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Using a sample of 4.7 fb' integrated luminosity accumulated with the CLEO-II detector at the Cornell
Electron Storage Ring (CESR, we have measured the ratios of the branching fractions
B(r~—K h™ 7 v)IB(r~—h h"h v,)=(5.16+0.20+0.50)X 102, B(r =K h" a7 7% )/ B(r
—h~h*h™7%,)=(2.54+0.44+0.39)x 10 2, B(r—K K 7 v)IB(r"—h"h*h™v,)=(1.52+0.14
+0.29)X10 2, and the upper limitB(r~—K K7 7% )/B(r~—h"h"h 7% )<0.0154 at 95% C.L.
Coupled with additional experimental information, we use our results to extract information on the structure of
three-prong tau decays to charged ka¢8€556-282(099)03319-6

PACS numbsd(s): 13.35.Dx

[. INTRODUCTION can be predicted using corresponding measurements of the
Cabibbo favored modesr&-wv,, 7—pv,, andr—ajv,).
Decays of ther lepton present a unique opportunity to For the case of vector cogpling, the theoretically expected
confirm and further probe the standard model. The largdatio of the branching ratio®(r—K* v.)/B(t—pv,) [2]
mass of ther lepton makes possible decays into hadrons irf@n be written following the approach of the Das-Mathur-
an environment where the initial state is simple and wellOkubo sum rules[3] as f(mx,m, . m)tar? 6.g./g2,
understood1]. This allows comparison with hadron produc- wheref is a factor that incorporates the phase space available
tion at comparable center of mass energies from processésr decays intop andK*, 6, is the Cabibbo angle, and the
such as pion-nucleon, nucleon-nucleon, and electronfactorsgg+ andg, reflect the coupling strengths of tie*
positron collisions. Strange decays give us information on andp to the vector current. In the limit of exact $8) sym-
SU(3); symmetry breaking, and direct measurements of thenetry, there is no differentiation between & and thep,
Cabibbo angle €.). Alternately, the rates for such Cabibbo- sogg«=g,. In the more realistic case of broken symmetry,
suppressed decaye.g., 7—Kv, ., 7—K*v_, and7—K;v,) however, the couplingg are directly proportional to mass.
In this approximation, using si#=0.221[4], the ratio of
rates equals 0.068. There are many experimental results for
*Permanent address: Yonsei University, Seoul 120-749, Korea. 7—K* v (where the charge®&* is observed through the
"Permanent address: University of Texas, Austin, TX 78712.  very clean decay chaiK*—>KgTr; Kg—> a7 ~) which are
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in agreement with this predictiofa]. ~30 MeV/c. This system achieves a momentum resolution

We expect similar relationships to hold for the coupling of (8p/p)?=(0.001%)2+ (0.005% (p is the momentum,
of the tau to the axial vectdf, resonance relative to treg measured in Ge\d). Pulse height measurements in the main
resonance. Unfortunately;,— K, v is not as well studied as drift chamber provide specific ionizationl E/dx) resolution
7—K*v_, in part due to the fact that thi€, decay most of 5.5% for Bhabha events, giving go¢d 7 separation for
often leads to multiprong events that include charged kaonsracks with momenta up to 700 Me¥and separation nearly
Whereas th&* can be unambiguously identified through its 2¢ in the relativistic rise region above 2 Ge/Outside the
decayK* — K27, a measurement of charged kaons requiresentral tracking chambers are plastic scintillation counters,
good K/ particle identification in order to separate kaonswhich are used as a fast element in the trigger system and
from the substantially more numerous pions. Moreover, thealso provide particle identification information from time-of-
oretical understanding of charged kaon production in tau deflight measurements.
cay is hampered by uncertainties in the production mecha- Beyond the time-of-flight system is the electromagnetic
nism; there is a wide range of predictions for the massalorimeter, consisting of 7800 thallium-doped Csl crystals.
spectrum [expected to be dominated bi,(1270) and The central “barrel” region of the calorimeter covers about
K,(1400)], the K* w/Kp ratio (in K7#), and the helicity 75% of the solid angle and has an energy resolution which is
amplitudes forr decays to kaons. empirically found to follow

