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Using data taken with the CLEO Il detector, we have studied the decays ddthe K*K~, K°K°,
KKK 2, KK, K'K™ 70 We present significantly improved results f@&(D°—K*K™)=(0.454
+0.028+0.035)%, B(D°—K°K%=(0.054+0.012-0.010)%, and B(D°—K22K2) =(0.074+0.010
+0.015)%, where the first errors are statistical and the second errors are the estimate of our systematic
uncertainty. We also present a new upper |i31(00—>Kgng°)<o.059% at the 90% confidence level and
the first measurement @&(D°— K"K~ 7%) = (0.14+ 0.04) %.[S0556-282196)00319-0

PACS numbgs): 13.25.Ft, 14.40.Lb

A KK~

) ) This decay mode is Cabibbo suppressed. Some of the

Detailed measurements of rare exclusive decay modes @feynman diagrams leading to this final state are shown in
charmed mesons provide a powerful way to probe the detallpig_ 1. Some years ago it was observed that the ratio
of charmed decays, such as the contributions OfB(D°—>K+K‘)/B(D°—>7T+7T‘) was not one. This was sur-
W-exchange diagrams and final-state interactions. This alp')rising since the two decays proceed through similar dia-
lows a probe of the interplay between the weak and strong,omg  solutions proposed to explain the deviation from 1
interactions. The CLEO Il experiment is now reaching 3jnclude SU3) symmetry breaking effectel], final-state in-
level of sensitivity which allows for the systematic study of teractions[2—4], and QCD sum rule§5]. A different ap-
several rare decay modes of tBd. In particular, we report  nraach s to invoke penguin diagrams which interfere con-
the measurements of several decays to final states contaunnggmctivmy with the spectator decay fiK but destructively
two or more kaons. for o [6]. The results presented here can be combined with
the CLEO Il measurement @°— =" 7~ [7] to give a bet-

ter measurement of this ratio.
Table | lists a survey of theoretical predictions for the

D°—K"K~ branching ratio. The world average for the

I. INTRODUCTION

“Permanent address: BINP, RU-630090 Novosibirsk, Russia.
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c)
c w " popping of anss pair (Fig. 3 and so its existence is an
o d,s,b s K indication of eitherW-exchange or final-state interactions.
D g9 ( . - We know of no published theoretical predictions for this
@ ok decay mode.
0,0 _0
FIG. 1. The most important Feynman diagrams for D. KgKgm
DO_—>K+K_1 (@) quark decay(b) W-exchange decay, ard) pen- There has been no previous measurement of this decay
guins. rate. This decay channel is Cabibbo suppressed and involves

the popping ofdd or ss pairs (Fig. 4). Since the Cabibbo
factors have opposite signs between the two amplitudes in
_ each pair, we might expect an almost complete cancellation
B. K°K® 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 nonresonant decay modes.
The branching ratio can be compared with that of the

pected to occur primarily via th&V-exchange diagrams . 0, 0y, 0 .
shown in Fig. 2. Since the Cabibbo factors have opposit?cﬁ]iglsa?g;?\;?;%?éﬁgss?;hi?:zlégs I::(())(\j/veof no published

signs, we might expect an exact cancellation of the two am-
plitudes in the four-quark model. In the standard six-quark o 0
model the difference between the two amplitudes is tiny, and E.K'K™=

we thus might expect the branching fraction for the decay to There has been no previous measurement of this decay
be very small. However, a standard model based calculatiorate. This decay is Cabibbo suppres$Ei). 5. We do not
predicts a relatively large branching fraction due to final-distinguish between resonant and nonresonant decay modes.
state rescattering, leading to a branching ratio ofThis result can be compared with the upper limit for the
B(D°—KP°K%=0.3%[10]. Table | gives a survey of theo- doubly Cabibbo suppressed decay mode&Kdfr~ 7° mea-
retical predictions for thdd®—K°K® branching ratio. The sured at CLEO I[15]. We know of no published theoretical

world average for the branching ratio(®.11+0.04% [11].  Predictions for this decay mode.

branching ratio i90.454+0.029% [11].

