut.

III. MEASUREMENTS AND RESULTS

A. K+K�

For this channel we apply a cut on the kaon momentum of PK� > 0.3 GeV/c, and
require that jcos�K�j < 0.8 where the angle �K� is the angle between the K� momentum
in the D0 rest frame and the D0 laboratory momentum. Since the D0, K+ and K� are
spinless particles, the D0 decays isotropically, whereas the background shows a peak at
jcos�K�j � 1:0.

Using these cuts, we obtain the D0 mass spectrum shown in Fig. 6(a). For this channel
the signal region is between 1.84 and 1.89 GeV/c2. The D0 signal region is de�ned to be
within 3� of the �tted mass, determined using a Gaussian �t of the real data. The number
of events in the D0 signal region is 2785 and the number of background events coming from
the mass di�erence sideband region is 1119�20 where the error comes from statistics in the
sideband regions, which determine the background normalization. Since we determine these
numbers by scaling the �M sideband contributions, the error is smaller than the square root
of the number of events. We also consider the statistical uncertainty in the �M background
shape as a systematic error.

At this stage, there is the possibility that backgrounds from other charm decay modes
such asK��+�0 are also present in theD0 signal region even if most of these events lie outside
it. To determine this background, we use a MC simulation of continuum charmed hadron
production and decay based on JETSET 7.3, followed by a full GEANT-based simulation
of the signals that the particles produce in the detector. We treat these events as data and
do the �M sideband subtraction. The result is given in Fig. 6(a). The normalization of the
simulated events is absolutely determined from the luminosity. We �nd 564�40 background
events from this source. After subtracting all the backgrounds, we �nd N(K+K�)= 1102�69
forD0 ! K+K�. In order to show how well the backgrounds are understood, the background
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 the yields
and is included purely for illustrative purposes. For this decay mode, one advantage of the
above procedure, compared with simply �tting the K+K� mass plot, is that it avoids the
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necessity of �tting the complicated background shape which arises from the misidenti�cation
of other D0 decay modes.

To get the branching ratio, we use D0 ! K��+ as the normalization mode

B(D0 ! K+K�)

B(D0 ! K��+)
=

"
N(K+K�)

�K+K�

# "
�K��+

N(K��+)

#
;

where N is the number of observed events in each case and � is the corresponding re-
construction e�ciency which includes the D�+ reconstruction e�ciency as determined
from MC events. The detector e�ciencies from MC are �K+K� = (22:9 � 0:3)% and
�K��+ = (37:7 � 0:5)%. We observe N(K��+) = 15633 � 202 for D0 ! K��+. We
measure B(D0 ! K+K�)=B(D0 ! K��+) = 0:116 � 0:007.

As a systematic check of the e�ect of our event selection cuts, we extract the signal
yields with the mass di�erence cut, D� momentum cut and the decay angle cut individually
tightened by 20% of their nominal values. We take the largest e�ect on the yield as setting
the size of the systematic error, giving a contribution to the systematic error of 2.0%. The
systematic error, due to the statistical uncertainty in the �M background functional form
used to get the number of background events coming from the mass di�erence sideband
region, is 5.3%. The variations of the yield with di�erent sideband subtractions and di�erent
�tting methods are negligible compared to the other systematic errors. The systematic
error due to limited MC statistics is 2.0%. This gives a total systematic error of 6.0%.
Using B(D0 ! K��+) = (3:91 � 0:08 � 0:17)% [18], we measure B(D0 ! K+K�) =
(0:454 � 0:028 � 0:035)%:

B. K0 �K0

We study the K0
SK

0
S component of this decay. Due to the small number of events, we

use both the D�� tag and the D�0 tag.
In this channel the dominant sources of backgrounds are from non-resonant K0

S�
+�� and

�+���+�� production. To reduce feed-through from D0 ! K0
S�

+��, where the �+�� fakes
a K0

S or from D0 ! �+���+��, where the four pions fake 2 K0
S 's, we �rst reconstruct K

