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We present the first evidence for the declly — e*e” u™ u~ based on the observation of one
event with an estimated background @b67759! event. We determine the branching ratio to be
B(K;, — ete ut ™) = (29757 X 107°. In addition, we set a 90% confidence upper limit on the
combined branching ratio for the lepton flavor violating dec#&js— e*e™u™u™ to be B(K; —

eTeTuTut) < 6.1 X 1072 assuming a uniform phase space distribution. [S0031-9007(96)00301-8]

PACS numbers: 13.20.Eb, 13.40.Hq, 14.40.Aq

We present the first evidence for the decky — u"u~y [12] and K, — y*y* — eTe eTe™ [13]. A
ete utu~. This decay is expected to proceed primar-detailed description of the E799 detector can be found
ily via a two-photon intermediate stat€; — y*y* —  elsewhere [14]. TwoK; beams were produced by
e"e utu” [1-4]. Because one of the virtual photons 800 GeV protons striking a Be target. A 70 m long vac-
must have an invariant mass greater tQar),, the decay uum decay volume began 90 m downstream of the target.
is sensitive to the structure of thi§, y*y* form factor. Decay products of th&;'s were detected by a spectrome-
This form factor must be known accurately in order toter located downstream of the decay volume. The mean
extract the contribution of second-order weak processesnergy of the kaons whose decays were accepted by the
to the decayk; — u™ u~, which is sensitive to the trigger described below was about 80 GeV. The spec-
Cabibbo-Kobayashi-Maskawa elemény;, [5—10]. Pre- trometer included four drift chambers and a magnet for
dictions for theK; — e"e~ u* u~ branching ratio are analyzing the momentum and trajectories of charged par-
8.0 X 107!° for a calculation based on a constant formticles. The momentum resolution is given by, /p)* =
factor [1] and2.3 X 10~? for a calculation based on the (5 X 1073)? + {1.4 X 10~ *(p[GeV/c])}*>. A lead glass
vector meson dominance model [2]. The previous expericalorimeter was used to measure the energies and posi-
mental 90% confidence upper limit on the branching ratidions of electrons and photons. The average energy reso-
is4.9 X 1070 [11]. lution for accepted electrons was 4.4%. Two beam holes

This measurement was carried out as part of the Fermivere symmetrically located above and below the center
lab experiment E799 which has previously reported preciof the lead glass array. Seven planes of veto counters
sion measurements of the related proces&ges- yy* —  at various locations in the detector were used to detect
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decay products outside the chamber and calorimeter ac-
ceptances. Two scintillator hodoscopes, used to trigger
on charged particles, were located before the calorimeter.
Downstream of the calorimeter was a lead wall 0.73 in-
teraction length thick. A scintillation counter hodoscope
located just downstream of the lead wall was used to veto
events with showers from charged pions hadronically in-
teracting in the lead glass or lead wall. Finally, a muon
trigger plane consisting of 16 vertically oriented, nonover-
lapping scintillation counters was located just downstream
of a 3 m steel muon filter.

The trigger for thek;, — e"e”u" ™ events required FIG. 1. TheP? vs M..,, distribution for the Monte Carlo
at least two hits in each of the two trigger hodoscopesk;, — e*e~u*u~ events after the first stage cuts described
in each of the drift chamber planes, and in nonadjaceriﬂ the text. _The Monte Carlo generator included radiati_ve
counters in the muon trigger plane, and at least 6 GeV of°rections with a low energy photon cutoff of 0.25 MeV in

o . o the K; center of mass. The box is the signal region.
energy deposit in the calorimeter. In addition, the veto
counters were used to reject events with charged particles
escaping the detector fiducial region. Events were also In searching for rare events, it is important to carefully
rejected if the total energy deposit in the hadron veto hoehoose cuts in an unbiased fashion. In this analysis, we
doscope located behind the lead wall was greater than thhtanked out the signal region and selected cuts to reject
equivalent to three traversing minimum ionizing particles.events outside of the signal region as described below.