In recent years the large data samples accumulated at
CLEO and CERNe*e™ collider LEP have allowed much- ok .
improved measurements of inclusive decays of tau leptons to £ ()= ET,75+ 1.9-0.1E, 1)
charged kaons, complementing similar measurements of in-

clusive decays of tau leptons to neutral kaons. In this analyl-E is the shower enerav in GeV. This parametrization in-
sis we measure the ratio of branching fractions of cludes effects such as%):)ise and.translait)es to an energy reso-
—K h" 7 (7% v, and 7 =K K" 7~ (7% v, relative to ’ 9y

- IR - : lution of about 4% at 100 MeV and 1.2% at 5 GeV. Two
7 —hh"h (7 )v,, whereh™ can be either a charged end-cap regions of the crystal calorimeter extend solid angle
pion or kaon' The decayr—K ™ =" 7~ (7% v, proceeding preg Y 9

o o
through thek ~K°(7%) v intermediate state has been mea.coverage to about 95% of although energy resolution is

sured in Ref[5]; in our analysis, these are considered back_not as good as that of the barrel region. The tracking system,
: ' : ysis, th . time of flight counters, and calorimeter are all contained
ground since we are interested in studying tau decays dj-

rectly into 3 or 4 mesons that include charaed kaons within a superconducting coil operated at 1.5 T. Flux return
y 9 ' and tracking chambers used for muon detection are located

immediately outside the coil and in the two end-cap regions.
Il. DATA SAMPLE AND EVENT SELECTION We selece’e” — 7" 7 events having a "1 vs 3” topol-
ogy in which oner lepton decays into one charged particle
Our data sample contains approximately 4.3 million (pjus a possibler®), and the other lepton decays into three
pairs produced ie e collisions, corresponding to an inte- charged hadrongplus possibler®). An event is separated
grated luminosity of 4.7 fb'. The data were collected with into two hemispheres based on the measured event thrust
the CLEO-II detector{6] at the Cornell Electron Storage axis? At CLEO energies, the decay products of thieptons
Ring operating at a center-of-mass energy of approximatelyre strongly boosted so that the daughters ofstheand 7~
10.58 GeV. _ appear in opposite hemishperes. Loose cuts on ionization
The CLEO Il detector is a general purpose solenoidaineasured in the drift chamber, energy deposited in the calo-
magnet spectrometer and calorimeter. The detector was dgmeter and the maximum penetration depth into the muon
signed for efficient triggering and reconstruction of two- getector system are applied to charged tracks in the signal
photon, tau-pair, and hadronic events. Measurements Qfhree-prony hemisphere to reject leptons. Backgrounds
charged particle momenta are made with three nested coaxighm + and hadronic events witKg are suppressed by re-
drift chambers consisting of 6, 10, and 51 layers, respecyyirements on the impact parameters of charged tracks. To
tively. These chambers fill the volume from=3 cm t0r  reduce the background from two-photon collisiores” ¢
=1 m, withr the radial coordinate relative to the beam) ( —e*e” yy with yy—hadrons oryy—I"17), cuts on vis-
axis. This system is very efficiente£98%) for detecting ible energy E,;) and total event transverse momentuiy)(
tracks that have transverse momenta)( relative to the are applied: 2.5 Ge\KE,; ;<10 GeV andP,>0.3 GeVk.
beam axis greater than 200 Mel//and that are contained We also require the invariant mass of the tracks and showers
within the good fiducial volume of the drift chamber in the three-prong hemisphere, calculated under the
(|cos#|<0.94, with ¢ defined as the polar angle relative to 7~ 7+ 7~ hypothesis, to be less than 1.7 GeV/
the beam axis The charged particle detection efficiency in  Events are accepted for which the tag hemispliere-
the fiducial volume decreases to approximately 90%-at prong side is consistent with one of the following four de-
~100 MeV/c. For py<100 MeVlc, the efficiency de-
creases roughly linearly to zero at a threshold pmf