0
S

mesons from �+�� pairs with an invariant mass within 0.0108 GeV/c2(� 3�) of the nominal
K0

S mass and a vertex displaced at least 5 mm from the beam position. We also apply a
jcos�

K0
S

j <0.8 cut, where the angle �K0
S

is the angle between the K0
S momentum in the D0

rest frame and the D0 laboratory momentum.
To get the branching ratio, we use

B(D0 ! K0 �K0)

B(D0 ! �K0�+��)
=

1

B(K0
S ! �+��)

2
4N(K0

SK
0
S)

�K0
S
K0
S

3
5 " �K0

S
�+��

N(K0
S�

+��)

#
;

where N is the number of observed events in each case and � is the corresponding recon-
struction e�ciency. Because B(D0 ! K0 �K0) = 2B(D0 ! K0

SK
0
S) (D

0 ! K0
SK

0
L is forbid-

den) [19], the factors B( �K0�+�� ! K0
S�

+��) and B(K0 �K0 ! K0
SK

0
S) become equal and

cancel in the above equation [20]. We use B(K0
S ! �+��) = (68:6 � 0:3)% [11]. The yield

was extracted in the same way as for the K+K� channel.
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1. D�� tag

Using the D�� tag, we obtain the D0 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 the D0 signal
region is 21 and the number of background events coming from the mass di�erence sideband
region is 2.8�0.8, yielding N(K0

SK
0
S) = 18:2 � 4:6. At this stage, in order to check the

background from other charm decay modes, we run on Monte Carlo events using the same
cuts as for the K0 �K0 channel. We �nd that the background comes from the non-resonant
�+�� decay modes such as K0

S�
+�� and �+���+�� and therefore is calculated using the

sideband method. Since real data is more reliable and has a smaller associated statistical
error than the Monte Carlo events, we use only the real data for background subtraction
and use the sideband region of the K0

S mass domain to determine the non-resonant �+��

background. We consider this background to be a source of a systematic error. The detection
e�ciencies determined by MC are �K0

S
K0
S

= (8:4 � 0:2)% and �K0
S
�+�� = (13:4 � 0:3)%. We

get N(K0
S�

+��) = 4470�137, giving B(D0 ! K0 �K0)=B(D0 ! �K0�+��) = 0:0094�0:0024
for this tag.

2. D�0 tag

We use a more restrictive mass di�erence cut jMD�0 �MD0 � 0:1423j < 0:0022 GeV/c2

(� 2:5�) for the D�0 tag since the resolution of the mass di�erence is poorer for this channel.
We obtain the D0 mass spectrum shown in Fig. 7(b). For this tag the signal region lies
between 1.84 and 1.89 GeV/c2. The number of events in the D0 signal region is 11 and the
number of background events coming from the mass di�erence sideband region is 3.4�0.8.
This gives N(K0

SK
0
S) = 7:6 � 3:4 after background subtraction. The detection e�ciencies

determined from MC are �K0
S
K0
S

= (3:5 � 0:2)% and �K0
S
�+�� = (6:8 � 0:6)%. We get

N(K0
S�

+��) = 1589 � 71, and we measure B(D0 ! K0 �K0)=B(D0 ! �K0�+��) = 0:0134 �
0:0060 for this tag.

Fig. 7(c) shows the sum of the D�� tag and the D�0 tag data after subtracting all the
backgrounds. As a systematic check of the e�ect of our event selection cuts, we extract
the signal yields with the mass di�erence cut, D� momentum cut, the decay angle cut, the
vertex cut and the K0

S mass cut individually tightened by 20% of their nominal values.
We take the largest e�ect on the yield as setting the size of the systematic error. Another
systematic error is due to the possibility that backgrounds from other charm decay modes
such as �K0�+�� or �+���+�� are also present in the D0 signal region. In order to check
this, we studied a sideband region in the K0

S 's mass domain to determine the non-resonant
�+�� background. Results indicate that there are 0.7 non-resonant �+�� background events
in D0 signal region for the D�� tag and none for the D�0 tag. The other systematic error
is the uncertainty in the K0

S �nding e�ciency. This error on this e�ciency is 5% per K0
S,

which gives a correlated systematic error a�ecting both D�� and D�0 tags. All the other
systematic errors are uncorrelated. A summary of the systematic errors for this channel is
given in Table III.

