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Using data collected with the CLEO Il detector at the Cornell Electron Storage Ring, we have studied the
decays ofr leptons produced througé®e™ annihilation into final states containiﬂgg mesons, observed
through their decays tor*#~. We present branching fractions for decays to five final states:
=Ky, 7 =K 70, , KK v, 7 —=KK 7%, and T_HKgth_VT, whereK°h™ de-
notes the sum of the processes involvik§=~ and K°K ™~ particle combinations. Substructure and mass
spectra in these final states are also addre$S€h56-282(196)04311-1

PACS numbes): 13.35.Dx, 14.40.Ev, 14.60.Fg

[. INTRODUCTION modes involving kaons, which amounts to a few percent,

Although  decays to final states with kaons were ﬁrstmust be measured well if exclusive decays are to be tabu-
observed more than ten years ago, only quite recently hav@ted ac;cura?el%]. ) i
experiments acquired sufficiently large data samples to mea- I this article, we report on studies of decays to final
sure the branching fractions with good precision or to at-States containing neutral kaons using data accumulated with
tempt detailed studies of the decay dynamics. There arthe CLEO Il detector operating at the Cornell Electron Stor-
many interesting issues: tests of Cabibbo suppressiomge Ring(CESR. We begin by reviewing the phenomenol-
SU(3)+ symmetry breakindg1], and better understanding of ogy of the decays under investigation and stating the objec-
the spectral functiong2] and substructure. More precise tives of our studies. In Sec. Il we describe the event
measurements of kaon modes will allow improved correcselection. A discussion of models used in determining the

tions to modes which have been measured without distinexperimental acceptance follows in Sec. Ill. In Secs. IV and
guishing between pions and kaons such as—h v_, V we present the measurements of the branching fractions
T —h 7%, or 7 —h h™h v,, where h signifies a and explain our estimates of the various systematic errors.

charged pion or kaof3]. The total branching fraction for We show the reconstructed invariant mass spectra in Sec. VI,
comparing with the predictions of various models. The ar-
ticle concludes with a discussion of the results and a sum-

“Permanent address: BINP, RU-630090 Novosibirsk, Russia. ~mary in Secs. VII and VIII.
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A. The decay r—K v, Mirkes [10], the relative admixtures gf’ andK*' are com-
By analogy with+ decays in the nonstrange sector, theParable, the predictions from the sum rules remain largely

7—KX mode with the largest branching fraction is expected!"changed. _ .

to be r—Kmv.. The Ka final state is the Cabibbo- In the calculation,r decays through the vector hadronic
i . current to final states containing more than two mesons have

suppressed analogue of ther system inT— v, decay,

and both are expected to be produced predominantly by tht eee?];?j?g;i:dsmsi?(ﬁl)iﬁigas b%leer(]:e[e?gganr:zgsdstr}tizaltr::?m-
vector hadronic currecti®=17). If one ignores vector cur- y Vs y ) !
rent production of strangeSE 1) systems with three or more poqent of the nonstrange \Z/ectorzspectralzfunctgon. The first
mesons, the decay width in terms of the mass squared of th\é/elr;berg sum rul¢l3], [dg*(v _1(q ) —ay(q) =15, whe.re
final hadronic stateq?), the Cabibbo-Kobayashi-Mashawa a1(q°) represents the&s=0 axial-vector spectral function,
(CKM) matrix element\) and ther massM ., simplifies fails when applied tor data without the inclusion of the
to [2] us T 44 spectrum inv, [11]. Similarly, theS=1 vector current
can contribute t& 77 andK 777 final states, however ex-
- - g ) perimental data and theoretical predictions are limited for
T(r" = v (K7) p_y-)= 52573 Vud these modes.

(2m)°(2M.,)

2

2
y jMquz(Mf—qz)z(MerZqz) N EThe decaw-»KwZ/, |
0 Similar to theK 7 — = case,r—Kxmv, is the strange

1) analogue ofr—3wv, and is believed to occur predomi-

nantly through the axial-vector hadronic curredf€1%).
However, the situation is more complicated in the kaon case
since there are two allowed axial-vector states with similar
masses: namely th&P; and P, states, denoted a6, and
Kig, respectively. These states correspond toah{@ 260)
IOaindbl(1235) for the nonstranged final state. In the case of

ud, the decayr —b; v, is highly suppressed due to

xXv3(g?),

Wherevf(qz) is the vector spectral function with nonzero
strangeness. Similar {@(770) dominance in ther7 system,
the =1~ K state is expected to be dominated by the
K*(892) resonance, and the spectral function can be a
proximated, assuming that th€* width is sufficiently nar-

row, as . _ . .
G-parity conservation and can occur only through isospin
2 symmetry violation, assuming second-class currents do not
vf(q2)=21-r%5(q2—Mi*), (2)  exist. However, in the correspondings case, the broken

SU(3); symmetry allowsK ;g production in7 decay along
with K, ; their relative amounts is a measure of (S

. * . i
wheref g« is theK* decay constant. The corresponding non symmetry breaking14].

strange spectral function,(g?) can be obtained by replac- : .
Ing fiee With f,, My with M, and Vs with Vq. Experimentally, we do not observe eithkr, or Kqg.

In the case of exact S8); symmetry, fes=f . Al- Instead, the observed resonances, denoteld lf$270) and

. . P _K1(1400), are believed to be mixtures &f;, and K;g
though this symmetry is broken, from one of the Das [5,14]. Hence, determination of the branching ratios

Mathur-Okubo(DMO) sum ruleg[1] one can derive a rela- hlz(r‘—>K1‘(1270)vT) and B(r~— K (1400).) will allow

tionship between the decay constants, assuming that t .

spectral functions are dominated by a single narrow resgdS © Probe both the SU(3)symmetry breaking and the

nance: Kia-K4g mixing. Furthermore, theK(1270) decays to

many modes, primaril)Kp, while theK;(1400) decays al-
fi* £2 most exclusively toK* 7r. Thus, study of theK w# Dalitz
f dg?v1(9?) —v3(g?)]=0= Vi M—”Z. (3)  plot will also help untangle the dynamics.

K* P Also in contrast with the & case, the absence of an ana-
logue for G parity permitsK 77 production via the vector
hadronic current, for example, through tKe (1410), for

2 which the dominant decay mode k* 7. In the model of

(4) Finkemeier and Mirke§10], the vector current contribution

to K7rar is predicted to be about 10% of the total.

This leads to the relation

B(rm—K*"v)) %V_us
Vud .