2The thrust axis of an event is chosen so that the sum of longitu-
dinal (relative to this axis momenta of all charged tracks has a
!Charge conjugate modes are implied throughout the paper. maximum value.
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cays: T+—>e+ve;ﬂ T+—>,LL+VMV7., ot v,, Or Tt W7 o

—pTv.. The tag decays are identified usidg/dx and in- [ O Independent 7 Sample ]
formation from the time-of-flight system, the muon system | — ' Calibrated Shape *% i
and the crystal calorimeter. For thetag, the daughter® is 300 |- _

reconstructed and the invariant mass of theandidate is
required to be close to the nominal value. o

In this measurement, we determine the signal event yield &
based on a statistical analysis of the charged tragdkgdx @ 200
information. For ther” =K~ h™ 7~ (7% v, analysis, we de-
termine the kaon and pion yields, using the two same-sign
tracks from the three-prong hemisphere. For the
— K K7 (7% v, mode, only the track having sign oppo- 100
site to its parentr is considered as a candidate kaon. Note
that we implicitly assume that all signal kaons originating
from 7 decays in our selected 1 vs 3 samples come from one
of the decay modes™ =K w7 v, 7 =K K'7w v,
=K 7ta 7., or 7 =K K"7 7% _. The decays
T —m K'7r v, and 7 —=K 77K v, are extremely
small in the standard model and have not been experimen- FIG. 1. Distribution for independent pion samyifeom D° de-
tally observed, and the decay rate for =K K"K v _ is cay9 with Johnson distribution for pions obtained from tK@
expected to be-1% relative to that forr =K~ 7" 7 v, — @t @~ calibration sample overlaid. The data on this plot corre-
due to the limited phase space and the low probability ofPond to the bin: 18p<2.1 GeVk, 20<Np;<50.
(ss) popping.

Candidate events with and without’s are distinguished the lower momentum tracks. Nonbackground as well as
by the characteristics of showers in the electromagnetic calghe pion background relative to the desired kaon signal in
rimeter. A “photon” candidate is defined as a shower in thereal 7 decays is also smaller at high momenta.
barrel region of the electromagnetic calorimeter with energy The number of kaon and pion tracks in the three-prong
above 40 MeV and having an energy deposition pattern coniemisphere is found statistically by fitting tiég distribution
sistent with true photons. It must be separated from the clogor charged tracks in the three-prong hemisphere to the sum
est charged track by at least 30 ¢&0 cm for photons used of the pion and kao, shapes. Since thé-= separation is
in 7% reconstruction 7 —K h'z v, and 7 modest, it is critical that the shape of tiag distribution for
—K K" 7~ v, candidates are defined as those events havingions is well understood(g—m-r* 7" decays provide a very
zero photons with energy above 100 MeV in the three-pronglean sample of true pions from which this distribution can
hemisphere. For the 7 —K h*z #%._ and 7 be determined from data. For the pion and kaon shapes, we
—K K*7 7%, decay modes there must be at least twouse a Johnson distributidid,8] with mean shifted from zero,
photons in the signal hemisphere, but no more than two phaand a unit Gaussidrcentered at zero, respectively. The qual-
ton candidates having a shower energy above 100 MeV. Thigy of calibration was investigated by various methods such
two most energetic photons in this hemisphere are theas cross checks on independent data samples which is further
paired to formz° candidates. described in Sec. VI. In Fig. 1, the shape obtained for pions

from the calibration sample is overlaid with an independent
sample of pions fronD°® decays showing good agreement.
I1l. SIGNAL EXTRACTION PROCEDURE The sample depicted contains tracks with <1

