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In an exposure of the Fermilab 15-ft bubble chamber filled with a heavy neon-hydrogen
mixture to a broadband neutrino beam, we have observed 81 dilepton events of the type
v +Ne —p +e++ ... . This corresponds to (0.5+0.15)~/() of the total charged-current neu-
trino interactions. A total of fifteen neutral strange-particle decays (+ x+n, A px )

were found in these dilepton events. When corrected for detection efficiencies and unob-
servable strange particles, this is consistent with the production of approximately one
strange pa&ticle per event.

The discovery of high-mass (3 GeV), narrow-
width (keV) states, the J'/g, ' indicated the onset
of a new phenomenon. The subsequent observa-
tion of bare charm' verified that this was indeed
the uncovering of a new quantum number. The ob-
served production of dilepton pairs (p p,'), (p e')
in high-energy neutrino interactions' could be a
further manifestation of charm or something new.
In this Letter, we report on 81 p, e' pairs pro-
duced by the interaction of high-energy neutrinos
in neon, the rate and strange-particle content be-
ing consistent with charmed-particle production.

We present the results obtained in a run at the
Fermi National Accelerator Laboratory consist-
ing of 46000 photographs in the 15-ft bubble cham-
ber. The two-horn focused wide-band neutrino
beam was used, with an average of 1 X10"400-
GeV protons per pulse indicent on a 12-in. long

aluminum oxide target. The relative fluxes of
the four kinds of neutrinos have been calculated
to be of the order of v„.'v„.'v, .'v, =100:3:1:0.2.
The v& energy spectrum peaks near 25 GeV and
extends to well over 100 GeV. The chamber was
filled with a neon-hydrogen mix with the follow-
ing properties: 64 at.% neon, 0.8-g/cm density,
40-cm radiation length, and 125-cm interaction
length. The chamber magnetic field was 30 kG.
In this heavy mixture electrons are likely to radi-
ate (the chamber is —10 radiation lengths across),
hadrons to interact visibly (the chamber is -3 in-
teraction lengths), and muons to escape without
any visible interaction.

In a selective scan, all events with an e' or an
e candidate were recorded, regardless of any
other feature of the event. The e' was visually
identified on the scan tables by the following cri-
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teria: (a) bremsstrahlung with a visible y-e+e
conversion, and (b) spiraling track with minimum
ionization.

All of these events were measured and geomet-
rically reconstructed by the program TVGp.
Events where the e' was identified by at least
two signatures and had a momentum greater than
300 MeV/e were selected. A final sample of 108
events with a single e+ coming directly from the
interaction vertex was obtained.

The fastest negative tract in each event that
leaves the chamber without a visible interaction
is a p. candidate. Some of these tracks will in
fact be hadrons which escape without interaction;
however, this background is small, as discussed
below. Of the 108 events with an e', 81 have a

candidate, We interpret these events as

v„+neon- p, + e'+. . . (81 events).

The average multiplicity of charged tracks in-
cluding the p, and the e+ in these events is 6.
The distributions in the momenta of the p, and
the e' and the total visible energy in these events
is shown in Fig. 1. There is no evidence in the
visible energy distribution for a threshold for
this process in the vicinity of 30 GeV. As is ap-
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FIG. 1. Distributions in (a) I' +, (b) I'-&-, and (c) E~,
for the 81 p e+ events. The crosshatched events are
the backgrounds due to asymmetric Dalitz pairs in (a)
and fake p, in (b).
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FIG. 2. Momentum distributions for (a) interacting
positive, (b) interacting negative, (c) leaving positive,
and (d) leaving negative tracks in the 108 events with an
e+. The crosshatched tracks in (d) correspond to leav-
ing negative tracks in addition to the p, candidate.

40

parent from these distributions, on the average
the e' carried much less energy than the p, . The
ratio of their average momenta is (P„)l(P,+) = 6-

+1.5, indicating that these events are not likely
to come from the decay of a neutral heavy lepton. '

The major backgrounds' are e' tracks arising
from asymmetric Dalitz pairs (where the e track
is not visible) in genuine charged-current v„ in-
teractions ahd fake p, tracks from negative had-
rons failing to interact in v, interactions (v, +Ne
-e'+. . .).

