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ARSTRACT
We present results on charped currvent inclusive neuirine and antineutrino

scattering in the neutrine energy range 30-200 CeV. The results include

a) tocal cross—-sections,
. 59} v distributions;
c) structure functions; and
d) scaling viclations observed in the structure functions,

The results, as well as thelr comparison with the results of electron and
muon inelusive scattering, are in agreement with the expectations of the quark

parton model and D,
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INTRGDUCTION

1.1 Deep inelastic lepton scattering

The study of inclusive neutrino-nucleon scattering is of interest chiefly in
connection with the problem of the structure of the nucleon and the weak inter—
actions of its constituents. Neutrinos and antineutrinos are excellent projectiles
for exploring the interior of the nucleon, on the one hand because of their ease
of penetration, undamped by propagators at presently available momentum transfers,
and oﬂ the other hand because the chiral nature of the weak interaction makes it
possible to separate the effects of "partieles" and "antiparticles" among the
nucleon constituents. |

The basis of all phenomenological analysis is the diagram of Fig, 1, which

illustrates the assumption that the interaction is of the current—current form;

the neutrino changes to a muon at one vertex, momentum is transferred, perhaps
through the mediation of a heavy vector boson, to the second vertex, where the

nucleon is transformed to the final hadronic system. The kinematics of the in-

clusive process can be described by the three variables E s Q° = ~(k - k)2, and

v =pe(k - k') = MEh, or alternatively, Hv’ x, and y, where x = Q°/2v and v = v/p+k.
Here E, is the energy of the incident neutrino, Eh is the energy of the outgoing

hadron state, M is the nucleon mass, and Lthe other variables are defined in Fig. 1.

y is the fractional neutrino energy transferred to the hadrons, the so-called

"inelasticity', and x is the fraction of the maximum momentum transfer possible
for the particular y. Both x and y range from zero to one. If the usual V-A
current is éssumed at the lepton vertex, and if initial and final hadron polariza-
tions are summed, the inclusive cross-section corresponding to the diagram of

Fig. 1 cap be written in terms of three structure functions:

G?ME

d’c v _ AT .
ody ~ T [fl - YIF, Q%) + xy"F (Q%,v) ¢ [y -1 ]xfa(qz.u)] NP

The upper sign refers to neutrinos, the lower to antineutrinos. In general, the
form factors are not the same for neutrinos and antineutrinos. However, for

charge symmetric nuclei (Fe 1s nearly charge symmetric), and with the assumption
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of charge symmetry in the neutrino nucleon interaction, that is Ffp(x) = F?n(x),
and F?p(x) = F;n(x), the neutrino and antineutrino structure functions are equal,
and the total number of structure functions reduce to three.
1.2 Scaling

In earlier electron [1] and neutrino [2] inelastic scattering experiments it
has been observed that, at least within certain expérimental uncerfainties, tﬂe
cross-sections are consistent with Bjorken scéliﬁg [33; that is, that fhe struc-
~ture functions depend only on the dimensionless variable x = Q*/2v instead of '
varying with both Q% and v: Fi(stv) - Fi(x). To the extent that scaling is
valid, and propagator effects are negligible, the néutrino cross-sections aré
therefore expected to be proportional to neutrino energy, and the x and v distri-
butions are expected to be independent of neutrino énergy. One of the aims of
the present experiment is to test this hypothesis at higher energies and with
good precision. | -

1.3 Quark parton model

A dynamical model of the nucleon which gives rise.to sﬁaliﬁg is the so—éélied
naive quérk parton model [4]. It is assumed that the nucleon conétituents fes—
ponsible for weak and electromagnetic interactions are the quarks of spin one half
and third integral electric charge. It is further aséumed that tﬁese quarks are
effectively free and that their weak interactions are identical to the leptoﬁ weak
interactions, except for the Cabibbo rotation. |

The quark constituency of the nucleon, in this médel, is.thoughf to be com-
posed of three valence quarks: two up and one down quark for the proton, two down
and one up quark for the neutron, plus a "sea" of duark—antiquéfk pairs; This
sea contains'ﬁU, 5D; §S, and CC pairs, whére U,.D, S, and C stana.far up, déwﬁ,
strange, and charmed quarks. Leﬁ u(x), d{x), s(x), and c(x) [ﬁtx), d(x), E(x).= s(x},
and T(x) = c(x)] be the distributions in the fractional nucleon momentum carried
by the respective quarks (and antiquarks) in the proton. In terms of these dis—

tributions, and the distributions

q{x} = u(x) + d{x) + s(x) + c(x)



and
q(x) = W(x) + d(x) + 5(x) + E(x) ,
and for charge symmetriec nuclei,

26F, (1) = Fy(x) = Fy(x) = q(x) + ()

XFL(x) = q(x) - q(x) + 28(x) - 2E(x)

XF\;(X)

ql=x} ~ g(x) — 2s(x) + 2c(x) .

The relation 2xF, = F, is a consequence of the spin % nature of the quark
congtituents [5]. The valence quark distribution q(x) - {x) is the average of
L . , . : C. v v .
. * the neutrino and antineutrinc structure functions xF; and xF\;. In this model

the inclusive cross-sections [1] are:

42qY GzMEv o |
| dxdy =W {[q(x) +sG ]+ (1 - ac - E(X)]} (2)
dZGG GZI{E\) . .

Here, and in the following, we ignore the contributions of c(x) and @(x) which
are expected to be small, owing to the larger mass of the charmed quark, It can be

seen from (2} and (2°), that:

a) At small y, and at all y to the extent that the strange sea can be neglected,

. ~ the sum of neutrino and antineutrino scattering measures directly the total

quark distribution, q + @ = F,:

2V 2G G2ME
e+ Vv - 2] [a + 3]

{

(3)
b) The difference of neutrino and antineutrino cross—sections measures directly

the valence quark distribution, ¢ - § = ®xFj:

ESRY 2 U G*ME
gxgy - gxiy T [1-a-9»] - §]. (4)

¢} At large y the neutrino cross—-section measures the quark distribution:

PR GzMEv
prr = — fatx) + s(x)], (5}
b [ -
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d) At large y the antineutrino cross-section measures directly the G(x) + 3(x)

antiquark sea:

ag” ¢'iE,
| - [E® +s@] . (6)
¥y y+1 ' .