To find the number of events with kaons, we use specific~2-1 GeVE andNy>20. . .
ionization information from the central drift chamber. For _Requirements on the minimum number of hits used in the

each track we calculate the paramegr, defined as the dE/dx calculation (20, out of a maximum of 49and the
deviation of the measured energy loss relative to that exPolar angle of the candidate kaon tragkds6|<0.8, whered
pected for true kaons in units of the measudddx reso- 1S the polar angle of the track relative to the positron beam
lution. For true kaons, this variable is distributed as a unitdiréction ensure that the track is contained in the good fidu-
Gaussian centered at 0. For pion trackg, also has a cial .volume of the dnft cha}mber and thgt thdE/dx infor-
Gaussian-like shape but with the mean shifted from zero in &1ation for the track is of high quality. Since th& = sepa-
momentum-dependent manner. In this analysis we concefi@tion depends on the number of hitdly), as well as
trate on those tracks having momentpm 1.5 GeVk. Al- mom_entum p), we perform separaté, fits for 36 dlfferent
though theK/= separation is better at low momenta, we Pins in the two parameteN;, p) space. The kaon and pion
focus on this high momentum region because the separation

varies only slowly through this regime and the systematics of

signal extraction are therefore more tractable. These tracks*The difference in kaon yields obtained using a Johnson distribu-
generally have the highest momenta of the tracks in theéon rather than a unit Gaussian to represent the kgatistribution
three-prong hemisphere and are well separated spatially frois typically less than 1%.
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FIG. 3. Reconstructe@) kaon and(b) pion momentum spectra
for ——Khmwv, candidates. Solid squares are data points and histo-
gram is the MC shape.

IV. BACKGROUND

There are two primary sources of background: continuum

hadronic eventsg"e” —qg—hadrong and nonsignalr
FIG. 2. Fit to g distribution for charged tracks in the three- decayq* r feed across). We estimate hadronic background

prong hemisphere of candidate events, with the fitted kaon and from a continuum hadronic Monte Carlo sampiesing the
pion curves ov_erla_id. Thg confidence level gf the fit is 92%; if the jerseT V7.3 [9] event generator andEANT [10] detector
kaon contr!butlon is not included, the CL is less than 3.0The simulation code The kaon and pion momentum spectra re-
data on this plot correspond to one bin: £§<2.1 GeVk, 20 gting from ggevents that satisfy our selection criteria are
<Npi=50. found from this Monte Carlo sample and subtracted from the

data K/7 spectra prior to fitting for ther—KX and 7
yields for each momentum bin above our minimum momen-— X yields. The level of hadronic background is shown in
tum of 1.5 GeVt are extracted knowing the pidand kaon ~ Table I.
&y shapes appropriate for eabh,; interval over a specified 7 decay modes containing2 mesons are considered
momentum range. An example of&j fit, showing the kaon feed-across background, because the major sourcéack-
and pion components, is displayed in Fig. 2. Hier mix-  ground to 7 =K h*# (7%, is found to be 7~
ture in this example is typical of the —K h* 7 v, analy- —K K°(7%) v, decays, in whictKg— 7+ 7. There is also
sis (of order 1:20) and is prepared using all tracks withcontamination of modes without”s from modes with7?'s,
momenta 1.9 GeW<p<2.1 GeVkt and N,>20. Note and vice versa, which we also determine from Monte Carlo

that the data in this plot correspond to the saig,(p) bin  Simulations, using our measured branching fractions as in-
as the independent pion sample shown in Fig. 1. The shag@!ts- Three prong decays with kaons and more thanmshe

of the Johnson distribution used for fitting is also identical to2'€ Séverely phase space suppressed and are neglected in this
that shown in Fig. 1. analysis. The approximate level af background is also