The D%— K°K° decay channel allows us to study the ef-
fect of final-state interactions. TH2°—K°K® decay is ex-

C. K2k 2K Il. ANALYSIS
Since this decay was first observed by the ARGUS Col- A. Data sample
laboration [B(D°— KgKgK)/B(D*—K " 7™) = 0.017 We use data taken with the CLEO I detector at the Cor-

*0.007£0.005] [12], there have been two other measure-nell Electron Storage Ring between November 1990 and July
ments, made by CLEO 15B(D°—K2KIKY = (0.11 1993. The data set used in this analysis corresponds to 2.7
+0.03)%] [13] and by E687 [B(D°—K2K2IKY/ fb~! of data taken on and just below thg4S) resonance.
B(D°— K%z 77)=0.035-0.012+ 0.006] [14]. This chan-  For the statistics-limiteck°K® channel, we also use data
nel is Cabibbo allowed but the decay does not proceed via eollected through May 1994, corresponding to an additional
simple spectator process. Instead, its formation requires th@8 fo 1.

TABLE I. The present predictions for the€K branching ratios.

Theory models Branching rati@®o) Vcs

KK~ KOKO ¢ 2 K©
Spectator moddI8] 0.14 0 o Cd o
WSB model[1] 0.56 - D w s K
CC model[2] 0.25+0.06 0 ( s
FSI model[4] 0.39 0.13 G 5 K°
QCD sum rulg5] 0.3 0 Vud
K. Terasaki[9] 0.46 0
X. Y. Pham[10] - 0.3

FIG. 3. The Feynman diagram f@°—K2K2K2.
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FIG. 5. The most important Feynman diagrams for

FIG. 4. The most important Feynman diagrams for D°—K"K™#°.

DO KK 270
sirst - e . .
) ) each specific decay mode. T candidate is then com-

The CLEO Il detector{16] is designed to detect both pined with a pion to reconstruct @* * —D°#* candidate.
ch.ar.ged and neutral partlcle_s with excellent resol_ut|on anerhis pion is denoted as the soft pion. In this reconstruction,
efficiency. The detector consists of a charged particle trackme dominant source of background is combinatoricsan-
ing system surrounded by a time-of-fligfitOF) scintillation

system and an electromagnetic shower detector consisting glo m comblnatlor?s of tr;(’:\cks Wh'.Ch aculdentally g'\./?] the ex-
7800 thallium-doped cesium iodide crystals. In the “goodpeCteOI mass. This background is mostly due to either a cor-

barrel” region, defined as the region where the angle of thé&ctY reconstructe®® which is combined with a wrong soft

shower with respect to the beam axis lies between 45° anf'0": Of a fakeD® in which at least one of the decay products
135°, the rms resolution in energy is given B¥E/E(%) is misidentified, combined with the correct soft pion from the

—0.35E%75+1.9-0.1E (E in GeV). The tracking system, D* decay. N

time-of-flight scintillators, and calorimeter are installed in- We selectD*’s by requiring that the reconstructed mass
side a 1.5 T superconducting solenoidal magnet. Immedidifference AM(=Mp.«+—Mpo) lies within 2.0 MeVk?
ately outside the magnet are iron and chambers for muofr-3¢) of the nominal mass difference of 145.4 Me¥/
detection. The momentum resolution of the tracking systenThis cut strongly suppresses the background coming from
is given by (p/p)?=(0.0015)?+ (0.005¢, wherep is in  random combinations of tracks which accidentally give the
GeVic. lonization loss information dE/dX) is also pro- expected masses.

vided. Most of the background comes from using a wrong soft
pion to form theD*. We determine the number of these
B. Procedure events by fitting theAM background distribution and inte-
We use D* * tag (D* * — D% decay modgfor all the grating und_er the curve in the signal region. The functional
form used is

channels except th€2K 2k 2 channel: Since this latter chan-
nel is kinematically restricted, we can see a clean signal a(AM—m_+)®5+b(AM—m_+)*5+c(AM—m,_ )25
without this tag. For the°K® decay channel we add the i i i

*x0 *0 0.0 P
D btag (]P _)tD ™ defﬁy mr??ﬁ SO as t(()j_;?crease the Wherem,: is 7+ mass, the first term is from a nonrelativ-
numpber of events, even thoug € mass dilIerence reésolistic model of phase space, and the second and third terms

i *0 i +
Ell'grllalfeo{l t:ﬁrr?ma:ii%slstr?gisss%%%dnisrr;ha?itz;ggljl.f‘noggg.use re the first- and second-order relativistic corrections to the
g onrelativistic model, respectively.

