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We report results from a direct search for— ¢h~ v (h™=n"or K~) using 3.1fb~?! of data collected
with the CLEO Il detector. We find model-dependent upper limits on the branching fractions in the range
B(r~—¢m v,)<(1.2—2.0)x10"* and B(r~— ¢K v,)<(5.4-6.7)x10°° at 90% confidence level.
[S0556-282(097)50603-3

PACS numbse(s): 13.35.Dx, 12.39-x, 12.40.Vv, 14.40.Cs

I. INTRODUCTION technigue and present the first upper limits on the branching
fraction for this decay mode. Although this decay mode is
A measurement of the decay — ¢7 v, [1] is of inter- ~ OZI allowed, its branching fraction is expected to be small
est as it may provide clues to the workings of QCD at the 1due to Cabibbo and phase space supression. For example,
GeV/c? mass scale. This decay mode may sei®kas a scaling the branching fraction of the Cabibbo allowed analog
valuable source of information on a possible four-quark statgeactiont™—K*K~ v, [15] by tarf ¢ (6c=Cabibbo anglg
[C(1480] with a mass 1480 Me\¥? and JFC=1"" [3,4] and the ratio of phase space of the two reactions yields
which decays intogw. Building on the work of Ref[5], B(r~— #K~»,)=2X10"°. However, a more careful analy-
Eidelman and IvanchenK®] estimate the branching fraction Sis[16] shows that this branching fraction is very sensitive to
of 7~ —¢m v, assuming that th€ (1480 is actually the t_he mixing of the SW3) octet and singlet states and devia-
p(1450). This nonexotic assumption for t€1480) yields tions from nonet symmetry of vector mesons.
a “most optimistic” branching fraction of3(7~ — ¢7 v,)

=0.02%. However, the branching fraction will be much Il. ANALYSIS
smaller if the resonance is an exotic state. A more conven- ) . 1 .
tional analysig 7] based on vector-meson dominarfeD ) This analysis uses 3.1b™ -~ of data collected with the

and the measurement ofB(r —wm ».) predicts CLEO Il detector[17] at the Cornell Electron Storage Ring
B(r—¢m v.)=(1.20+0.48)x10°5. The authors also (CESR. The data sample corresponds 4c.8x 10° pro-
point out that this decay mode provides a clean environmerffucedr pairs. _ _

to study Okubo-Zweig-lizukagOZI) [8] suppression. It is For this analysis we select pair events where one
also possible to estimate the branching ratio for this proces§lecays into a single charged track and the othgecays into
independent of the assumed intermediate resonance using the

conserved vector current hypothe$BVC) and data from go2 TR =010 3!

e’ e annihilations. The upper limits on the cross section of & e

the reactiorete™ — ¢7° from Refs.[9—11] imply an upper P 2

limit of 0.06% [12] for 7~ — ¢ v,. g4l 18 008l ]
The first search for™ — ¢7~ v, was performed by the - s

CLEO experiment where a preliminary 90% confidence level ; g

upper limit of B(7~— ¢7 v,)<2.6X10 * was reported £ " 1B " Y

[13]. Recently the ARGUS Collaboration obtained a 90% 2 %3 o Y s Teo T7s

confidence level upper limit of B(t~—¢7 v.)<3.5 A Apryrr

X 10 * [14], consistent with the CLEO result. In this letter
we update the CLEO result and investigate several models g 1 multivariate Linear Discriminator&) A
for the decayr™ — o7 v,.

We also search for the decay — ¢K ™ v using a similar

rragforlvs 3
7 (solid line) and hadronigdotted ling events(normalized by lu-
minosity) and(b) A ., ., for 1 vs 37 (dotted ling and signalsolid
line) events,r~— @7~ v, with a resonance at 1350 Med#/ (nor-

malized to unit area The vertical lines show the cuts used in the
*Permanent address: BINP, RU-630090 Novosibirsk, Russia. analysis.
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three charged track§l vs 3 topology. We search these 40 e ——— S
events for¢p— KK~ by forming the invariant mass of op- [ + (a) ]
positely charged tracks, assuming the kaon mass for each 20[ ¢ * —
track. We make tight requirements on the kinematic vari- A ¢
ables involved in the production and decay of the 0 e
To select ar pair sample with the 1 vs 3 charged track  ~°°[; ¢ ++ - ()]
topology, all events are required to have 4 charged tracks ‘;’4° 4 ¢ *te -u.—m-‘_,v;w_‘;
with zero net charge and total missing mass squéatet 220 / L
greater than zero. To remove radiative QED background — & 0 A+ —t——
(mostly Bhabhaks events with one or more electrons on the 2 40l ¢ ++ oty + ¢ (e)]
three-prong side are rejected. In addition, we reject events E ¢ S W—W;
where the invariant mass of an oppositely charged pair of 201 / | | ]
L] (R R )

o

particles, assumed to be electron and positron, satisfies

Me+e-< 50 MeV/c?, - |2 W
In order to distinguishr-pair events from hadronic back- 40 ¢’ \ -

ground €"e”—qq), we use a standard statistical method,
the multivariate linear discriminant techniqyi29,20. For

this analysis, six kinematical variables are combined in a
linear fashion to form the discriminadt,, ;- The variables
used are the transverse momentum and missing mass in the

