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New data are reported on high-energy antineutrino interactions obtained using the Fer-
milab 15-ft bubble chamber filled with a light neon-hydrogen mixture, The new data sup-
port a gentle energy dependence for the y distribution consistent with the trend of the ex-
isting data, but show no evidence for a marked energy threshold. The data for (x) and )
= (xy) show some decrease with increasing energy which may be related to scaling devi-
ations measured in electron and muon experiments.

Evidence has been reported from experiments
using calorimeter-spectrometer techniques for a
large change in the character of the antineutrino
muon inelasticity distributions at high energies,!?
These data have generated extensive theoretical
discussions.®* Interest centers on the behavior
at high y where in these experiments the muon-
acceptance losses are particularly large. (See
Ref, 5 for definition of variables,) We report
here the results of an experiment on high-energy
charged-current antineutrino scattering performed
using the Fermilab 15-ft bubble chamber, The
bubble chamber used with the external muon iden-
tifier® (EMI) has the important advantage of good
muon angular acceptance out to relatively high
values of y,

The data come from an exposure of the bubble
chamber (21% atomic neon-hydrogen) to the dou-
ble-horn-focused antineutrino beam with plug’ for
4,7x10" 300-GeV protons, The EMI arrange-
ment and utilization in this experiment have been
previously described.” The efficiency of the film
scan was measured in a partial double scan, and
the data were corrected by weighting the events
as a function of the total multiplicity. Events
consisting of only a single charged track (pre-
dominately quasielastic events) were not included
in the scan; the resulting bias was eliminated by
accepting only events with v>2 GeV. For accept-
ed events the scan efficiency as a function of y
varies from 0,90 to 0.98 and is largest for events
at high y. ‘

The charged-current event sample considered
in this Letter includes only events with a positive
muon identified by the EMI, To reduce back-
grounds and to ensure good EMI acceptance, we
require that the total measured momentum along
the beam direction, P,, be greater than 7.5 GeV/
c and that the momentum of the muon, P¥, be
greater than 4 GeV/c, The events have been
weighted by the calculated EMI geometric accep-
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tance. For positive muons averaged over the fi-
ducial volume, the EMI acceptance is 0.96 for
muons along the beam direction and falls to 0,60
for muons at 0,5 rad. At fixed angle, the EMI
acceptance is nearly independent of muon momen-
tum above 4 GeV/c. The requirement that P* >4
GeV/c and v>2 GeV restricts the data to regions
in y bounded by ¥ i, =2/E and ¥ . =1 -4/E (E in
GeV). Within this y region the data cover the full
kinematic range inx (0<x<1). In this experi-
ment, 611 events pass the selection criteria.

E is estimated by summing the momentum of
the muon and the momentum of the hadrons along
the beam direction. An average correction to ac-
count for neutrals which leave the chamber unde-
tected was applied to the longitudinal momentum
P,* of the visible hadrons, This correction® was
determined from the imbalance of the mean trans-
verse momentum of the visible hadrons and the
mean transverse momentum of the muons as a
function of P,* and is well parametrized by
P."(corrected) =1,20(P,* +1.,0).

By assuming the validity of the Callan-Gross
relation,® the differential cross section in y for
charged-current antineutrino scattering integrat-
ed over any range of x is

2,

o= SR IRarl1-y + ) -By(1 -], ()
where B is the ratio of the integrated structure
functions xF, and F,: B=[xF,dx/[F,dx. Inthe
quark parton model, B is related to the relative
antiquark content of the nucleon by @/(Q + @) = 3(1
-B), where @ and @ represent the relative con-
tribution of quarks and antiquarks for the same x
range,

Figures 1(a)-1(c) show the x distributions for
the restricted regions of y for the energy inter-
vals 10-30, 30-50, and 50-200 GeV. In each
case, the curve which has been normalized to the
data is a prediction computed from the quark dis-
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FIG. 1. (a)—(c): the x distributions for the energy ranges 10-30, 30—50, and 50—200 GeV, The curve is com-
puted from the quark distributions of Ref, 10, (d—(f): the y distributions for the three energy ranges, The curve

is for the best fit for B in each case,

tributions of Field and Feynman,'® which are
based on electron and neutrino data from experi-
ments at lower energies. Figures 1(d)-1(f) show
the y distributions for the three energy intervals
for 0 <x <1, The distributions are inconsistent
with no @ contribution, i.e., inconsistent with a
pure (1-y)2 form., The curve is the best fit using
Eq. (1) for each energy interval, Table I shows
the fitted value of B from the y distributions for
various ranges of x for the three energy inter-
vals, The trend of the data suggests that the
antiquark contribution at small x is increasing
with increasing energy. Figure 2(a) shows the

TABLE 1. Fitted values of B as functions of energy
for various x ranges.