Candidatek; — e*e” u™ u~ events were required to Once the signal region was examined, no further changes
have two positively and two negatively charged tracksto the cuts were made. The eventsin Fig. 2 with ,, <
The four charged particles were required to be consisterit500 GeV/c? are predominantl; — 7+ 7~ 70 decays
with two electrons and two muons, where electronswith the 7° undergoing Dalitz decayk; — =" 7 g
were identified by0.8 < E/p < 1.2, and muons were where 9 representst’ — e¢*e~y, and in which both
identified by £ < 3 GeV and p > 7 GeV/c where p  charged pions were misidentified as muons due to decay in
is the track momentum and is the energy of the flight or accidental activity in the muon counters. These
calorimeter cluster associated with the track. Both theevents were reduced by requiring that there be no extra
electron and muon pairs were required to consist otlusters in the calorimeter that were not associated with
opposite sign tracks. At most, one of the four particlesthe charged tracks. In addition, to reduce events with a
was allowed to pass through one of the lead glass beagion decay in flight, the position difference between the
holes. In this case, no identification based on the showerpstream and downstream track segments at the midplane
energy of the particle could be made for this track. Theof the magnet for muon candidate tracks was required to
reconstructed decay vertex was required to be within thée less than 2 mm in the horizontal view (magnet matching
fiducial decay volume. A track separation cut requiredcut). This cut rejected those events with tracks for which
that tracks not share hits in both the horizontal and verticalhe momentum was poorly determined and which could,
views of the most upstream drift chamber in order totherefore, have a large error in the determined invariant
reject events in which a photon converted in the vacuunmass. The events in Fig. 2 wit,,,,, > 0.500 GeV/c?
window immediately upstream of this chamber. are predominantly events with two decays consisting of

In Fig. 1, we show theP? vs Mep, distribution of  combinations ofK; — wev and K, — 7 uv occurring
Monte Carlok; — e*e” u™u~ events that passed the within the same=2 ns beam RF bucket and for which
above (first stage) cuts, whebé,. ,,, is the reconstructed
invariant mass and?, is the component of the recon-
structedk; momentum perpendicular to a vector pointing ~ c~ 0.005 7
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tex. The Monte Carlo generator included radiative correc- ”5 0.003

tions [15] with a low energy photon cutoff of 0.25 MeV o

in the K; center of mass. Radiative effects account - 0.002 ¢ .
for the scatter of events at large? and low M., . 0.001
We define the signal region fok; — ete u*tu™ to 0 WA Oy, T
be P? < 5.0 X 107* (GeV/c)?, and 0.475 < Meepp < 0 0.25 0.5 0.75 1
0.515 GeV/c2. The signal region acceptancedis2% for Meey (GeV/c?)

the Monte Carldk;, — e’e ptpu events thatpassedthe g o The P? vs M,,,, distribution for candidatex; —
first stage cuts. We show the corresponding distribution+,~ ,+ .~ decays after the first stage cuts. The box is the