The background due to asymmetric Dalitz pairs
has been experimentally determined by (i) meas-
uring the fraction of Dalitz pairs with total energy
over 300 MeV (including externally converted y's
that appear on the scanning table to originate at
the vertex of the event) associated with charged-
current events to be 4.2%, and (ii) measuring the
probability of a Dalitz pair to have an e' satisfy-
ing our selection criteria and an invisible e to
be 0.3%.' This leads to a background of 3 + 3
events in our sample.

The background due to fake IJ. (w punchthrough)
is determined from a comparison of the interact-
ing and noninteracting tracks of both signs. Since
the noninteracting tracks in the e' event sample
travel an average of 1—,

' interaction lengths, 75%
of all hadrons should interact. More precisely,
the ratio of interacting to noninteracting positive
tracks (excluding recoil protons and pion decays)
in these e' events determines the interaction
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probability for hadrons as a function of momen-
tum. Then from the observed number of interact-
ing negative tracks, the expected number of p

punchthroughs as a function of momentum were
calculated taking into account the fact that some
of the p, e' events had a slow leaving negative
track, in addition to the p. candidate [the cross-
hatched tracks in Fig. 2(d)]. We thus obtain a
background of 9 + 8 events due to fake muons in
the 81 JU,

e' events. ' The striking difference be-
tween the noninteracting positive [Fig. 2(c)] and
negative [Fig. 2(d)] tracks indicates the validity
of the p, interpretation for noninteracting nega-
tives.

In determining the rate of dilepton production,
there are further corrections for detection effi-
ciencies and normalizations that must be applied.
In particular, there are the following: (i) Scan-
ning efficiency for finding p, e' events. [A value
of (90 + 5)% was derived by a double scan of 85%%

of the film. ] (ii) Identification efficiency for e'.
[A sample of externally converted y-e'e pairs
was used to determine the probability, as a func-
tion of momentum and length of the e', of obtain-
ing two identification signatures. This gave an av-
erage e' identification probability of (85& 5)%% for
the fiducial volume used. ] (iii) Loss due to ob-
scured events, (10+ 5)%%. (iv) Miscellaneous loss-
es, such as true e' from vertex looking like Da-
litz pair with 5 ray or other track tangent to e',
(5+5)%%. (v) Normalization. By measuring -800
neutrino events in an unbiased sample of frames
spread throughout the run, and applying the p.

identification procedure described above, we find
0.6 charged-current events per picture, 85% of
which are in the restricted fiducial volume' used
for the scan for e' events, and thus a denomina-
tor of 23 500 v„+Ne- p, +. . .events.

The resulting dileptonic rate is

This result is in general agreement with results
obtained in other experiments. "

The sample of p. e' events has been examined
for associated IC,o-m'+ p and A'-p+ p decays
(vees). All such vees were measured, geometri-
cally reconstructed, and subjected to two- and
three-constraint kinematic fits in SQUAW. In the
81 p. e' events, we find fifteen associated vees;
nine made unambiguous fits to K, —p'g, three
were unambiguous A -pp, and three were am-
biguous between A and E,'. One of the ambigu-
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FIG. 3. Distributions in (a) X~, , (b) Y~„(c)~, and
(d) the & e+ and A e+ effective masses for the p e+
events. 'The curves on (a) and (b) represent the X and
Y distributions for the charged-current p& interactions
for comparison. In (d), the ambiguous vees are plotted
twice. The labels Is/A and A/Is refer to the Is e+ and
A e' interpretations, respectively, of the three ambig-
uous vees.

ous vees occurred in the same event as one of
the A"s; we thus call it a SP, and call the other
two ambiguous vees, 3"s. Correcting for detec-
tion efficiency and branching ratios, "we obtain
39 K"s and 9 A"s for a total of 48+14 neutral
strange particles.