B(r —p v,)

Taking B(7~—p~ v,) to be (25.3:0.4)% [5], |V,4 to be —
0.975, and|V,J to be 0.222, Eq.(4) then predicts C. The decayst—KK(m)»,
B(r~—K*"v,)=(1.20£0.02)%. The phenomenology of decays to two kaons parallels
This calculation assumes that ther and 7 final states  that for decays to one kaon. Although not Cabibbo disfa-
are saturated by the lowest-lying resonances, and negleciered, these decays are suppressed because of the limited
contributions from radially excited vector mesons. In thephase space for producing two kaons. The mode
case ofw, contributions from radial excitations of the 7~ —K°K »_is expected to be dominated by the vector
such as thep(1450) resonancéhe p’) are expected6,7], current. Since the final state has zero net strangeness, in prin-
and have possibly been observig]9]. Likewise, it is ex- ciple the spectral function and decay rate could be extracted
pected that &K* ' [for example, theK*(1410)], will also by applying the conserved vector curré@/C) theorem to
populate theK 7 final state. If, as argued by Finkemeier and data one™e™ — KK at low (below M ,) energies. This is not
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feasible since th&K state ine*e™ is predominantly iso- andK2K2h~v,, where neutral kaons are observed through
scalar(due to the¢ meson. Instead, SU(3) symmetry is the decayK‘S’Her 7. The focus of this study is on the
used to relateKK to mrar; Eidelman and Ivanchenkfl5]  determination of branching fractions.

apply this approach to existing data fete” — a7~ to With regard to issues of hadronic structure, we present the
obtain a prediction forr—>KE/T. Taking into account observed invariant mass spectra and point out qualitative fea-

SU(3)-breaking effects such as the—K mass difference, tures for comparison with theoretical models and results
they predict a branching ratio forr—sKKp. of from other experiments. Quantitative analyses of the had-

(0.12+0.03)%. In a similar calculation, Narison and Pich fonic systems will be reported in a future pap@f.
[16] obtain a value of (0.160.02)%. L

As with the K 7w final state, the three-mesdtK 7 case Il. DATA ACCUMULATION AND ANALYSIS
is considerably more complicated than the two-meson case A. Detector and data set

or the 3w case. Furthermore, theoretical constraints are lack-

ing, and predictions vary considerably depending on input Theﬂata ingludfggig thedseSanaIysl;as v;zg:sacqﬁmﬁlaée&%e-
assumptions. Production of th&K 7w system inr decay can tween November and September with the

occur through either the vector or axial-vector nonstrang | detector operating at the CES® e collider. Roughly

weak hadronic currerftl7—19. Gilman and Rhig17] pro- /3 of the data were collected on thg4S) resonance at a
posed that this decay might arise through production via th&Nter-of-mass energys= 2Epeayi10.58 GeV, with the re-
vector current of thep’, which could decay tKK= via mainder collected at/s~10.52 GeV. The integrated lumi-

K*K. In a chiral Lagrangian-based model, Gomez-Cadenad!oSity Of this sample, 2.96 fb?, corresponds to Z'Zx 10f

. . . . . O —
Gonzalez-Garcia, and Pi§h8] examine the axial-vector and Produced7-pair events. For the statistics-limiteidisK sh
(anomalous vector contributions tar— —K K * 7 », with ~ channel, we also include 0.69 T8 of data collected through
pr substructure. They conclude that the vector contributiorf €0ruary 1994 and between July and October 1990, for a

should dominate by a factor of 10. Deckeral. [19], in a  total of 3.33x 10 7 pairs. _ _ _
similarly constructed model, include bok¥ K and pr in- The CLEO Il detector has been described in detail else-

termediate states, and find to the contrary that the axialWhere[27]. The components of the detector which are most
vector contribution[nominally via the a;(1260)] should critical to this study are the three concentric cylindrical drift
dominate. Further refinement of this model by Finkemeie/ch@mbers occupying the space 4 cm to 95 cm radially from

and Mirkes[10] supports this conclusion. the beam axis, comprising a 67-layer charged-particle track-
For - —K%%DO%~ 1 an additional issue of relevance to ing system which is immersed in a 1.5 Tesla solenoidal mag-

experimental work concerns the coherent evolution of thd'®tc f|eld. Th|os sysienl provides efﬁuent and precise recon-
KOKO system in this decay. The ratio struction ong—mr T qlecays,' since at CESR energies
REF(T_HKgKgW_V )/F(T‘HKgKEw‘v ) depends on nearly allKg's decay within the first few layers, thus allow-
T § jng the daughter pions to be tracked. The momenfynin

GeV, of charged patrticles is measured with a resolution of
ap/_p(%)w[(o_.15p)2+(0.5)2]1’2. This corresponds to a
typical resolution of~5 MeV on the invariant mass of the
77~ pair produced ian decay. In addition, ionization

. . i . loss (E/dx) is measured in the 51-layer main drift chamber
While the dynamics governingK = decays merit study, with (a reso?ution of 6—7 %, permittiné some discrimination

additional interest in these decays lies in their utility for CoN-p atween charged kaons and pions, as described in detail be-
straining the mass of the neutrino. Because these decaysIOW ’

are greatly phase-space suppressedKiKer mass spectrum Ao important for the measurements reported here is an
may be sensitive to a nonzermeutrino mass, as events are gjectromagnetic calorimeter consisting of 7800 thallium-
likely to populate the region near the kinematic end po'”tdoped Csl crystals. These crystals, each of dimension
M.=M, . From fourr” —K"K" 7" v events, DELCO de- 5 cmx5cmx 30 cm, surround the tracking volume, cov-
rived the most stringent limit oM, _at that time[20]. How-  ering 98% of the full solid angle. Forming the barrel region
ever, existing data are insufficient to determine whethepf the calorimeter, 6144 tapered crystals are arrayed just in-
KK is more or less sensitive than the also-rare five-piorfide of the magnet coil at a radius 6f1 m in a projective

final states B~0.1%) which have since provided the best cylindrical geometry, covering 82% of the solid angle. The
limits (31, 32.6, and 24 MeWon M, [21-23. remaining crystals are rectangular, and are oriented axially in

two end caps, overlapping in solid angle with the ends of the
barrel. The barrel region of the calorimeter achieves energy
and angular resolutions for electromagnetically showering
CLEO I has previously published branching fraction particles of og/E(%)=0.35E%°+1.9-0.1E and
measurements for the decays—K v,, 7 —K 7%, o¢(mrad)=2.8/\/E+ 2.5 (E in GeV), respectively. The re-
and 7~ —K~ 7%7%_ [24]. Branching fractions for the de- sulting photon energy and direction information provided by
cayst —K*°7p_and 7~ —K*%K v, obtained with the this system is used to reconstruet— yy decays which may
CLEO 1.5 detector, using th&*°—K™* 7~ channel, have accompany the charged tracks, and to veto potential back-
also been reporte®5]. Here, we present results for the final ground processes such ase”—qq, in which the photon
states[26] K°h™v,, K°h 7% _, KK v,, KK~ 7%,  multiplicity is typically higher than that in-pair events.

the decay dynamics. If the decay proceeds through an inte
mediate p°7~ (or ¢m~) state, for example, then the

K227~ final state is forbidden by Bose statistics. In the
model of Ref.[10], R~0.5 but depends on the resonance
parameters used to describe the decay.

D. Goals of this study
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FIG. 1. The invariant masM (7" =) for Ke— =" 7~ candi-

A
L
b\

=

dates in theT’—>th’vT sample from datdpointg and  Monte
Carlo eventghistogram). The signal and sideband regions used for

_ am. FIG. 2. Axial view of an event containing }eg—> ot 7~ decay.
event counting are indicated.

