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Abstract

Study of neutrino-oxygen gquasi-elastic scattering with the K2K

fine-grain detector and determination of the axial vector mass M,

K2K (KEK-to-Kamioka) experiment is the first accelerator-based
neutrino oscillation experiment with hundreds of km neutrino path
length.The aim of the K2K experiment is to confirm the neutrino
oscillations discovered by Super-Kamiokande in 1998. The experiment
cosists of the neutrino beam line, a set of beamline monitors, a set
of near neutrino detectors, and a far neutrino detector
Super-Kamiokande (SK). The near detectors, located at approximately
300 meters away from the target, consists of a lkton water Cherenkov
detector, a scintillating fiber tracking(SciFi) detector, lead-glass
counters and a muon range detector. The near detector at the KEK-site
measures the properties of neutrino beam, such as the profile, flux,
and energy spectrum, precisely Jjust after production. The K2K
experiment observed indications of neutrino oscillations using 56
events observed at SK: a reduction of neutrino flux together with
a distortion of the energy spectrum; the probability that the observed
spectrum at SK is explained by statistical fluctuation without

neutrino oscillation is less than 1%.

In this thesis, we study the neutrino-oxygen guasi-elastic
‘scattering with the K2K fine-grain detector and determine the axial
vector mass (M) which describes the axial-vector form factor. We
assume that the vector form factor is the same as that measured in
the electron nucleon scattering (CVC hypothesis). We use water as
target material for both near detectors and SK to minimize the
systematic errors in the oscillation analysis. In addition, we use
all neutrino-induced events at SK for the oscillation analysis
including low g® region, where there are most of the events and the
nuclear effect is expected to be significant. Thus, it is important
to understand the neutrino-oxygen cross sections, both quasi-elastic
and inelastic, down to the low g®> region to obtain the neutrino spectrum

for the oscillation analysis.



We collected more data of neutrino-nucleus interactions than many
past experiments using the nuclear target. This is also the first
study of the neutrino-oxygen interactions in the few GeV region which
examined the nucleon form factor in the low g°® region and estimated
the axial vector mass (M) . The axial vector mass (M,) with oxygen
target, thus estimated in this thesis, is essential to estimate the
systematic errors in the neutrino oscillation analysis. It is
important to note that the axial vector mass (M) has been determined

in the same experiment as in the neutrino oscillation experiment.

We used two methods to estimate the axial vector mass (M),
flux-dependent method and flux-independent method. The former method
uses both the absoclute cross section and shape of the quasi-elastic
interaction, while the latter method does not rely on the cross section,
but only the shape. We tested both methods and obtained the consistent
results. We give the result with more conservative latter method.
Further, we obtain M, with g® cut and without g® cut. If we exclude
the events with g® <0.2 (GeV/c?), then we can obtain M, with smaller

nuclear effects. Thus, we have determined

Mp=1.14+0.08 (stat.) 0.10 (sys.) (GeV/c?). This value is consistent

with that estimated with other nuclear target within the error.

When we use all the events in the fit, including low g® region, we

obtain

Ma=1.24%0.06 (stat.) £0.16 (sys.) (GeV/c?). This value is consistent

with the value (1.1 GeV/c?) used in the oscillation analysis.

Further, we evaluated guantitatively Fermi momentum, a binding
energy and the nuclear rescattering probability in oxygen used in
our neutrino interaction model (NEUT), by referring to the past
electron-oxygen and electron-carbon interaction data. The present
study has given validation of input parameters to the Monte Carlo

calculation and the oscillation analysis.
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