To get the Monte CarldMC) efficiencies, we generated _ The momentum spectrum for continuum charm produc-

20 000 events in each channel. In this analysis, we will as-. . . .
0 o . . tion is peaked at large momentum, while that for the combi-
sume that thé” andD" partial decay rates are equal since : . ;
natoric background, from both continuum aBddecay, is

an inequality could only result if the processes wé&le ;
violatin%. AE/earlier anaﬁysis Shows thgt amP asymme- peaked at lonD* momentumD* candidates are therefore

tries are small[17]. The following analyses sum both L
TABLE Il. Tags and normalization modes.

charges.
C. The initial selection Channel Tag Normalization mode
. . +K— + -+
We first reconstruct th®° decay mode of interest. De- Koﬁo *Df 0 _E f -
tails of this reconstruction can be found in the sections orK'K b*=.D Kina
KKK No tag KOt o™
KgKgn’O D*= KOmt o™
Throughout this paper, any reference to a specific decay or state*K ~ 7° D*™* K mta®

also implies a reference to its charge conjugate.
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2000 ————————————— — DY K™, andK ™ are spinless particles, tiz° decays isotro-
pically, whereas the background shows a peakca#f-|
~1.0.

Using these cuts, we obtain tl¥ mass spectrum shown
in Fig. 6(a). For this channel the signal region is between

1500

1000

A I ST AR R AN

S 1.84 and 1.89 Ge\¢?. The D signal region is defined to be

3 within 3o of the fitted mass, determined using a Gaussian fit
2 b of the real data. The number of events in & signal re-

2 ———+—}—+——+—1—+— gion is 2785 and the number of background events coming
:?; " (b) T from the mass diﬁerence_siqeb_and region is ]i29.where .

g 500 B ; ] the error comes from statistics in the sideband regions, which
w

determine the background normalization. Since we deter-
mine these numbers by scaling thé sideband contribu-
tions, the error is smaller than the square root of the number
+ ; ooy ‘- of events. We also consider the statistical uncertainty in the
s *W . *+#+,+ PR +++4.+++*++¢¢¢ ¥ AM background shape as a systematic error.

N

P YR gt PR . _ -
pite 0 T o0 T (M ¢ T At this stage, there is the possibility that backgrounds
1.50 1.60 1.70 1.80 1.90 2.00 2.10

M _(GeV/c?)

o

o

from other charm decay modes suchkasw* 70 are also
present in theD? signal region even if most of these events
lie outside it. To determine this background, we use a MC
FIG. 6. (8) The K*K~ invariant mass distribution. The solid Simulation of continuum charmed hadron production and de-
line is theD® mass signal in the mass difference signal region. Thecay based ormETSET 7.3, followed by a fullGEANT-based
dotted line is the background from the mass difference sidebangimulation of the signals that the particles produce in the
region. The shaded area represents the background coming froftetector. We treat these events as data and da Meside-
other charm decay modes after doing i sideband subtraction. band subtraction. The result is given in Figa6 The nor-
This background is determined by Monte Carlo events. We see malization of the simulated events is absolutely determined
peak around 1.98 Ge¥? due to misidentifie®®—~K~ 7" events.  from the luminosity. We find 56440 background events
(b) The reconstructe® * K~ invariant mass distribution after sub- from this source. After subtracting all the backgrounds, we
tracting all the backgrounds. find N(KTK™)= 1102+69 for D°-K*K ™. In order to
show how well the backgrounds are understood, the back-

required to have a momenturp)( greater than 2.45 Geyw/ ground contributions to Fig.(8) have been subtracted from

which is equivalent to a cut of, greater than 0.5, where the datasolid line) histogram and the result is shown in Fig.
P 6(b). This subtracted histogram was not used to calculate the

Xp=P/Prmax With Prax= Ejeani- Mo« This means that we yields and is included purely for illustrative purposes. For
exclude charm events coming froBhdecays. this decay mode, one advantage of the above procedure,
We detectr”'s by their decays toyy. Candidater®s are  compared with simply fitting th&* K~ mass plot, is that it
formed by taking two-photon combinations. The individual avoids the necessity of fitting the complicated background

photons appear as clusters in the Csl calorimeter. The energyape which arises from the misidentification of otiet
of each cluster has to be at least 30 MeV and the diphotodecay modes.

