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Using a 13.7 fb! data sample collected with the CLEO Il and II.V detectors, we report new branching
fraction measurements for two Cabibbo-suppressed decay modes Bf*tmeeson:B(D* — 7+ %) =(1.31
+0.17+0.09+0.09)x 10~ 3 and B(D * — K *K®) = (5.24+ 0.43+ 0.20+ 0.34)x 10~ 3 which are significant im-
provements over past measurements. The errors reflect statistical and systematical uncertainties as well as the
uncertainty in the absolut® * branching fraction scale. We also set the first 90% confidence level upper limit
on the branching fraction of the doubly Cabibbo-suppressed decay B(@le— K ™ 7% <4.2x 10 4.

DOI: 10.1103/PhysRevD.69.071102 PACS nuntderl3.25.Ft, 14.40.Lb

To lowest order, weak decays of mesons may be describefdom DCSD decays. In this paper we report the first upper
by the six quark diagrams shown in Fig. 1: extervéémis-  limit on the branching fraction of the DCSD decdy”®
sion, internaMW emission W exchangeW annihilation, hori- ~ —K*7°.
zontal W loop, and verticaW loop [1]. When using these This analysis uses data collected with two configurations
diagrams to describe processes, dynamical assumptions #&tthe CLEO detector at the Cornell Electron Storage Ring
often made regarding the relative size of their amplitudes a§CESR: CLEO Il [4] and CLEO 1.V [5]. The total inte-
well as the nature of the interference terms between diadrated luminosity of the data sample is 13.7 b The
grams. Measurements of hadronic decay® 6fmesons give CLEO detector is a general purpose spectrometer with excel-
insight into these assumptions as well as new information offNt charged particle and electromagnetic shower energy de-

the violaton ofSU(3) flavor symmetnf SU)e, isospin 220 8 B R0 8 ST P S perween S and
try, and doubly Cabibbo- dd . T . .
symmerry, and doubly £.abibbo-SUppressed decays 90 cm from thee*e™ interaction point. In the CLEO 1.V

SU(3)r symmetry breaking is of current interest becauseconfiguration the innermost drift chamber was replaced by a

of D®-D° mixing studies; it has been shown that the masShree-layer silicon vertex detector. Charged particles are
and width differencesxy) of the CP eigenstates of neutral jgentified by means of specific ionization measurements
D mesons can be generated by second oBléf3)r sym-  (dE/dx) in the main drift chamber. The tracking system is
metry breaking(2]. Understanding the size of these effectssurrounded by a scintillation time-of-flight system and a
may be important to unravel any non-standard model contriCs|(Tl) electromagnetic calorimeter. These detectors are lo-
butions to D%-D° mixing. Such an understanding is only cated inside a 1.5 T superconducting solenoid, surrounded by
possible ifSU(3) violating effects are well determined. We a@n iron return yoke instrumented with proportional tube
report new measurements of the decay modlés—#+7°  chambers for muon identification. .

and D*—KXK*, which are useful for the estimation of Charged pion and kaon candidates were required to pass

SU(3)g violating effects in theD meson system.

Predictions based on isospin symmetry are generally con < N
sidered to be more reliable th&U(3)g predictions because .-, <
of the near degeneracy in mass of thandd quarks. Using
measurements from this analysis as well as data from the
Particle Date GrougPDG) [3], we determine the isospin .
amplitudes and phases for tBe— 7 system. S S U

Doubly Cabibbo-suppressed deca$i3CSD) of charm > <C

(a) (b) (c)