To determine the total number of+KX events, we must 9'Ven i Table I.
extrapolate from our measured yields in the regipn
>1.5 GeVk to the lower track momentum region. This is V. NUMERICAL RESULTS

done by fitting the measured kaon and pion momentum Spec- \ye determine the ratio of branching fractions relative to

tra to the spectra expected from Monte C&itC) simula-  the normalizing modes directly from the fitted number of

tions in thep>1.5 GeVk region, and integrating over the kaon and pion tracks in the 1 vs 3 sample. For tte

full momentum range. Uncertainties in this MC model are .k —n+ - v.and 7 =K h" 7~ 7%, decay modes, each

included in our systematic error. event contributes two same-sign tracks to the analyzed
The reconstructed momentum spectrum for the€  sample of tracks, one of which is a kaon and one a pion. By

—K~h"7~ v, analysis is shown in Fig. 3, with the fit over- contrast, each™— =~ 7" 7 v, event contributes 2 pions.

laid. For decay modes wit® mesons 8, distributions are  Straightforward algebra can be used to find a simple expres-

made and fitted separately for cases in which the two-photosion for the desired ratio of branching fractions, as outlined

invariant mass falls in ther® signal and sideband regions. in the Appendix. Using this calculation we obtain the results

The signal region is taken to be4<S,,<3, and the side- for the ratios(R) of branching fractions shown in Table II.

bands defined as 18<S,,<—10 and <S,,<17, where  The first error shown is statistical and the second is system-

S,, is the number of standard deviations from themass.  atic.

Subtracting thek/ yields from ther° sidebands, th&/

signals associated with trug® production are determined, VI. SYSTEMATIC ERRORS

and ther” —K " h™ 7~ 7% _yield is extracted. In Table | we '

summarize the total yields and backgrounds for all four The breakdown of systematic errors for each decay mode

samples. is given in Table Ill. The dominant systematic errors arise
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TABLE I. Kaon and pion yields in our 1 vs 3 samples and estimates of background levels. Errors are
statistical only. In each pair of numbers in the table the first number pertains to kaons and the second to pions.
The 7 feed-across background is included in #er yields while the hadronic background has already been

subtracted.
Hadronic Number of K# Hadronic 7 feed-
final state reconstructed background, % across, %
Khalmmam 7903+ 302/2947806-1184 3.1/0.5 9.1/11.2
Khaa® wmmm® 719+ 123/55140- 680 4.9/0.8 9.8/4.5
KKl mama 2305+211/14959% 761 5.1/0.4 7.0/14.5
KKra® mraa® 158+ 89/26915¢- 457 6.4/0.7 0/7.2