combination must have at least one photon in the higher To get the branching ratio, we u€2’—K =" as the
resolution portion of the calorimetgfcos(d)| <0.71, where normalization mode
0 is the angle with respect to the beam axi&/e reject all

KK

clusters matched to charged tracks in the central detector. We B(D°—K*'K™) [N(K'K)[ e+

require that the momentum of the diphoton combination be B(D° =K 7") | ex+k- [[N(K @™)]

greater than 0.2 Ge¥/and that the mass of this combination

be within 3r(~15 MeV/c?) of the nominal pion mass. whereN is the number of observed events in each case and

When we did a systematic check of the effects of oure is the corresponding reconstruction efficiency which in-
event selection cuts, we compared and correcte®theno-  cludes theD* * reconstruction efficiency as determined from
mentum distribution between real data and MC using theViC events. The detector efficiencies from MC simulation
normalization mode oD°—K ™7 to ensure that we had are ex+k-=(22.9+0.3)% andex-,+=(37.7£0.5)%. We
the same momentum distribution for both samples. Then, webserve N(K~7*)=15633-202 for D°—K 7. We
checked the effect of varying tHe* momentum cut. measureB(D°—K*K™)/B(D°—K ™~ #*)=0.116+0.007.

As a systematic check of the effect of our event selection

cuts, we extract the signal yields with the mass difference

lll. MEASUREMENTS AND RESULTS cut,D* momentum cut, and the decay angle cut individually
tightened by 20% of their nominal values. We take the larg-
est effect on the yield as setting the size of the systematic

For this channel we apply a cut on the kaon momentum o€rror, giving a contribution to the systematic error of 2.0%.
Px=> 0.3 GeVt, and require thaficostk=|< 0.8 where the The systematic error, due to the statistical uncertainty in the
angle 6= is the angle between thé* momentum in the AM background functional form used to get the number of
DY rest frame and th®° laboratory momentum. Since the background events coming from the mass difference side-

A. K*K~
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TABLE Ill. Summary of systematic errors for tH°K® chan-

— T
] nel.
10 3
SE 3 Systematic error§%)
0 f Source of error D** tag D*° tag
Y st Uncorrelated error 18.2 15.6
% 10f (b) _ Signal yield(cuts 7.9 (12.5
E 5 F E Nonresonantr* 7~ background (3.9 (0.0
= E MC statistics (3.5 (9.4)
£ Op .
N A T T Correlated error 5.0 5.0
u 23 D KZs finding efficiency (5.0 (5.0
3 (c) E
:g 3 + E Total 18.9 16.4
5k E
o ﬁ&. ,L..t m\mh.ﬁn b4 Hﬂm Hibebbiby b
S R U MR ARCI A E _
5L ] L L [ d l ! ] L 3 B(DO KOKO
150 160 170 180 190 200  2.10 — )
M, 0 Ko(GeV/cz) B(D°—K%r*7™)
s's
1 [N(KEKY|[  €xgrtn
FIG. 7. (a) The invariant mass distribution fdt2K2 for the T BKS 77*77*){ e || N(KSr 7 ) |
S KKg S

D** tag. (b) The invariant mass distribution foK2K2 for the

D*0 .Th lid line is th®° i lin th iff . .
tag. The solid fine is th®~ mass signal in the mass difference whereN is the number of observed events in each case and

signal region. The dotted line is background from the mass differ- . th di tructi ffici B
ence sideband region. The shaded area represents the backgrOLﬁ1dS e é:%respon 'Qg reocoons ru((): |onoeolglency: ecause
—K"K")=2B(D"—KgKg) (D"—KgK| is forbidden

coming from other charm decay modes after doing the mass differB(DO

ence sideband subtraction. This background is determined bj19], the factors B(K%x* 777—>Kgﬂ'+777) and B(K°K°

Monte Carlo eventsic) The sum of the invariant mass distribution _>KCS’K(S’) become equal and cancel in the above equation

for KK for D** tag andD*° tag data after subtracting all the [20]. We use B(K2— 7" 77)=(68.6£0.3)% [11]. The

backgrounds. yield was extracted in the same way as for KkieK ~ chan-
nel.