plc=

(d) (e) (H

mesons involve thec—d(W")—d(us) quark transition
whereas the Cabibbo-favored decay chainciss(W*)
—d(ud). Currently, there are only four measured DCSD
decay mode$3]. Measurements of such modes will lead to  F|G. 1. Six lowest order quark diagrams for a meson decaying
improved understanding oSU(3)r and other standard into two mesong1]: (a) externalW emission,(b) internal W emis-
model predictions. Such modes are also important for neutraion, (c) W exchange(d) W annihilation, ande) horizontalW loop,
D-mixing measurements, where a significant background igf) vertical W loop. Dashed lines represewt boson.
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minimum track-quality criteria. Kaofipion) candidates had LS I e e B B
to have a specific ionization within twithree standard de- 2 (a)
viations () of that expected for a true kaofpion). We <40
combined pairs of electromagnetic showers in the calorim- £
eter to creater® candidates. Candidates with a reconstructed el
mass within 2.5 of the nominal7° mass were kept for ool |1|8|2| T S
further studies. We obtaiKg candidates by reconstructing 177 ' M(n+;'§)7(eev) 1.92 1.97
the decay mong—> a7~ . We required daughter tracks to > 60
have an impact parameter in the plane transverse to the beam 2t
greater than three times the measurement uncertainty and ,‘840_
that the probability of the¢? returned from the vertex fit for ?220
pairs of daughter tracks was required to be greater than §
0.001.K2 candidates also had to have a reconstructed mass (1)
within 3.0 o of the nominalk2 mass. '
In order to reduce backgrounds, we required iatcan- >80
didates come from the decdy* * —D* #°, with the mass 2
difference AM) of the reconstructedd* " and D™ to be §40
within 2.5¢ of the known valud3]. We required allD* * P
candidates to have a normalized momenturips«( §
=|pD*|/\/(s/2)2—mD2*) greater than 0.6 and ab ™ candi- - (1)_75' ' I1_'79I — 1|_83I — 1|.87I — 1|.91

dates to have a cal value betweent0.8. The helicity M(K*x0) (GeV)

angle 6,, is the angle between the direction of the charged

daughter particle of th® * and the direction of the parent FIG. 2. Invariant mass distributions fqg) D*— 7+ 7%, (b)
D** meson as measured in the rest frame of the. To  D*—K*KZ, and(c) D* —K* #° candidates. The points represent
ensure that we obtained only oBe candidate per event, we the data and the lines are the projections from the maximum likeli-

selected candidates with the lowest value for hood fit.
, (AM—AMppg)? > (myo—m.,)? We considered systematic uncertainties from experimental
X = O-iM i o2 ' resolution, efficiency determination, and PDF parametriza-
L w

tion. The first two contributions are small and the systematic

wherei indexes ther® candidates in this decay. Given the €rfors are dominated by uncertainties in the PDF parametri-

large uncertainties in absolu®* branching fractions we Zation. We studied this systematic effect for each mode by

present our results as ratios of the branching fraction of théimultaneously modifying every PDF parameter within its

decay mode under study to that of a normalization mode¥ncertainty. We extracted the yield from the data after each

DK mta" for D" a7 K 7° and D" —Kr" modification to producr_a a distribution of yields. _\Ne_deflned

for D KoK+ the systematic uncertainty due to PDF parametrization as the
K™

To extract the yield for each mode, we performed an un88% limits for these distributions.

binned maximum likelihood fit for two componengsignal
and backgroundusing the following observablesny, the
mass of the reconstructdd® meson,xp«, the normalized

Combining the systematic error study with the yields and
efficiencies given in Table | we obtain the following results:

momentum of théd* * meson, and co&,, the helicity angle BD"—a*7%

of the charged track from th®™* decay. Using a sample of B(D* =Kt W+)_O'Ol44t 0.0019+0.0010,

events generated by @eANT-based simulatiorf6] of the

CLEO detector as well as sideband data we determined prob- . o

ability density functiongPDF) for each observable describ- B(D"—K Ks)_o 1892 0.0155 0.0073

ing the shape of the data for signal and background events B(D*—m* KO)_ ' ' ' '
S

for each decay mode. The probability that a candidate is
consistent with a signal or background is given by the prod-

uct of these PDFs. The likelihood is given as the product of TABLE |. Yields from the maximum likelihood fit with statisti-
g . s n cal errors and reconstruction efficiencies.
these probabilities over all candidates; maximization of the

Iogarithm. of the Iikelihood gives us the signgl and back- Mode vield Efficiency
ground yields. Projections of the likelihood fit to tiz"

mass for our three decay modes are shown in Fig. 2. Using at 171.3+22.1 (6.26-0.11)%
simulated signal and background events, we measure the ef-  K*K2 277.7+20.8 (4.9450.23)%
ficiency of our analysis method for each mode, enabling us K* 70 34.3:20.9 (6.08£0.22)%
to determine the total number of signal events in our data K- z*z* 12898+ 157 (6.74:0.12)%
sample for each decay mode. Table | lists raw yields and 7K 1435+ 48.0 (4.83-0.23)%

efficiencies for all decay modes.
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B(D*—K* 70 which in case of destructive interference should be greater

" ———=0.0029¢0.0018~0.0009, than 1. Besides a small contribution from teannihilation