The �nal ratios of B(D0 ! K0 �K0)=B(D0 ! �K0�+��) are 0:0094 � 0:0024 � 0:0017 �
0:0005 for the D�� tag and 0:0134� 0:0060� 0:0021� 0:0007 for the D�0 tag where the �rst
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errors are statistical, the second are the uncorrelated systematic errors and the last are the
correlated systematic errors. Finally, we combine the data from the two tags. The combined
ratio is B(D0 ! K0 �K0)=B(D0 ! �K0�+��) = 0:0101 � 0:0022(stat) � 0:0016(sys). Using
B(D0 ! �K0�+��) = (5:3� 0:6)% [11], we obtain B(D0 ! K0 �K0) = (0:054� 0:012(stat)�
0:010(sys))%.

C. K0
SK

0
SK

0
S

This particular mode is essentially background free due to its kinematics, so we do not
require a D� tag. Three K0

S 's have to be observed, which makes the e�ciency rather low, so
the K0

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

We �rst reconstruct K0
S mesons from �+�� pairs with an invariant mass within 0.0108

GeV/c2(� 3�) of the nominal K0
S mass and a vertex displaced at least 2 mm from the beam

position. We plot the K0
SK

0
SK

0
S invariant mass for PD0 > 2:48 GeV/c which is similar to

requiring xp greater than 0.5. For this mode, we have to use the �tting method. We do
not use a D�+ tag and therefore we do not do a mass di�erence sideband subtraction. This
K0

SK
0
SK

0
S invariant mass distribution is �tted using a Gaussian and Chebyshev polynomial

of order 1. We obtain a signal of N(K0
SK

0
SK

0
S) = 61:0 � 8:4 (Fig. 8).

To get the branching ratio, we use

B(D0 ! K0
SK

0
SK

0
S)

B(D0 ! �K0�+��)
=

1

B(K0
S ! �+��)2

2
4N(K0

SK
0
SK

0
S)

�K0
S
K0
S
K0
S

3
5 " �K0

S
�+��

2N(K0
S�

+��)

#
;

where N is the number of observed events in each case and � is the corresponding reconstruc-
tion e�ciency. The detection e�ciencies determined from MC are �K0

S
K0
S
K0
S

= (5:2 � 0:2)%

and �K0
S
�+�� = (16:8� 0:4)%. We get N(K0

S�
+��) = 14993� 457. Using B(K0

S ! �+��) =

(68:6 � 0:3)% [11], we measure B(D0 ! K0
SK

0
SK

0
S)=B(D

0 ! �K0�+��) = 0:0139 � 0:0019.
As a systematic check, we study the variations of the yield with the D0 momentum

cut, the vertex cut and the K0
S mass cut individually tightened by 20% of their nominal

values. The biggest systematic error due to these cut variations is 13.5%. The systematic
error due to the K0

S �nding e�ciency for two K0
S in the CLEO II detector is 10.0%. The

systematic error due to the MC statistics is 3.9%. So, the total systematic error is 17.2%.
Finally, using B(D0 ! �K0�+��) = (5:3 � 0:6)% [11], we measure B(D0 ! K0

SK
0
SK

0
S) =

(0:074 � 0:010(stat)� 0:015(sys))%.

