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ABSTRACT

Antineutrino interactions in BEBC are compared to look for differences
between the differential cross section ratios per nucleon in neon and in
deuterium. The identical geometries, beam spectra and muon identification
criteria and acceptances allow comparison with very small systematic
errors. The results are compared in detail with y and e scattering data
from EMC and SLAC. We find no rise in the ratio do/dx (v Ne)/do/dx{(v D)
at low x, independent of Q2 up ko <Q2> ~ 14 GeV>.



INTRODUCTION

Recent results from the EMC (1] and Rochester-MIT-SLAC [2] groups
have indicated that the nucleon structure functions measured using heavy
nuclei and using deuterium are different. These results are illusktrated
in fig. 1. At large x (x > 0.6) the SLAC data show the expected effect of
Fermi motion [3]. At medium x (0.3 < % < 0.6) both groups see a new
effect which varies.logarithmically with A and seems independent of Qz.

At small x (x < 0.3) the effects seen by the two groups differ, suggesting
Q2 dependence in this x range. The medium-x and small-x effects defy
interpretation in terms of Fermi motion and have caused renewed interest
in the problems of additivity and identity of nucleons in nuclei and in

the application of QCD to nuclear physics.

Present models [4] give varying predictions for the A and Q2
dependence of the effects, thus it is of interest to make comparisons with
different targets and different Q2 ranges. Our data covers a larger
Qz range than the SLAC data, thus giving new information on Q2
dependence at small x. Also antineutrinos are the ideal tool to
investigate current explanations of the effect which imply that the sea
quark content increases in heavy nuclei, [4d,e,g,h,i,j,k,%,m,0,q9]. The
sea contributes strongly to the v cross section, so that an increase in
sea would result in strong correlated changes in the x and y distributions.
Previous comparisons using v and v data in bubble chambers have less
statistical [5] and systematic {6] precision and did not exploit Lhe

information in the y and Q2 distributions.

EXPERIMENTAL TECHNIQUE

This paper compares data from two exposures of BEBC, filled with
D (WA25) and a 75 mole per cent Ne—H2 mixture (WA5S9) respectively,
2

to the same CERN-SPS wide band antineutrino beam. The two data sets were



entirely reanalysed for this investigation, so that every possible source

of systematic error was either eliminated or corrected. To ensure that

the geometries, beam spectra and muon identification criteria and

acceptances were identical:

(8)

(b)

{¢)

(a)

(b)

Events were required to lie in the overlap of the two fiducial

volumes used by the two experiments.

Identical beam conditions were selected in the two runs. Beam
constancy throughout both runs was ensured with the aid of the array
of muon flux detectors distributed throughout the shielding [7]: all
pulses for which the shape of the muon flux distribution was

non-standard were excluded from the analysis.

Charged Current (CC) events were identified using the same External
Mucn Identifier (EMI). The perfbrmance of each wire in the EMI was
checked regularly using cosmic rays. Using only wires with high

efficiencies throughout both runs, the data from the two experiments
were reprocessed through the same muca jdentification program. All

events were required to have muon momentum greater than 5 GeV/c.

Corrections were then applied for:

The background from Neutral Current (NC) events accidentally
identified as CC events, which is different in the two liquids
because their hadronic interaction lengths differ. This correction

involives less than 1% of events.

The difference in scan efficiency between the two experiments, which
was corrected for separately for each topology. To avoid large
corrections for the one-prong topology, all one-prong events were
removed from both samples. This leaves only a smaller correction
(3%) Lo the neon sample due to topology-changing reinteractions.
This was estimated by comparing the hadronic showers in neon and
deuterium and by analysing events with unbalanced charge (e.g.

vN - u+ + single positive hadron) which can only be produced by

reinteraction processes.



METHOD OF COMPARISON WITH e, u DATA

In principle, because of the additional contribution from the
structure function xE‘3 to the cross section, v or v data can only

be compared with e or y data using a model.

(A) The simplest models assume that the effect does not depend on y or
Q2 or on whether a sea or valence quark was struck, and that the
x dependence is represented by the SLAC line or the EMC line
illustrated in fig. 1.

(B) To account for the xF3 term we use a simple quark parton model
{QPM) based on the many interpretations [4d,e,g,i,k,m,ql of the EMC
effect which ascribe the small x and medium x effects to an increase
in the sea guark conlent and a softening of the valence guark
momentum distribution in a heavy nucleus, respectively. We implement
this model by parametrizing the structure functions F2 and
xF3 in terms of valence and sea quark momentum distributions

B and 6(1+Y)(1—x)T respectively. For

*
D2 we use the parameter set of Allasia et al. [8]( ). For the heavy

varying as 3 (1-x)
nuclei we change only:

(a) 3 to B + A8, to allow the valence quark distributions to soften

and
(b)Y & to Rs 4 to allow the sea content to increase.

