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ABSTRACT

Relative rates for deep inelastic neutrino and antineutrino scattering
without a final state muon have been measured. For neutrinos the result is
RY = t:r(\)u + nucleon - Y, + hadrons)/cr(vu + nucleon - p + hadrons) = 0.11

+ 0.05. The corresponding ratio for antineutrinos is ﬁv = 0.32 % 0.09.
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We have reported previouslyl’2 the observation of deep inelastic neutrino

and antiheutrino interactions in which no muon appeared 19 the final s;ate.
In those experiments a yalue of R, the ratio of the number of events without
to the number of events with a muon, wasaobtained utilizing mixed neutrino-
antineutrino béams with different admixtures. The subject of this paper is
the determination of the individual ratios Rv and ﬁg, appropriate to incident
beams of pure neutrinos and pure antineutrinos, respectively.

The experiments were carried out at the National Accelerator Laboratory,
where collisions of 300 GeV protons with a target produced secondary hadrons
vhich decay to provide the various neutrino-antineutrino beams. Data for the
present study consist of three samples of neutrino- and antineutrino-induced
inelastic interactions obtained with the detector, and analyzed by the
methods, described in reference 2. Each sample is characterized by a differ-
ent value of ¢x, where ¢ measures.the admixture of interacting neutrinos and
antiheutrinos obgserved in those events with a.muon in the final state; ¢ is
the measured ratio of events with negative muons to all events with muons,
corrected for the different experimental detection efficiencies for negative

and positive muons. FEach sample was analyzed to extract the value of R,

which is related to RY and RV by,

R=or”+ (I-a) RV. (1)
For a pure neutrino or antineutrino beam, eq. (1) reduces to R = Rv or
R = Rv. respectively.

One of the data samples is esgentially the same as that described ear-

2 .
lier. It was obtained with_a mixed neutrinc-antineutrino beam which was

made by fogusing negative pions and kaons with a magnetic horn to enrich the

antineutrino component. Because the magnetic field of the horn was pulsed

on for a period shorter than the duration of the beam spill and a& little out



of phase with it, the degree of focusing and hence the mixing parameter varied
with time during each accelerator pulse. The beam spill as a function of time
is shown in Fig. la. The variation of ¢ with time is shown in Fig. 1lb. Di-
viding the data into two subsamples, one with a large average value of ¢ and
one with a sm#ll average value of ¢, we obtain two relations of the form of
equation (1) which can be solved_for rY and ﬁg.

The other two data samples were acquired using essentially pure beams of
neutrinos and antineutrinos (O =~ 0.98 or @ ~ 0.12). These beams were produced
bf sign selection of the charg; of the secondary hadrons.3

The anaiyais of the resulting four data sets is summarized in Table I.

As described in reference 2, three identifiers of muons were used to provide
different muon detection efficiencies eu, and different probabilities ¢ for
the penetration by hadrons of the hadron absorber of a givén muon identifier;
The three muon identifiers, Hys ui and Hys Serve to test the internal con-
sistency of our treatment of the data. The largest solid angle is achieved
with s but for ui the measured values of Ep are smaller than for Hy» and
fqr u2, which has the smallest aoli& angle, the value of ‘p is zero. Further-
more, the. dependence of eu on the spatial position of the event vertices and
on the energy of the hadron cascades of the vu(Gu)-induced events is signifi-
cantly different for the three muon identifiers. The values of the muon de-
tection efficiencies given in Table I are based on directly measured muon

angular disctribytions using muon idehtifiér ui for each of the data samples.4
Included also in Table I are the numbers of events in each sample, the values
of the mixing parameter (, and the corrected ratios R. fhe mean total energy
of the events observed is about 45 GeV for the horn beam and about 53 GeV for
the sign-selected beams.

