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Abstract

The slope of the energy dependence of the neutrino cross sec-
tion has been measured up to 45 GeV using a flux measurement ob-
tained from quasielastic events giying the value oV = .67 +..15,
The ratio of antineutrino to néutrino cross section up to 230 GeV
‘has been measured using a similar technique and is found to be
LU41L 2 11 at a mean energy of 21 GeV. The relative energy depen-
dence of the neutrino cross section is also measured up to 230 GeV
and 100 GeV for the neutrino and antineutrino cross sections. In

the former case excellent agreement is found with a linear rising

cross section over the full energy range.



We have previously reported high energy neutrino and antineu-
trino total cross section measurements based on experimental data
obtained with an unfocussed neutrino-antineutrino beam at ‘FNAL.:L
New data which have been taken with magnetic horn focussing and
with an improved exﬁerimental setup are reported here. We address
three aspects of these data: 1) the value of o’ obtained by a
flux independent method which uses quasielastic events for normali-
zation; 2) the relative energy dependence of the neutrino and anti-
neutrino cross sections up to 230 GeV and 100 GeV respectively;
and 3) the value of ag/av obtained in a flux independent manner.

The new detector arrangement is described in more detail élse—
where and consists of a liquid scintillator :ionization calorimeter
which serves as the target for neutrino and antineutrino interac-
tion and a magnetic muon spectrometer.2 Both calorimeter and muon
spectrometer have been calibrated with hadron and muon beams. We
note that the bulk of the neutrino and antineutrino interactions
occur on C12 thch is an I = 0 nucleus fequal number of neutrons
and protons) and for which Glauber shielding corrections are ex-
pected to be small providing a nearly ideal target for neutrino
interactions.

The events were recorded during a run with proton energy of
300 GeV and the magnetic horn set to focus negative particles (en-
riched antineutrino beam) and at 400 GeV proton energy with posi-
tive particles focussing. Neutrino and antineutrino interactions

are identified by the sign of the muon charge. For each event the

hadronic energy and muon momentum were measured and in turn the Q2



and invariant mass W of the hadronic system obtained.

The exclusive neutrino and antineutrino scattering channels
such as the quasielastic process vu + n-~+u + p and A'production;
Uu +p * &++ + y  are observed to have two interesting properties:
1) the cross sections beéome energy independent at high energy and
2) the cross sections for neutfino‘and antineutrino scattering be-
come equal at high energy. These properties_have been directly
verified at somewhat lower energies and form the basis for our
method to measufe absolute cross sections.a’u Because of the ex-
ceilent energy response of a large liquid scintillation detecfor
" to low energy hadrons quésielastic and A production events are
directly recognized in.this experiment. The W distribution is
shown in Fig. la combining neutrinos and antineutrinos. Figures
1b and lc show the same distribution for events with Q2 < 1 and
Q2 < .5 (GeV/c)z, respectively. A clustering of events at low W
centered on the N and A mass 1s observed. The continum contribu-
tion at higher W is observed to diminish as Q2 is reduced as ex-
pected for deep inelastic scattering thus reducing the backgrouhd_
under the quasielastic and A production events. In Fig. 2 is
shown the Q2 distribution for the W cuts centered on the N and A
mass of W < 1.2 GeV énd 1.45 > W > 1.2 GeV, respectively. Forl
comparison we show in Fig. 2 the theoretically expected distribu-
tion which is know to fit the low energy quasielastic scattering
data.? Below 02 of 0.6 GeV? there is excellent agreement with the
data, and the quasielastic and A production signal is essentially
free of_background.

In the neutrino energy interval 10-30 GeV there are 19 quaéi—



elastic events and 468.4% neutrino events corrected for detection
efficiency. Using the low energy determiﬁation of the quasielastic
Cross section’ a value of a” = 0.56 + .15 is obtained. Similarly,
the combined guasielastic and A production events give a value of
oV = 0.687 £ .15. These values of o’ are in very good agreement
with our previous measurementl as shown in Fig. 3. As can also be
seen in Fig. 3 there is excellent agreement between the value of

o’ obtained from the neutrino data and that expected on the basis

of CVC, chiral symmetry and electroproduction data.l Our results
are also in agreement with the measurement of uv_at lower energies.5
The energy dependence of the total neutrino cross section was
obtained by comparing the experimental energy distribution with the
prediction of a monte carlo program using the method described in.
our previous work.l A further correction to this formula was in-
troduced using recent particle production data obtained at 300

GeV.6

The resulting relative neutrino cross section is shown in
Fig. 4. It is seen that the cross section rise is consistent with
linear in energy ovef the energy range of 10-250 GeV in remarkable
agreement with the expectations of Bjorken scaling.7 Using the
absolute value of the cross section obtained at low energy from
quasielastic and A production data an absolute cross section scale
is obtained as shown in Fig. 4. However, it should be noted that
this scale has an uncertainty of.approximatelylZO% due to the un-
certainty in a¥ at low energy. In a similar way the antineutrino

relative cross section is obtained and reported in Fig. 5. Again

the data are consistent with a linear rise up to V100 GeV.



Combining the measurement of oV at low energy and the linear
rise of the cross section, limits on the energy variation of oV
are obtained and reported in Fig. 6.

The ratio av/av was calculated using the quasielastic and A
production events for both neutrino and antineutrinos and assuming
the equality of these cross sections. From the sample of 30 anti-
neutrino and 30 neutrinc quasielastic and A production events we
obtain a value of aU/uv = .41 * .11 at a mean energy of 21 GeV,
in good agreement with our previous measurement. It should be noted
that although the statistical error on the value of ag/av is large,
the present measurement does not depend on the relative neutrino
and antineutrino fluxes. The measured value of a;/av is close to
the value measured at low energy of 0.38 = .025 and is in good
agreement with the expected value obtained for the neutrino and
antineutrino interactions on relativistic spin 1/2 fermion consti-
tuents such as for the parton mode1.8

We have repeated the measurement of the neutrino and antineu-
trino total cross sections and obtained a good agreement with our
previocus experiment.l The linear rise of the total neutrino cross
section is shown to extend above 150 GeV and the measured values
of o’ and oagfoa\J are in excellent agreement with the twin hypothe-
sis of CVC and chiral symmetry. Conversely, these results can be

viewed as strengthening the evidence for spin 1/2 relativistic fer-

mions in the nucleon.
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