Clearly the values 4B = O, Rs = 1 correspond to no nuclear effects.
Applying this model to muoproduction we find that the values 48 = 0.2,
RS = 1.35 give the QPM line in fig. 1, which interpolates well Lhrough
EMC data. If the amount and shape of the sea in D2 are varied to
account for the higher Q2 of the EMC data, the corresponding value of

Rs varies only in the range 1.3 to 1.4,

(*} Other parameter sets {5,9] have been tried and the model is
insensitive to this input.



TOTAL CROSS SECTION RATJYO

After the corrections detailed in sect. 2 have been made the event
samples correspond to 4899 D2 events and 12533 Ne events. Using the
densities of deuterium and neon, and the muon fluxes ¢u (which are
proportional to the v fluxes ¢$) recorded by identical detectors in the
two experiments, and summed over all frames used, we obtain the total
cross section ratio per nucleon

a(SNe) 12533 PP $,)

- - . - = . i . i- .
2oby = 17 Thees T ptner T pmey - 102002008

where CI = 0.99 is a correction factor for the non-isoscalarity of the
75 mole per cent He/H2 mixture. The dominant systematic error arises
from corrections on low topology event numbers. If we exclude events with

total hadronic energy v < 2 GeV we obtain

glvNe) 4 o4 + 0.02 + 0.03.
o(sz)

This value of the cross section ratio may be compared with the values of
1.07, 0.97, 1.11 from the EMC, SLAC and QPM parametrizations discussed in

the previous paragraph.

DIFFERENTIAL CROSS SECTIONS: MUON VARIABLES

We first compare the distributions of the muon variables

vl’

H, =
(E—pL) /H Xy,

Y

and Vi y M (2E_(2-y) - M x )

v

W
Py

which are well measured, so that systematic errors in the ratio of their
distributions for Ne and D2 targets are small. The results are shown

in fig. 2 and Table 1. The statistical and systematic errors, and the
average x and Q2 values relevant to each bin, are also presented in
table 1.



The lines in fig. 2 represent the application of the models described
in sect. 3 to the muon variables accounting for {(a) the energy spectrum of
our beam (b) our acceptance and cuts and (¢), in the case of the QPM
model, the different couplings in v and e/p processes. Since there is
a systematic normalisation uncertainty both for our data (3-5%) and the
muon data (7%), we allow the normalisation of these lines to be free when
making fits to our data. Such fits are made over the correlated p; - v
plane with 30 degrees of freedom, giving the following x® values: QPM
line (8B = 0.2, R_ = 1.35) x% = 5S4, EMC line x° = 46, SLAC line x° = 29.
For comparison, a flat line representing no nuclear effects gives x> = 3a.
The two latter fits are acceptable whereas the EMC line and the QPM line
are disfavoured by xz differences equivalent to 4.1 o and 5.0 ¢

respectively.

DIFFERENTIAL CROSS SECTIONS: x, y and Q-, W- VARTABLES

Secondly we compare the x and y distributions for various regions of
Q2 and w’. Measurement of these variables depends on estimating the total
energy of the hadron shower. Since the detection efficiency for neutral
hadrons (wo, n) is different in D2 and Ne all such hadrons were
removed from both samples in order to minimize systematic errors. We then

correct for the missing hadronic energy using,

<f

9]
]

H
<p;>/<pT>uv,

where p and H refer to the muon and the charged hadron shower, L and T

refer to the longitudinal and tranverse momentum components, respectively,
and pv to the component in the uv plane. Experimentally, C = 1.651 % 0.012
for D2 and C = 1.719 * 0.009 for Ne. The effect of smearing due to this '
energy correction has been evaluated using a detailed Monte-Carlo

simulation of the experimental conditions, and checked by using

alternative energy corrections. This effect is small for x < 0.6, as
jllustrated in fig. 3, for each of the model assumptions made in sect. 3.

We exclude the region x > 0,6 from our fit since Fermi motion effects make

the application of our models to this region inappropriate.



_8 -

The resulting ratios of the x and y distributions in Ne and Dz, for
all Q2 and for Q2 > 4.5 GeV~ are shown in fig. 4, and Table 2. The
statistical and systematic errors and the average Q2 values relevant

for each bin are alsoc given in table Z.

The lines in fig. 4 represent the application of the models described
in sect. 3 to antineutrino scattering, accounting for our experimental
conditions. The EMC and SLAC lines are not modified by the transition
from electroproduction to antineutrino scattering, due to the assumption
that they are functions of x only. The departure of these (type A) model
predictions from flatness in y is a measure of the correlations imposed by
our experimental conditions. By contrast, the QPM model (type B) predicts
stronger effects in antineutrino interactions than in electroproduction,
and a strong correlation between the behaviour of the x and y

distributions. The QPM lines in f£ig. 4 illustrate these expectations.