band region, is 5.3%. The variations of the yield with differ- 1. D** tag
ent sideband subtractions and different fitting methods are ysjng the D** tag, we obtain theD® mass spectrum
negligible compared to the other systematic errors. The sysshown in Fig. 7a). For this tag the signal region is between
tematic error due to limited MC statistics is 2.0%. This gives] .84 and 1.89 Ge¢?. The number of events in tHa° sig-
a total systematic error of 6.0%. Using nal region is 21 and the number of background events com-
B(D°—~K~7")=(3.91x0.08+0.17)% [18], we measure ing from the mass difference sideband region is=2088,
B(D%—K*K™)=(0.454*0.028+ 0.035)%. yielding N(K2K2)=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
B. KK° KOK° channel. We find that the background comes from the
0L0 _ nonresonantr "7~ decay modes such a2z x~ and
We study theKsKs component of this decay. Because of ;+ .~ .+~ and therefore is calculated using the sideband
the small number of events, we use both@fe” tag and the  method. Since real data are more reliable and have a smaller
D*° tag. associated statistical error than the Monte Carlo events, we
In this channel the dominant sources of backgrounds ar@se only the real data for background subtraction and use the
from nonresonanK2w* 7~ and #* 7~ 7w~ production.  sideband region of th&2 mass domain to determine the
To reduce feedthrough fronD%— ng*w*, where the nonresonantr™ 7~ background. We consider this back-
a o~ fakes aKg or from D°— 77 ot 7, where the ground to be a source of a systematic error. The detection

four pions fake K 2's, we first reconstruck mesons from ~ efficiencies determined by MC  simulation areq2

7w pairs with an invariant mass within 0.0108 GeV/ =(8.4+0.2)% and ngW+ﬂ_=(13.4i0.3)%. We get
c?(~30) of the nominaIK(S’ mass and a vertex displaced at N(ﬁ&# 77)=4470+137, giving B(D°— KOF)/B(DO

least 5 mm from the beam position. We also apply a_ KO+ 7r~)=0.0094= 0.0024 for this tag.

|cos,Kg|<O.8 cut, where the angIng is the angle between

0 ; 0 0 2. D*9 tag
the Kg momentum in theD" rest frame and th®" labora-
tory momentum. We use a more restrictive mass difference cut
To get the branching ratio, we use |Mpxo—Mpo—0.1423<0.0022 GeW¢? (~2.50) for the
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fitted using a Gaussian while the background is fit to a straight line.

D*? tag since the resolution of the mass difference is pooregives a correlated systematic error affecting bbth* and
for this channel. We obtain thB® mass spectrum shown in D*° tags. All the other systematic errors are uncorrelated. A
Fig. 7(b). For this tag the signal region lies between 1.84 andsummary of the systematic errors for this channel is given in
1.89 GeVt?. The number of events in th2° signal region  Table III.
is 11 and the number of background events coming from the The final ratios oiB(D°—>K°@)/B(D0—>Fw+7T‘) are
mass difference sideband region is 8@8. This gives (.0094-0.0024-0.00170.0005 for the D** tag and
N(KgK=7.6+3.4 after background subtraction. The 0.0134+0.0060+0.0021+0.0007 for theD*° tag where the
detection efficiencies determined from MC  are first errors are statistical, the second are the uncorrelated sys-
€k2=(3.520.2)% and ex9,+,-=(6.8+0.6)%. We get tematic errors and the last are the correlated systematic er-
N(Kgq-r*i’)=1589t 71, and we measurB(D°— KOK?)/ rors. Finally, we combine the data from the two tags. The
B(D%— KO ) =0.0134* 0.0060 for this tag. combined ratio is B(D®—K°K%)/B(D°—~K®x"m )
Figure KC) shows the sum of th@*t tag and thd)*o =(£)101t 00022(Stat)t 00016(Sy3t) US|ng B@
tag data after subtracting all the backgrounds. As a system=K%7 " 77)=(5.3+0.6)% [11], we obtainB(D°—K°K°)
atic check of the effect of our event selection cuts, we extract[0.054+ 0.012(stat)- 0.010(syst)%.
the signal yields with the mass difference cbff momen-
tum cut, the decay angle cut, the vertex cut, and«t@enass 000
cut individually tightened by 20% of their nominal values. C. KsKsKs
We take the largest effect on the yield as setting the size of This particular mode is essentially background free due to
the systematic error. Another systematic error is due to th@s kinematics, so we do not requirel® tag. ThreeK‘s”s
possibility that backgrounds from other charm decay modegave to be observed, which makes the efficiency rather low,
such asK7*" 7~ or w* 7w =t «~ are also present in the so thng cuts used for this decay are looser than those we
DY signal region. In order to check this, we studied a sideuse for the other analyses described in this paper.
band region in th&¥'s mass domain to determine the non-  We first reconstruck 2 mesons fromr "7~ pairs with an
resonantr "~ background. Results indicate that there areinvariant mass within 0.0108 Ged(~3¢) of the nominal
0.7 nonresonantr* 7~ background events iD° signal re- K2 mass and a vertex displaced at least 2 mm from the beam
gion for theD** tag and none for th®*° tag. The other position. We plot the KKK invariant mass for
systematic error is the uncertainty in the finding effi-  p_,~2 48 GeVE which is similar to requiringx, greater
ciency. We get this systematic error by comparit@yields  than 0.5. For this mode, we have to use the fitting method.
(reconstructed via the™ 7~ mode when using thng find-  We do not use ®* * tag and therefore we do not do a mass
ing subroutine and when using the same routine with somelifference sideband subtraction. TH§K2K2 invariant mass
cuts relaxed. This error on this efficiency is 5% p€g distribution is fitted using a Gaussian and Chebyshev poly-
which does not include track systematic error. The tracknomial of order 1. We obtain a signal dfi(K2K2K9
finding efficiency ofkK2 daughters is cancelled by that of the =61.0+8.4 (Fig. 9.
normalization mode. The error on tﬂmg finding efficiency To get the branching ratio, we use
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FIG. 10. The invariant mass distribution Kf"K ~#° after do-