The total fractional nucleon momentum carried by the sum of quarks and anti-

quarks is given by
1 1

Q+ 0 ='I’F2 dx =J‘|:q(x) + Q(x):l dx . (7)
0

0

It need not be one, since .part of the nucleon momentum may be carried by the gluons .
which are supposed to bind the quarks, and which are supposed not to have.weak and
electromagnetic interactions,

Among the consequences of this naive quark parton model are the following:
a) The cross—éections rise linearly with neutrino energy.
b) The number of independent form factors reduce to two, in viftue of the

Callan—-Gross relation [ 5:
| 2xF, = Fz. . o (8)

c} - The Gross~Llewellyn Smith sum rule'[6]

[ Fydax =3, _ _ (9)
This sum rule expresses the fact that the number of valence quarks per nuc- .

leon is three,
d} The F, form factors measured in electron, muon, and neutrino inclusive scat-
tering should be the same, except for those differences due to the inequality

of the electromagnetic and weak charges:

e,d _ oH,d _ 5 3 (s + 8) v,d
F2 (X) = FZ (X) = ﬁ {1 - ‘5‘ W} F2 (X) . (10)

The second term is a correction of the order of 5% on the average, and up to
20% at small x for an SU(3) symmetric sea.
In summary, neutrino inclusive scattering experiments offer several possi-

bilities for critical experimental checks of the quark parton model, and also the
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possibility to measure the quark and antiquark structure functions tndependently,
At present, the existence of quarks has not been demonstrated. Tt will be seen
in the following, however, that the quark parton model gives a good representa-
tion of our results and we have adopted the language of this model throughout.

1.4 Scale breaking and QCD

Deviations from scaling have been observed in inclusive electron, muon and
neutrino scattering [?]. These are of course in disagreement with the naive quark
parton model, but some scaling violations must be expected from such threshold
effects as the onset of charm production.

Scaling violations are also predicted in the “duantum chromodynamic™ (QCD)
field theory of the strong interactions of the quarks. In QCD the deviations from
scaling at high momentum transfer can be caleculated, because in this theory the
interaction strength becomes weak with increasing Qz, so that for Q9 2 1 Gev*© per~
turbative calculations are thought to be justifiable. If the three structure
funetions for valence quarks, sea quarks, and gluons are known for some Qz, then
QCD predicts how these distributions evolve with Q°. Qualitatively, as Q° in-
creases, the relative contribution of the sea quarks is expected to increase and
all structure functions are expected to concentrate towards smaller x. tnfor-
tunately for the quantitative predictions, the gluon distribution is experimentally
unknown at any Q2 and cannct be measured in lepton scattering directly. Tt affects
the predictions for the Q2 evolution of F,(x} seriously, so that theorectical assump—
tions about this distribution must be made. However, the QCD predictions for the
.valence quark distribution sz(x,Qz) are independent of the gluon distribution, and
are therefore more relighle.

Inclusive lepton scattering experiments at high momentum transfer can provide
the possibility of experimental confrontation of these theoretical predivoions,
Neutrino experiments have here two important advantages over chargnd lepLon ex-

periments:

i} The valence and sea structure functions can he measured Independently, whereas

only their sum Fp(X,QZ) can be measured in the case of charsed loptons.
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ii) The cross-sections at large Q? can be measured more readily because the pro-
pagator effect is negligible (high mass of the intermediate boson).

111} The flavour content of the sea can be measured because there are flavour
changing currents.

1.5 Content of this paper

The experimental results reported here are based on data obtained early in
1977 in 200 GeV narrow-band v and ¥ beams at the CERN SPS. In Sections 2 and 3
fhe experimental conditions are described. In Sections 4, 5, and 6 total cross—
sections, y-distributions and x-distributions (structure functions) are presented,
respectively, and compared with the predictions of the quark parton model, In
Section 7 the experimental results relevant to scaling violations are presented

and compared with calculations based on QCD.

THE NEUTRINO BEAM

The results described in the following were obtained in the CERN SPS narrow-
band neutrino beam. Secondaries produced in the interaction of 400 GeV protons
in beryllium, in a 107° steradian cone about the forward direction, are sign and
momentum selected to 200 * 10 GeV/c. They are then focused to a pencil beam with
10.2 mrad divergence, and enter an evacuated decay pipe 1.2 m in diameter and
300 m long. A steel shield 2.5 m in diameter and 172 m long follows the decay

pipe, with provision for sampling the muon flux in eight different positions.

-These muon measurements provide an absolute monitor of the neutrino flux [8].

Additienal monitoring devices are:

a) - Segmented ionization chambers before and after the decay tunnel, as weli as
after the first 10 m of irom shield.

b) A beam current transformer (BCT) which measures the absolute hadron flux
immediately before the decay tunnel, with an accuracy of a few per cent,

c) 4 Cerenkov counter of novel design to measure the hadron beam composition,
in front of the decay tunnel.

&) A thermal calorimeter between the decay tunnel and the shield. This is an

insulated iron block, » 50 cm in diameter and 2 m long, in which the hadron
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beam is absorbed. The temperature of the block and the surrvounding shieldd

are periocdically recorded and permit an absolute determination of the hadron

energy flux with an accuracy of v 5%.

"Ninety-eight per cent of the neutrino flux is due to the two-body decays
¥+ g+ v oand K~ |0+ v, For these neutrinos, the energy can be inferred from
the hadron decay angle, as determined from the beam geometry and the radial dis—
placement of the event from the heam axis. This energy is of course subject to
the two—fold ambiguity of the reutrino parent. The neutrino energy uncertainty
is in general rather large, larper in fact than the uncertainty in the measured
muon and hadron energies of the observed events. Consequently, the latter are
used in the data reduction. The & prior? knowledge of the neutrino energy is
however very valuable im thar it permits checks on the absolute calibration of
thg measurements and the resolutions., In Fig. 2 a scatter plot of measured event
energy versus detection radius is shown for a sample of neutrino events, to illus-
trate this kinematic property of the beam, Figure 3 shows the calculated neutrino
and antineutrino energy spectra. The spectrum from very low energies to the maxi-
mum of v 200 GeV 1s covered in the experiment, and the shape is determined by
simple geometric considerations, except for a siugle number which must be measured

for each beam condition: the ratio of kaons to pions.

DETECTOR

The detector (see Fig. 4) consists of circular, toroidally magnetized iron
plates, 3.75 m outer diameter, 30 cm inner diameter, grouped into 19 modules,
each containing plates with a total thickness of 75 cm, and weighing v 65 tons.
Between the modules are triple-plane drift chambers [9], with wires inm the hori-
zontal direction and at #60° to the horizontal. Between each pair of iron plates,
a plane of eight horizontal scintillators is placed, in order to measure the
ionization generated by the hadron shower, as well as for triggering purposes,
The first seven modules consist of 5 cm thick iron plates, the remainder of 15 em
thick plates. Details of the detector [10] and the hadron energy resolution and

calibration [11] are published. The apparatus is triggered whenever either
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more than 3 GeV are deposited in adjacent modules in the calorimeters, or three
or more calorimeter modules have a signal of minimum ionization or more. It takes
about 3 psec to store an event in a buffer of 40—event capacity, The beam was
run in a fast-ejection mode, in which the spill time corresponds to one SPS revo-
lution of 23 usec. The dead-time is monitored. The hadron shower is calculated
from the observed pulse heights in a depth of 1.5 m of iron following the event
vertex, after correction for the pulse height contributed by the muon. The reso-
lution of the calorimeter is " JT_Egﬁ?E;'for 5 cm sampling, and ™~ V3 times larger
for 15 cm sampling. The muon momentum is calculated from the observed magnetic
deflection, and is corrected for the observed radiation after the first 1.5 m of
iron. The momentum resolution Ap/p is limited by multiple scattering and is in-

dependent of momentum; for average length tracks it is *9%,

The pulse-height circuits are calibrated every few hours with test signals,
and the phototube gains arée monitored and updated continuously on the basis of
cosmic ray muon data. Of the order of ten such muon events are recorded between

machine bursts.