. : FIG. 2. Mass spectra from the decay — ¢=m v, with (a)
event, the invariant mass and energy on the one and three: s
prong side. In Fig. @), we show the distribution oA phase space decay, and resonance®)at350 MeVE?, (c) 1450

for M Carl <1211 and hadroni ) 749 MeV/c?, (d) 1650 MeVt2. The shaded area shows the signal re-
or Monte Carlor pairs[21] and hadronic continuum events. gion for the ¢ meson. The histograms are the Monte Carlo esti-

For this analysis we req!JirATT'q?s —7. This r_etains _80% mates of the signal plus background. The fitting procedure is de-
of the 1 vs 37's and rejects 96% of hadronic continuum gcriped in the text.

events. From Monte Carlo studies, the overall efficiency of

the 1 vs 3r event selection criteria is 29% after imposing all  The search foxp mesons in the three-prong decay of the
of the above requirements. The background intreample 7 does not use particle identification, only kinematics. To
from hadronic continuum eventsBB events, radiative select well-measured events, the tracks on the three-prong
Bhabha eventsy pair events, and two photon events is es-side are required to be in the calorimeter barrel region,
timated at this point in the analysis to be less than 3%. |cosd|<0.707, where is the angle with respect to the beam
There is considerable uncertainty as to the mechanisrdirection. In order to take advantage of the kinematics of the
responsible for the decay — ¢ v,. In this analysis we decayr— ¢mv, with ¢—K* K™, the following conditions
consider Monte Carlo models of this decay both with andare imposed on the three-prong side of each candidate event:
without intermediate statd®2]. For the models with an in- (i) The momentum of each kaon candidate track must satisfy
termediate resonant state, we generate samples jpir  0.9<|px|<2.4 /GeVE; (ii) the angle between the two kaon
events, in which one decays into a, and a resonant state candidates in the laboratory frame must$8.2 radians. In
that decays intogm, while the otherr decays into one addition, there must be no more than one unmatched photon
charged particle. Because we have little information on theandidate with energy 100 MeV.
resonant state, we select three invariant masses for the reso-Monte Carlo studies indicate that at this stage of the
nance: 1350, 1450, and 1650 Me¥/ with widths of 100, analysis, most events will be background from generite-
130, 100 MeVe?, respectively[23]. In all Monte Carlo cays. In order to reduce the background level from these
simulations, thep always decays int& "K ~. For the decay genericr events, we again use the multivariate linear dis-
7 — ¢K v, we consider two models, phase space and &riminant technique. This time five variables are used to de-
resonance at 1650 Me¥, since the resonances at 1350 andfine the discriminantd 4, ... The variables are the trans-
1450 MeVt? would be highly suppressed by kinematics. verse momentum and missing mass of event, the invariant

WoeAadl o 0 |

1.015 1.02 1.035 1.045
2
m . (GeV/c
K ( )

1.005

[1] I
0.995

TABLE |. Estimated numbers of events, efficiencies, and upper limits at 90% confidence level for the decay" v,, for each
model.

Phase Resonance at Resonance at Resonance at
Model space 1350 Me¢? 1450 MeVE? 1650 MeVE?
Nsignal —16+37 0.0+23 —15+23 -0.8+31
Y2(DF=23) 125 34.2 38.5 15.1
Nogo 46 37 27 48
€qii(%) 12 16 8.2 13
Upper limit(10 %) 1.7 1.0 1.4 1.6

Upper limit with
systematic error (10%) 2.0 1.2 1.7 1.8
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TABLE Il. Estimated numbers of events, efficiencies, and upper

30; ‘ limits at 90% confidence level for the decay, — ¢K v, for
20| + / each model.
NS - [
> 10 ?#'W% Model Phase space Resonance at 1650 MeV/
onl:::H::::})‘/.:‘// signal
S / N —4.1+15 -6.8-16
22} + + Y%(DF=23) 0.8 13.6
z M Ngo 22 21

104 €crr(%) 16.1 19.2

ob e L ] Upper limit (10°%) 5.9 4.7

0.995 1.005 1.015 1.025 1.035 1.045 Upper limit with
m oo (GeV/ ) systematic errof105) 6.7 5.4