ing the normalized mass difference sideband subtraction. In fitting

we exclude the region between 1.92 and 2.02 @&\due to an
excess of misidentified®—K ™ 7" 7% events which survive the
veto.
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mass difference sidebands, is#24. Using the same meth-
ods as for theK "K~ channel, we find from Monte Carlo
simulation that other charm decay modes contribute66
events to the signal region. After subtracting all the back-
grounds (Fig. 9, we getN(K2K27%)=5+9. The corre-
sponding unsubtracted figures are omitted. The signal is con-
sistent with zero. We therefore calculate an upper limit on
the branching fraction.

To get the branching ratio, we use

B(D°—K K270
B(D°—K%r*7)

1 [N(Kgngo)

CB(Kg—7 )| e

€0 _+ _—
KS7T7T

2N(KEmt ™)

|

whereN is the number of observed events in each case an\%hereN is the number of the observed events in each case

e is the corresponding reconstruction efficiency. The detec

tion efficiencies determined from MC simulation are
ek %?=(5.220.2)% and e+ ,-=(16.8-0.4)%. We
get N(K2m" 7w )=14993-457. Using B(K:—n"7")
=(68.6:0.3)% [11], we measure B(D°—KIK2IK2)/
B(D°— K% 7)=0.0139t 0.0019.

As a systematic check, we study the variations of the, 0.3)%

yield with the D® momentum cut, the vertex cut and the
Kg mass cut individually tightened by 20% of their nominal

ande is the corresponding reconstruction efficiency. The de-
tection efficiencies determined from MC simulation are
€k 2m0= (5.3+0.2)% andngwﬂ,f: (13.4+0.3)%. All the
systematic errors are negligible given the size of the statisti-
cal error and so have not been included. We get
N(K7*77)=3184+102. Using B(Kgﬂw+77;)=(68.6
we get B(D°—K2K27%)/B(DO—K 7t m™)
=0.0029+0.0052. Using B(D°—K°z"7)=(5.3

values. The biggest systematic error due to these cut varia-

tions is 13.5%. The systematic error due to #g finding
efficiency for twoK2 in the CLEO Il 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(D°
—K%r"77)=(5.3+0.6)% [11], we measure B(D°
—K2K 2K =[0.074+0.010(stat) 0.015(syst)%.