The data are selected and reconstructed by computer without manual inter-
vention. In the off-line analysis, events are accepted if the following require-

ments are satisfied:

1 Hits are registered in at least two of the three planes in at least five con-
secutive chambers.

2) The reconstructed muon mementum is at least 7 GeV/e.

3) The origin of the event is between the 3rd plate of the first and the end of
the eleventh module, so that a minimum of seven modules and an average of
thirteen modules is available for muon momentum measurement.

4} The origin of the event is within a cylinder of 1.6 m radius centred on the
detector axis, so that there are always at least 160 g/cm® of material for
the lateral development of the shower and the correct measuremsnt of the

hadron energy.
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5) The event origin is outside a geometrical area shown in Fig. 5 centred on

the detector axis. This excluded region is somewhat different for the 5 cm
and 15 cm modules. This region is excluded because muons of central origin
and very small production angle propagate in a field—free region where their
momentum can therefore not he measured, and because the measurement of the
energy of hadron showers developing in this region suffers from cuts in the
central scintillators, cuts necessitated by the presence of the magnetizing
coils, and, in the case of the 5 cm modules, by spacers which maintain the

gap between the plates.

It is noted that event selection is based on the muon only, so that the
acceptance is independent of the existence or energy of a hadron shower.

On the basis of a hand-scanned and reconstructed sample of 2000 events, the
reconstruction efficiency is 93 * 2%, and the incidence of substantially erroneous
reconstruction less than 1%, The missed or mis-reconstructed events do not con-
stitute a significant bias in any particular region of Ev’ X, or y. The numbers
of events thus obtained, in the neutrino energy region 30 < E, < 200 GeV (where
the neutrino energy is defined as the sum of the cbserved muon and hadron energies),
are given in Tahle 1.

The acceptance in the x and y variables is unity except at large y, where the
requirements of five chambers and Eu > 7 GeV reduce the acceptance. The calculated
acceptance is shown in Fig. 6 for several neutrino energies.

The experimental energy resolution and calibration for both the muon and
- hadron energy measurements can be checked by comparing the observed energy distri-—
butions for events which originate in narrew radial annular regions in the appara-
tus, with Monte Carlo simulations incorporating the neutrino beam characteristics
and the presumed energy resolution and calibration. In such regions the energy
distribution of kaon neutrinos is reasonably narrow, and comparison of the ohserved
and calculated average and width provides checks on both calibration and resolu-
tion. If this is done for events with small ¥» the bulk of the energy is contri-

buted by the muon, and the comparison checks the muon calibration and resolution.
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Conversely, 1f the comparison is made for high y events, the hadron calorimetry
is checked. An example of a comparison is shown in Fig. 7. On the basis of these
comparisons we are confident that the calibration and resolution are adequately

understood and implemented in the simulation program,

TOTAL CROSS~-SECTION

The determination of the total cross-section requires a knowledge of the
absolute neutrino flux and its energy spectrum. As was seen in Section 2, the
narrow-band beam neutrinos originate from decays of particles with well-defined
direction and momentum. The neutrino spectrum is therefore determined by decay
kinematics and by the beam and detector geometry. The entire neutrino energy
range 10 < E, < 200 GeV is covered in a single exposure. The spectrum has two
distinct components., The neutrinos from pion decays are distributed uniformly
from 10 to 90 GeV, the kaon neutrines from 90 to 190 GeV (Fig. 3). The neutrino
flux is therefore completely determined by the total heam intensity and the rela-

tive amounts of pions and kaons.

The neutrinc and antineutrine data have been taken with the same absolute
magnet currents in beam and detector magnets, The polarity of the current was
chosen such that the muons are focused towards the detector axis, The pion fluxes
for the two polarities were aboul equal. The ratios of kaons to pions were
.14 £ 0.01 in the positive and 0.046 + (0.005 in the negative heam. Because of
the dilfference in lifetime and clhie vrising total cross-section, this gives about
the same number of interactions from pion and kaon decay in the case of neutrinos,

and three times fewer kaon than pion events in the case of antineutrinos,

The total beam Intensity has been measured with the beam current transflormer
installed immediately following the last magnet in the beam line. The trans-—
former output was integrated over cvery 23 usec pulse from the accelerator. The
inteprated sigmal was calibrated to +3% on the basis of a test charge applied to

a single turn winding through the transformer core.
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The beam intensity as measured by the beam current transformer has been com-
pared to the temperature risc ohserved in the total-absorption calorimeter placed
as beam stopper at the end of the decay tunmel., The two mcasuremcents agree to
within 5%, The relative response of the beam current transformer to a change in
beam polarity has been checked against an ion chamber, giving the same result,
within 27, after correction for a change in the specific energy loss of pions and
protons. We allow therefore for a *2% uncertainty in the particle flux ratio of
positive and negati&e beams in addition to the +3% common uncertainty due to the
calibration.

The beam composition has been measured with a differential Cerenkov counter
placed at the end of the beam line. This device is a special design utilizing
the small beam divergence and giving good separation between pions and kaons by
using a very small ferenkov angle, 1 mrad. Owing to the small Eorenkoy angle,
very little light is collected per particle. Therefore the signal is integrated
‘over the time ol the beam burst.

The particle ratios, independently of heam dispersidn, are the ratios of the
areas of the particle peaks in an intensity versus pressure curve, The present
ferenkov data have some unforeseen systematic uncertainty in the index of refrac-
tion at low pressure, which could affect the integrated pressure curvé of the
pion peak. We assume therefore a 1107 systematic uncertainty on the n/K ratios
as measured by the Cerenkov.

In the negative beam, pions predominate, and the uncertainty in the m /K~
ratio does not seriously affect the antineutrine flux from negative pion decay.
The muon flux is measured by a 95 X 95 cm® jon chamber after 30 m of iron shielding,
and a comparison of the muon flux in the positive and negative beams gives then
a strong constraint on the =% flux. This constraint has been used to augment the
information from the Cerenkov counter.

The varicus uncertainties in the meutrinoe flux from pion and kaon decay are
included, in Table 2, in the errors of the average slopes of the cross—sections

in the relevant energy intervals. They range from 5% on the 7 £flux to *12% on
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the K~ flux, with relatively smaller errors on the flux ratios of antineutrinos
and neutrinos, i.e. #5% on the 7" /7t and £10% on the K~/K* ratios. The uncer—
tainties given in Table 2 have to be applied as over-all scale errors in Figs. 8
and 8, The errors are different and approximately independent for energies below
and above 90 GeV,

The energy spectrum is obtained by means of a Monte Carlo calculation which
includes the transport of the hadron beams, the decays in the tunnel, the detection
geometry, the event-selection criteria, and the contributions of neutrines from
the three-body muon decay of the kaon. The surviving events were attributed
weights calculated according to a specific quark parton model in which the anti-~
quark content of the nucleon was given values determined from the analysis of the
present experiment as determined in Sections 5 and 6 of this paper.