This event is a candidate forete —r'7~ with a

" —=Kh* 7% decay recoiling against™ —e  v.v, decay. The
Although not essential to this analysis, the lepton identi-ocations of struck tracking chamber wires are indicated by dots.
fication capabilities of CLEO Il permit classification of de- The tracks intersecting at the detached vertex ft?’rm_kt@e?andr_
cays of ther lepton recoiling against a final state of interest, 98- The calorimeter is shown in an "exploded” view in which
Electron identification is based on energy deposition in thd"créasing radius is actually increasiag Two nearly overlapping
calorimeter anddE/dx measurements in the main drift showers at the top of the figure reconstruct to form%candidate
chamber. Muons are identified by their penetration to proporg1 Lgn:;gzv;zei:r\gi;hienng;n\? ers denote charged-particle momenta
tional tubes embedded in magnetic flux return iron, at depths '

corresponding to three, five, and seven nuclear interaction gyants are permitted to contain a pair wimatcheden-
lengths.

ergy clusters in the calorimetére., those not matched with
a charged-particle projectiorin the one-prong hemisphere
B. Selection of events containing on&3

with energy greater than 100 MeV which are consistent with
The primary event selection for all measurements is simi=r° decay. After7° reconstruction, we reject events which
lar. For brevity, we describe the selection for —K2h~ v,

and r‘—>th‘7-r°vT and point to any major differents in
the other analyses. In general, we note that in Iﬂ‘@‘
analysis for which the statistics are largest, more stringe
cuts are applied for better control over systematic errors. F

0
other modes, selection criteria are less stringent for highel?
acceptance.

have remaining unmatched showers with energy greater than
350 MeV. We further reject events with showers of energy
above 100 MeV, provided such showers are well isolated
flrom the nearest track projectidby at least~30 cm and

ave photon-like lateral profiles. These vetoes suppress
ackgrounds frongq events and- feed acrossi.e., r decay
modes containing unreconstructed’s or K{’s).

The K is identified by requiring two of the tracks in the

A sample ofT*—>th*vT events is selected by requiring ! , )
nibree-prong hemisphere to be consistent with the decay

four charged tracks, each with momentum transverse to t

— . O . .
beam axispy>0.0F peary and |coss|<0.8, whered is the Ks—7 7 . We determine th&(s decay point in thex-y
polar angle of the track relative to tles e~ beam axis £). plane by the intersection of the projections of the two tracks
We define a 1-3 topology by requiring one track to be iso-Onto thi+s Ela}ne. Thi_s poin_t must lie at Iea_st 5 mm from_ the
lated, making an angle of at least 90° with each of the othef€ane” e interaction point(IP). We require that the dis-
three tracks. The isolated track must havesf|<0.71 and tance between the two tracks znat the decay point be Iess_
momentump=>0.1E,.,., to help ensure efficient triggering than 12 mm to ensure that the tracks form a good vertex in
and reduce potential backgrounds from two-photon prc,_three dimensions. The distance of closest approach to the IP
. : ; ; At 0
cesses and beam-gas interactions. To reduce backgrourfisthe line defined by the-y projection of theKs momen-
from e"e”—(qq reactions(denoted agjq event$ and two-  tum vector must be less than 2 mm. The invariant mass of
photon processes, we require that the net missing momentutie two tracks,oassumed to be pions, must be within 20 MeV
of the event be greater than OB@,,in the transversext  Of the knownKg mass. For purposes of background subtrac-
y) plane, and not point within 32° of the beam axis tion, we definng sideband regions which are 30-50 MeV

(|cos8|<0.85). We also require the total visible energy in theabove and below th&2 mass. The data and Monte Carlo
event to be between (Efgynand 1.6 qqm

(MC) mass distributions are shown in Fig. 1. We find 1482
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Events /0.1

Events /0.2

S

FIG. 3. Normalized proper time distributideee texk for recon-
structedk? mesons in@@ 7~ —K%h v, and (b) 7 —KZh 70p,
candidate events from datgointg and Monte Carlo(histogram
samples. The corresponding distributions from K&mass side-
band regions have been subtracted.

events in the signal region and 240 events in the sideband 0.42 0.50 0.58
regions. A single event display for one event containing a M(7T* ) (GeV)
Kg—w-r+ 7~ decay is shown in Fig. 2. In Fig(8, we show
the sideband-subtracted distribution of proper tindéyp, FIG. 4. (a) Lego plot of the distribution iM .+ .- vs S, (see
whered, v, andy are the flight distance, velocity, and boost text), for candidater™ —Kgh~7°»_ decays.b) Scatter plot of the
factor of the candidat2) divided by the knowrK$ lifetime ~ quantities shown ira), with signal, sideband, and corner band re-
for events in ther-—K2%h~ . sample. The distribution de- 91ons indicated.
viates only slightly from an exponential, and agrees well
with the Monte Carlo prediction. forming theK 2 to havep;>0.0% ..mand|cos|<0.90. The
The selection of-~ —Kgh™ v, events proceeds as that missing momentum must point at least 26° from the beam
for r*—>th*vT events except that a® candidate is re- axis (cos9<0.90).
quired. Such candidates are formed from showers in the \We use thelE/dx measurements in the main drift cham-
three-prong hemisphere with energy greater than 60 Melher to identify the charged hadron accompanyingkfias a
and|cos|<0.71. The mass of the two photons is required topossible kaon. To ensure a reliable determination, we require
satisfy |S,,|<3, whereS,,=(M,,—Mo)/a,,, and the the number of sampleghit drift chamber wires associated
mass resolutiowr ,,, is computed from the photon energy and with the reconstructed tragkused in thed E/dx measure-
angular resolution. We defing® sidebands to bet(4-7  ment to be=30. K- separation is ambiguous in the mo-
o, from the nominalr® mass. The data are shown in Fig. 4, mentum region between 1 and 2 GeV. Hence, we require the
with signal andKY «° sideband regions indicate@orner  charged kaon candidate to have a momentum of at least 2.0
band regions, containing events which lie in the sidebands aBeV. The momentum spectra of the charged kases Fig.
bothM .. andS,,, distributions, are used to account for pos- 5) are harder than those for the pion background modes.
sible oversubtraction of combinatoric backgrounds. Thererhys, this momentum cut also enriches the kaon fraction. We
are 374(113) {3} events in the signalsidebandl {cornet  optain no significant gain in sensitivity by including events
regions. The proper time distribution f&g candidates in  where the kaon momentum is below 1 GeV. Monte Carlo
these events is shown in Fig(t3. studies indicate that 36—-43% of —K2K v, events and
25-28% ofT*—>KgK*Tr°v, events are expected to pass the
>2.0 GeV cut, where the values reflect the range of predic-
The selection ofr™ —K2K (7% v, events is similar to tions from different models.
that described above. To improve acceptance, we relax kine- We determine the number of signal events statistically, by
matical and fiducial volume cuts. The one-prong track musfitting for the number of charged kaons in the
havep;>0.05E,.,mand|coss|<0.81. We require the tracks 7 —K2h~(#°) v, sample after application of the cuts de-

C. Selection of events with a charged kaon
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FIG. 5. The momentum spectra of charged kaons fr@n
- O — - O~ 0
I7(-3 v; }:/Isc})(nt;TCGZ:E)(Z)irr:uI;i};rsl}f‘orﬂs;\;eer\;ler;:zcgfI;n (g;e gfrenneesrcz)a;or FIG. 6. Distributions inoy [see Eg. % of high-momentum ka-
P ons (filled circles and pions(open circley from D°—K ™ 7" de-

dominance in the spectral_functlon is represented by the solid hls-qu, used for calibrating they distribution. The fits described in
togram, and the dashed histogram represents a honresonant mo Rl - .
€ text are indicated by solid curves.

