A Search for
v, ~ v, Oscillations

in the NOMAD Experiment

Andrew R. Godley

A thesis
submitted for the degree of
Doctor of Philosophy
at the
University of Sydney

August, 2000



Abstract

The NOMAD experiment is a neutrino oscillation experiment, capable of
identifying v,, 7,, v., 7. and v, for use in oscillation analyses. A search
for v, ~» v, oscillations is conducted, emphasising the development of two
separate beam simulators, to provide the background, (no oscillation), v,
signal.

Both beam descriptions include fits to the results of the SPY experiment
that measured hadron production from a 450 GeV proton beam on beryllium
target. An independent analysis of the raw SPY data to produce the particle
yield is reported.

A series of criteria are described for the selection and classification of
neutrino events. These produce the data samples necessary for both tuning
the beam simulation and determining the oscillation signal.

The development of a GEANT and FLUKA based Monte Carlo beam
simulator is presented, providing good agreement to the measured neutrino
beam. This simulation method has sizeable variations depending on the
beamline geometry, which is not known precisely. This causes large system-
atic errors.

An empirical parametrisation is proposed and used for the first time in
a NOMAD oscillation search. It uses the measured neutrino spectra at NO-
MAD, except the v, to infer the meson production at the target, and then
predict the v, spectrum. This method has good agreement with the data and
is also insensitive to alterations of the beamline geometry, resulting in much
smaller systematic errors.

The reduction of the systematic errors allows the v, ~ v, oscillations
search to be performed with much greater precision. Comparisons of the
Vve/v, ratio between the empirical parametrisation and data yields no ev-
idence for v, ~» v, oscillations, setting a limit on the mixing parameter,
s1n?(26) < 1.9 x 1073(90% CL) at high Am?. The present sensitivity of the
analysis on the mixing parameter is 0.0017.
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Preface

This thesis is a report on work carried out for the degree of Doctor of Philos-
ophy in the Falkiner High Energy Physics Department at the University of
Sydney. The work was undertaken as part of the NOMAD Collaboration at
CERN. This thesis describes the NOMAD experiment and the analysis of its
data for indications of muon neutrino to electron neutrino oscillations, fea-
turing the prediction of the neutrino beam by the empirical parametrisation,
in a blind analysis. Additional studies, relevant to the oscillation search, are
also presented.

The first chapter introduces the theory of neutrinos. A history is given
as to their importance in particle physics and cosmology. The concept and
relevance of a massive neutrino is introduced, and neutrino oscillations are
examined as an avenue for determining neutrino mass.

Chapter 2 describes the NOMAD experiment. The neutrino oscillation
search technique is summarised, which indicates the necessary requirements
of NOMAD. The neutrino beam is briefly discussed, followed by a rundown on
the subdectors that comprise NOMAD. The NOMAD triggering, slow control
and data taking are detailed, along with a description of event reconstruction
and simulation in NOMAD.

The stand-alone experiment, SPY, is described in chapter 3. This exper-
iment measured meson production relevant to the NOMAD neutrino beam.
The layout of the SPY experiment is described, and then an analysis of its
data is presented, including particle identification and yield computations.
The results of this analysis and an indication of the future uses of the SPY
data in neutrino beam simulation and parametrisation are given.

The fourth chapter deals with the classification of neutrino interactions
within NOMAD. It presents the selection criteria for accepting and classifying
neutrino triggers and also tabulates the efficiency of the selection process,
which is later used in data to simulation comparisons. The event samples
produced by these criteria are used throughout this thesis. The determination
of the number of electron and muon neutrinos in this chapter, along with the
beam predictions of the two following chapters, form the two parts of the
oscillation search.

Chapter 5 summarises the traditional effort to simulate the neutrino beam
with the programmes NUBEAM and FLUKA | and with fits to the SPY data.
The chapter explains why the neutrino beam is so critical to the oscillation
search and the available means for testing its simulation, including the muon
pit data and quasielastic-like events in the FCAL. The three beam focusings
used are described, and then the results of their simulation are compared
with the NOMAD data.



The empirical parametrisation is proposed in chapter 5 as a new and
novel beam flux prediction method. The theory, practice and merits of the
method are described. A parametrisation is then fully determined from fits
to SPY and NOMAD data. This parametrisation is cross checked with the
parametrisation of S.R. Mishra in the next chapter.

The work of chapters 4, 5 and 6 are combined in chapter 7 to determine
the oscillation signal. A study of systematic errors and a discussion of why
the empirical parametrisation is better suited to the oscillation search than
NUBEAM alone are included. The principles of a blind analysis are high-
lighted, before the oscillation signal is searched for by the comparison of the
expected v, /v, energy spectrum with that from data. The results are then
quoted and discussed, before being reiterated in the conclusion.
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