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ABSTRACT

Distributions in the scaling ?ariable y are pre-
sented based on a study of'approximately 700 antineutrino
events in the energy range 10~200 GeV obtained using the
Fermilab 15-ft bubble chamber filled with a light Hydro-
gen-Neon mixture. The distributions are inconsiétent
with a (1 - y)2 form predicted b§ the simple quark parton
model of the nucleon without antiquarks, but can bhe well

fitted assuming a relative antiquark contribution of (10 * 5)%.

For small values of the Bjorken scaling variable (x < 0.1)
the y-distribution can be well fitted assuming a relative antiquark
contribution of (20 *+ 5)%. For events at small x in the enexgy _.

range 30-200 GeV the y-distribution is in good agreement with the

results reported by the HPWF group.
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I. INTRODUCTION

This letter reports on y-distributions measured in the anti-

neutrino nucleon scattering process

GuN > utx ‘ (1)

at high energy. The vériable y is defined by y = v/E where v is
the energy transfer from the lepton to the hadrons in the lab
frame and E is the energy of the incoming antineutrino.

Y-distributions measured in neutrino and antineutrino scatter-
ing processes at high energy yield unique information about the
constituents of the nucleon. In particular, within the framework
of the guark parton model the shape of the antineutrino y-distribu-
tion is a sensitive measure of the fraction of the nucleon momentum
carried by antiquarks relative to the fraction carried by the guarks.
In this connection interest centers on the behavior at high f (y ~ 1)

where in previous experiments!™3

acceptance losses or systematic
uncextainties due to the myon selection proceduré have been very
large. Anomalies in the antineutrino y-distribution for small
values of the Bjorken scaling variable x have been reported by the
HPWF group? and it is clearly important to search for these effects
using an independent technique. (The Bjorken scaling variable x is
- defined by the relation x = Q2/2mv where Q2 is the square of the

4-momentum transfer from the lepton to the hadrons and m is the mass

of the nucleon.)
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The data come from an exposure of 52,000 pictures obtained
using the Fermilab 15-ft bubble chamber filled with a light ~
hydrogen-neon mixture and using a broad-band horn focused antineu-
trino beam. The hydrogen-neon mixture contained 21 atomic percent
of neon. The enexgy 6f the extracted proton beam was 300 GeV
and the mean proton intensity on the target was 0.8-0.9 x 1013
protons per pulse. The external muon identifier (EMI)" was operat-
ed in conjunction with this experiment.

The external muon identifier consists of a zinc absorber of
mass 600 gms/cm2 including the copper coils within the vacuum
vessel of the bubble chamber downstream of the fiducial volume
followed by an array of delay line readout multiwire proportional
chambers with a total area of approximately 20 m2 positioned
outside the va;uum véssel and downstream of the absorber. The ‘.‘,
data from the proportional chambers for each picture taken is |

written to magnetic tape by an on-line computer which is also used

to monitor the performance of the EMI throughdut the ekp&éﬁréQ‘

IX. THE ANALYSIS

‘he £ilm was scanned for all inelastic events with total
momentum along the beam direction p, more than about 1 GeV.

Events which are candidates for the elastic xreaction

5pp > u'n (2)
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with an undetected neutron and no other charged prongs visible
at the primary vertex were not included in the scan. A total of
about 2500 candidates were found in a fiducial volume of 21 m

In order to identify muons in these events all muon candidates
are extrapolated to the EMI plane in attempt to match them with
fitted coordinates from the proportional chambers. For this
analysis muon candidates which matched in the EMI and for which
the hadron confidence level® was less than 10% were taken as iden-
tified muons. With this criterion the fraction of hadrons hitting
the EMI which are misidentified as muons is 10%.°

The energy of the incident antineutrino is estimated by
summing the momentum of the muon and the momentum of the hadrons
along the beam direction. The momentum of the hadrons has to be
corrected to account for neutrals which leave the chamber undetected.
The mean fraction of hadron momentum lost in undetected neutrals
is estimated from Fig. 1 which shows the mean transverse momeéntum
of the hadrons measured opposite to the transverse momentum of the
muon as a function of the transverse momentum of the muon. Due
to Fermi motion and to the presence of unseen nuclear fragments we
do not expect to see momentum balance in individual events. How-
ever the mean transverse momentum of the hadrons measured opposite
to the transverse momentum of the muon should bélance the trans-
verse momentum of the muon if there are no missing neutrals. On
the basis of fig. 1 we conclude that approximately 30% of the
hadron momentum is lost® and therefore the hadron momentum is
increased by 30% in all events to account for neutrals which leave

the chamber undetected.
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In order to insure good EMI acceptance and to reduce back- >
grounds due to interactions of neutrons and incoming charged
tracks and due to neutrino and antineutrino induced neutral current
interactions, events with E < 10 GeV are removed from the sample.
Out of 1000 events with E > 10 GeV,600 have a p+ identified by
the EMI and are retained in the final antineutrino charged current
sample.