The momentum spectrum of pions frorﬁ—>Kgqr‘ v, is shown as
the dotted histogram. Itb), the solid histogram gives the spectrum
corresponding to axial-vectorKKz production [via the dE/dx distributions are included in the systematic error es-
a,(1260)], while the dashed histogram gives that due to vectortimate.
KK 7 production(via the p’), and the dotted histogram gives the  In Fig. 7, we plot the o distribution for the 318
pion momentum spectrum from — K27~ 7%, . T*—>th*vf candidate events passing the cuts described
above, including the-2 GeV momentum cut. The fit to pion
fined above. Specifically, we fit the normalizd@/dx dis- and kaon response functions yields #14 K’s and 205
tribution,

dE/dXmeas~ AE/dXf,((P) © —

T ge/ax(P) 2 1
60 - —

where dE/dXeas @and dE/dxgxp(p) are, respectively, the s .
measured specific ionization and that expected if the charged
particle is actually a kaon, andygqx(p) is the expected
measurement error. The distribution ofy for real K’s
should be a unit-width Gaussian centered at zero. 40
To check that this quantity is properly calibrated for real
K’s and7's, we use a sample @* * —D% " decays from i
the data in which thé®° decays toK ~7*. We select or
7 candidates with the same criteria as the hadrons in the
T_HKgK_(WO)VT sample, including the 2 GeV momentum
cut. Above 2 GeV, thelE/dx separation of pions and kaons i
is very nearly constant. -
The D° sideband-subtracted distributions for pions and i
kaons from~2000D* * —D%r* data events are shown in 0
Fig. 6. TheK and 7 distributions are fit to Gaussians out to -4
+20 and +3.50, respectively. The means for th¢ and
7 peaks, as determined from the calibration sample, are
—0.04+0.02 and 1.630.02, respectively. The correspond-  FG. 7. Theoy distribution for candidate™ —K2K v, events.
ing standard deviations are 0:99.01 and 1.030.02. For  The data are shown as points with error bars. The dot-dashed and
the purposes of fitting the data, we fix the means to 0.0 and dashed curves indicate the best fit for the kaon and pion compo-
1.63 and the standard deviations to 1.0 and 1.03, respegents, respectively, and the solid curve indicates their sum. Points
tively. Uncertainties in the parameters used to fit theare not shown for bins containing zero entries.

OK=

Events

20
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FIG. 9. The invariant mass of the tw¢2— =" 7~ candidates
FIG. 8. The o distribution for candidater’—»K‘S’K’vrovT (low mass vs high magsis histogrammed for(a) data, (b)
events. The data are shown as points with error bars and the curves-K2K 37~ v, signal MC events{ 6% the data yield, (c) 7 feed-
are the same as for the previous figure. Points are not shown faicross background MC~3x the data luminosity and(d) qq MC
bins containing zero entries. (equivalent luminosity comparable to the data

+17 a's. The latter is in good agreement with the number We use the KORALB/TAUOLA package [30] for
expected from measurements of thesKmv. branching € © —7 7 production andr decay with several modifi-
fraction (including the one presented herdhe fit to the cations. Since the situation is complex and the dynamics of

number ofK’s in the K sideband sample gives G:3.0 the simulation are important, we will describe specifics of
the generator in detail.

events.
In the 7~ —K2h~ 7%, sample, the analogous fit to the 63
events yields 3237.1K’s and 31.17.1 's (see Fig. 8 A. Modeling of decays to two-meson final states
Fits to the numbers df’s in the K‘s’/wO sideband and corner The modeling of the two-meson final states is fairly
band regions give 22 and 2+ 1 events, respectively. simple. The hadronic form factor far —K°7~v_ decay is

modeled as a singlB-wave Breit-Wigner resonance, corre-
sponding toK* (892) dominancébut noK*’ contributior).
We use this parametrization without modification. We added
For the selection of " —KZK2h~ v, events we require a the 7~ KK~ ». decay mode since it was not included in
1-5 topology with twoK2 candidates satisfying criteria Version 2.2 offauoLA. We assume th&°K ~ system to be
similar to those given above. Kinematical and fiducial vol-in aJ”=1" state, with a polarization specified according to
ume cuts are relaxed as for those in the charged kaon analjhe V— A structure of weak decays. We investigate both a
sis, in order to keep the yield as large as possible. We furthgshase-space spectral function model and one in which the
allow the x-y flight distance of thek? candidates to be as K°K ~ final state arises from the high-mass tail of fhésee
small as 3 mm. The selection results in a sample of 52 evenfSig. 5).
in the signal region, 11 events in the sideband region, and 1
event in the corner band region. In Fig. 9, we show two- B. Modeling of decays to three-meson final states
dimensional plots of the invariant mass of the two
K2— 7"~ candidates for both data and MC events.

D. Selection of events containing twd 2's

The =K% 7% _ decay is presumed to proceed
through the axial-vector current via thkK;(1270) and
K1(1400) resonances. We also consider the possibility of a
flat spectral function. Although the vector current contribu-

We generate MC samples using GEANT-based[28]  tion[perhaps dominated by th€* (1410)] could be substan-
simulation of the CLEO Il detector. Effects of accidental tial, it is essentially neglected inauoLA; correspondingly,
activity in the detector are simulated by embedding data colwe do not consider this component in our measurements.
lected with a random trigger into MC events. We have pro-However, possible biases due to the model dependence of
duced a sample of about:810° r-pair MC events, as well the detection efficiency are considered in the evaluation of
as other samples for specific signal and background decagystematic uncertaintigsee Sec. Y.
modes. We also have generated large samplegqof29] Treatment of theKKs decays inTAUOLA follows the
andBB MC to aid in evaluating these backgrounds. model of Deckeet al.[19]. The r—KK v, decay is imple-

IlIl. MONTE CARLO MODELING
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TABLE |. Summary of analysis by decay mode. For each mode we give the total number of events
Nsig, found afterKg-sideband anar’-sideband subtractions, the expected numbers of background events due
to non-r processedN.q, and 7 feed acrosdN,, and the detection efficiency, Errors are statistical only.

Decay mode Nisig Ngq N, & (%)

T —Khv, 1242+41 38.1+7.1 223-12 6.18-0.05
=K 70, 264=22 9.5-4.3 5.2:6.8 2.39-0.04
=KX v, 111+14 3.6:1.6 7.72.8 3.58-0.13
7KK 70, 32.3:7.9 0.8-1.3 0 1.170.04
=KX v, 42.0:8.0 1.4-2.4 0.0:0.2 5.63-0.19

mented through contributions from both the vector and axialcontribute significantlysee Fig. 9. The contributionsNg-
vector current$19] with the former dominated by the’ and ~ andN, shown in Table | are after sideband subtraction. The
the latter dominated by tha;(1260. The relevant interme- residualqq background is estimated from the data itself us-
diate states ar&*K andpm (where again the decays to ing events where the restrictions on photons in the one-prong
KK). For thep’, decay toKK = throughp is forbidden by —hemisphere have been lifted and the invariant mass of the
G-parity conservation. For tha, decay, theow (p—KK)  charged track plus the photons in the one-prong hemisphgre
channel is heavily phase-space suppressed. Therefore, in tRéceeds the mass. Such events are predominantly hadronic,
default parametrization of ther —K%K%z v, decay and can be used to estimate the contamination in our selected
—90% of the decays proceed througkK, of which €vent samplg32]. For channels with limited statistics, we
~30% are from the vector current contribution. For the de-ely on theqqg Monte Carlo sample. Backgrounds fra&B
cay 7 —KOK~ 7% _, however, Deckeet al. [19] suggest €Vvents and two-photon processes are negligible. The amount
that a cancellation between the two posshfecharge states Of 7 feed-across background is estimated from #idonte
causes the* K contribution to be zero. Since this cancella- Carlo sample. Such backgrounds include contributions to the
tion is valid only in the chiral limif10], we have modified ~0bserved signal from unknown or poorly measuraiecays,
TAUOLA to include this decay. such as the contamination of th&gh™ sample by
Finally, the decayr— —K°K°K v, could also appear in 7 —KgK 7 v_decays. We describe the procedures used to
the K(S)K(S)h7 final state. However, we expect this contribu- boun.d these bac.kground-s in the discussion of SyStematIC er-
tion to be negligible due to the Cabibbo and phase-spacrs in the following section. o _
suppression factors. Consequently, we have not considered The branching fractions determined in these five analyses
this decay in the Monte Carlo generation. are[26]

