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Four events have been observed with an e* and aKs0 decay in the final state induced by
a neutrino beam incident on the Fermilab 15-ft neon bubble chamber. Conventional back-
grounds are unable to account for these events. Two of the events have in addition a p~
in the final state clearly identified by the external muon identifier. The other two have

p~ candidates.

The 15-ft Fermi National Accelerator Labora-
tory (FNAL) bubble chamber filled with a mix-
ture of neon and hydrogen, coupled with the ex-
ternal muon identifier (EMI), is a tool for search-
ing for new phenomena in the interactions of neu-
trinos from the FNAL accelerator. The EMI
consists of 24 1-m? proportional chambers locat-
ed behind the bubble chamber and a wall of ab-
sorber.! This combination of muon detection,
short mean free path for hadron identification,
and short radiation length for electron identifica-
tion along with high spatial resolution permits a
detailed study of phenomena involving more than
one lepton coupled with strange particles.

The bubble chamber was exposed to a wide-
band neutrino beam focused by two horns using
300-GeV incident protons. It was filled with a
light Ne/H, mixture (~20% Ne by volume). The
running conditions resulted in approximately one
neutrino interaction in every ten frames.

The film was scanned by professional scanners
for all interactions induced by neutrals. For a
partial sample, every event found by the scan-
ners was then checked by physicists. The results
presented in this paper are based on this partial
sample. A physicist studied every track to see
if there were any electrons, positrons, or elec-
tron pairs (Dalitz) from the main vertex. The
criteria used for electron detection were energy
loss due to bremsstrahlung, conversion of the re-
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sulting photon in the chamber, direct pair pro-
duction on the electron track, or any combination
of these phenomena. Events with e* compatible
with being part of a Dalitz pair were excluded
from the sample. In a separate study of convert-
ed y rays, the electron detection efficiency was
empirically determined to be about 20-30%.

The results of this search on a sample of about
1500 events were four events with an e * and six
events with an e~ in the final state. The six
events with e~ are interpreted as v, interactions
because in each case the electron is the highest
momentum track in the event and none of the
events has a track that could be identified as a
muon by the EMI. The four e* events have been
labeled 1, 2, 3, 4.2

The detailed characteristics of event 3 will be
given. It was chosen because the final state ap-
pears to be simple and the particles well identi-
fied. It illustrates the good analyzing power of
the neon-filled 15-ft chamber coupled with the
EMI. This event is shown in Fig. 1. There are
only two charged particles from the main vertex.
In addition, a K ° points to the neutrino vertex.
The e* is identified by a combination of energy
loss due to radiation, with two y’s from brems-
strahlung which convert, and the annihilation of
the positron with a subsequent conversion of the
annihilation y into an electron pair.

The u” is identified by its lack of scattering in
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FIG. 1. The two photographs and drawing illustrate
event 3. The top photograph is an enlargement of the
vertex to illustrate the absence of a low-energy elec-
tron.

the chamber and its penetration into the EMI at
a point less than 1 cm from the extrapolated po-
sition. The expected error, due mostly to Cou-
lomb scattering, is about 8 mm. In all, the track
had passed through almost five interaction lengths.
An enlargement of the vertex region of event 3 is
also shown in Fig. 1. Note that no additional
tracks emerge from the vertex. An upper limit
of 5 MeV can be safely placed on the energy of
any additional electron track at the vertex. The
6-MeV 6 ray on the positron track illustrates
how conservative this upper limit is. The other
events, 1, 2, and 4, all show a similar clean
vertex and a unique e * identification. Events 1
and 3 have a i identified by the EMI while the
other two events have negative tracks that can be
plausibly identified as a u”, but are not uniquely
identified as such, because they physically miss
the EMI chambers.

Since the positron is the most important parti-
cle in the selection of these events, backgrounds
which involve positrons must be evaluated. The

most important of these backgrounds are the fol-
lowing:

(1) An asymmetric Dalitz pair 1°—=y +e* +e”
with the e~ having an energy less than 5 MeV.
From the theoretical energy distribution between
the e~ and e*, and the number of observed Dalitz
pairs in the sample, this contribution has been
estimated as less than 0.2 event.

(2) K*=e* +7°+v. The estimated number of
events is less than 0.1, assuming a 2-GeV K* de-
cay length of 50 cm and the ability to detect kinks
with projected angles of greater than 6° on film.

(3) K °~e*+n~ +v. If this happens close to the
vertex (within 1 cm), the tracks are taken as
coming from the main vertex; 5% 1072 event ex-
pected.

4)K*=e*+vand 7t -e* +v. The contribution
from these processes is 5x 10°* event.

(5) Incoming neutral hadrons simulating v in-
teractions where a kaon is produced and decays
in flight into an electron. This background was
evaluated empirically in the same experiment,
giving rise to an expected background of 2x 1073
event.

(6) v,+N—e* +hadrons, Note that for the v,
hypothesis, the four e* events would have the fol-
lowing values of ¥ = (E s =E 4+ )/E st s =0.88,
0.92, 0.94, 0.81, respectively. This has to be
contrasted with the fact that for 7, interactions,
one expects a y distribution falling like (1 -7v)?,
with a mean value of 0.25. From the estimated
7, flux for this experiment® (¢y, /¢, =107%) we
expect to observe 4% 10”2 event with y >0.7.

As a check we computed the number of v, inter-
actions (v, N—e~ +hadrons) expected to be ob-
served in the considered film sample. This num-
ber is 4.8 events, to be compared with 6 v, events
found. (For these events the EMI confirmed that
there is no muon in the final state.) This gives
credence to the correctness of the 7, flux used
for background (6).

