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Limit on the decay KL = pe
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We report on a search for the lepton-generation-number-violating decay El. pe. %e And
B(PL~it —e —) & 1.9X10 (90% confidence level).

In the standard SU(3) XSU(2) XU(1) model, flavor-
changing neutral currents are highly suppressed; in partic-
ular, the decay KL, p

+
p is suppressed by the

Glashow-Iliopoulos-Maiani mechanism. The unitarity
limit for this decay' is 8(KL p+p ) & (7.0+ 0.3)
x10 . The decay KL, ~ p

—e+ is forbidden by lepton-
generation-number conservation. However, the standard
model provides no insight into the number of generations
or the mechanism of lepton-generation-number conserva-
tion. Many models that go beyond the standard model
predict lepton-generation-number violation. Specifically,
they predict decay modes such as p ey and KL pe.
The latter decay mode conserves total (quark plus lepton)
generation number. EL~ p

—e + requires pseudoscalar
or axial-vector currents while the related decay
K+ x+p —e ~ requires scalar or vector currents.

The experiment was performed in the A3 line of the

Brookhaven Alternating Gradient Synchrotron (AGS). A
neutral beam was produced in the forward direction by
the interactions of 24-GeV/c protons with a 5-mm-
diameter, 23-cm-long copper target. Charged particles
were swept away by a magnetic Geld of 8 Tm. y's were
attenuated by a 2.5-cm lead plug. The neutral beam had
a divergence of 15 mrad vertical by 2.3 mrad horizontal.
The 2.87-m evacuated decay region began 7.47 m down-
stream of the target. The mean kaon momentum was
about 7 GeV/c. Events with secondary charged particles
between 1 and 12 GeV/c were included in the analysis.

A schematic representation of the detector is shown in
Fig. 1. The momenta of charged particles were measured
with four sets of drift chambers placed upstream (A and
8) and downstream (C and D) of a spectrometer magnet
with a transverse momentum kick of 220 MeV/c. Each
chamber had four sense planes: x, x', y, y', the x planes
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FIG. 1. Plan view of the detector.
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measuring horizontal positions, the y planes vertical posi-
tions. The 8 chamber had an additional plane rotated 14'
from the vertical to resolve track ambiguities. Electrons
were identified by an atmospheric-pressure hydrogen
Cherenkov counter located between the C and D drift
chambers and a lead-glass array downstream of the D
drift chamber. The detector represented only 0.008 radia-
tion lengths of material upstream of the D chamber.
Muons were identified by their passage through a steel
filter and range stack instrumented with scintillation
counters. We accepted about 8X10" protons per AGS
pulse, which generated approximately 10 counts/m s in
the detector.

Four trigger types were collected: ee, pe, pp, and nx.
The geometrical acceptances for these decay modes is
3.5%, 3.7%, 4.4%, and 5.3%, respectively. The zx trigger
was prescaled by 128. Electrons were required to activate
the Cherenkov counter and to deposit at least 1.2 GeV in
the lead glass. Muons were required to penetrate the
lead-glass array and 1.05 m of steel (E G H I). Pions
were required to penetrate the lead glass, but not to ac-
tivate the H counters (E 6 H). Numerous "minimum-
bias" tapes requiring only two E counters were taken,
which contained a large sample of unbiased K,3 and K„3
events. From these it was determined that the Cherenkov
counter was 93% efficient for electrons and the H and I
scintillation planes were 95% efficient for muons. Further
information on the detector and data acquisition system
may be found in Ref. 3. Results of the analysis of the
e+e triggers can be found in Ref. 4.

The decay KL, rr+n served as a normalization and a
measure of detector resolutions; we effectively collected
4X 10 x+x decays. The events were required to pass
requirements on track quality and distance of closest ap-
proach. The effective-mass distribution for in-bending zz
events is shown in Fig. 2(a). The mass resolution is
cr =2.3 MeV/c for. in-bending events and o =4.0 MeV/c
for out-bending events. Only in-bending events were used
in this analysis. The distribution of the square of the an-
gle between the reconstructed kaon momentum vector and
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the vector from the vertex to the target is shown in Fig.
2(b). The resolution in this angle is a =0.33 mrad.