The total cross—section values were obtained b& comparing the energy spec-
trum of the data with the energy spectrum from the Monte Carle calculation, ob-
tained as described above and normalized by the flux measurements. The regsulting
cross-sections are shown in Table 2 and Figs. 8 and 9. Previous results in this
energy region EZ, 12—14] are shown in Fig. 10 for ccmparison*). The errors shown
in Figs. 8-10 are statistical only. The scale errors discussed above are omitted.
In this experiment, in the energy domain 30-190 GeV, no significant variations in
the value of Utothv are observed, in agreement with the scaling hypothesis.
However, the result of the Gargamelle collaboration [2] in the energy range
2-5 GeV for the neutrino cross-section slopes are somewhat higher than those
found here, and the cross—section ratioes Gﬁ/ov are somewhat lower.

In the quark parton model, the difference of the cross-section ratio from
one third is due to the antiquark contribution. The experiments indicate that
the relative antiquark contribution, QK(Q-FQ), increases from 0.07 * 0.02 at

Gargamelle energies to 0,15 # 0,02 at the higher energies. This increase must bhe

*) The_cross—section ratio 0-/o_ from this experiment has been published previously
[15], Based on the same Hatg, and a better knowledge of the neutrino flux, we
obtain now a somewhat higher level of this cross—section ratioc. The change is
within the systematic flux uncertainties as stated in Ref. 15.
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attributed to the combined effect of the onset of charm production near

10 GeV, and to other possible scaling viclations.

DISTRIBUTIONS IN THE INELASTICITY y

5.1 y-distributions for 30 < E_< 200 GeV

The observed event numbers for this energy range are shown in Fig. 1l. 1In
Fig. 12 these distributions are corrected for acceptance an& relative flux. A
special cut to remove quasi-elastic scattering has been applied for the purpose
of this analysis. Events for which 9% < 1 GeV? and W? = 17 + 2v - 12 < 4 Gev?
have been removed., The data are fitted with expressions of the form a + b(l=-y)?,
derived from the quark parton model, expressions (23} and (2'), after integration
over x. The fits are clearly satisfactory, and the data are therefore in apree-

ment with this model,

5.2 y-distribution in two energy ranges

In Figs. 13 and 14 the data are shown separately for the energy bins 30-90 GeV
and 90-200 GeV, which correspond to neutrinos of pion and kaon origin, respectively,
There is no statistically significant difference between the distributions in the
two energy ranges.

5.3 Average y values as functions of neutrino energy

In Fig. 15, the average values of y, resolution and acceptance corrected, are
shown as function of the neutrino energy. As has already been published [15], no
statistically significant variation is observed, in agreement with the predictions
of tﬁe scaiing hypothesis. A%eraged over the entire energy range 30 < E, < 200 GeV

we find

{y), = 0.49 £ 0.01

(y)5 = 0.34 + 0,01 .

5.4 TFraction of quarks in the sea

The effect of scaling violations on the shape of the y-distribution appears
to be small. The y-distributions (Fig, 12) are therefore analysed in the frame-

work of the guark parton model, and the effect of scaling violations is estimated
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separately, based on the v-dependence of the integrated structure function as

determined in Section 7.

The fits of 5.1 then determine the relative contribution of the antiquark

sea, The result from the neutrino y-distribution ig:

f[ﬁ(x) - §(x)] dx  0.08

+

0.04 no radiative correction

j.[ﬁ(x) + q(X)] dx  0.15 £ 0.04 with radiative correction {16,17],

and from the antineutrino y—distribution it ig:

j.[ﬁ(x) + E(X)] dx 0,16 £ 0.02 no radiétive correction

f[ﬁ(x) +q(x)] dx  0.15 * 0.02 with radiative correction.

Here, and in subsequent applications of the radiative correction, we do not

include the uncertainty in this correction in the error, since we do not know how
. ®) - . . . _ . . .
to do this “. The effect of scaling vioclations on the antineutrino result is
small. The neutrino result, however, might change by an amount which is comparable
to the assigned error.
In the quark parton model the antiquark contributions to neutrine and anti-

neutrino scattering differ by twice the strange antiquark distribution. Using

the above result we find for the fo#al antiquark contribution:

Jr q dx
—_—t— = 0.15 = 0.03 .

[@+a ax
This value is in agreement with the one found on the basis of the total cross-

sections, which is independent of radiative corrections. For the strange anti-
*%)

jr E dx

f(q+q>dx

quark contribution we find

= 0.00 =+ 0,03 .

*) The calculation of radiative corrections for neutrino interactions is model-
dependent., References 16 and 17 give similar results, although they differ
in some detail. The corrections are typically less than 10%, and we assume
therefore that the precision of these calculations is adequate to correct
the present data,

*#%) 1In the foregoing analysis we have dropped the charm quark distributions;
they are presumed small, but it may be pointed out that this result is really
for the difference s-¢ rather than s.
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The latter result can be compared with the result based on dimuon producticn in

neutrino interactions as interpreted in the GIM model:

J[ 8 dx

—————— = 0,025 = 0.01 [18] .
f(q+q)dx
A ﬁore preéisé result for the § + 3 antiquark constituent can be obtained by
noting that at high y, the antineutrino cross-section is dominated by the @ + 5
antiquark constituency Esee expression (6)]; and the (1 - y)? g contribution can

be subtracted using the neutrinc data at large y [expression (5)]. In this way

we find the result

= 0.16 £ 0,01 with radiative correction,

This is our most reliable result for the antiquark fraction; the error is due

equally to statistical and flux uncertainties.

5.5 Charge symmetry

If the neutrino interaction is charge symmetric (Section 1.1), then it is

expected that at y = 0:

de

dy

dcv
dy

y=0 y=0

Using the fits of Fig. 12 we find, after a small correction for the neutron excess

in iron:
v v
do_ ag” = 1,05 * 0,07 , no radiative correction ,
dy {._.{ dy
=0 y=_0
and
\Y v
dg_ do” = 1.01 * 0.07 , radiative correction
dy y=0 dy y=0 '

The result is in agreement with the expectations of charge symmetry, namely that
the integrated F, structure function [ F, dx is the same for neutrino and anti-
neutrino interactions, It has been checked that the effect of scaling violation

{see Section 7) does not change this result.
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5.6 ‘Scalal crogs-<section "

It is convenient for this discussion to write (1) in terms of thrée new

structure functions FL(X), FR(X),'and Fs(x) where -~

.