We have measured -1300 vees associated with
charged-current neutrino events. From this, we
find that 6%%uc of these events have a visible vee. 's

If the p, e+ events had' the same fraction of strange-
particle production as the average charged-cur-
rent events, we would expect to see five vees
with the 81 events, whereas we see fifteen vees.
This is a clear indication that the IL(.

e' events
have a higher level of strange-particle production
than ordinary charged-current v interactions.

Figures 3(a) and 3(b) show the distributions in
X„,= q'/2m(E, —E„)and Y ., = E„~, /E„,„respec-
tively. These distributions have been corrected
for our estimate of the fake p, background. For
comparison, the distributions for charged-cur-
rent v„events are shown by the smooth curves.
Figure 3(c) shows the distributions in the total
hadronic mass W= [m~'+2m~(E„, , —E„)-q']"',
and Fig. 3(d) shows the K'e' and A'e' effective-
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mass distributions. The K'e' effective-mass dis-
tribution peaks low, and the 8' distribution high,
consistent with what would be expected from the
production and semileptonic decay of a particle
with mass «2 QeV.

The 48 + 14 neutral strange particles correspond
to a rate of 0.6+0.2 per event. If charged and
neutral strange-particle production were equal,
this would correspond to 1.2 strange particles
per event, in good agreement with that expected
from the Glashow-Iliopoulos -Maiani" model of
charm production by neutrinos. This result is in
disagreement with the Bosetti et al'. ' result of
1.84"~ 5', neutral strange particles per event, or
under the same assumptions as above -4 strange
particles per event. This discrepancy is not un-
derstood.
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Events in which the e+ was part of a Dalitz pair or
an external y- e'e conversion were not included.
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Many other backgrounds were considered; e.g. ,

(a) e from hadronic decays such as m+-e+p, g+-e+p,
+ +pe+& &&p x e+& at the vertex; (b) fake e+ from

hadronic interactions such as positive hadrons produc-
ing m 's with no visible hadrons and subsequent x Dalitz
decay. The total contribution to the background from
these sources is less than one event.

In a sample of 1800 y —e+e externally converted
pairs with a total energy over 800 MeV, only four had
an e' satisfying our identification criteria and an e
which might not be visible in a busy primary vertex.
This agrees well with what we expect from the theoreti-
cal e+e asymmetry distribution with a Pe -10-MeV/c
cut (corresponding to a - 2 cm diameter e ).

Background in the p e+ sample due to neutral-current
and neutron-induced events is negligible since these
events have to have both a fake e+ and a fake p . How-

ever, this background is explicitly included in the 9+ 8
event fake-muon background estimate.

Normalization events were measured using the vol-
ume visible to all three neutrino cameras. The fiducial
volume used for the e+ events had the additional restric-
tion that the event vertex had to be further than 50 cm
from the back wall of the chamber.

' We can compare our result with two other experi-
ments by applying appropriate cuts. In particular, with

Po & 0.8 GeV/c, we have 61 p, e+ events with eleven
vees, corresponding to a value 8 = (0.4+0.16)% to be
compared with (0.8 +0.3)% of Bosetti et al . (Ref. 3) . lVe
have 14 events with both Po+ and P& larger tha-n 4 GeV/
c and E ~ 40 GeV. This corresponds to (0.6+0.3)%
of the number of charged-current events with E~, -40
GeV. This last number might be compared to the (0.8
+ 0.3) % obtained by Benvenuti et al . (Ref. 3) .

$1The corrections are as follows: ~p& is to correct for
interactions before decay p 85 and p 8g are corrections
for A and A losses, respectively, when the vee decay
is too close to the v interaction vertex; 2 correction is
for branching ratios, and 2 in the K case corrects for

No scanning-efficiency correction in addition to
the above corrections is needed.

~This value is in excellent agreement with the visible
strange particle (88 V s in 548 p& charged-current
events) observed in Hz in the 15-ft chamber at Fermi-
lab if we correct for the strange particles lost in neon
because they interact before they decay (10% correction).
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