The constraints of kinematic reconstruction pre impor-
tant in searches for KL, p+p and p

—e to discrim-
inate against backgrounds from KL, ~ xpv and xev with
the pion decaying to or being misidentified as a muon.
For example, if the neutrino is produced with very little
energy in the K rest frame and the muon from x decay is
directed along the x trajectory, the dilepton effective mass
equals 489 MeV/c . However, in this case, the transverse
momentum with respect to the target for nearly transverse
K decays will be unbalanced by approximately 9 MeV/c.
If the z decays so as to affect the momentum measure-
ment, the measured dilepton mass can even exceed the EC

mass. Then, however, the event will not have an accept-
able 0 . We expect similar background distributions in
the p —e and p+ p searches.

The decay KL p+p served to verify our estimation
of the sensitivity of the experiment. Various cuts were ap-
plied to reduce backgrounds. The momentum asymmetry
&=(pmax pmin)/(pmax+pmin) was required to be less
than 0.45. 93% of the x+x events pass this cut. Monte
Carlo calculations show that 95% of p —e decays would
pass this cut. Muons were required to penetrate at least
1.05 m of steel to satisfy the trigger. Furthermore, if the
muon stopped in the range stack, the energy obtained
from the muon range was required to be at least 70% of
the momentum as measured in the magnetic spectrometer.
From our study of EC„3 events, only 3% of muons fail this
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FIG. 2. (a) g x eff'ective-mass distribution for in-bending

events with 8 (1.5 mrad~. (b) Square of the angle between
the reconstructed kaon momentum vector and the vector from
the vertex to the target for events within 3o of the K mass.

FIG. 3. (a) Scatter plot of p+p eff'ective mass vs 0 . (b)
Distribution of p+p eff'ective mass for events with 0 & 1.5
mrad .
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FIG. 4. Distribution of energy deposited in lead glass divided

by momentum for electrons from EC,3 events.

cut.
A scatter plot of p+p effective mass versus 0 is

shown in Fig. 3(a). The distribution of m(p+p ) for
events which point back to the target to within 1.5 mrad
is shown in Fig. 3(b). There is a clear peak around the K
mass. All eight events are within 1.8cr of the K mass. As
stated above, we expect similar background distributions
in the pe and pp data. Since there are no events in the
fiducial region in the pe sample (see below), we subtract
no background from the number of pp events in the fidu-
cial region. The sensitivity of the experiment to the decay
Kr ~ p+p was determined through an accounting of
the kinematically similar decay KL ir+x . A correc-
tion of 15% was applied to the xx event sample to account
for background contributions in mass and 0 . The back-
ground subtracted data was then fit as a function of K en-

ergy and decay position to determine the K, contamina-
tion. It was determined that effectively 78% of the xz de-
cays were due to ECL. Corrections were also made for the
efficiency of the muon trigger counters. Using the known
xz branching ratio, it was determined that the single-
event sensitivity to EC~~ p+p was 1.3x10 . Using
the single-event sensitivity and the Particle Data Group
world average 8(K p+p ) =(9.1~1.9)X10, we
would expect to observe 7.0 events, in good agreement
with the eight events in the fiducial region.

The same kinematic and muon identification require-
ments were made on the pe triggers. Additional require-
ments were made on the electron track. The electron
momentum was required to be less than the pion Cheren-
kov threshold of 8 GeV/c. Furthermore, the energy as
measured in the lead glass divided by the momentum
measured in the magnetic spectrometer was required to be
greater than 0.75. The distribution of E/p from a sample
of EC, 3 events is shown in Fig. 4. 96% of electrons satisfy
this requirement. A scatter plot of p —e effective mass
versus 8 is shown in Fig. 5(a). The distribution of m (pe)
for events which point back to the target to within 1.5
mrad is shown in Fig. 5(b). There are no events close to
the EC mass. The closest event had an effective mass of
489.3 MeV/c . This is 3.7cr below the K mass. We then
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FIG. 5. (a) Scatter plot of p —e etfective mass vs 02. (b)
Distribution of p —e eAective mass for events with 0 &1.5
ml ad.

find no events consistent with the decay EL, pe. The
single-event sensitivity to the decay KL pe was deter-
mined to I.I X10 . The 90%-confidence-level limit is
then 8(KL~ pe) &2.6&&10 . Combining this result
with our previous limit gives a final result 8(KL pe)
& 1.9x10 . This limit places constraints on models

with exotic gauge bosons: Assuming the boson couples to
pe and sd with the universal weak-coupling constant, the
mass of such a boson is related to the ECI branching ratio
by 8(KL~ pe) =2.5&10 (M„/I TeV) . Our result
thus requires M„& 34 TeV.
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