— O, — _
IV. DETERMINATION OF BRANCHING FRACTIONS B(7~—K"h™»,)=(0.855-0.036-0.073%, (7)

For all analyses we determine the branching fraction ac- B(r~—K°h~ 7% .)=(0.562+0.050+0.048%, (8)
cording to

B(r~—K°K~».)=(0.151+0.021+0.022%,  (9)
Neig— Ngg—N, ©

B(r~—KX)= - :
S 2B(Kg—mtw)Ef o, Ldt B(r~—K°K~ 7% _)=(0.145+0.036+ 0.020%, (10)

where Ng;q is the number of signal events after sideband
subtractionNggis the expected number of nantpredomi-
nantly qqg) background eventd\, is the number ofr feed-
across background events, . is the beam-energy-dependent
7-pair production cross section including radiative correc-
tions[30], £ is the luminosity 31], and¢ is the efficiency for
detecting events where thég has decayed tor* 7. For

O O — £ 0 + -
the KsKsh ~ final state, a seconi(Ks— " ) factor ap- 7~ —KOX results shown. Since th&2K2 fraction in

pears in the denominator. 0B — . ;
The quantities used are summarized in Table |. The effi:K K™h™ events is unknown, the result {f1]) is presented as

ciency is obtained from Monte Carlo samples generated ud®: . . .
ing the models described in the previous section, combined We car; determine t.he brgnchmg fractions for the modes
so that the invariant mass spectra agree with the observed” K7(7)v, by taking differences (7)—(9) and (8
spectra for the given hadronic final states. Backgrounds are (10- Taking into account correlated statistical and system-
estimated using various data and Monte Carlo samples. AtiC errors, we obtain

significant fraction of the background is accounted for by the —

sideband subtraction: backgrounds comprise the dominant B(7~—K%r v,)=(0.704:0.041+0.072%, (12
contribution to events populating the sidebands, except in the .

case of thek 2K 2h~ channel for whichyq backgrounds also B(7~—K%r~ 7% _)=(0.417+0.058+0.044%. (13

B(r~—K2&h™»,)=(0.023+0.005+0.003%, (11)

where the first error is due to the statistics of the data
samples and the second is the overall systematic uncertainty
discussed in detail in Sec. \83]. For the result$7) to (10),

we have multiplied ther*—>KgX branching fractions ob-
tained using EqQ.(6) by a factor of 2 to obtain the
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TABLE Il. Summary of systematic uncertainties in percent.

Source Keh~ K2~ 70 K2K ™ KK~ 70 KK 2™
Trigger eff. 0.4 0.2 1 1 1
Track-finding eff. 1.8 1.8 2 2 9
K2-finding eff. 3.0 3.0 3 3 6
Photon veto eff. 2.0 2.0 2 2 2
Detector acceptance 2.1 6.2 2 2 2
Model dependence 0.8 0.6 10 10 2
Non-r backgrounds 0.7 1.8 4 4 6
7 backgrounds 4.7 0.7 3 0 5
Tag decomposition 51 0 0 0 0
70 reconstruction — 3.0 — 3 —
dE/dx uncertainties — — 7 7 —
Luminosity 1.0 1.0 1 1 1
T Cross section 1.0 1.0 1 1 1
MC statistics 0.8 15 4 3 3
Total 85 8.5 15 14 14
Isospin relates the branching fraction for tk€x~ final The probability that the momenta of the pions frd(ﬁ

state to that folk ~7°. Making use of the 2:1 isospin rela- decay have been sufficiently well measured is studied in sev-
tion, we compute the weighted average of 3/2 times(E).  eral ways. First, distributions of quantities used in the selec-
above and 3 times the CLEO measuremention of K2 candidates show good agreement between data
B(7~—K~ 7%,)=(0.51=0.10=0.07) %[ 24] to infer and MC simulation. Furthermore, we have also performed
the KZh~ analysis without applying any of thé2 selection
cuts, but plotting the invariant mass of all pairs of oppositely
The dominant uncertainties on the measurements enterirflarged pions evaluated at their intersection point. Although
this average are uncorrelated. To the extent thakthesys-  the combinatorial background fromm —h~h™h~v_is quite

tem is dominated by thK* (892) resonance, Eql14) gives  large in this case, Kg peak is still evident. We find that the

B(r~—(Km) " v.)=(1.11+0.12%. (14)

the 7~ —K* ~y_ branching fraction. detector simulation reproduces the relati¢@yield to within
~2%. Second, we have studied the extent to which tails of
V. SYSTEMATIC ERRORS the Kg mass resolution are understood by varying the width

. . and position of the signal and sideband regions in the
The systematic errors for the five measurements are sum-,~ = 0L — = .
mass spectrum for th€ch™ final state. This causes

marized in Table II. The total systematic error is determined” 7 _ _ o
by summing individual uncertainties in quadrature. Below,th€ branching fraction to change by upt@2%. Fitting to

we discuss the most significant sources of error individuallyth® mass spectrum also yields a similar variation, depending
focusing primarily on their effects on the systematics-On the form of the fit function used. Independent studies of
d0m|natedr‘—>th‘ v, branching fraction. ta!ls inKg andD* * decays inqq events in the data support
this result.

Finally, we use the- MC sample to estimate the extent to

' . . - . which theK2 sideband subtraction fails to properly account
We first consider uncertainties arising from imperfect un- S property

derstandin : . Eor combinatorial background which is assumed to vary
g of the performance of the tracking devices an . 0 . - L
subsequent algorithms applied to reconstruct candidatZZ\mOOt.hly n theK.S S|gnal_ region. Comé:)mmg the staﬂgﬂcal
events. This uncertainty has two components: first, in th&ror this estimate with the two 2% effect_s mentioned
efficiency with which each charged-particle trajectory is re-2P0Ve leads to an overall error of 3% associated wah
constructedtrack finding; and second, in the ability to ad- econstruction.

equately measure the parameters of the pions forming the o

K2 candidate K2 finding). A study of 1-3 topology- events B. Photon veto efficiency

selected with requirements on only three of the four possible Application of the photon veto is effective for rejecting
tracks has demonstrated that the detector simulation undesackgrounds, but it also results in some loss of detection
estimates the single track-finding efficiency $10.4%(34].  efficiency for our signal modes. This is mainly due to inter-
We apply a+0.4% per-track correction to the efficiency, actions of the charged hadrons in the calorimeter, where
and assign the overall change as the systematic uncertainyagments of hadronic showers can mimic the electromag-
since the origin of this discrepancy is unknown. Because ohetic showers of photons. Additional contributions come
the higher density of tracks in the —K2K2h~»_decay, we from radiative photons and from activity in the calorimeter
assign a more conservative error of 2% per track for thehat is not associated with the primagye~ interaction. All
pions from theK 2 decays. three of these sources are included in the Monte Carlo simu-