D. K0
SK

0
S�

0

In this decay mode, there are very few events and the background is large. So, we use
the same tight cuts on the K0

S 's as we do for the K
0
SK

0
S channel.

For this channel the signal region is between 1.82 and 1.90 GeV/c2. The number of
events in the signal region is 35 and the number of background events, estimated using the
mass di�erence sidebands, is 24�2. Using the same methods as for the K+K� channel, we
�nd from Monte Carlo that other charm decay modes contribute 6�6 events to the signal
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region. After subtracting all the backgrounds (Fig. 9), we get N(K0
SK

0
S�

0) = 5 � 9. The
corresponding un-subtracted �gures are omitted. The signal is consistent with zero. We
therefore calculate an upper limit on the branching fraction.

To get the branching ratio, we use

B(D0 ! K0
SK

0
S�

0)

B(D0 ! �K0�+��)
=

1

B(K0
S ! �+��)

2
4N(K0

SK
0
S�

0)

�K0
S
K0
S
�0

3
5
"

�K0
S
�+��

2N(K0
S�

+��)

#
;

where N is the number of the observed events in each case and � is the corresponding
reconstruction e�ciency. The detection e�ciencies determined fromMC are �K0

S
K0
S
�0 = (5:3�

0:2)% and �K0
S
�+�� = (13:4� 0:3)%. All the systematic errors are negligible given the size of

the statistical error and so have not been included. We get N(K0
S�

+��) = 3184�102. Using
B(K0

S ! �+��) = (68:6 � 0:3)%, we get B(D0 ! K0
SK

0
S�

0)=B(D0 ! �K0�+��)=0.0029�
0.0052. Using B(D0 ! �K0�+��) = (5:3 � 0:6)% [11], we measure B(D0 ! K0

SK
0
S�

0) =
(0:015 � 0:027)% or B(D0 ! K0

SK
0
S�

0) < 0.059% at the 90% con�dence level.

E. K+K��0

Finally, we measure D0 ! K+K��0. For this decay mode, the misidenti�cation of a �+

as a K+ is the largest source of background. The major source of this background is from
the decay D�+ ! D0�+ followed by the Cabibbo favored decay D0 ! K��+�0. Since the
branching ratio B(D0 ! K��+�0) for this background is much bigger than the branching
ratio B(D0 ! K��+) for the K+K� channel background (B(D0 ! K��+�0)=B(D0 !
K��+) = 3:78 � 0:071 [21]), we use tighter cuts than those for the K+K� channel.

In order to select the K+K��0 decay mode and reduce the K��+�0 background, we
change a kaon candidate track assignment to a pion candidate track and calculate the resul-
tant D0 mass (MK��+�0). IfMK��+�0 is within 3� of the nominal D0 mass, we eliminate the
combination. We also use a tight cut PD�+ > 2:93 GeV/c which is equivalent to requiring
xp greater than 0.6.

We require that the normalized di�erence between the expected and measured dE=dx
for the kaon hypothesis be within 2� for both kaons. We also require PK� > 0.3 GeV/c. We
use the same �0 selection described in section IIC except for requiring that the momentum
of the �0 be greater than 0.4 GeV/c and that the mass of the �0 be within 2�(� 10MeV=c2)
of the nominal pion mass.

Using these cuts, we obtain the D0 mass spectrum shown in Fig. 10 after doing the
normalized mass di�erence sideband subtraction. For this mode, we have to use the �tting
method since the backgrounds from other charm decay modes are so complicated that the
�tting method is more reliable. It is �tted by a Gaussian and a Chebyshev polynomial of
order 2. We get a signal of N(K+K��0) = 151 � 42, and �K+K��0= (9.2�0.3)%.

To get the branching ratio, we use

B(D0 ! K+K��0)

B(D0 ! K��+�0)
=

"
N(K+K��0)

�K+K��0

# "
�K��+�0

N(K��+�0)

#
:

We get �K��+�0 = (4:7 � 0:3)% and N(K��+�0) = 8151 � 246, giving the ratio
B(D0 ! K+K��0)=B(D0 ! K��+�0) = 0.0095�0.0026. Using the ratio B(D0 !