This leads to a total expected background of 3.1
X 107! event. The probability that the 4 events
are due to background is 2.8X 10"%. We conclude
that these positron events are not due to back-
ground and represent the first observation of the
reaction

vy +N=u +e* +v,+K+X.
The topological and inferred particles (denoted
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TABLE I. Kinematic quantities of the four positron events. Definitions:
yvis(Vp)=(Evis_Eu-)/Ev153 Yvis@e) =(Evis—Ee+)/Eyis; QvisZ=4EvisEu
xsinz(evu/Z); xvis=Qvi52/[2M(EVis_Eu)]§ in52= M2+2M(Evis"‘Eu)—Qviszn

Event 1 2 3 4
E s 34 GeV 11GeV 26 (34) GeV 28 GeV
Eu") 14 3 22 9
E(e?) 2.0 1.1 2.2 5.3
E(KY 6 3 2 6
E(other hadrons) 12 4 None (8) 8
Yvis (W) 0.6 0.7 0.2 (0.4) 0.6
Vus Te) 0.88 0.92 0.94 0.81
Xyis (V) 0.003 0.09 0.9 (0.4) 0.2
Wis 6 GeV 4 GeV 1.3 (4) GeV 5 GeV
Quis 0.1 1.4 6 (9) 7
W) /ple?) 7 3 10 2 )
by parentheses) in the four events are (5) The visible total energy is compatible with

the flux distribution of this neutrino beam; none

- + 0 - +
Yyt N= 7 +et + (v, ) +K S +207 + 30 are above 40 GeV. (6) The background is small.

+7°+4p +n +(neutrals ?), (1) ('7) These four events give a preliminary evalua-
- - tion of the ratio (u"e*)/(total v interaction) of
- + 0 +
Vy+N= ()" +e* +(v,) +K 0 +2n1" +7 about 1%,
+7%+ p + (neutrals?), (2) Even though the number of events is small, we

would like to make a few remarks with regard
to their interpretation.

vy +N= ()" +e* +(v,) +K L +m” +7* The value of the ratio (P,-)/{P,+)= 4.6 falls
outside the bounds derived by Pais and Treiman
for the production of a heavy neutral lepton.*
where N stands for nucleus. Some of the charged This by no means excludes the heavy-lepton hy-

vy +N=p" +e* +(v,) +K "+ (neutrals?), (3)

+7°+ p + (neutrals ?), (4)

n’s could be K’s. pothesis for all the events, but makes it less
The kinematic quantities which help to describe likely. Also, the fact that we do not observe any
the four positron events are given in Table I. (e*e”) events which are incompatible with Dalitz
The quantities are obtained from the observed pairs further strengthens this argument. We
hadronic and leptonic energies. As an illustra- therefore think that the phenomenon observed is
tion an attempt has been made to correct event 3 the production at the hadronic vertex of a new
for missing neutral energy by reducing the value particle which subsequently decays leptonically.
of x s from 0.9 to 0.4, a value that is closer to The absence of a kink in the positron track
the mean for deep inelastic neutrino interactions. within 2 cm of the vertex along with the mea-
These values are given in parentheses in Table I. sured momenta of the e* and K ;° makes it possi-
The important features of the events can be ble to set a rough estimate of the upper limit on
summarized as follows: (1) All events have op- the new particle’s lifetime. This value is 2x 107!
positely charged leptons u"e*; no events with ) sec.
p'e” or e"e” (other than Dalitz pairs) have been Table II lists some properties of the K ,° and e*

observed. (2) As illustrated by event 3, there is
no additional charged lepton at the vertex with an

e TABLE II. Kinematic quantities for the k. and e*.
energy greater than a few MeV. This implies a .

missing neutral lepton (probably a neutrino). Digd Dret My,
(3) Every event is accompanied by a K ;° which Event (GeV/c) (GeV/c) (GeV)
decayed by the 7”°7* mode. The observation of a

strange particle was not a factor in the selection 1 0.8 0.4 1.3
of the events. (No A has been observed which is 2 O'Z 0.7 0.9
associated with a pe event.) (4) The positron is 2 8:3 8:/; (1),17

of lower energy than the muon in every case.
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as obtained from the visible momenta of the par-
ticles excluding the muon. Specifically the trans-
verse momentum of the K ° and the e* relative to
the direction of the visible hadron momentum has
been calculated.

The transverse momenta of the ¢* are consis-
tent with a three-body decay involving a neutrino
from a particle of mass about 2 GeV. Assuming
that both the K and e¢* come from a three-body
decay process, their mean invariant mass can
be used to compute the mass of the parent parti-
cle by using the relation M = 1.5(M,). The value
found is 1.5 GeV. If more complicated decays
are responsible then this represents a lower lim-
it on the mass of the particle.

This muon-positron-kaon discovery reported
here is very likely related to the earlier obser-
vation of di-muon events at FNAL.5 In a differ-
ent experiment performed by Cazzoli ef al. util-
izing the neutrino beam at Brookhaven National
Laboratory, one event was reported® which has
been interpreted as a possible nonleptonic decay
of a charmed baryon. In addition, the groups
utilizing the gargamelle bubble chamber at CERN
without an EMI have reported three events which
could be related to those reported here.”

In summary, we consider the four events to be
evidence for the g decay of a new particle with a
new quantum number. The fact that a K° decay
is associated with each of the four events forces
one to believe that the production or decay is
somehow related to strangeness. One is tempted
to associate these events with current ideas re-
lated to charm.®1° However, the observation
that every event contains a K.° (w*7") is not what
one would expect from these ideas. It is interest-

ing to speculate that our results are consistent
with multiple-K processes arising from the pro-
duction and the decay of a particle of strangeness
3 or higher.
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