FIG. 3. The fits of the mass spectra from the decay
7 — ¢K™ v with (a) phase space decay, and resonangb)at650
MeV/c?. The shaded area shows the signal region forgthmeson.
The histograms are the Monte Carlo estimates of the signal plus —
background. The fitting procedure is described in the text. Heren/(n{'%) is the number of events in thiéh bin from the
generict (hadronig Monte Carlo sample after normalizing

by luminosity, andaM® P2 is an error due to the finite

mass and energy of three charged tracks assumed to Béonte Carlo statistics onf'® *2%,

pions, and the invariant mass of three charged tracks as- The efficiencies of the selection cuts estimated using
sumed to be two kaons and one pion. By using Monte Carldlonte Carlor™ — ¢7~ v events and the numbers of signal
signal events with the four models for the decayevents atthe 90% confidence level are obtained for the four
7~ — ¢ v, (both nonresonance and resongraed generic  models. The 90% confidence level upper limits for the
Monte Carlor events as background, we obtain the linearbranching fractionB(7~ —¢7 " v,) and B(7~— ¢K™ v,)
combination of these five variables that maximizes the sep&are calculated using
ration for each model. In Fig.(th), we show the distribution
of A, . for signal eventsy” — ¢7~ v, and background
generic 7 events for the model with a resonance at 1350 B(+ )< Noo/ €e 3
MeVic. (T ) e LB B—KTK )

After applying the multivariate linear discriminators, we
obtain the mass spectra for each mod®d. 2). Since there Here,Ngo is 90% confidence level upper limit on the number
is no apparentp signal found in theK "K~ mass spectra in Of signal eventseey is the efficiency for selecting signal
Fig. 2, the upper limit on the number of signal events at theevents,o, is the 7 pair cross section, taken as 0.91 nb at
90% confidence level for each model is computed. The sigCLEO energies, ang is the total luminosity. In addition, the
nal shape is assumed to be a Gaussian convoluted with @€-prong branching fraction3; and the ¢ decay rate
Breit-Wigner distribution. The mean and width of theme- ~ B(¢—K"K"™) are taken from Ref.15].
son Breit-Wigner distribution is given as 1.02 Ge¥and 4 In a separate calculation, the multivariate linear discrimi-
MeV/c?, respectively, while the sigma of the convoluted nators with five variables for the™ — ¢K™ v, analysis are
Gaussian due to the detector resolution is 3 M@V/The oObtained from generie- pair events and two signal Monte
background shapes are obtained from Monte Carlo sampldsarlo samples: phase space and a resonance at 1650 MeV/
of genericr pair events and hadronic events after normalizaC’. After applying the discriminators for each model, we
tion to the cross sections. A maximum likelihood fit using obtain the mass spectra shown in Fig. 3. Since again there is
Poisson statistics is performed to obtain the number of signdl© apparent signal in either of these plots, we apply the same
events N9 and the overall background normalization technique used in the study ef —¢7~ v, to estimate the
constant &). In Fig. 2 we show the resulting fits of the mass 90% confidence upper limits. The results are given in Table
spectra for the decay mode — ¢ v.. 1.

The results for the decay — ¢~ v, from the fits pre-
sented in Fig. 2 are given in Table | for each model, with ll. SYSTEMATIC ERRORS AND CHECKS
x? values of fits obtained from

nMC backo n74 pda, 2

We consider the contributions to the systematic error from
data__signal several sources. The uncertainty dut_a to the luminosity e_sti—
= 3 (=N~ =an ) mate is 1.5%, the error due to modeling the charged particle
X= « ndaa. (MC back2 ' tracking is 4%, and the error in the photon detection effi-

ciency is 5%. We increase the total systematic error to 15%

data - o ) taking into account the choice of cuts, fitting procedure, and
where nj"* is the number of events in thith data bin, modeling of the background. The final upper limits are cal-

nf'9"is the number of the signal events in tith bin from  culated by increasing the results obtained from E2).by
fitting, and n

MC back
ground events from the generits and hadronic events: These results are given in Tables | and II. As a cross check

no. of bins MC back) 2
i

i is the number of Monte Carlo back- 15% to include the contribution from the systematic errors.
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we also perform a direct search for-—¢a v, and model[6], but about an order of magnitude higher than a
7~ — ¢K v, using drift chambedE/dx information to aid VMD [7] calculation. Results from the first search for
in the identification of charged kaons frogh decay. The 7~ — @K™ v, are also presented. These upper limits are con-
results from this study are consistent although slightly largesistent with expectations from Cabibbo and phase space sup-
than the upper limits presented in Tables | and Il pression.

IV. CONCLUSION
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