E(GeV) 10-30 30-50 50—200  10-200
x range

0-0.1 0.567 4% 0.32:8:3) —0.50+38f 0,38:04]
0.1-0.2 0.90+0% 0.68:03)  0.52¢3:% 0.80%
0.2-0.4 0.72+042 0.76:043  0.76:)37 0.74:0%
0.4-1.0 0.88:012 1.00:39  1.00:383 0.96:0-004

0-1.0 0.78:388 0.70+318  0.62:48 0.73+382
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FIG. 2. (a) The relative antiquark contribution as a
function of x computed using all the data in the energy
range 10—200 GeV. The curve is computed from the
quark distributions of Ref. 10. (b) The world data for
B for the maximum x range as a function of energy, A
linear fit is made to the the total world data.
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relative antiquark contribution as a function of x
computed using all the data in the energy range
10-200 GeV. For the whole x range the data give
Q/(Q+®@)=0,14+0,03, while the prediction from
Ref. 10 is 0,08, At these energies the antiquark
contribution is larger than would be expected
based on the lower-energy data,

Figure 2(b) shows the value of B for the maxi-
mum x range plotted as a function of energy.!
Also shown in Fig. 2(b) are the valugs of B from
the Harvard-Pennsylvania-Wisconsin- Fermilab
(HPWF)! and the Caltech-Fermilab (CTF) col-
laborations,? and from a fit to events in the scal-
ing region in the Gargamelle (GGM) collabora-
tion,!? QOur data taken together with the data from
the other experiments support a gentle energy de-
pendence for B, The combined world data for B
are well fitted by a linear energy dependence.
The best fit [ x2=3.86 for six degrees of freedom
(D.O.F.)] gives

B=(0.86+0,05) —(0,0038+0,0012)E, " (2)

Figure 3(a) shows (y) as a function of energy
for 0.2<y <0.6 and E >10 GeV, and for 0.05<y
<0.9 and E >40 GeV. Our data show no evidence
for a sharp rise in {y) in the vicinity of 30 GeV.
The curves in Fig, 3(a) show the expected energy
dependence computed using values of B from Eq.
(2); our data are well represented by these curves.

Deviations from exact Bjorken scaling have
been observed in electron and muon experiments,*3
In neutrino experiments, scaling deviations would
appear as a decrease in {x) as a function of ener-
gy. Figure 3(b) shows (x) as a function of ener-
gy. From empirical fits™ to electron and muon
data we predict {(x) <E~? with 5=0.15. The best
fit to the data over the whole energy range for 0.2
<y<0.6 gives b=0,14+0,06 (x2=14.0 for ten
D.O.F.), compatible with the scaling deviation ex-
pected from electron and muon data. Figure 3(c)
shows the energy dependence of (v) (v=xy) for
the same restricted y ranges, If the x and y de-
pendence factorize, we expect the same energy
dependence for (v) and {(x) since the energy de-
pendence of (y) is small. The best fit to the form
(v) xE~? for 0.2<y <0.6 over the full energy
range gives 5=0,09+0.09 (x?=8.8 for ten D.O.F.).
In Figs. 3(b) and 3(c) the curves are normalized
to the data in the two y ranges assuming b =0.15,
For 0.05<y <0,9 the data for {v) show a more
rapid falloff with energy above 40 GeV than is in-
dicated by the fit; for this y range the data give
(v) =0.086+0,010 for 40 <E<60 GeV and (v)
=0,048+0.007 for 60 <E<200 GeV.,
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FIG. 3. (a) (y) as a function of energy. The curves
are computed from Eq. (1) for the two y ranges. (b) (x)
as a function of energy. The solid curve is (x)xE=?
with » =0.15 normalized to the data for 0.2<y<0.6, E
>10 GeV, The broken curve is for 0,05<y<0.9 and E
>40 GeV. (c) {v) as a function of energy. The curves
are for p =0,15,

We conclude that the y distribution for charged-
current antineutrino scattering is inconsistent
with a pure (1 -y)2 form over the energy range
explored in this experiment. In terms of the
quark parton model the relative antiquark con-~
tribution is larger than would be expected based
on the low-energy data. When combined with the
world data, our data support a gentle energy de-
pendence for the y distribution. While the x dis-
tributions are in reasonable agreement with pre-
dictions based on the quark parton model and
electron scattering data, {x) and {(v) show a de-
crease with increasing energy consistent with
scaling deviations observed in electron and muon
scattering experiments,
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We have searched for superheavy elements 110 to 116 with half-lives between 10% and
10% s in fractions chemically separated after each of a series of bombardments of *3Cm
made with 267-MeV ‘8Ca ions. After 6 months of & ‘md spontaneous-fission counting,
our results provide no persuasive evidence for the presence for the presence of super-
heavy elements. The most plausible explanation for not finding the superheavy elements
is that they have either short half-lives or very small formation cross sections.

Numerous searches have been made for super-
heavy elements (SHE’s) located in the “island of
stability” believed to be centered at Z=114, N
=184. Although these searches have failed to

find any convincing evidence for SHE’s,! the quest
continues. This is the first reporting of experi-
ments in which 2*Cm has been bombarded with
“8Ca ions in the expectation of producing SHE’s.
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