D. K2K 270

In this decay mode, there are very few events and the

[ E400 88 /7 / 0.11+0.07 292
L CLEO 90 0.13+0.07 29
E World Average 94 0.11+0.04 [M

0.2140.07+0.07 4P

[ E687 94
)
[ This Experiment / / 0.054 £0.012+£0.010
0.2 -0.1 0 01 02 03 04 05 06 07

B (D°—K°K®) (%)

background is large. So, we use the same tight cuts on the

K2s as we do for the&K2K2 channel.

FIG. 12. The previous measurements and our result for the

For this channel the signal region is between 1.82 an@(D°—K°K°) channel. The hatched area indicates the world aver-
1.90 GeVt2. The number of events in the signal region is 35age.(a) We have use®(D°—K"K~) = (0.454*0.029)%[11].
and the number of background events, estimated using th®) We have use®(D°—K°#"7~) = (5.3+0.6)%[11].
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FIG. 13. The  previous measurements for

B(D°— KK 2KY/B(D°—K 7 ~) and our result for this ratio.
The hatched area indicates the world average.

+0.6)% [11], we measure B(D°—K2K27%=(0.015
+0.027)% orB(D°—K2K27%) < 0.059% at the 90% con-
fidence level.

E.K*K™ &

Finally, we measureD°—K*"K~ 70 For this decay
mode, the misidentification of @™ as aK™ is the largest
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TABLE IV. Summary of the branching fractions, where the first
error is statistical and the second is the estimate of our systematic
uncertainty.

Channel Theory%) B (%) World averagg%)
K*ﬁf 0.14-0.56 0.454 0.028+0.035 0.454-0.029
KOK© 0-0.3 0.0540.012+0.010 0.1*+0.04
KK K2 0.074-0.010-0.015  0.086:0.025
KK 270 <0.059 @90% CL
K¥K™a° 0.14+0.04

To get the branching ratio, we use

B(D°—K*K 7% [NKK'K™7O)][ ex-p+np0

B(D°—K 7" 70 | ecik-,0 N(K 7 70 |"

We get ec,+,0=(47+0.3)% and N(K 7" 7P
=8151+246, giving the ratio B(D°—K*K 79/
B(D°—K ™ 7"#% = 0.0095-0.0026. Using the ratio
B(D°—K™ 7" 7% /B(D°—K ™~ 7*)=3.78+0.071[21] and
B(D°—K ™ 7")=(3.91+0.08+0.17)% [18], we get
B(D°—K*K~ 7% =(0.14+0.04)%. All the other system-

source of background. The major source of this backgroungysic errors are negligible given the size of the statistical error.

is from the decayD* " —D%x" followed by the Cabibbo
favored decayD®—K ™ 7" 7%, Since the branching ratio
B(D°— K™~ «* 0 for this background is much bigger than
the branching rati®(D°—K~#") for the K"K~ channel
background  (B(D°—K™ 7" #%)/B(D°—K 7")=3.78
+0.071[21]), we use tighter cuts than those for tié K~
channel.

In order to select th& "K~#° decay mode and reduce

IV. SUMMARY AND CONCLUSIONS

We have investigated® decays to several rare final
states which have two or three kaons in the final state. Fig-
ures 11[22-28, 12[29], and 13 show the previous measure-
ments and our results fa¢ K, K°K®, and KKK S, re-

theK ™ 7+ 7% background, we change a kaon candidate tracipectively. Table IV gives the final summary of our results,
assignment to a pion candidate track and calculate the resul¢here the first error is statistical and the second is the esti-
antD® mass M-, +,0). If M-+ 0 is within 30 of the  mate of our systematic uncertainty. TKe K, K°K°, and

nominal D® mass, we eliminate the combination. We alsoK 22K 2 results have significantly smaller errors than earlier

use a tight cutPp«+>2.93 GeVE which is equivalent to
requiringx, greater than 0.6.

measurements. We also report the first upper limit on the
D°—K2K 270 branching fraction and the first measurement

We require that the normalized difference between thef the D°— KK~ #° branching fraction.

expected and measuretE/dx for the kaon hypothesis be
within 20 for both kaons. We also requife.+> 0.3 GeV/
c. We use the same? selection described in Sec. Il C ex-
cept for requiring that the momentum of th& be greater
than 0.4 GeWw and that the mass of the® be within
20(~10 MeV/c?) of the nominal pion mass.

Using these cuts, we obtain tl¥ mass spectrum shown
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