P = 2xF, + xFy

L
Fp=2xB, = xBs e y
- and . . . . . . .- .- e
i H Lo [ tL - Lot .t FS = Fz--_' szil‘

.;FL’ FR; eﬁd Fs'can be'interpréted.as.the structure functions corresﬁonding
to the 1nteract10n of left—handed rlght-handed and scalar currents, respectlvely

In the naive quark parton model FS = 0, FL = 2q, and FR = 2q. In terms of the new

structure functions:

a2q” szzv \ _
L5 GRME e i o me elenn e
%ﬁ;: "[F(l—y)2+F +2F(1—y)] (1b)

The quantlty IZF dx!f(F + F ) dx = fF dxffoFl dx corresponds to the ratlo R

e i

of longltudlnal to transverse cfess ~section in electron 1nclu81ve scatterlng in
the limit Q2 >> M7, | - |
As already noted, the experimeptal results are consistent with FS = 0, that

is, without a term in (1 - ¥) asd'consequent viclation of the naive quark parton
"fiodel. We have also fitted the data to the more Edmplete'expresslons.(le} endl
(1b)}. The results have to be corrected for radiative corrections, charge sfmmetry
viclations due to the strange sea, and the Q2 dependence of. the structure functions.
The latter corrections are based on the data presented in Sectlon 7 and thelr QcD
fits, and take account of the fact that the data at larger y correspond to larger

Q% than those atszEllef.f,ﬁena Ehet the.ssrﬁctese:fsﬁctions cﬁange sbmewhat in
that 1nterval of Q . The domlnant term lL decreases w1th In Q whlle the smaller
.té%ﬁ ﬁﬁ 1ncreases w1th ln Q The net effect s1mulates a small FS Fe;m.yhleh”ﬂ

must be subtracted We f1nd

PR el Ll
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'/F dx
R=J 8

—— = -0.02 + 0.03 uncorrected
JfZXFl dx = -0,05 £ 0,03 with strange sea 5 = 1/5 §
= +0.03 L 0.03 after radiative correction

-0.03 1 0.04 after correction for ¢ dependence
of struecture function

There is clearly no evidence for a non-zero FS term, and;.leaving some room
for underestimate of the uncertainty, we believe an uncertainty of about 0.05 for
IFS dx/foF1 dx can be put., The results obtained from inelastic electrom scat-
tering experiments at lower Q° have heen considerably higher [19] but with rather
lafger dnéertainty. In view.also of recent changes in the measured values [19:
perhaps it is too early to be certain that the difference between the neutrino

and electron scattering results in R is significant.

STRUCTURE FUNCTIONS

6.1 Structure functions averaged in the
neutrino emergy range 30 < E_ < 200 CeV

In Fig. 16 the event distributions in x for meutrino and antineutrine inter-
aétions in the neutrine energy range 30 < Ev < 200 GeV are shown, divided into
several y bins. The results of a fit to fhe naive quark parton model, expressions
(2) and (2'), are also shown. It is clearly not difficult to reproduce the ex-—
perimental result in terms of just two structure functions, as expected in this
model. At small y, neutrino and antineutrino x distributions are alike, both
equal te q(x) + q(x} = F,(x) in the model, while at large y they are very dif-
ferent: the neutrino x distribution is broad, and the antineutrino x distribution
is narrow, as in the model g(x) and §(x), respectively.

Continuing in the frame of the quark parton model, we find the total quark
structure function Fy(x) = q(x) + §(x) and the valence quark structure function
xFqy{x} = q(x) —.ﬁ(x) in terms of the sum and difference of the neutrino cross-

sectiong according to the expressions:

(%) + qx) = Fplx) = = <o +d20v [1+a-pn?]-
4 4 2 GEME | dxdy © dxdy y

- [25{}() * Lﬁ[q(x) - a(x)” S ﬂ - ﬁ?] (1)
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and

N o [d%" dzcs] 2
qg(x) - g{x) = xF;(x) = GZMEv [dxdy " dxdy [i-a-v ] -

-~ L= 1+ (1~ y)?
3 EQ(X) Q(X)] [T":*?T“:*§j? . (12)
The terms in & are the correctioms for the neutron excess in iron.

2N - A

§ = =5x

= 0,023 .

The distribution s(x) enters in the determination of F,{x) as a correction which
can be as much as " 207 at very small x, but is generally a few per cent, In
agreement with the results from antineutrinoe dimuon production [18], we have taken
s(x) = 1/5 q{x).

The antiquark structure function is best determined from the antineutrino
cross-section at large y, which gives directly g{x) + sS(x) , after subtraction of

the q{x) background on the basis of the neutrino cross-—sections at high y:
W z W -
_ - Lo d%c -2 d%c '
gi{x) + 8(x) = Efﬁﬁ;-[aga§ (1 v) E§a§]y+1 . (13)

In the structure function determination, the absolute neutrinc and anti-
neutrino Fluxes enter as a common scale factor, The same is approximately true
for the reconstruction efficiency. The relative neutrino and antineutrino fiuxes
have an uncertainty of approximately 5%. The three effects give a total scale
ervor of #6Z for F;{x) and 8% for xF,;(x). The relative flux of neutrinos from
i and K decay, which is experimentally known to 107 only, is not a problem, since
there is an overlapping region in x and Q° for pion and kaon neutrinos, and the

relative flux is internally monitored with *2% accuracy.

The acceptance corrections are reliably caleculated by a onte Carlo simula-

tion and are generally small. The T; structure function has been determined using

all the data, In order to limit the uncertainties due to a large subtraction,
xF3 has been determined using the data with y > 0.2, and the antiquark distribu-

tion using data with y > 0.5 only,
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The main problem of the analysis is the correction for measurement errors
{(unsmearing corrections), which are large at large x where the structure functions
vary rapidly with x. We proceed by assuming a "true" structure function and cal-
culate by Monte Carle simulation, on the basis of the known experimental resolu-
tion functions, the result to be expected in the apparatus. By iteration a "true"
distribution which reproduces the experimental result is found. The "unsmearing
factor" is the ratio of Monte Carlo events for any particular (x,Q°) bin in the
"true" distribution divided by those in the resolution smeared distribution. If
this factor differs from unity by more than 307, the bin is not retained. In
this way the bins in F,;{x) and xF,;{x) with x > 0.7 have béen lost.

The results for the structure functions q(x) + q(x), q{(x) — q(x) and
g(x) + 5(x), determined for all data with neutrinoc energy between 30 and 200 GeV,
corrected for resolution and acceptance, are shown in Figs. 17 and 18.

" These distributions have been fitted to simple analytical expressions:

a{x) - §(x) « v/x{l - x)"
- - m
q(x) + s(x) « (1 -~ x)" .
Good fits are obtained with n = 3.5 * 0.5 and m = 6.5 * 0,5,
At present there is no theory for these structure functioms. The observed
distributions are, however, not in disagreement with theoretical prejudices, such
as, that xF, should go to zero as x goes to zero, and the observed values for m

and n are similar to those which have been suggested by "counting rules” [20].

6.2 Comparison of total antiquark and
strange antiquark distributions

Neutrino interactions in which two muons of opposite sign are observed can
be shown to be due to the production and sﬁbsequent decay of charmed particles.
Furtherﬁore, the dynamics of the process are in agreement with the predictions of
the GIM current [21].

