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Search for KL = pe and KL = ee decays
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We report on the present status of a search for the rare decays Kz, ze and K

pe an L, ee branching ratios are

KL events corr
pe & 4.3 && 10 and B(KLv ee) & 5.6X 10 " at 90% ca o confidence level. The 54

pu events correspond to an absolute branching ratio of (8.4+' l. l) X 10

The r'- dpe decay is a lepton-fiavor-violating process
which is forbidden by the standard model. Despite several
experimental searches with increasing sensitivity this de-
cay has not been found, ' and the current upper limit on
the branching ratio is 8(KL~ pe) &1.9X10 . The
KL ~ ee decay is allowed by the standard model, but th
branching ratio is predicted to be as small as 5X10
and the experimental upper limit is 8(KL ee) &1.2
x10 9 4 Therefore, positive signals for these decays at
the sensitivity of our experiment, which is about 10
would imply the existence of a new physics. The present
report is based on about one half of the expected number
of ECL's for the first round of this search.

KL's are produced by a slow extracted proton beam
from the KEK 12-GeV Proton Synchrotron impinging on
a 120-mm-long copper target with a diameter of 10 mm.
Th e primary beam is bent downward after the target to a
beam dump, and the neutral beam is taken at 0 with
respect to the primary beam and is collimated by two
brass collimators subtending a solid angle of 154 @sr.

our bending magnets sweep charged secondary particles
in the vertical direction. The useful momentum of the KL

ranges from about 2 to 8 GeV/c. A 10-m-long evacuat devacua e
ecay chamber is located at 10.5 m from the target. Two

exit windows covered by 50-pm-thick polyester film,
which is supported by 60-mg/cm carbon cloth are lo t-
e a the downstream end of the decay chamber for
charged particles.

Figure 1 shows a plan view of the detector system which
is a double-arm spectrometer with particle-identification
capability, sandwiching an evacuated beam pipe for
transmitting forward produced neutral particles. Each
arm of the spectrometer consists of five drift chambers
Wl-W5, two bending magnets, two hodoscopes H 1 and
02, a gas Cherenkov counter, an electromagnetic shower
counter, and a muon identifier. Helium bags are placed
between drift chambers. The total amount of material
from the upstream end of the decay chamber up to W5 is
8.1X10 radiation length. Wl and W2 have the dimen-
sions of 115.2X86.4 cm and W3-W5 115.2X115.2 cm .
Each chamber has four sense-wire planes, X, X', V, and

, with a wire spacing of 9 mm. The field wires are
placed around each anode wire to form a hexagonal cell
structure. The bending magnets are identical and have
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FIG. 1. Plan view of the detector system.
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the same magnetic field. The total integrated field
strength is 0.79 Tm in each arm corresponding to a
transverse-momentum kick of 238 MeV/c. With this
value the decay product particles from a nearly transverse
KL pe decay emerge from the downstream magnet
nearly parallel to the Kp direction. The hodoscopes H 1

and H2 placed behind W5 are separated by 2 m. Each
consists of sixteen vertically arranged scintillators whose
dimensions are 7&115X1 cm for H 1 and 12X140X 1

cm for H2. The scintillators of H2 are staggered so that
adjacent counters overlap by 5 cm. Each set of corre-
sponding scintillators in Hl and H2 covers an angular
divergence of 12.5 mrad to accommodate the divergence
of the KP beam.

The gas Cherenkov counter, which is placed between
H 1 and H2, is segmented into four cells by mirrors, each
of which is viewed by a 5-in. photomultiplier. The radia-
tor is 1.5 m air at atmospheric pressure. It is sensitive to
electrons, and the threshold momentum for muons is 4.5
GeV/c. The electromagnetic shower counter consisting of
sixteen modules is placed behind H2. Each module is
made up of ten alternate layers of 6-mm-thick plastic
scintillators and 8-mm-thick lead plates. To observe the
shower development each module is divided into a four-
layer and a six-layer section, which are viewed separately
by photomultipliers. The muon identifier consists of four
iron blocks with thicknesses of 10, 50, 30, and 30 cm, the
10-cm-thick block being the most upstream end one. The
first two blocks are followed by six vertically arranged
scintillators and the last two blocks by eight horizontally
arranged scintillators. The minimum momenta of muons
penetrating the iron blocks are, from the upstream end,
0.4, 1.0, 1.4, and 1.8 GeV/c.