from the uncertainty in the fit procedure used to determine—~K K* 7 7%,: 7—K*K*?  7—p(1690), [p(1690)
the number of kaons and pions in the 1 vs 3 sample and from-K*K*°], and phase space. To obtain central values, the
the choice of decay models in Monte Carlo simulation. Thefollowing primary models were used: the model described in
former error is estimated by performing cross checks on inRef. [11] for the 7—Kampr, decay mode [mostly
dependent mixtures of kaons and pions with known fractions ;(1400)— K* 7r]; a mixture of phase space and-Kwv.
of particles of each type. We obtain tagged samples of kaonis proportions 75:25 for the— K 77 #%v, decay mode; the
and pions using data samples @f—K*"K~ or D*"  currentkoraLB [11] model(includingK* K andpK) for the
—D%r™" events, with theD® decaying to eitheK 7" or  7—KK v, decay mode; and a mixture of phase space and
K-@*m~ 7", The & distributions of kaons and pions are 7—K*K*°y in proportions 50:50 for the— KK 77°v. de-
added in proportions ranging from 1:1 to 1:25, and the signatay mode. Because decay modes with kaons are not well
extraction procedure applied. The number of fitted kaons isinderstood theoretically, and because data on such decays is
compared to the true number of input kaons and a ratigparse, this modeling uncertainty is somewhat large.
(Nfit/Nyyeo) determined. The results of this procedure are To determine the systematic error in our feed-across esti-
used to estimate the systematic errors inherent in the signatate due to the uncertainty in the input tau decay branching
extraction procedure. We then extrapolate the results of thigactions, several different samples of generiglonte Carlo
cross check to the mixture appropriate to each specific decayere generated using theorALB package, with branching
mode and assess the corresponding systematic error of ti@ctions of the components changed withinle of the
signal extraction. The expected fractions of kaons in the&nown value. Most feed-across corrections are determined
measured decay modes, averaged over the momentum rangsing branching fractions from the Particle Data Gr¢dp
p>1.5 GeVk, are 1:22, 1:31, 1:49, and 1:34 for the the magnitude of feed-across corrections internal to this mea-
—Khmy, Khan®y, KK7v, and KK77% analyses, re- surement(e.g., 7~ —K @ "7~ 7%, contamination ofr~
spectively. —K~ 7 7" v,) are taken from the results of this analysis.
The MC modeling error listed in Table Il includes the The quoted systematic error is derived from the observed
uncertainty in fitting the extracted pion and kaon momentunvariation of the final results when the input branching frac-
spectra(i.e., extrapolating into thp<1.5 GeVk region, as tions are varied.
well as the efficiencies for Monte Carlo events to pass both We conservatively assign a 100% systematic error on the
our event and track selection criteria. To evaluate this erroradronic background levésee Table I), since our hadronic
a variety of decay models, both resonant and nonresonargimulation may not accurately model the logckground. The
are used to determine the possible shapes of Mielp spec-  remaining backgrounds, namely, two-photon events, beam-
tra and to recalculate branching ratios. The following modelgyas interactions, and QED background, are assessed by vary-
were investigated in order to evaluate the systematic error fohg the event and track selection requirements and deter-
T =K mtm v, 7—Ky(1270),, 7—K,(1400),, and  mined to be less than 5%. To account for systematics related
phase space; forr™—K K*'zn v.: 7—K*°Kwv,, 7 to photon-finding, and the neutral energy veto, we investi-
—p(1690), [p(1690)—K*°K], and phase space; fof gate the dependence of the final results upon the particular
—K 77 7% _: r—Kwv, and phase space; for~ values of the cuts used in° reconstruction and the photon

TABLE II. Final results for ratios of branching fractions and derived absolute branching fractions for all
four analyses.

Decay mode Ratio definition Valuex(10~?)

T—Khwy, B(r—Khmv )/ B(t—mmmy,) 5.44+0.21+0.53
r—KharrOp, B(r—Khmalv ) B(r— wmaalv,) 2.61+0.45+0.42
T—KKm7v, B(r—KKmv)IB(t— 7mmv,) 1.60+0.15+0.30
r—KK77ov, B(r—KK77% )/ B(r— mwma’y,) 0.79+0.44+0.16
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TABLE lll. Systematic errors.

Source Ratio of branching fractions
Khmv Khzrn'p KK v KKy
TV 7T7T7T’7T0V TV 7T’7T’7T’7TOV
Kaon extraction procedure 6% 7% 9% 8%
MC model uncertainties 2% 6% 9% 15%
7 MC branching fraction uncertainties 2% 9% 4% 3%
MC statistics(for efficiencies 1% 3% 2% 4%
qq background 3% 5% 5% 6%
Other backgrounds (2 QED, beam-gas 5% 5% 5% 5%
Photon finding/veto 4% 6% 10% 6%
Tracking, trigger, tag ID cancels cancels cancels cancels
Total 10% 16% 19% 20%
veto. This study gives 2—10 % systematic err@rable Il1). B(r—K K" 7 v)IB(r~—h"h*h v,
We assign a MC statistics error corresponding to the sta- .
tistical error on the efficiencies and feed-across corrections =(1.52£0.14+0.29 X 10 “, (8)

determined from Monte Carlo simulations. There are other e i o
systematic effects that cancel in the final ratio of branching 8(7" =K K" @~ 7"v)/B("—h"h"h"7"v,)<0.0154.
fractions such as trigger efficiencies, tag identification re- ©)

quirements, and track-finding systematics. Subtracting Eq(8) from Eg.(6) and the central value of Eq.