The GIM model predicts further that 7 95Z of charm production by antineutrinos
is on the strange antiquark component of the nucleon. The structure functien
measured in opposite sign dimuon production by antineutrinos is then a direct

measure of the strange sea, Unfortunately, the dimuon data are limited to only
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55:Eveﬁts. :in.Fig. 19 we cbﬁbare the two sea étructure functions, that for the
g+ % sea as seen in antineutrino charged current reactions at high v and théf
"for the § sea as discussed above. Both are uncorrected for acceptanﬁé'anﬂ reso-
lﬁfidﬁ..'ThéItwo sea distributions have the same.shape, within e#pefimental un-—
"Eéftaihﬁi.”'ln the quark péftbn model this.may ﬁe underétobd.as a reflection of
"éimiiaf”ﬁassés of up-down and'strénge quérks. | N -

6.3 Fraction of nucleon momentum carried by quarks

In the quark paftbn modél,'thé integral of F,(x) is a measure of the fraction

of the nucleon momentum carried by quarks. We find

[ Bp(x) dx = 0.44 £ 0,02, 30 < E_ < 90 GeV

and

[ Fy(x) dx = 0.45 + 0.03 , 90 < E, < 200 GeV .

In the frame of this model, the remainder, or approximately one half the nucleon
momentum, is then carried by gluons.

6.4 Comparison of neutrine and
charged lepton structure functions

In the quark parton model (Section 1.3) the structure_functions_obsa:ved in
electron or muon inelastig,scaﬁteriﬁg, and the F,(x) s;ructure_funqtion observed
in neuprino gcattering, are related by_exp;ession (10).  In Fig. 20 the distri-
bution obtained in the SLAC electron-deuteron scattering experiments.[22] is com-
pared with our results in the E, range 20 < E < 30 GeV, which cor:éspond in Q2
appéoximately to the SLAC regime., The agreement between the two differen; measure=
ments of F, is remarkable. | |

6.5 Total number of valence quarks in the nucleon

~'In thé introduction we have noted that in the quark parton model, ﬁ Fafx) dx
represents the total number of valence quarks in the nucleon [6] and is therefore
expected to be three. Experimentally, the more directly measured gquantity is
"iFgfx)'which, éxcept for small cdrfeétions, is obtained directly from the dif-
ference of neutrino and antineutrino cross-sections. To get [ F,(x) dx, it is
necessary to divide by x, whicl presents a problem at small x. In Fig. 21 we

show thHe integral L; Fo(x) dx as function of the cut-off xp at small x. As a
0
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result of the 1/x weighting, the error in f F,(x} dx becomes large as x, * 0,
Xy : . S
We choose xq = 5 x 107° with fiX]U—a Falx) dx = 2,7 + U.3i(ihffuding flux un-

certainties) and extrapolate Iollowiny the analytical fit to riod
J‘ F,(x) dx = 3.2 + 0,5 ,
L

where the érror h§;'5eén‘eniafged To méké some alloﬁance for rheHuncertafnty in
the extrapolation. :The agreement.with the expectation of the quark parton model
i5 goods We Have“véfifiédjfhéf'tHfs:coﬁﬁlusion-fsﬁﬁof éffeétéd.ﬁy fﬁelgﬁalé
breaking observed for XFS'(séé'Seﬁtion-7j} A calculation Baséd onuthé ;araéetriza—
tion of Ref. 23 and the QCD fit of Section 7.2 gives 4 éalﬁe of 2.5 for the
integral I;U Ty{x) dx for tHreé Qélehce quarké and xgp = 5 107*%, very claose to

the value obtained from the analytic {it according to Fig, 21,

STRUCTURE FUNCTIONS AND SCALE BREAKING. |,
T i

CI

7.1 Experimental results

The structure functions are functions of two variables, which are taken to.
be % = QZ/ZU,‘and”gighet Q2 or W = peg = Mﬁh.h_lfuscaling-is.valid,.the structure
functions are independent of Q? or |, so that these variables characterize .the: -

deviations from scaling. Theoretically the QZ_dEPendence_is sometimes more

_immediately calculable than the v dependence; however, the analysis in terms of

v or equivalently Eh offers two advantages: for given Eh the shape of the struc-

ture function is independent of flux uncertainties, and for given Eh the entire

% distribution is measured. TFor fixed §°, knowledge of the neutrino flux is
essential to the measurement of the shape of the structure . functions, -and .the
structure function is measured only in.a limited domain in x, -The domain in x

and Q° reasonably explored in this experiment is.shown in Tig. 2?. -Also shown . -

— -

are those reported in electron—deutcronfLZZ,QéJ and muon-deuteroun | 23 1. scatterdine

experiments.

In Table 3 we give our results for F, and xF,; in xvand_Eh bins.  In order. to:
convert Eh to Q2 it_is_on}y_necessary to remember that,Q? = 2xMEh,_and to add

'

the over-all error due to the heam uncertainties deseribed in Sectlon. 6.2, .
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The data of Table 3 are shown graphically in Fig, 23, In Figs. 24 and 25
they are shown as functions of Q°.

. 1

In Fig. 26 we give the results for the integrals fﬂ Fz(X,E ) dx and

1 -
f xF3(x,Eh) dx, and in Fig, 27 the result for the average widths,

1 1 1 1

IXFE(X’Eh) dx sz(x,E } dx  and J‘sza(x.Eh) dx IxFa(x,Eh) dx ,

0 i3 a - 4

of F, and xF,; as functions of Eh. We complete the presentation of the experi-

mental results with the Eh dependence of the antiguark fraction

J-[ﬁ{x) + 5(x)] dx
[ Law + 3] ax

and the antiquark width
1

1
J’ Fq(x) + 5(x)] dx f[ﬁ(x) + 5(x)] dx
[P n ) )

in Fig., 28,
The function which is most precisely measured, F,(x), shows clear scaling
violation and, qualitatively, the shrinking towards small_x ekpected'in QeD,

The shrinkage is dramatic when results at very different energies are compared,

In Fig. 29 the Gargamelle results [26], the SLAC electron scattering results'[22],

as well as the results of this experiment are reproduced. Scaling violations in

the other structure functions are almost hidden by the experimental errors,

7.2 QCD fit to the data

The data points of Table 3 on F, and xF, have been used to perform a para-
metrized QCD fit following the procedure of Buras and Gaemers [23]. The vélence
quarks are parametrized xFj(x,0%) = Xn1(s)(1_~x)n2(s) where n; and 1, depend “
linearly on s = In [In (Q*/A*)/in (Q2/A?)]. It has been demonstrated [23] that
such an ansatz satisfies the QCD moment relations to very high accuracy, TFor the
development of the sea quarks with Q®, the method is approximate, using a para-
metrization §(x,Q%) = A(s)(1 ~ x)B(S), where A and B are determined by usiﬁg the

QCD equations for the second and third moments of F, only, This procedure is



approximately valid for a narrow sea distribution and also allows the determination
of the width of the gluon distribution.

