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ABSTRACT

We report on the analysis of inclusive neutral current events
produced in neutrino and antineutrino narrow band beams. We find for
incident neutrino energies in the range 12 - 200 GeV and for hadron
energies above 12 GeV a neutral to charged current cross-section ratio of
Rv = 0.293 * 0,010 for incident neutrinos, and RG = 0.35 £ 0.03 for
antineutrinos. These ratios are consistent with the Weinberg-Salam
model, with sinzew = 0.24 + 0.02.
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Since the discovery of the semi-leptonic neutral current inter-
action, v(v) + N » v(v) + hadronsl), interest has been concentrated
on precise measurements of its strength and structure. We have
measured ihglusive neutral current (NC) interactions on ifon nuclei
induced by neutrinos énd antineutrinos. In this_letter we present
results.on the ratios ofbneutral to charged current (CC) inclusive

cross-sections for neutrinos (Rv) and antineutrinos (R;).

. The -experiment has been performed in the narrow-band neutrino
beam at the CERN SPS. The incident neutrinos are produced by the
decay of charge selected pions and kaons in a parallel beam of well
defined momentum, 200 + 9 (rms) GeV/c. Figure 1 shows the primary

energy spectrum for neutrinos (Fig. la) and antineutrinos (Fig. 1b).

The detector?) combines the function of target, hadron calorimeter,

and muon spectrometer integrally in 19 similar modules. Each module
consists of multiple iron plates 3.75 m .in diameter, with a total
thickness of 75 cm of iron and a weight of 65 tons per module. The
hadron shower is measured by means of scintillator sheets divided into
eight horizontal strips inserted between the iron plates. The first
seven modules are equipped with scintillators placed every 5 cm of .

iron, the next eight sample every 15 cm, and the last four every 75 cm.

The vertical position of the showers is determined by weighting

coordinates of the scintillator strips with their energy response.

The horizontal shower position is calculated from the ratio

of the pulseheights at the right and left scintillator edge, making
use of the light absorption in the scintillator sheets (absorption
length ~2 m). The radial distance R of each event is thus determinéd
with a resolution of o = 22 cm. The trigger relevant to this analysis

requires an energy deposition of more than 3. GeV. in the detector.

Events with a hadron-shower of at least 12 GeV are selected; this
is well above the hardware trigger threshold. The vertex position
z, along the beam direction is chosen in the interval 35 < ZV < 825 cm
of iron. The lower cut excludes possible neutron induced showers in
the front part of the spectrometer although we have no evidence. for
such -an effect. The upper cut allows for a sufficient penetration
depth in the rear part of the spectrometer to be used for the separ-

ation of NC and CC events. The overall length of iron is 1425 .cm.




To minimize problems of side leakage, the radial distance R is required

to be less than 1.6 m.

For each event, an event length L is calculated from the scin-
tillator information and is equal to the thickness of iron between
the vertex and the end of the event, measured parallel to the axis
of the detector. In Fig. 2 the distribution of L is shown for neu-
trinos (Fig. 2a) and antineutrinos (Fig. 2b). We see a strong signal
of NC events for an event length less than 200 cm of iron. The
region above 200 cm is rather flat and consists of CC events with a
short muon track. It is emphasized that in our analysis no muon
reconstruction is required. Also, by virtue of the large diameter of
our set-up, the background of CC events in the NC signal is mostly

due to stopping muons rather than due to muons escaping at the side.

A NC candidate is defined by the requirement: 16 < L < L

cut
(cm of iron), where LCut is made logarithmically dependent on the
hadron energy. The parametrization is LCut = 75 + 38 x 1In EH {cm of

iron), with EH in GeV. The lower cut at 16 cm excludes most of the
cosmic ray background. The NC event losses due to the lower and

upper cuts in L are together of the order of 1%.

The CC background in the NC signal is determined on the basis
of the observed events in a CC monitor region, defined by 311 < L < 511

cm of iron.

To obtain the number of genuine NC and CC events, the following
corrections to the number of candidates must be applied (see also
Table 1):

1. Cosmic ray background: It is determined from the event rate
out of time with the 23 usec long beam spill. The difference
of the electronics dead-time for events inside and outside the
spill is accounted for. The contamination by cosmic ray muons
is significant only for hadron energies below 15 GeV and is

determined with good statistical and systematic accuracy.

2. Wide-band beam (WBB) background: In the region between the
proton target and the beginning of the beam-forming elements,

hadrons of both signs and with the full energy spectrum are

present. Their decays give rise to a flux of both neutrinos and




antineutrinos. A subtraction of the events induced by the WBB
flux is necessary because of the very different energy spectrum,
peaking at low energies. It is determined in special runs where
the momentum-defining collimator, located halfway downstream
between the beam-forming elements, was closed. Thus the hadrons
which normally produce the neutrinos are stopped there. The
main flux of the WBB background does not point to our detector,
however this sort of background constitutes a major source of
statistical and systematic error in our analysis. A fraction

of approximately 5% of the running time has been devoted to
closed collimator studies. The events observed in these runs

are scaled by the ratio of the collimator open and collimator

_ closed fluxes. They are globally subtracted in the NC signal,.

CC signal and CC monitor region, respectively. The subtraction

is of the order of 3% for neutrinos, and 20% for antineutrinos.