(9) from Eq. (7) we find
Vil. SUMMARY
) . . Bt —K @7 7 v)IB(t——h"h"h v)
We have measured the following ratios of branching frac-

tions =(3.64+0.24+0.58 X 10" ? (10)
B(r =K htm v)IB(r~—a nta v, and
=(5.44+0.21+0.53 X 10 2, (2 B(r—K 7 7 7n%.)IB(r—h"hth 7%
=(1.77+0.62+-0.42 X 10 2. (11

B(r =K h*a 7% )IB(r =7 =t m 7l
=(2.61+0.45+0.42 X 102, 3 Using the CLEO measurements of the decay channélls

( 2 @ —h"h"h™ v, and7~—h"h"h~ 7% [12] for the denomi-
nator, and Eqgs(8)—(11), we find the branching fractions

B(r =K K 'm v )IB(r" —m w7 v,) given in Table IV.

=(1.60+0.15+0.30 X 10" 2, 4
VIIl. DISCUSSION
B(r—K K 7~ WOVT)/B(T_—)W_ Tt ’7TOVT) The 7~ —K 7" 7 v, decay mode is believed to occur
<0.015795% C.L) (5) predominantly through coupling to the axial-vector mesons

K1(1270) andK(1400). The numerical prediction for the
pranching fraction of this decay mode calculated by Finke-
meier and Mirkeg15] is 0.77%, more than twice as large as
both our result as well as the result of ALEPH given in Table
IV. Another theoretical prediction, 0.18% by [16], is con-
sistent with present measurements.

In contrast to theK 77 mode, tau decays involving the
KK final state may occur through either the vector or axial
vector currents. Theoretical predictions for the relative

where the limit is quoted because the value in Table Il is no
statistically significant. Contributions to both denominator
and numerator fromr—K2X, K — 7" 7~) have been ex-
cluded. If we instead normalize to~h"h*h™(#%v,, the
corresponding ratio of branching fractions are

Bt —K h*w v)IB(t——h"h*h™v)

= (5.16+0.20+ 0.50 X 102 6) amounts of V and A vary considerab]¥6,20—22. One can
' use isospin symmetry to relate tke K°#°, K"K* 7, and
00, _— i i
Blr —K hta 7% )/ B+ —h"hth™ O K K"#~ tau decay modes. The ratio of the branching frac-
(7= ™ mv)IBr = ™) tions of these decay modes should be 2:1:1 #f
=(2.54+0.44+0.39 X 10 2, (7) — K~ K*7 v, proceeds exclusively through ther inter-
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TABLE IV. Recent measurements af—Khax (7% v, decay

modes. Bk-K0,0 ZBKgng—
R/=1/R,= 2B B ) = B
“Ktmog—— -K0.0 00—
7 decay mode Measurement  Branching fraction, 2.0 KoKom KoKom Kekim 12
=Ko 7%, ALEPH [13] 0.294+0.073+0.037