This QCD.fit gives a surprisingly good description of our data over the Q?
range 3 < Q% < 200 GeV/c? which has been used as input, as well as the eleétron
scattering data [22] which has not been used in the input. The charmed sea has

been put zeroc at Qz'= 1.8 GeV/c®. The best fit parameters are:

A=0,47 2 0.1 (20,1 systematic errors) GeV
n,{(s) = 0.56 - 0.92 x s x 4/25
for Qi =5 GeV/c® .
n,(s) = 2.71 + 5,08 x g x 4125

Independent of QCD, this parametrization of the valence quark distribution may be
regarded as a good description of F; at larpge x and of xF3 at all x. The results

of the fit are shown in Figs, 25 to 27 and in Fig. 30, No fits are shown for the

B variation of | F,{(x) dx, and the amount and width of the sea, because these

results depend particularly strongly on small §°, where the method of Buras and

Gaemers may not be sufficiently reliable.

CONCLUSIONS

We list here the more important results of this experiment:

a) The neutrino and antineutrino total cross-sections show no statistically
significant deviation from proportionality to Ev'

b) No deviation from the Callan-Gross relation is observed, in agreement with
the quark parton model.

¢) The amount of § + § sea relative to the total momentum carried by quarks is

.0.16 t 0,01.

d) For comparable Q?, the shapes of the F, structure function observed in this
experiment is closely similar to that observed in electron-deuteron scat-
tering, in agreement with the quark parton model.

e) The magnitude of the F, structure function is compatible with that observed
in electron scattering, after allowance for the ratio of the square.of the
weak and electromagnetic coupling strengths, in agreement with the quark

parton model.
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. f) Clear scaling violations are observed in the F, structure function. ..T_heaQ2

dependences of F, and xF, are in good agreement with QCD predictions...
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Table 1

Observed numbers of events

Neutrine 23,140
Antineutrino 6,207
Table 2

Total cross-section slopes for neutrinos and anti-
neutrinos [from pions (< 90 GeV), kaons (> 90 GeV},
and their average] and the corresponding total
cross—-section ratios

E N g, /Ev I O’G ,:'Ev Iy xdv

(GeV) (x 107%% cm?/GeV)

I+

30-90 0.62 + 0.04 0.30 + 0.02 0.48 + 0,025

90~190 0.63 + 0,05 0.31 £ 0.04 0.49 £ 0.05

30-190 0.62 + 0,03 0.30 £ 0.02 0.48 + 0.02
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-.Tégie 3

Structure functions F, and xF, in bins of x and Ep.

and systematic errors are indicated. ‘The "unsmea

Statistical
ring correction'

is the factor which has been applied to account for the resolu-
tion of the apparatus. All data points have a scale error in
common which is +6% for F, -and *8% for xF, .

Eh X Q° Fp oz Crsystem EgiT::iizﬁ xFy £ 0
(GeV) (Gev)?
0.06-0.1 | 1.126 ]1,03 + 0.10 + 0.03 {..1.034 . | ..,
5 0.1 -0,2:f 2011 | 1.14 ¢ 0.07 + 0.05 - LT IUAR NE
0.2 =0.3 | 3.52 [0.95 +0.06 * 0.05 | 1.283 .. .|...
to 10.3-0.4 | 4.92 10.76 £ 0.06 +0.05 | 1.36 . | ..
0.4 -0.5 | 6.33 |0.52 *0.05 £0.04 | 1.29 ; é
10 [0.5-0.6 | 7.74 [0.30 + 0.04 = 0.05 |  1.185 ;
0.6.=0.7 {o o .. {: = ? ﬂ
0.03-0.061 1.27 |0.99 '+ 0.08 * 0.05 | 0.93 !
10 [ 0.06=0.1 { 2:25 |1.13-% 0.07 -+ 0.06"] ©.95 ° “1gi%s |+ 0.25
0.1.-0.2 | -4.22 11,16 .im0;05.”i?0;03__..WU;QSWLU. ”U??5“€i 0.15
to [0.2.-0.3. 7.04 | 0.9T .+ 0.05 * 0.03 | 0.99 : 1080 '* 0.14
0.3 =0.4-| 9.85 |0.61 + 0.04 + 0:03 | ~ 1,07 | 0:63 "+ 0.13
20 | 0.4 -0.5 | 12.66 ]0.39 +0.03 +0.02 | 1.08 0.42 * 0,00
0.5 -0.6 | 15.48 |0.26 # 0.025 + .02 | 1.12 0.33 + 0.08
0.03-0.06 2.11 [1.16 * 0.09 + 0.05 | 0.93
o |0-06-0.1 | 3.75 [1.20 +0.07 *0.05 | 0.95 0.56 % 0.16
0.1-0.2 | 7.06 [1.10 +0.05 +0.03 | 1.00 0.80 * 0.10
0.2 -0.3 | 11.72 |0.854 * 0.045 + 0.03 | 1.08 0.80 £ 0.09
© 10.3-0.4 | 16.4 |0.55 +0.04 :0.03 | 1.14 0.60 + 0.07
0.4 -0.5 | 21.1 [0.33 £ 0.025 + 0.03 | 1.16 0.24 £ 0.05
30 10.5-0.6 [ 25.8 [0.20 +0.02 +0.03 | 1.16 0.21 + 0.04
0.6 -0.7 | 30.5 0,107 £ 0.015 + 0.02 | 0.99 0.108 * 0.03
0 ~0,03] 1.126{1.00 # 0.10 * 0.07 | 0.92
0.03-0.06 3.38 |1.29 + 0.08 + 0.05 | 0.97 0.50 # 0.13
30 0.06-0.1 | 6.00 [1.20 £ 0.06 £ 0.03 | 0.99 0.61 % 0.10
0.1 -0.2 | 11.26 {1.10 % 0.04 % 0,03 | 0.99 0.69 * 0,07
to | 0.2 -0.3 { 11.76 :0.84 + 0.04 * 0.03 1.06 0.75 + 0.06
0.3 =0.4 | 26.26 |0.53 * 0.03 + 0.02 | 1.06 0.55 # 0.05
50 [ 0.4 -0.5 | 33.77 ,0.3¢ % 0.02 * 0.02 1.11 0.35 * 0.04
0.5 -0.6 | 41.27 0.20 * 0.02 + 0.02 1.12 0.19 * 0.03
0.6 -0.7 | 48.78 0.084 * 0,010 * 0.02 | 1.00 0.075 * 0.017
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Table 3 {cont'd)