10



K��+�0)=B(D0 ! K��+) = 3:78 � 0:071 [21] and B(D0 ! K��+) = (3:91 � 0:08 �
0:17)% [18], we get B(D0 ! K+K��0) = (0:14 � 0:04)%. All the other systematic errors
are negligible given the size of the statistical error.

IV. SUMMARY AND CONCLUSIONS

We have investigatedD0 decays to several rare �nal states which have two or three kaons
in the �nal state. Figures 11, 12 and 13 show the previous measurements and our results
for K+K�, K0 �K0 and K0

SK
0
SK

0
S respectively. Table IV gives the �nal summary of our

results, where the �rst error is statistical and the second is the estimate of our systematic
uncertainty. The K+K�, K0 �K0 and K0

SK
0
SK

0
S results have signi�cantly smaller errors than

earlier measurements. We also report the �rst upper limit on the D0 ! K0
SK

0
S�

0 branching
fraction and the �rst measurement of the D0 ! K+K��0 branching fraction.
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FIG. 1. The most important Feynman diagrams for D0
! K+K�: (a) quark decay, (b) W

exchange decay and (c) penguins.
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FIG. 2. The Feynman diagrams for D0 ! K0 �K0.
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FIG. 6. (a) The K+K� invariant mass distribution. The solid line is the D0 mass signal in

the mass di�erence signal region. The dotted line is background from the mass di�erence sideband

region. The shaded area represents the background coming from other charm decay modes after

doing the �M sideband subtraction. This background is determined by Monte Carlo events. We

see a peak around 1.98 GeV/c2 due to misidenti�ed D0
! K��+ events. (b) The reconstructed

K+K� invariant mass distribution after subtracting all the backgrounds.
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mass distribution for K0
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di�erence signal region. The dotted line is background from the mass di�erence sideband region.

The shaded area represents the background coming from other charm decay modes after doing

the mass di�erence sideband subtraction. This background is determined by Monte Carlo events.

(c) The sum of the invariant mass distribution for K0
SK

0
S for D�� tag and D�0 tag data after

subtracting all the backgrounds.
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TABLES

TABLE I. The present predictions for the KK branching ratios.

Theory models Branching ratio(%)

K+K� K0 �K0

Spectator Model [8] 0.14 0

WSB Model [1] 0.56 �

CC Model [2] 0.25�0.06 0

FSI Model [4] 0.39 0.13

I. Bigi [9] 0.6 �

QCD sum rule [5] 0.3 0

X. Y. Pham [10] � 0.3

TABLE II. Tags and normalization modes.

Channel Tag Normalization mode

K+K� D�� K��+

K0 �K0 D��; D�0 �K0�+��

K0
SK

0
SK

0
S No tag �K0�+��

K0
SK

0
S�

0 D�� �K0�+��

K+K��0 D�� K��+�0

TABLE III. Summary of systematic errors for the K0 �K0 channel.

Systematic errors(%)

Source of error D�� tag D�0 tag

Uncorrelated error 18.2 15.6

Signal yield (cuts) (17.4) (12.5)

Non-resonant �+�� background (3.8) (0.0)

MC statistics (3.5) (9.4)

Correlated error 5.0 5.0

K0
S 's �nding e�ciency (5.0) (5.0)

Total 18.9 16.4
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TABLE IV. Summary of the branching fractions, where the �rst error is statistical and the

second is the estimate of our systematic uncertainty.

Channel Theory(%) B(%) World Average(%)

K+K� 0.14�0.6 0:454� 0:028� 0:035 0:454� 0:029

K0 �K0 0�0.3 0:054� 0:012� 0:010 0:11� 0:04

K0
SK

0
SK

0
S 0:074� 0:010� 0:015 0:086� 0:025

K0
SK

0
S�

0 < 0:059 @90% CL

K+K��0 0:14� 0:04
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