thenR~R, indicates vector dominance whiie~R, implies

CLEO [5] 0.417+0.058+0.044 - . . .
axial vector dominance. Combining the avallag)lz% measure-
r—K mtm v,  ALEPH[14]  0.214-0.037+0.029 ments from Table IV we obtainR=0.48,1, R,
This analysis 0.3460.0230.056 =0_.90,0;37, andR,= 1.11,0;50_._The asymmetric errors are
Theory 0.7715], 0.18[16] d<_af|r_1ed so that the prpbabll{ty to obtain a measurement
' within one standard deviation is equal to 68%. Although the
- 0.0 values ofR, R,, andR, favor the vectorK*K state, the
T oKy, ACLLEEPg [1187] g'gig'iozfg'gé results of this method remain inconclusive due to the large
[18] T errors and the proximity oR,, andR, to 1. In addition, the
=K K70, ALEPH [13] 0.152+0.076+ 0.021 value ofR, while being closer tdR, , is lower than bottR,
CLEO[5] 0.145* 0.036+ 0.020 andR,, in contrast to the expectation thRtshould assume
a value betweeR, andR, . If this situation does not resolve
KK Ty, ALEPH [14] 0.163+0.021+0.017 itself as errors are reduced, some of the assumptions in the
This analysis ~ 0.1450.013+0.028 derivation of these relations may have to be reexamined.
Theory[15] 0.22 More precise measurements of the differiéiht isospin com-
binations in7— KK v should offer some clarification.
7KK 7w, ALEPH [13] 0.101+0.023+0.013 Tg;a Fheor(f-:‘tical prediction foi3( r‘ﬁK‘wa‘ VT). ;]s .
7KKy CLEO[5] 0.023+ 0.005= 0. 003 ~0.2% in Ref[15]. Our measurement is consistent with this
ALEPH [13] 0.026+ 0.010+ 0.005 value and the recent ALEPH mea§urerrlen£ Of,thlos niadé
0o - L3 [19] 0.31+0 12+ 0.04 The theory for ther decaysfr —K " # 7" 7 v, and
KK, 7 —K K7~ 7% is more difficult to formulate than that
T —K wta 7%,  ALEPH [14] 0.061+0.039+0.018 for the three-meson decays discussed above due to the sub-
This analysis ~ 0.0750.026+0.018 stantially larger number of possible intermediate states. Li
[16] has calculatedr— wKv,.=0.025%, which, if correct,
7 =K K'7 7%,  ALEPH [14] 0.075+0.029+0.015 would account for approximately 1/3 of our total observed
This analysis 0.0330.018+0.007 rate for ther” —K ™ 7" 7~ 7% . Explicit measurements of

the substructure ir— 7~ 7" 7 7%, coupled with these

results may help to resolve the nature of these four-meson

mediate state or 1:1:1 if this decay proceeds throkigi<. decays.
The experimental results for these decay modes are given in
Table IV. The decay rate of—K°K%7~ v, can be inferred
from the ALEPH’s measurement fdﬂ(7—>KgK8777 v,) and
the combined measurement of CLEO and ALEPHA{fr
—K2K 27 v,) (Table IV):
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=B(t— KgKEﬂf v,) +2B(7— KgKg’ﬂ7 v,)

=(0.149+0.024+0.014 < 10 2.

APPENDIX: DERIVATION OF RELATIVE RATIO
OF BRANCHING FRACTIONS

112002-8



STUDY OF 3-PRONG HADRONICr DECAYS WITH . ..

PHYSICAL REVIEW D60 112002

each 7— wwa(w°) v, contributes two pions. A system of events to pass our 1 vs 3 event selection cuts,@ngd. and
linear equations can be written from which follows the for- ¢ ..., represent the- feed-across corrections.

mula
Bl r—Khm(7%)v,]
Bl r— wam(7°)v,]
fi
_ NKhﬂ'(‘n’O) _ NKIt(ﬁKhﬂ' 26776171771
- - fi fi
N7T7T77(770) 6K¢7T7T7TN‘nl't_ Eﬂrfk(ﬁKhﬂ'NK‘t €khm

whereN[! andN™ are the fitted numbers of kaons and pionswhere the efficiencies and feed-across corrections have the
same meaning as in the previous formula. The values of

for a given 1 vs 3 sample, €., ande,, are the efficien-
cies for a hadrofikaon or pion fronKh(7°) decay or pion

from mwww(w°) decay to pass our track selection require-

The expression for the decay modes—K K* 7 v,
and 7 —K K" 7~ 70 _is simpler since only one track is
taken from each event:

Bl r—KKm(7%)v,] B Nk m(x0) _ Nﬂt‘ kK7€ r€mmm

Bl r—amm(m)v,] N

fit ’
mam(w0) Nﬂ" ¢7T7T7TEK6KK7T

track efficienciesy , €., ande, are~90% and the event
efficienciesexn,, €,,, are~36% for decays withoutr®'s

ments, ex,, and e, are the efficiencies for the indicated and~14% for decays withr°.
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