A. Tracking efficiency and K%—» =t &~ finding
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lation. We quantify the uncertainty in the simulation of thesecacy of the photon veto in rejecting events contairi'ﬁfgs.
effects by varying the energy thresholds for the vetger  As noted earlier, we cannot infer the2K °h~ v, branching
the range of 80-500 MeV for the photon-like shower yeto fraction from our results orr™—K2K2h~ v, without addi-
Typical variations inB(7~—Kgh~v,) are ~2%, and we tional theoretical assumptions. We consider a range of pos-

assign this as the systematic error. sible values of 0.25 to 0.50 for tHe2K YK 2K production
fraction R, as constrained by theof\l0] and experimental
C. Acceptance and model dependence data on substructure in th€ K°#%v_ (see Sec. Vjl and

We rely on the Monte Carlo simulation for our estimation K~ K7~ v, [25,35 modes. In addition to our measurement
of the detector acceptance due to geometric and kinematlf B(7~—KZK2h~v,), there exist resultgsee Table 1)
cuts. This is studied by varying these cuts. We find goodrom the L3 Collaboratiori36] on B(7~ —K°K°h~».) with
agreement between data and Monte Carlo simulation fosmall model dependence, and from the ALEPH Collabora-
many distributions of kinematic quantities for most of thetion [37] on B(T_HKgKEh_VT). Using these three mea-
modes and assign a 2.1% error associated with detector asurements and the range oR above, we assume
ceptance. For the” —K2h~#%v_ channel, however, we ob- B(r—K2’h~»,)=(0.083+0.027)%. The efficiency for
serve a systematic shift in the branching fraction as the cudccepting this decay is #14% that of detecting the signal
on the minimum track transverse momentum is varied. Sucimodes as determined by the Monte Carlo simulation. To this
a dependence could be due to inaccuracies in the modelinge assign a relative uncertainty of 10% to account for pos-
of the decay(see below or in the simulation of the detector sible inaccurate modeling &€} interactions in the detector.
acceptance. Consequently, for this mode we assign an uncefpgether these errors result in an uncertainty of 4.5% in the

tainty of 6.2%. _ _ 7~ —KO% v, branching fraction, dominated by the uncer-
The dynamics of the decays being studied also affect th?ainty in B(r~—K2K°h~p).

acceptance. For example, in all modes, the simulation reveals Tpe uncertainty in the estimate of feed-across back-

that the overaI][ iﬁ'cr']egcy has some dipendzn?z on tr:je Nround to thek 2h~ 7%, final state consists of two compo-

ran o of e i e, e el P st wa conser bakgounc o e o -
- 0p, — - 00— .

with the models described in Sec. lIl. We also compute the ays 7 —Kgh v, and = —KeKgm v,. The first mode

. ; . . : - tan contribute if the sideband subtraction fails to properly
branching fractions by performing efficiency corrections bin- 0 ; o .
S . . D account for faker™’s (e.g., if the distribution inS,,, is not
by-bin in the invariant mass distributions. In all cases, th vy

results agree well with those obtained using the nominae|me‘r’})')'0The second canocontnbut_e if one of thig's decays
models. For thek K° and K~ K°7° channels, the model to 7 7~ and one of ther" decays is reconstructed. Based on

dependence is especially severe, since we rely entirely on tthmertainties in the branching fractions for these two decays

Monte Carlo simulation to estimate the acceptance loss in"Emd on Monte Carlo statistics, we assign a 0.5% uncertainty.

O 0_0
curred by requiring thé&~ momentum to be above 2 Gev. Second. we have Ioooked for the decay—Ksh"m 7"v, by
requiring that tworm" candidates be found. We find no evi-

dence for such decays beyond the contribution expected
from the 7~ —K2K 27~ v, channel noted above. We assign

As shown in Table I, non- backgrounds are small. The an additional 0.5% uncertainty to cover possible contribu-
uncertainties listed in Table Il are derived by varying thetjons.

procedures used to estimate the nobackgrounds. For the
K2h~ analysis especially, a more significant source of uncer- E. Tag decomposition
tainty is in the level of feed-across backgrounds from other

7 decays. We discuss these backgrounds here.

After K2 sideband subtraction and nerbackground sub-
traction, the feed-across backgroundrto—K2h~ v, is esti-
mated from the MC simulation to account for 18.5.0% of
the events. This background arises from three sourcds-

cays tOthO_ go’if (6.8%9 which survive thoe photon veto;  oasured and expected valuesdd/dx, analogous targ
decays tKKih™ v, (11.39 in which theK| either passes jefined earlier. To be considered a muon the isolated track

through the calorimeter without interacting, or interacts andy, st penetrate at least three nuclear interaction lengths of
deposits energy clusters which survive the photon veto; anghsierial to the muon detection system. Tracks accompanied
decays to final states which do not contairkg (0.4%.  py ax° candidate as described in Sec. Il B are classified as
Uncertainties in the last category are absorbed into the 0, tags. Decay candidates not classified as leptons or
Kg-flnd|ng errors, Since these backgl’ounds are aCCOUnted fq}fﬂ-oy tags are assigned to tHe Category_ Since muons
only to the extent that the(g-sideband subtraction works. pelow ~1 GeV do not penetrate to the muon detectors they
The uncertainty in the first background(%h*frovf) is  also contribute to this tag classification. Because of the rough
0.9%, dominated by the overall error on our branching fracequality of tag branching fraction times identification effi-
tion determination of that mode. The second background isiency, the four subsamples are comparable in size.
addressed below. Comparing the branching fractions computed for each
The KgKEh‘VT background error contains contributions subsample, we find good agreement in all modes, except for
from uncertainties in the branching fraction and in the effi-the th‘v, mode. In this channel, we find that the four

D. Backgrounds

As a consistency check, we have divided each event
sample according to the decay of the t#lye one prongas
classified as eitheevv, uvv, hv, or h7%. The isolated
track is considered an electron if it h&p>0.85, where
E is the energy deposited in the calorimeter, and
o.>—2.0, whereo, is the normalized difference between
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subsamples have g? of 7.2 for three degrees of freedom; sponse depends ofit) track momentum(2) path length in
notably, the electron-tagged events give a value which ighe drift cells, varying as 1/sthof the track, and3) number
(26=11)% larger than that from the remaining events. Thisof drift chamber wire hits providing good measurements.
level of discrepancy persists when cuts are loosened or tighfthe pions and kaons in tHa° control sample are similarly
ened, and is observed when the data are divided chronologdistributed in momenturtabove 2 GeYand# to those from
cally or according to beam energy. Modification of the 7 decay. However, tracks from th2° decay products are
analysis to select the kinematically similar but more copiougnore isolated due to the large mass of B resulting in

7~ —h~h*h~»_ decay shows no dependence on the tag deless frequent sharing of hits among tracks. Consideration of
cay. this effect leads us to assign a 7% uncertainty to our esti-