The basic trigger logic for a two-body decay mode is a
coincidence between an H 1 scintillator and the corre-
sponding H2 scintillator in both arms of the spectrometer.
For the KP pe decay signals from the electromagnetic
shower counter and the Cherenkov counter in one arm and
signals from at least the first two scintillators of the muon
identifier in the other arm are also required. The last re-
quirement ensures that the muon momentum is 1.0 GeV/c
or greater to reduce the background contamination by
pion punchthrough from the predominant Kp tv de-
cay. The KL~ ee trigger requires signals from the elec-
tromagnetic shower counter and the Cherenkov counter in
both arms in addition to the hodoscope requirement, and
the KP pp trigger requires the muon signals as defined
above in both arms as well as the hodoscope requirement.
The trigger for the KP ++x decay is made only by the
hodoscopes. But since the magnetic fields are tuned for
the KP p.e decay, the x's from the KP z+x decay
do not emerge parallel to the beam, but are bent a little
inward. Therefore, the H1-02 coincidence requirement
mentioned above is relaxed so that either the coincidence
between an Hl scintillator and the corresponding H2
scintillator or the one adjacent to it on the beam pipe side
will produce a t.rigger signal. This trigger rate is
suppressed by a factor of 500. No anticoincidence veto is
required for the triggers explained above.

Data are taken simultaneously for the four two-body
decay modes of the Kp mentioned above with the primary

beam intensity of approximately (1.0-1.5) x10' protons
per pulse. The triggered data include the drift-chamber
time-to-digital converter (TDC) information, and TDC
and analog-to-digital converter (ADC) information from
the scintillation and Cherenkov counters. They are exam-
ined by hardware logic to make sure that all five drift
chambers have at least one hit per plane (Xand/or A" and
Y and/or Y'), and by an on-line program that the timing
of the charged particles hitting H 1 is consistent with their
being associated with the same decay event (within 5 ns of
each other). The data surviving these on-line cuts are
recorded on magnetic tape for off-line analysis described
below. The dead-time ratio is less than 10%.

A track-finding program selected a track candidate
from the drift-chamber hit positions. It was then spatially
reconstructed by the spline method. The fitted tracks in
both arms were extrapolated in the upstream direction,
and the point at which they had the minimum spatial sep-
aration was considered as their decay vertex. Only events
with the minimum separation less than 1.5 cm were ac-
cepted. The vertex point thus obtained also had to lie
within the decay chamber and within a cone of less than 9
mrad along the nominal beam direction. Tracks which
were spatially very close to magnet pole faces or coils were
rejected. In order to eliminate tracks unassociated with
KL decays, the momentum of each track was required to
be less than 4.5 GeV/c, and the absolute value of the
momentum difference between the two tracks divided by
their sum had to be less than 0.5 to eliminate events with
obvious momentum imbalance. Furthermore, the momen-
ta of a track in the upstream and downstream halves of
the spectrometer were checked for consistency to reject
any particle which had decayed in fiight during the pas-
sage through the spectrometer.

Using the information on particle identification, the
momenta and coordinates of the two tracks, their effective
mass and its momentum as well as the direction of the line
connecting the target and the decay vertex were calculat-
ed. If the tracks are due to a two-body decay of the Kp,
the effective mass should be close to the Kp mass, and the
angle 8 between the target-to-vertex direction and the vec-
tor sum of the two track momenta should be close to zero.
Figure 2(a) shows a scatter plot of the effective mass (m)
vs 8 for nn events, and Fig. 2(b) is the mass distribution.
It is centered at the Kp mass with a standard deviation of
1.3 MeV/c2, which represents the mass resolution of the
detector system and the spatial reconstruction program.
Figure 2(c) is the distribution of 8 for the xx events.
Since these distributions are known to be nearly the same
for the pe, ee, and pp events from a Monte Carlo calcula-
tion which did not include radiative decay modes such as
x+x y, eey, and spy, we have adopted the following
fiducial region for acceptable KL two-body decay events:
493 MeV/c & m & 502 MeV/c and 8 & 3(mrad),
which is about three times their resolutions.

Figures 3(a), 3(b), and 3(c) show the scatter plots of
the eff'ective mass versus 8 for the pe, ee, and pp events
with the above fiducial region superposed. No event is
seen in the fiducial region in the pe and ee plots, and 54
events are found in the pp plot. The number of xx events
in the fiducial region is 4.2& 10, corresponding to a sensi-
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tivity of 1.1&10 ' after correcting for the trigger sup-
pression factor and the KL x+x branching ratio of
2.04x10 3.s For the leptonic decay modes the accep-
tance ratio with respect to the nx mode (0.98 for pe, 0.96
for ee, and 0.90 for pp) and the particle identification
efficiency (0.61 for pe, 0.47 for ee, and 0.79 for pp) are
taken into account. From the 54 pp events we get an ab-
solute branching ratio of (8.4+ 1.1)x10 . The error is
statistical only. This value is consistent with the current
value of 9.5 —+

~ 5 & 10 . The upper limits of the KL ~ pe
and KL ee branching ratios are calculated to be
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FIG. 3. (a) pe effective mass vs 8; (b) ee effective mass vs
82; and (c) p p effective mass vs 82. The rectangle in each figure
represents the fiducia region.

B(KL~ pe) (4.3x10 ' and B(KL~ ee) &5.6
x 10 'o, respectively, at 90% confidence level.
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