Fits were made to the data over the correlated x-y plane with free
normalisation as before. Table 3 summarizes the results for various cuts
made on Qz, x and W-. As for the muon variables, both Lhe SLAC
line and the assumption of no nuclear effects give acceptable fits,
whereas the EMC line and the QPM line are disfavoured by 3.9c and 5.6¢
respectively, when no cuts are made on the data. The consistency of these
results with those obtained using the muon variables checks the
reliability of the energy correction and the small size of the low
topology scan efficiency corrections, which act oppositely in the

p; and x variables.

Since the sea quark contribution to the cross section is most
reliably determined in v interactions, we also considered it valuable to
fit the QPM with AB and Rs as free parameters. We obtain a good fit,
illustrated by the dashed double dot line in fig. 4, with AR = 0.16 & 0.10,
and RS = 0.91 * 0.06, a decrease rather than an increase in sea
content, 70 away from the value, Rs = 1.35, favoured by the QPM
interpretation of the EMC data.



Shadowing in electroproduction [10,11] has been proposed to explain
the difference between the SLAC and EMC data at small x, since the average
Q2 of the SLAC data at small x is very low [2]. The average Q2 of
our uncut data sample is also low. However, our data covers a larger
Q2 range at small x than the SLAC data and comparison of the uncut
data sample with the sample for which Q2 > 4.5 GeV> (in fig. 4 and
table 2) indicates that the differential cross section ratios show no

significant Q2 dependence.

To investigate the Q2 dependance further we made fits to the
correlated x-y plane for various Q2 cuts (table 3). A slight
decrease in the sea is favoured up to <Q2> = 7.9 GeV~ at x = 0.075.
Moreover, removing the region of strongest shadowing (x < 0.1) from the
fits, still gives no increase in sea since the predicted rise in the ratio
of the y distributions is not observed. Making Ww> cuts to exclude

quasi elastic processes also has no significant effect.

Finally, fig. 5 shows our data plotted directly as a function of
Q2 for various x ranges. We see that the data show no Q2 dependence over

the whole Q2 range from 0.25 GeV® to 26 GeV™.

CONCLUSIONS

We have made a precise comparison of v Ne and v 02 interactions under
identical experimental conditions. The differential cross section ratios
have been compared with EMC muon data and SLAC electron data using various
models. We find that our data are compatible with the higher Q2 EMC
data in the medium x (.3 < X < .6) region, but they are in disagreement
with the rise at small x (x < .15) observed in that data. By contrast, we

are in agreement with the lower Q2 data of SLAC for all x.

Our data show no evidence for Q2 dependence at any x, in particular
there is none at small x in the Q2 range 0.25 GeV® to 14 Gev®. Thus if

shadowing is invoked to explain the behaviour of the v and e data at
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small x then shadowing must extend to higher x and higher Q2 than
expected (10,11,12] and show no Qz dependence in our Q2 range.
However, we note that coherent effects [13,14]1 may cancel shadowing

effects at very low Q% (Q° < 1 Gev®).

We have no evidence for any increase in the sea content of heavy
nuclei, in fact our fit results suggest a small decrease, independent of
Qz, in agreement with the neon/hydrogen comparison of the BEBC TST [5]
and the iron/hydrogen comparison of CDHS [15].
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TABLE CAPTIONS

Table 1

Table 2

Table 3

The ratios between isoscalar Ne and 02 cross sections per
nucleon as a function of p; and V", with their statistical and
systematic errors and the average x and Q2 appropriate to
each bin. The systematic errors refer to the shape and not the

normalisation of the data.

The ratios between isoscalar Ne and Dé cross sectlions per
nucleon as a function of x and y, with their statistical and
systematic errors and the average Q2 appropriate to each bin,'
{(a) for all Qz, (b) for Q2 > 4.5 GeV_. The systematic errors

refer to the shape and not the normalization of the data.

The results of the fits of

2 2

d o — d o
dxdy (v Ne)/ dxdy

(v D)
2

to the EMC, SLAC and QPM lines (A(3 and Rs fixed and free)

described in the text.
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TABLE 1
Range in p; 6.-0.5| 0.5-.0.8] 0.8-1.2] 1.2-1.6{1.6-2.0 | 2.0-2.8 > 2.8
dc/dp;(GNe)
————o0.94 | 0.92 1.05 1.03 0.99 1.08 1.07
dd/de(sz)
—rr—
Statistical d o0 | ¢.04 0.04 0.04 0.04 0.05 0.06
error
Systematic |, o0 | 4 02 0.01 0.00 0.01 0.02 0.03
error
<x> 0.04 | 0.13 0.20 0.26 0.32 0.36 0.43
«Q*> cev® |0.25 | 0.78 1.81 3.50 5.65 10.0 22.5