We have considered two possible sources other than stfdated kaon identification efficiency.
tistical fluctuation which could result in such a disagreement:
unaccounted-for nom-backgrounds in the electron-tagged
sample, and overestimation of the detection efficiency for the .
other samples. The latter is unlikely given the checks men- The spectral functions for these decays and the resonant
tioned above. Since electron-tagged events have better chgUbstructure are of considerable interest. Here, we present
acteristics for triggering, we have investigated whether thidhe invariant mass spectra of the various final states studied,

could be part of the discrepancy. Studies indicate, howeveﬁn(;j dlisetI:(L)Jss t(ﬂ]léatﬁ‘rt:\ée fgr?éu;es dqft:'rl]aest%r?pigggﬁ I#Jr?qetﬂg-
that the trigger efficiency is above 99% for all tags and isKro s q \év’ ideband Sph g distribu Ih N b b
well modeled by the detector simulation. i S ?nd trr sidae ta}n s(w Efe ?pprobprlii)e ave(:j ejnl sy -th
The possibility of additional background in the electron- racted to correct for combinatoric backgrounds. 1niess oth-
erwise indicated, the spectra have not been corrected for con-
tagged sample has also been tested. Background sourcgs .~ .. .
. tamination from other backgrounds, for resolution effects, or

which produce events containing one or more electrons Nor distortions due to the mass dependence of the detection
clude two-photon processes, Bhabha scattering, and bea

gas interactions. We have looked for discrepancies in distr?fﬂmency'

butions which are sensitive to these sources, such as missing
transverse momentum, total visible energy, and electron mo-
mentum, but have found no evidence of contamination. The invariant mass distribution for th€’h~ data sample
However, most non-backgrounds containingk2 will also ~ is shown in Fig. 10, using the pion mass for the. Also
contain another kaon to balance strangeness. If this were &hown is the MC prediction with contributions frok@z~
undetectek?, it would spoil the typical signatures of these andK2K ~ modes, in addition to the estimatedeed across
backgrounds, mimicking the missing energy and momentunand qq backgrounds(indicated as a hatched histogram
of the neutrinos produced in realevents. Both the shape and the normalization of t(@(‘ contribu-
The tag dependence of the —K°h~ »_ branching frac- tion are fixed using our results on this madee below. The
tion could also arise from statistical fluctuation. However,
the persistence of this variation leads us to conclude that a
systematic origin is likely. Thus, we assign a systematic error
based on the method used by the Particle Data Gfbuto
assign errors to averages of discrepant data. We determine a
relative systematic error of 5.1%, which when added in
guadrature with the overall statistical error is equal to the
square root of the reduceg. For the other decays, no error 100f
is assigned.

VI. MASS SPECTRA

A. The K system in7™—KZ%h v,

300

F. @° reconstruction

The efficiency for reconstructing®— yy decays depends
on the spatial overlap of shower fragments from hadronic 3
interactions in the calorimeter with photon showers. Conse- -
guently, knowledge of this efficiency is limited by the extent
to which the Monte Carlo program accurately simulates had- 10k
ronic showers. Fofr decays to three charged hadrons plus g
onen?, we have established this uncertainty to be 3[G%. r

[
TT

Events / (0.025 GeV)
8 o
T

G. dE/dx uncertainties 0.5 1'& (K ™) (GeV) 15
For the modes involving charged kaons, there is a system-

atic uncertainty associated with the calibration of the G 10. (@ The K%z~ invariant mass distribution for

dE/dx response for pions and kaons described in Sec. -~ K%~ v, decays in the datgoints and MC simulation, where

The dominant issue is the degree to which pions and kaons iffie total background fraction as predicted from the MC sample is

the D°—K~ 7" calibration sample accurately representshown as hatchedb) Contributions to the totalsolid) signal MC

those found inT decay. Relevant to this issudE/dx re-  sample fromK27~ (dashedlandK2K ~ (dotted final states.
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FIG. 11. The invariant mass distribution far —K°K v, FIG. 12. (@ The K27 #° invariant mass distribution for

events is shown for datgoints the MC sample for a flat spectral 7 —Kgh~ 7%, decays in the datapointy and MC simulation,
function (solid histogram, and the MC sample with a—KK  Where the total background fraction as predicted from the MC

model (dashed histogram Each MC model is normalized to the Sample is shown as hatcheth) Contributions to the totalsolid)
number of events in the data. signal MC sample fromK,(1270) (dot-dasheyj K;(1400)
(dashedq, andK’Kqu0 (dotted final states.

data are dominated by th&* (892 resonance, though further D. The KK# system in 7~ —K2K~ 7%, /KK h~ v,
analysis is required to quantify additional resonaldt ()

and nonresonant contributions. We study the structure in th€K 7 final state using both

the K3~ 7% andK2K2h~ final states. In Fig. 13, we show
the invariant mass of th&°K ~ 70 system for the data. As in
Fig. 11, the entries are derived from fits to the distribu-
Since there are two pseudoscalars in the final state, the
decayr —KP°K ™ v, should proceed through the vector cur-
rent, though there are different expectations concerning the
spectral function. In Fig. 11, we show the data with the MC
prediction for a flat spectral function andpa—~KK model
superimposed. The entries in this figure are derived from i .
separate fits to thery distribution for events in each mass - .
bin. The data prefer the resonant model; however, neither :
model provides a satisfactory description of the data.

B. The KK system in7™—K K2,

12 —

C. The Kzrar system in7~—K2h~ %,

Events / (0.05 GeV)

The situation for the<2h~ #° final state is quite compli-
cated. As discussed previously, this state should have major
contributions fromK(1270), K;(1400), anchK‘wo. We
show the invariant mass distribution fér2h~7° events in
Fig. 12, again assuming the pion mass for the charged had-
ron accompanying thda(g. Overlaid is the MC prediction
containing contributions from the three channels, as well as D 2 i Lol
the various backgroundéndicated by the hatched histo- 120 130 1.40 150 160 170 1.80
gram. The data are consistent withkg, intermediate state M (KSK_W°) (GeV)
with the K1(1270) contributing substantially more than that
from the K;(1400), contrary tabut not inconsistent with FIG. 13. The invariant mass distribution for —K°K ~ 7%,
results presented by the TPG/2Collaboration[38]. The  events is shown for daoints, axial-vector &;) MC sample, and
possible vector contribution fromi* (1410) precludes quan- vector (p') MC sample. Thea;—K*K andp’ —K*K models are
titative conclusions about the amount K§(1400) without shown as the solid and dotted histograms, respectively. The
more detailed study. a,—pm model is shown as the dashed histogram.
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FIG. 14. The(a) K~ #° and (b) K27 invariant mass distribu-
tions for 7~ —K°K ~ 7% events for datgpoints and MC simula-
tion. The histograms are the same as for the previous figure. event has sufficiently high mass for an interesting constraint

on the 7 neutrino mass.
In Fig. 16, thngrr* invariant mass is plotted for each of

_ _ _ _ ~ the two combinations possible in eachr —K2K2h v,
tions for events in each mass bin. This and the followingayent. The data are consistent with being entirely due to
plots areKg/«° sideband subtracted and corrected for K*K the entries outside of tHé* mass region representing
feed-across background but rpg background due to lim-  the wrong K27~ combination. The distribution is in good
ited Monte Carlo statistics. Also shown are the MC expectazgreement with the spectrum from the Monte Carlo simula-

i i * ial- _ . . . . . 0,,0 —
tions for \:ector produ_ct|on dK_K and axial-vector produc- tjon which is dominated by*K production ofk2K%7 .
tion of K*K and p7 intermediate states. The data suggest

that theK* K contribution is significant. This is contrary to

the expectations from the chiral model of R¢1L9], and e
more consistent with the model of R¢L0] which considers
both K*K and p intermediate states. This is further sup-
ported by the fact that the branching fractifqg. (10)] is
comparable to otheKK# charge state$39], as expected
from K*K dominance. The limited statistics preclude dis-
crimination between vector and axial-vector production of
K*K, however.