CC background: The CC events with an event length L < LCut

must be subtracted from the NC candidates, and added to the CC
candidates. Their number is determined by a Monte Carlo extra-
polation from the measured number of events in the CC monitor
region. For this extrapolation the distribution of the scaling
variable y = EH/Ev is assumed to be 1 + cxcc(l—y)2 for CC neutrino
events, and a + (1-y)? for CC antineutrino events. In the

cC

quark parton model a q/q measures the. contribution of anti-

cc - , 4
quarks. We have chosen o = (0.1 independent of the neutrino

energya). However, sincecgssentially only CC events with y neaf

1 constitute the background in the NC signal, this extrapolation
is insensitive to the actual value of‘acc. The small contribution
of events where the interaction takes place near the edge of the
detector and the muon escapes, is taken into account by the

Monte Carlo simulation. The systematic uncertainties in the
extrapolation are estimated to be ~5% for neutrinos and ~8% for

antineutrinos.

Ke background: Electron neutrinos produce CC and NC interactions
3

in the detector, and all of them simulate NC interactions, because
the electromagnetic cascade generated by the final state electron
is contained in the hadron shower. The observed NC/CC ratio is

therefore affected. The Ke decay is the only important source of

3




electron neutrinos. This background is suppressed by the

, and KUz decays, and by the
lower energy of the neutrinos produced in three body decays.
The background is further reduced by the admixture of neutrinos

arising from pion decay. Since the relative amount of kaons

relative branching ratio of the Ke

o+
and pions in the parent beam is measured to be K+/ﬂ = 0.17 and
K /n = 0.05, the Ke . correction is straightforward. It amounts
3

to ~10% for neutrinos and ~5% for antineutrinos, respectively.

In Table 1 the data reduction and the results on Rv and RG are
summarized. With the exception of the final result, the quoted
errors are statistical only. The quoted systematic error arises from
the uncertainties in the CC background subtraction, the WBB background

subtraction, and the Ke correction.
3

The final result for the ratio of the inclusive neutral to charged

current cross sections on iron nuclei is:

R 0.293 + 0.010

Vv
R-
v

"

(NC/CC)
v EH > 12 GeV

0.35 = 0.03

(NC/CC)G

The average incident neutrino energy is 110 GeV for neutrinos, and

90 GeV for antineutrinos.

Our result is in agreement with the recent results of other
experiments*~®), as shown in Fig. 3. However, when making a direct
comparison of the measured ratios it should be kept in mind that the
‘hadron energy cut-offs and the neutrino energy spectra are quite
different. In particular, the cut-off correction is large for the
_ Gargamelle Values“). Since the cut-off correction is small for the
high energy experiments, we prefer to compare our result, obtained
with a cut-off, to the uncorrected values of the two other high-energy
experimentss’e), and to the corrected value of the low energy

Gargamelle experiment“).

Our results may be compared with the prediction of the Weinberg-
Salam model. For this purpose, the 12 GeV cut in the hadron energy,
the small deviation of iron from an isoscalar target, and an assumed
antiquark contribution of q/q of 0.1 have been incorporated into the
model (see also Fig. 3). The Weinberg mixing angle can be determined

from Rv and RG separately, with the results:




From R_ : sin?#8 0.243 + 0.021
Vv w ) )
From R- : sin?6 = 0.21 + 0.09
_\) W -

The quoted error includes variations of g/q in the range 0.05 < q/q < 0.20.
Both values are in good agreement, thus supporting the Weinberg-Salam

model. Combining both results, we get

From R and R- : sin?6. = 0.24 * 0.02
v v w
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Neutrinos . Antineutrinos .
NC candidates 10770 + 104 3314 * 58
Cosmic-ray background . =59 2T . =119. ¢ 10
WBB background -286 * 126 -646 * 116
CC background -1493 * 64 -235 £ 49
NC with L < 16 and L > L_ 4150 +43

, ccut})
K., correction ' -1008 - =154
NC signal | 8074 + 156 | 2203 * 130
CC candidates , 26509 + 163 6483 + 81
WBB background -239 * 117 -323 * 83
CC extrapolation +1467 % 64 +253 = 42
NC with L > L -134 -35
cut
CC signal 27603 + 211 6378 * 123
NC/CC 0.293 * 0.006 | 0.346 + 0.021
(error only statistical) :
NC/CC (final result, 0.293 + 0.010| 0.35 * 0.03
systematic error included)
TABLE I

Data reduction for the ratio of neutral to charged current
inclusive cross-sections for EH > 12 GeV




Fig. 1

Fig. 2

Fig, 3

FIGURE CAPTIONS

Monte Carlo simulation of the incident neutrino energy
spectrum for neutrinos (a) and antineutrinos (b), with

a cut in the radial distance R‘< 1.6 m.

Event length distribution for neutrinos (a) and anti-
neutrinos (b).

Comparison of Rv and R; with the Weinberg-Salam model. In

the model calculation, the cut E. > 12 GeV, the neutron

H
to proton ratio of iron, and an antiquark contribution of

q/q = 0.1 (solid line) and, for comparison, of q/q = 0

(dashed line) are incorporated.
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® THIS EXPERIMENT (E+>12 GeV)
O HPWF (E, >4 GeV; Ref. 6)
A CITF(E,;>12 GeV: Ref.5)
A GGM (En>0GeV: Ref. 4)
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FIG. 3