The geometrical acceptance of the EMI for positive muons
generated within the bubble chambér fiducial volume has been com-
puted as a function of x and y at fixed neutrxino energy and the
distributions shown have been corrected accordingly. Note that
very low momentum muons which come to rest in the absorber do not
reach the proportional chambers and are never identified as muons _
by the EMI. As a result, at the lowest energies, there are regions j’
of the x,y plane ('blind regions') where the accebtance of the
EMI is very small or zero, and it is not possible to correct for

the lost events in a model independent way. Losses which result
from proportional chamber inefficiencies and EMI software ineffic-
iencies together with losses due to the muon selection algorithm

used are expected to be only weakly dependent on y and no attempt

has been made to correct for these effects at the present time.

III. RESULTS AND CONCLUSIONS

Figure 2a) shows the y-distribution for all events in the

energy range 10-200 GeV. The point for y = 0.9-1.0 may be
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biased due to the effect of the 'blind region' and has not been

. Ld 2
plotted. The distribution is inconsistent with the (1 - y)° form
(solid curve) predicted by the simple quark parton model without
‘.r

antiquarks. Assﬁming the vaiidity of the Callan-Gross relation,

the distribution has been fitted by the form
an/ay = | (1 -~y + y°/2) - By (1 - y/2)| (3)

with the result (broken curve?: B = 0.80 % 0.05.

This result is consistent with measurements made in previous high

3

energy experiments?!”? and is also in good agreement with the low

8 In the guark parton model of the nucleon the param—

energy data.
eter B is related to the relative antiquark contribution by the

relation

o
f
!
w

(4)

Q 2

+

Q

where Q and Q represent the fractions of momentum of +the nucleon
carried by quarks and antiquarks respectively. In terms of the

relative antiquark contribution the above result for B gives

. o=

Q - 0.10 + 0.05.
o+ 0

Figure 2b) shows the y-distribution for all events in the
enefgy range 10-30 GeV and Fig. 2c) shows the same thing for events
in the energy range 30-200 GeV. At the higher energies the effect

of the 'blind region' is expected to be relatively unimportant and




-

has been neglected. There is no significant energy dependence. ~
Figure 3a) shows the y-distribution for events in the whole

energy range 10-200 GeV with x = 0-0.1. The distribution can be

fitted by the form (3) with B = 0.6 * 0.1 (broken curve). In

terms of the relative antiquark contribution this result for B
5 ,
Q+ 0

tribution at small x is suggested by the low energy data.’

= 0.20 * 0.05. Some increase in the antiquaxk con-

gives

Figure 3b) shows the y-distribution for events-in the eﬁergy
- range 10-30 GeV with x = 0-0.1. The distribution is éonsistent
with the form (3) with B = 0.6. Figure 3c) shows the same thing
for events in the energy range 30-200 GeV. Also shown in Fig. 3c¢)
is the y-distribution from the HPWF group for the same energy in-
texval and for the same x~region. The distribution from the HPWF
group is consistent with being flat corresponding to a negative
value for B of order unity. When compared to the corresponding
distribution for neutrinos from the .same group this result ié e
incompatable with charge symmetry invariance. There i1s good agree-

ment between the two experiments. However with the present statis-

tics it 1s not possible to rule out a distribution of the form f3)

with 3 = 0.6 based on the data from this experiment alone.

We wish to thank the Berkeley and Hawaiil g;oups" for technical
assistance in running the EMI and for making available to us their
analysis programs. We also wish to thank the members of the
Neutrino Laboratory at Fermilab and the scanning and measuring staff
in our respective laboratories for their contribution to this

experiment. ~
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than 2% of the total. For events in this category the highest
momentum identified muon candidate is taken as the muon.

The fraction of hadron momentum lost in missing gamma rays is
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