for the data in Fig. 2. signal region.
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the pions were misidentified. These events were largellike-sign ee and wu pairs after applying the first stage
rejected by requiring that the? of the fitted decay vertex cuts and they? < 50 cut. There are 10 of these events.
reconstructed by extrapolation of the four tracks be les©f these 10 events, 2 are in t# signal range, 3 are in
than 50 for 5 degrees of freedom. This cut accepte6%  theM..,, signal range, 2 pass the extra cluster cut, and 1
of the Monte Carlak; — ete” u* u~ events. passes the combined magnet matching, muon momentum,
The background due to events with two simultaneousand muon shower energy cuts. We expect twice as
K3 decays was estimated as follows. Since these evenitsany unlike sign pair events due to combinatorics. This
have a fairly flaty? distribution for the vertex recon- background is then estimated B X 0.2 X 0.3 X 0.2 X
struction, they were selected from the events that passell X 2 = 0.02473%2 event.
the first stage cuts by requiring? > 500. Of these, We also considered background frakh — u*u~"y
two events fall within the signal mass range. Requir-decays [12] with conversion of the photon in the vacuum
ing Meepp > 0.500 GeV/c? removesk; — wwwg window. The number of events expected is 1.4 without
events and yields a clean sample of events with two sithe track separation cut. The track separation cut based
multaneousk;; decays. Of these events, 10% fall within on hit sharing in the most upstream drift chamber reduced
the P? signal range. Finally, an extrapolation of a linearthis background t®.014 + 0.004 events while accepting
fitto the,\/2 distribution indicates that 3.8% would satisfy 85% of Monte CarloK; — e"e” u*u~ events. POSSI-
the y2 < 50 cut. This background is then estimated asble background from the hyperon dec& — Awj —
2 eventsx 0.10 X 0.038 = 0.008750)2 event. pm etey could be completely rejected by requiring
In order to estimate the background froki, —  that the reconstructed energy be less than 200 GeV due
=7 my), we extrapolated the data into the signalto the short proper lifetime of the hyperon.
region using an exponential fit to the data in the range After all the cuts, the 216 events shown in Fig. 4
0.385 < M,epu < 0475 GeV/c?. In order to enhance remain. One event is left in the signal region with an
the statistical accuracy of the fit, we removed the magnetxpected combined background®b67- 35! event. For
matching, the muon cluster energy, and the muon mothis event, the particle associated with the passed
mentum cuts which increased the number of events by through one of the beam holes in the lead glass. This
factor of 2.0. The exponential fit to the data is showntrack projects onto one of the hit muon trigger counters.
in Fig. 3. For comparison, Monte Carky, — mta -y  The eepu, ee and pwu invariant masses for this event
events are also shown. The fitted exponential slopes a@re0.494, 0.103, and0.300 GeV/c?, respectively. These
—72.4 + 145 (GeV/c*)~! for the data and—68.0 =  along with the value ofP? for this event are compared
2.8 (GeV/c?)~! for the Monte Carlo events. Extrapolat- with Monte Carlo distributions in Fig. 5 where the Monte
ing the fit for the data into the signal region and taking intoCarlo decays were generated using a consing*y*
account the factor of 2 rejection from the combined magform factor. The probability of a Monte Carlo event
net matching, muon momentum, and muon cluster energijaving anee invariant mass or guu invariant mass
cuts, the background is estimated tob&21)912 event.  greater than that of the observed event are 8% and
Another source of background is from radiatike;  25%, respectively. If the particle that passed through the
with internal photon conversioR, — 7™ “e*v(y — ee) beam hole is assigned the electron mass and the other
and fromK; — w*e* vary with the charged pion and identified muon is assigned the plon mass, the resulting
one of the electrons misidentified as muons. A samplerece invariant mass i€).543 GeV/c?. The probability
of these events can be selected by choosing events witf this event being eithek;, — 7ev(y — ee) or K, —
mevary is, therefore, extremely small. Similarly, if both
identified muons are assigned the pion mass, the resulting

2 mmee mass is0.576 GeV/c? so that the probability
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FIG. 3. The M., distributions for 0.385 < M,.,, < Meows (GeV/ <)
0.475 MeV/c The histogram is the data. The points are theFIG 4. TheP? vs M,,,, distribution for candidatek; —
K, — w7 ) Monte Carlo events. The exponential fit to e*e u* ™ decays after all of the analysis cuts. The box is
the data is shown. the signal region.
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FIG. 5. The distributions of,.,,., P}, M,., and M, for
accepted Monte Carl&K; — ete utu~

Me. (GeV/c?)

M (GeV/c?)

arrows indicate the locations of the observed event.

events, where the

§% A 0.067 event background has about a 7% probability
c 600 1400 o
o 1200 of yielding one or more observed events. Based on the
o igg ] 1000 number of acceptel; — 7+ 7~ D decays233 =+ 15),
S 500k 800 the K, — #*m m) acceptance of(1.78 = 0.05)%
8 200} o with prescale factor of 3600, th&;, — ete u ™
€ 100 200 E acceptance of(1.1 = 0.1)%, and the one candidate
2 0 ~ 0 K; — e"e” u* u~ decay, the branching ratio df; —
= 0.45 0.5 C2J.55 0 , 0.25 , O.5__3 e+e_éu,+,u,_ is calculated to b& (K, — e+€_,U«+,U~_) —

Meeuu (GeV/ %) PZ (GeV/c)* *10 (2.9%57) x 1079, This is consistent with both the vector
m : meson dominance model and the constant form factor
< 250 120 F predictions.
% 200 100 £ In addition, we geagched for the lepton number violat-
w 150 [ 80 | ing decaysk; — e*e™ u™ u™ by removing the require-
N 100 F 60 £ ment that the electron and muon pairs consist of opposite
P ok 40 H sign leptons. Assuming that the final state particles are
£ ) 20 ¢ uniformly distributed in phase space, the acceptance for
z 0 0.1 0.2 05 0.35 0.5 these events ifl.2 = 0.1)%. No events were seen, lead-

ing to a 90% confidence level upper limit 6f1 X 10~°
on the combine&; — e¢*e™ u™u™ branching ratio.
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of the event beingk, — =+ 7 7y is also extremely
small. The probability ofK; — u* ™y with photon
conversion in the vacuum window having @@ mass
greater than that of the observed event is 0.2%.
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