i x Q? A P osisstind BT NS
{Gev) |- - (Gev)? [ o R
]0 =0,03] 1:76 [1.32 ¢ 0.12 +0.06 | 0.88
0.03-0.06| 5.28 |1.51 + 0.10 % 0.04.| 0.96 0,50 + 0.15
50 | 0.06-0.1 | 9.38 |1.45 £ 0.09 * 0.03 0.94 0,57 * 0.12
01 =0.27| 17.59 | 1512 + 0.05  * 0.02 | 1.02 0.86 2 0.07
to 0.2 -0.3 | 29.31 [0.82 * 0.04 .t 0.02 1.08 .. - [.0.705 £ 0.06
0.3 =0.4 | 41.04 |0.53 + 0.03 * 0.02 1.05 0.50 + 0.05
75 (0.4 -0.5 | 52.76 |0.36 +0.03 to0.02 | '1.15 0,33 * 0.04
0.5 -0.6 | 64.49 |0.17 = 0.02 +0.02 | 1.09  [0.18% * 0.025
0.6 ~0.7 | 76.21 |0.67 + 0.0l *0.015| 1.05 6.08 * 0.02
O =0.03] 2.46 |'1.23 = 0.11 % 0.04 0.97 | 0.53 * 0.16
0.03-0.06| 7.39 [1.42 % 0.12 * 0.03 | 0.9 0.67 £ 0.15
“75 1 0.06=0.1 | 13.13 {1.28 + 0.09 * 0.03 | 0.95 0.64 * 0.13
1 0.172042 | 24:62° | 1:06 ~* 0,05 * 0.03 | 0.985 1 0.80 * 0.07
to |0.2-0.3 | 41.04 [0,80 £ 0.05 * 0.02 1.03 .- 0.66 * 0.06
0.3 =0.4 | 57.45 |0.58 * 0.04 + 0.02 1.11 0.50 * 0.05
- 10071 0.4 =0%5 | 73.87 10.31 +0.03 t 0.03 1.4 1 0.26 * 0.04
0.5 0.6 | 90.28 | 0.16 * 0.02 + 0.03 1,22 - -0.15 * 0.03
0.6 0.7 | 106.70 | 0.077 % 0.014 * 0.015] 1.07 . 0.075 * 0,025
0 -0.03| 3.52 |1.15 *0.10 * 0.06 | 0.94 0.52 1013 |
0.03-0.06] 10.55 |1.50 # 0.12 * 0.06 1.04 L 0.56 t 0.13 |
100 |0.06-0.1 | 18.76 |1.50 * 0.10 = 0.06 1.05  0.62 0,13
o 0.1 -0.2 | 35.17 {1.10 + 0.05 £ 0.03 1.02 T0.76 * 0.06
te }{0.2-0.3 ! 58.63 [0.76 +* 0.04 * 0.03 | "1.02 20.63 + 0.05
0.3 ~0.4 | 82.07 0.56 * 0.035 +0.03 | 1.10  |0.51 % 0.04
{56 |0.4 -0.5 | 105.52 |0.27 +0.022 £ 0.02 | 1.13 0.30 = 0.025
0.5 -0.6 [129.0 :0.154 * 0.016 * 0.02 | 1.14 ~ 0.15 & 0.02
0.6 -0.7 {152.4 [ 0.092 % 0.014 % 0.02 | 1.12  :0.09 * 0.0l6
150 | 0-1 0.2 | 49.25 [1.24 £ 0.11 £ 0.04 | 0.97
0.2 =0.3 | 82.07 | 0.84 £ 0.09 + 0.04 0.87
to. | 0.3 -0.4 |114.9 10.57 % 0.08 £ 0.04.| 0.92
200 | 044 =05 514?.7 022 £0.05 = 0.04 | 1.00
7o 0.5 0.6 ' 180.6 7' 0.14 £0.03 0,04 | 1.12
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Figure captions

Fig. 1
Fig., 2
Fig. 3
Fig, 4
Fig. 5
Fig. 6
Fig. 7
Fig. &
Fig. ¢
Fig. 10
Fig. 11-
Fig, 12
Fig. 13
Fig. 14

Diagram illustrating the inclusive neutrino scattering process.

Scatter plot of measured neutrino energy (muon + hadron energy)
versus detector radius for a sample of events. The separate bands

are due to neutrinos from pion and kaon decay,

Neutrino and antineutrino energy spectra, integrated over the

fiducial area of the detector.

Over-all view of detector.

Dimension of central region which is excluded from fiducial volume.
Acceptance of the apparatus as function of the scaling varigblg Y.

Observed and simulated energy distributions in a restricted inter—

val of impact radius. This comparison checks the calibration and

resolution of the measurements (see text),

Neutrino and antineutrino total cross-sections as a function of the

neutrino energy.

Ratio of antineutrinoe to neutrino total cross—sections as a function

of the neutrino energy.

Comparison of the results of this experiment for the total crogs-

section with previous results.

Observed numbers of events as a function of y, for measured neutrino

energy between 30 and 200 GeV.

Distributions in y for neutrinos and antineutrinos, after corrections

for acceptance, resolution and flux.
Corrected y distributions for pion neutrinos, 30 < Hv < 90 GeV.
Corrected y distributions for kaon neutrinos, 90 < E, < 200 Gev,

Average value of y as a function of neutrino energy.
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Event distributions in x for several bins in v.

. Fo(x) and xF;(x) averaged over the data 30 < Ev < 200 GeV.

The antiquark structure function g{x) + S(x) averaged over the data

30 < E < 200 GeV and normalized to [ [q(x) + g(x)] dx = 1.

The nucleon antiquark component @ + § as seen in antineutrino scat-
tering at large y, compared to the strange component § as seen in
antineutrino dimuon {charm) production. Both distributicns are

raw data uncorrected for resolution or acceptance,

Comparison of F, structure function observed in electron-deutarecn
scattering with ¥, as seen in neutrino scattering in the same momen-
tum transfer region. The two distributions have been normalized to

the same area.

j :

fx XF3(x) dx/x versus x,. The solid line is drawn on the basis of
]

three valence quarks and the analytical fit to xF,(x) Vv V{1l - x)3*

of Section 6,1.

Domain in x and Q° for which structure functions are reported here,
as well as corresponding domains for electron (Ref. 22) and muon
(Ref. 25) scattering.

F,(x) and xF;(x) for different ranges of the hadron energy. The
solid and dotted lines represent fits to the data in the frame of

the QCD theory.
F,(x) in different x bins as a functicn of 1n Qz.
®F4(x) in different x bins as a function of 1n Q°.

1 1
fo F,(x) dx and f xF;(x) dx versus Eh' The curve is the QCD fit
a .
discussed in the text.
1 1
The average widths in = ju XF, (x) dx/[" F,(x) dx and
0
1 1
Ep = Iu x*F, (%) dx/_fO xF,(x) dx versus Eh.. The curves are the
3

QCD fits discussed in the text.
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1 1 - o : i

Fig. 28 : Antiquark:fr&ction-fd [q(x) + E(X)]'dx{fu-fq(x)'+ q(x)]‘dx and -
' . . P 1 - - Lo —
width of antiquark distribution f_ x[q(x).+.s(x)]“dx/f :[q(x} +ustx)] dx
. ; 0 ]
versus:Eh.::
Fig. 29  :  Comparison of F, structure function seen-in different leptom energy
domains. The Gargamelle data are from Ref. 26 and the glect:onf !
deutercn data from Ref. 22,
Fig. 30 :  Comparison of the F, structure function as obtained by this experi-

ment with data from ed scattering {open points, Ref, 22) and a fit

based on the QCD parametrization of Ref, 23.
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