Range in V' | 0.-.02| .02-.04 | .04-.06{ .06-.08 | .08-.15| > 0.15
do/dvp(;Ne)
1.00 | 0.96 1.00 1.12 1.05 1.03
e
do/dvr (3D )
Caticti
Statistical } , o0 | ¢ 04 0.04 0.06 0.04 0.06
error
Systemat
ystematic |4 02 | 0.01 0.01 0.01 0.01 0.02
error . .
<x> 0.12 | 0.20 0.25 0.27 0.33 0.45
Q%> cev® |o0.83 | 2.14 3.85 5.30 8.17 16.3




TABLE 2(a): All Q°

Range in x 0,-.05 .05-.1 .1-.2 .2-.3 3-.45 .45-.6 .6-.1
do/dx(vNe)
55752735:; 1.01 .97 1.0t l1.13 | 0.99 0.97 1.04
Statistical| , ¢ .04 0.04 10.05 | 0.04 0.06 0.07

error
Systematic | , ., .03 0.03 |0.02 |o0.03 0.05 0.09

error
<Q*> gev? 1.07 .59 4,33 6.14 7.67 8.28 6.35
Range in y | 0.-.1 1-.2 L2-.4 4-.6 .6-.8 .8-.1
do/dy(yNe)
da7dy (oD ) 0.98 .00 1.05 l1.03 | 1.01 0.96
Statisticall , ., . 04 0.03 |0.04 |0.06 0.10

error . . )
Systematic | , ., .02 0.02 [0.03 | 0.04 0.06

error .
<Q’> gev: | 1.92 .09 4.75 |7.18 | 9.42 14.21
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2 4
TABLE 2(b): Q > 4.5 GeV
Range in x | .05-.1] .1-.2 2-.3 3-.45 J45-.6 .6-1.
do/dx(viNe)
5;75;?35:; .91 .02 1.09 1.00 0.92 1.07
Statistical } , ,, .07 0.07 0.07 0.08 0.11
error
Systematic .03 .03 0.02 0.03 0.03 0.07
error
2 2
<> GeV .9 .5 11.5 13.2 13.9 11.6
Range in ¥y -.1 .1-.2 2-.4 4-.6 6—-.8 .8-1.
da/dy(vNe) )
E§7E§?§5:7 .13 .98 |1.10 0.96 0.99 0.93
Statistical | , .o .09  10.06 0.06 0.07 0.12
error
o
Systematic .03 02 |0.02 0.03 0.03 0.04
error
<«Q*> Gev® .8 .6 .9 18.1 14.0 18.8
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FIGURE CAPTIONS

Fig. 1 The ratio of isoscalar muoproduction and electroproduction cross
sections between heavy and light nuclear targels as a function
of x: (a) 0, uFe/uDz EMC data {11], (the shading indicates the
possible systematic shape error in these data); (b) 0, 4, N,
eAﬂ./eD2 SLAC data [2bl, [2c], [2d], [2e]} respectively. The dashed
dot line is the fit to their data given by EMC, the dashed line
is our representation of the SLAC Aﬂ./D2 data (we have
averaged the differing normalisations of the SLAC data), and the
full line represents the quark parton model (QPM) explained in
the text for AR = 0.2 and Rs = 1.35. The EMC and QPM lines

are nearly coincident on this figure.

Fig. 2 The ratio between isoscalar Ne and D2 v cross sections per

nucleon as a function of: (a) p;; (b} The error bars

.
v
include both statistical and systematic errors. The overlaid
lines are the SLAC (dashed)}, EMC (dashed-dot) and QPM {(full)

lines of fig. 1 translated to these muon variables.

Fig. 3 The ratio between the predicted ratios of the isoscalar Ne and
D2 v cross section per nucleon as a function of x, before and
after hadron energy smearing, as evaluated by Monte-Carlo, for
each of the models described in sect. 3. The key to Lthe lines

is given in fig. 1.

Fig. 4 The ratio between isoscalar Ne and D, v cross sections per
nucleon as a function of x (a, c) and y (b,d), for all Q* (a, b)
and Q2 > 4.5 GeV~ (¢, d). The error bars include both
statistical and systematic errors. The overlaid lines are the
SLAC (dashed), EMC (dashed-dot) and QPM (full) lines of fig. 1
translated to these variables, with the addition of the QPM
{dashed-double-dot) line for the best fit values AR = 0.16,

Rs = 0.91 (a, b) and 4B = 0.21, Rs = 0.85 (c, d).

Fig. S The ratio between isoscalar Ne and D2 v c¢ross sections per
nucleon as a function of Qz, for the x ranges, x < 0.15,
0.15 < x < 0.4, x > 0.4, The error bars include both
statistical and systematiec errors. The overlaid lines are the
SLAC (dashed), EMC {dashed-dot) and QPM (full) lines of fig. 1

translated to these variables.
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