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ABSTRACT

The Sudbury Neutring Observatory [SNO) is an underground heavy water Cerenkov
Detector capable of detecting bursts of neutrinos released by nearby core collapse
supernovae. The burst of neutrinos precedes the optical display of the supernova by
as much as several hours, which provides a unigque opportunity for astronomers o
be forewarned of the impending supernova and to prepare for detailed observation.
To help realize this opportunity, a program of real-time burst monitoring has been
developed at SNO.

The burst monitoring system consists of successive levels of detection, analysis,
and notification. Burst detection is accomplished by monitoring a datastream received
from the SNO data acquisition system. Bursts are analyzed automatically and the
results are made available online. Notification of the analysis is provided o the
detector operator and a group of ‘supernova experts’ by audic-visual alerts, emails,
and/or automated phone calls, depending on the analysis results.

After being in operation for over a year, the performance of the system has been
evaluated. To date no supernovae have been detected, and no known galactic su-
pernovae have gone undetected. Hesponse time to supernova candidate bursts was
found to be well within the desired 20 minute window identified by the international
supernova watch community. Identification of bursts caused by known pathologies

was studied and some Improvements are suggested.
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Chapter 1

Introduction

Now it is the characteristic of thought in physics, as of thought in natural
seienee generally, that it endeavors in principle to make do with “space-
like” concepts alone, and strives to express with their aid all relations
having the form of laws. The physicist seeks to reduce colours and tones
to vibrations, the physiologist thought and pain to nerve processes, in
such a way that the psychical element as such i3 eliminated from the
cansal nexus of existence, and thus nowhere occurs as an independent

link in the cansal associations.

| wished to show that space-time i3 not necessarily something to which
one can ascribe a separate existence, independently of the actual objects
of physical reality. Physical objects are not in spece, but these objects
are spalially extended. In this way the concept of “empty space™ loses its

Mmeaning.

- A Einstein 1952

It is easy to lose perspective when focusing on a small part of something large,
missing the forest for the trees, so to speak. This work concerns many forests and
many trees, and perspective can easily be lost. This introduction attempts to deseribe

the current understanding of very small things and very large things, through particle



physics, and neutring astronomy.

1.1 Particle Physics and Neutrinos

Crwver 2400 years ago, Democritus suggested that an understanding of the laws of
nature could be found by investigating the laws governing the building blocks of the
natural world. This school of thought was termed atomism, and assumed that there
was a fundamental limit to which matter could be subdivided and classified. In this
tradition of looking ever closer at the building blocks of our world, we have developed
the fields of solid state physics, atomic physics, nuclear physics, and now particle
physics, which is the state of the art in atomism. This section is meant to be a broad
overview of the field of particle physics, and the reader is directed to one of many
university level texts for a more detailed treatment of the subject. [1], [2]

In particle physics, all of physical reality is composed of a set of elementary par-
ticles. The game 18 to discover what all the particles are, and how they interact.
The rules governing the particle interactions are written as renormalizable gquantum
feld theories, such as the Electroweak Theory of interaction, and Quantum Chromo
Dynamics. In the Standard Model of particle physics there are fermions which have
half integral spin I:i % g ...}, and bosons which have integral spin (0,1,2,...). The
universe is manifest through the exchange of varicus types of bosons between various

types of fermions.

1.1.1 Constituents of Matter

The elementary fermions are the basic constituents of matter, and consist of 6 leptons
and 6 quarks, arranged in three generations of quark and lepton doublets as shown
in Figure 1.1. Leptons and quarks of the first generation are stable, and represent

matter fields which constitute ohjects in the physical world. The way in which they