Observe that the two subsets of the ﬁixed beam data (rows 1 and 2) have

appreciably different admixtures of y and D, as indicated by the different



values of ¢, and that the data for the sign selected beams (rows 3 and 4),
with very small and very large values of @, yield R and é? almost directly
and separately.

fhe maximum likelihood fit to the four data sets yields RY = 0.124 + 0.04

and Rv = 0-327 + 0.08, where the errors are statistical only. These values

include interactions of a small number of electron-neutrinos (\5) in the
incident beams.. Electromagnetic showers arising from events with electrons

in the final states produced by \%(ﬁh) interactions are not readily dis-
tinguished in our detector froé hadronic showers induced by \h(ﬁh). Estimates
of the ratic 0(\5 + nucleon » e + hadrons)/g(vh + nucleon —» uf + hadrons) and
of the same ratio for TL and Th are 1.7% and 0.5%, respectively. Subtracting
these contributions, and folding in an additional uncertainty (arising prima-
rily from the determination of the muon detection efficiency) of 0.03 in RY
and 0.04 in ﬁv, we obtain finally

RY = 0.11 + 0.05

and RY = 0.32 + 0.09
These results are plotted in Fig. 2 as are also the separate fits to the data

taken with the sign-selected beams and the admixed beam. Results from the

CERN Gargamelle experimentS at much lower energy are also included in Fig. 2.

It is clear from Fig. 2 that RY is larger than RY. This may perhaps
reflect the experimentally determined fact that thé charged weak current
cross section for neutrinos oﬁ is about 3 times larger than the corresponding

-cross section &2 for antineutrinos in the energy region of these experi-
ménts, o7 presumably due to a parity violating V-A interference-term- 1f
then, for example, the effective neutral weak current cross sections q; and

o: that give rise to muonless events are equal, one would expect ﬁv=u 3rRV.
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The locﬁs of the last equation is the line starting at the origin in rig. 2,
which is seen to be consistent with the results of this experiment. Equality
of 0; and é?'would imply the absence of a V-A interference term in those
cross sections, and, presumably, the absence of parity violation in those
processes as well.

In Fig. 2 we show in addition a prediction based on the Weinberg-Salam
gauge model9 of the weak interactions, in which neutral weak cufrents make
a patural appearance. The extension to semileptonic prbcesses has been made
by various authorslo, who obtain the lower bound curve in Fig. 2. Our data
are about 2 standard deviations away from that theoretical limit. Within
experiﬁental error, other interpretations of the numerical value of ﬁ“/RV
are also possible.lx Note that RY and inmny depeﬁd on energy, either con-
tinuously or discontinuously through some threshold effect, which temporarily,
at least, also contributes ﬁo the difficulty of delineating the matrix element

of the effective neutral weak current.
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Table I. Summary of data for the four neutrino

beam configurations.

Data Sample Number of | Muon Detection o R
events Efficiency*
1
Mixeq HoTR Off 255 .86 |.77 .74 1 0.74 +0.06 | 0.18 + 0.05
Beam  yorn oOn 283 .89 1.81 |.80 |0.45+ 0.06 | 0.22 + 0.05
Sign-selected (n,K) 100 .93 | .87 .83 0.12 + 0.05 0.34 + 0.12
Sign-Selected (n,K)T | 188 93 |.87 |.s3 lo.98 +0.00 |o0.13 + 0.06

* .
The 3 muon identifiers Bys ui and W, are defined in reference 2,
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Figure Captions

Fig. 1. (a) Distribution of event occurrence times with respect to the start’
of the master gate. (b) Variation of the neutrinoc~antineutrino
admixture g with event occurrence time, which reflects the
on-time of the magnetic horn.

Fig. 2. Results for rY and ﬁa from this experiment. The dotted cross repre-
sents results from the sign-selected beams; the dashed crose is
from the mixed neutrino-antineutrino beam, for which R and ﬁg
are strongly correlated, as indicated by the orientation of the
error bars. The solid ciréle with itg error bars shows the
result of é fit to all the data, including systematic errors.
All three points are the results after subtraction of the V.
contribution. -The open circle point is from reference 5. The

curve marked THEORY LIMIT is obtained from reference 11.
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