In order to investigate the direct evidence foK&K in-
termediate state, we show tker® invariant masses in Fig.
14. Again, the data are consistent wifi K dominance. On
the basis of these plots alone, however, one cannot rule out a B
significant contribution fronpr.

The mass distribution for th&2K2h~ channel, along
with the expectation from the Monte Carlo simulation, is
shown in Fig. 15. As in th& “K°#° case, there are too few Ll
events to distinguish between different models for this decay. —
The spectrum shown is relatively background free: mon- 0.60 0.80 . 1.00 1.20
backgrounds have been accounted for statistically by the K7 Invariant Mass (GeV)

K2 sideband subtraction, as is evident by the net number of

events above the mass. Though more restrictive require-  FiG. 16. The K27z~ invariant mass distribution for
ments on thek$ reconstruction eliminate these background 7 —K2KZh~ v, events(two entries per evehtis shown for data
events altogether, albeit with some loss of efficiency, napointg and MC simulation(histogran).

Events / (0.02 GeV)
[ ]
T
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TABLE lll. Present status of exclusive branching fraction measurements for the vatids gnd
(Khh) modes. Measurements of related semiinclusive decay modes and unpublished results are not listed
(see Refs[5] and[4], respectively. Also shown are relevant theoretical predictigosrresponding to decay
mode, not experiment

7 decay mode Experiment B(%) Theory(%)
KO~ ALEPH 95[40] 0.79+0.10+0.09
L3 95[36] 0.95+0.15+0.06
This analysis 0.7020.041+0.072
K~ 70 CLEO 94[24] 0.51+0.10+0.07
DELPHI 94[41] 0.57+0.23
ALEPH 95[40] 0.52+0.04+0.05
KoK~ TPC/2y 87 [42] <0.26 95% C.L. 0.1110]
ALEPH 95[40] 0.26+0.09+0.02 0.12:0.03[15]
This analysis 0.151£0.021+0.022 0.16:0.02[16]
Ko7~ m° ALEPH 95[40] 0.32+0.11+0.05
This analysis 0.4170.058+ 0.044 0.96/10]
K- mta™ DELCO 85[20] 0.22°31%+0.05
TPC/2y 94[38] 0.58"315+0.12 0.77[10]
K™ 070 CLEO 94[24] 0.14+0.10+0.03
ALEPH 95[40] 0.08+0.02+0.02 0.14[10]
K*Om~ CLEO 90[25] 0.38+0.11+0.13
ARGUS 95[35] 0.25+0.10+0.05
KoK~ 70 ALEPH 95[40] 0.10+0.05+0.03
This analysis 0.1450.036+ 0.020 0.1610]
K K* 7~ DELCO 85[20] 0.22"517+0.05
TPC/2y 94[38] 0.15733%+0.03 0.20[10]
KOK O™ L3 95[36] 0.31+0.12+0.04 0.20[10]
KO ALEPH 95[37] 0.13+0.04+0.02 0.10[10]
KK 27~ This analysis 0.0230.005*+0.003 0.04410]
K*OK ~ CLEO 90[25] 0.32+0.08£0.12
ARGUS 95[35] 0.20+0.05+0.04

This is as eXpeCted since thﬁT intermediate state is not Of dynam|cs Our Value fOB('T _>K T V) |S |0W re|at|ve
expected to contribute to this decay. to expectations from th& ~ 7° measurements, but in good
agreement with the other results K7 . o

As mentioned in the Introductio3(7~ — (K#) v,) is

Many of the recent measurements for exclusive€xpected to be (1.2600.02)%, based on a crude application
7 —(KX) v, decay modes are shown in Table Ill. Within of the DMO sum rule. Combining the result on
errors and to the extent that comparisons can be made, the’l‘e—>KS’7T v, presented here with the result from CLEO on
is a general agreement between our measurements and other— K~ 7% _ presented previouslj24], we have measured
experimental results. Below we discuss our results in thet to be (1.110.12)%. Since the calculation did not include
context of the experlmental situation and theoretical ConSIdthe S|gn|f|cant norp contributions to the nonstrange vector
erations. spectral function, which would increase the prediction to
~2%, we conclude that there must also be a significant non-
K7 contribution(such aK 7r7r) to theS=1 vector spectral
__For theK 7 flnal state, isospin symmetry demands that thefunction, if the sum rule is to hold. Qualltatlve examination
K%z~ andK~7° decays occur in the ratio 2:1 independentof the K7 mass spectrurtsee Fig. 10in 7~ —K2h~ v de-

VII. DISCUSSION

A. Decays containing two mesons
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cays shows that contributions from —K*(892) v, and  high-mass events are due to production of the axial-vector
7~ — K%K~ v, dominate this spectrum. A quantitative analy- K,(1400) or the vectoK* (1410) will require a study of the
sis is needed to establish the&® parameters and determine angular distribution of th&* 7 system.
whether there is evidence fé¢* (1410) productionwhich Similarly, for the nonstrange deca:y—>ﬂ<7-rv7, com-
would also contribute to th& 7 final state. parison and interpretation of branching fractions is difficult.
We have measured the branching fraction of the nonFrom isospin, we expect that the production ratio for
strange decay 7 —K°K"», to be (0.15%#0.021 K K°#% K K*x~, and K°K°z~ final states would be
*0.022%, consistent with the predictions from CVC of 2:1:1 (1:1:1) if the substructure were dominated by
(0.12£0.03)% [15] and (0.16-0.02)% [16]. Neither the (K*K). Taken together, the results listed in Table Ill and the
nonresonant model nor tedominant model reproduces the mass spectra shown in Figs. 13 and 14 suggestKikatr
K°K~ mass spectrum particularly well; however, more dataproduction occurs at a significant level througi K. The

are needed to make a strong statement on this issue. model of Ref. [10] predicts branching fractions for
7 —KK~ 7% ._ close to our measurement of
B. Decays to three mesons (0.145+0.036+ 0.020)%, but somewhat higher values for

For the three-mesoK 7~ andKK 7 decays, comparison 7 —K3Kgm™ v, than what we observe.
of experimental results is less straightforward. Relations
among the various charge states due to isospin depend on the VIIl. CONCLUSIONS
dynamics, and only limited constraints can be derived with-
out making assumptior{f47]. Untangling of the dynamics is
complicated by the fact that both the vector and axial-vecto
hadronic current can contribute to these decays.

The production ofK%7~ 7%, K 77, and K~ 7%

To summarize, we have reported on analyses of five
decay modes invoIving(g mesons using data obtained with
the CLEO Il detector. We have measured branching fractions

0 for these modes with better precision than those of previous

; . . o measurements and have presented invariant mass spectra for
statgs WOUId_ oceurin t'he ratlp 4:4(2:1:0) from isospin, if comparison with theoreticgl models. These results shzd some
the intermediate state is dominated Wy 7 (Kp). The non- g1t 'on the the complicated dynamics ofdecays to final

zero value folk ~7°7° and evidence foK*°7~ production  states containing kaons. However, more experimental work
indicate a largeK* 7r contribution. Since the sum of average is needed to resolve the outstanding issues.

branching fractions for the three charge states exceeds 1.5

times the mean of th&*%#~ branching fraction values,
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