B(D"—K a"m") diagram[9] the decay in the numeratdd," —K K2, can be

described using an extern®l-emission diagram, whereas

where the first error is statistical and the second error i%oth the external and the interni-emission amplitudes
systematic. The results supersede previous CLEO measurgsntribute to the decay in the denominaFf, — 7" 7°. Ex-

ments(7.8]. , , , erimentally, we find using our yields and efficiencies from
In order to determine the absolute branching fractions, weqgpe |

combine our results with the PDG valu¢8] of B(D*

—K 7" 7")=(9.1+0.6)% and B(D"— 7 K% =(2.77 R,=2.03+0.32,

+0.18)% and find o . ]
indicating that the interference between external and internal

B(D*— 7% =(1.31+0.17+0.09+0.09 X 103, W emission is indeed destructive.
Final state interaction@SI) are significant in charm de-
B(D* —K+K®) = (5.24+ 0.43+ 0,20+ 0.34 x 102 cays. Using our measurement or — 7" 7° and the PDG

values and a new FOCUS result f@°— 7" 7, 7%°
[3,10] we can gain some insights on these effects by deter-
mining isospin amplitudes and phases for the» 7 sys-
tem. Then 7 final state may have an isospin value of 0 or 2.
%riting the amplitudes for thé =0 state asA, and thel

=2 state as\,, we obtain the following relation:

B(D* =K' 7% =(2.64+1.64+0.82+0.17) X 10" 4,

where the third listed uncertainty comes from the error in th
branching fractions of the normalization modes.

With no significant signal being observed for the doubly
Cabibbo-suppressed dec@y' —K ' 7° we determined the 2 [+0

3 )
E(I"+*_|_l-*00)_l-*+0

Az

90% confidence level upper limit for this branching fraction. <
Ao

Our method for obtaining the upper limit involved creating
1000 new simulated data sets with the same number of signal
and background events as our data sample. In order to in-
clude systematic uncertainties in our upper limit, we alsovhereI'®*=T'(D*— #?7") anda,b represent the charges
modified the PDF parameters in the manner described for owf the pions. Since isospin amplitudes are complex, measur-
branching fraction calculation. Using this method, our uppeiing the phase between them is necessary to obtain full infor-

limit is mation about the amplitudes. The phase is written as
B(D"—K*7%<4.2x10"* at 90% C.L. 3art——ero%+2r+o
Coso= .
In the limit of SU(3)¢, the following ratio is expected to +0\/3 10 0
be unity[9] 42T E(F +I0) -1+
| Ve T(DT— 7T 70 We find |A,/A|=0.43+0.05 and co$=0.02+0.20. These
Ry=2X Veg I(D*—K°")’ results supersede a previous CLEO measurerfiéntThe

large relative phase between the isospin amplitudes indicates

where theV, and V. arise because of the different quark that there are significant FSI effects in the— 7 system,
transitions in the two decays and the factor of 2 arises be€onfirming our earlier result§7]. A similar observation has

cause of the/1/2 term in the normalization of the® wave ~Peen made recently by the FOCUS Collaborafidfl. _
function. Using|Vd/|V.4 =4.45+0.32[3], the yields and In summary, we have obtained measurements for two sin-

efficiencies(Table |) obtained from our analysis, and com- gly Cabibbo-suppressed ™ decay modesB(D " — " 7°)
bining statistical and systematical uncertainties in quadra=(1.31+0.17+0.09+0.09)x10"% and B(D*—K*K")
ture, we find =(5.24+0.43+0.20 0.34)x 10" 3. We also present an up-
per limit on the DCSD mod&(D* —K ™ 7% <4.2x10 * at
R,=1.84+0.38 the 90% C.L. Our experimental measurements confirm the
destructive nature of the interference term between the exter-
slightly inconsistent with theoretical expectations thatnal and internaM-emission diagrams and indicate signifi-
SU(3)e symmetry breaking effects are abot80%. cantSU(3)r symmetry breaking. An isospin analysis shows
It is believed that in th® meson system the interference that FSI effects are important for hadronic decay®afe-
between external and intern@l-emission decay amplitudes sons.

(Fig. 1) is destructive. In order to test this assumption we )
calculate the ratio We gratefully acknowledge the effort of the CESR staff in

providing us with excellent luminosity and running condi-
n 170 n 41,0 tions. This work was supported by the National Science
=EXF(D —K'K )= F(D"—K KS), Foundation, the U.S. Department of Energy, the Research
2 T(Df=a"7% TI(D*—="7° Corporation, and the Texas Advanced Research Program.
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