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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
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Figure 1.1: The universe is manifest through the interaction of matter and forces.

combine with each other is governed by their interactions via the forces. For example,
the quarks can combine in threes forming protons and neutrons, which bind together
to form nuclel. Electrons can combine with nuclei forming atoms, which bind together
to form amorphous and erystaline structures which make up the macroscopic objects
of the visible world.

The role of neutrings in the construction of the physical world is a subtle one as
they are not subject to either the strong or the electromagnetic force, and they have
an excesdingly small mass. They are not bound into confined systems like the atom
im which they can be studied closely. The only way that neutrinog can interact with
other matter and be perceived!, is through the weak force. Though they are not

easily detected, they constitute a large fraction of the physical world, accounting for

!depends on what one means by pereeptlon



0.1% to 18% of the critical density of the universe.[3)

1.1.2 Elementary Forces

The elementary bosons are the vehicles of interaction between matter, and are each
associated with a foree of nature. Properties of the fermions such as charge or mass
determine which bosons can be exchanged, and thus which forces the particles are
subject to. The gluon (g) is associated with the strong nuclear foree and affects par-
ticles which have a colour charge; this is the force which binds the quarks to form
nucleons. The photon () is associated with the electromagnetic foree and affects
particles with an electric charge; this is the foree which binds electrons to the nucleus
to form atoms. The graviton (G) (which has not yet been directly observed) is asso-
ciated with the gravitational force and affects particles which have mass; this is the
foree which binds matter to form the objects of the solar system. The intermediate
vector bosons (W= and Z) are associated with the weak force, and affect all parti-
cles. The effects of this force are difficult to perceive, but are seen for example, in

radicactive decay.

1.1.3 Fundamental Interactions

The concept of fundamental particle interaction is often hard to grasp, as our per-
ception is dominated by electromagnetism and gravitation. Although these forces act
through the discrete exchange of bosons, these exchanges take place very frequently
and only involve the transfer of small gquantities of momentum. The interaction is
not perceived as discrete events, but rather as a continuous force. These continuous
interactions take the form of orbits, closed and elliptical for attractive forces or open
and hyperbolic for repulsive forces. Discrete interactions are described by an initial
and final state, and can be VOTY different depending on the nature of the interaction.

In particle physics, Feynman diagrams are used to depict fundamental interactions,



and represent formal rules for caleulating the probable result of an interaction.

Further confusing one's intuition is the weak foree, which through the exchange
of a charged W* boson can transfer not only momentum but charge as well. By
exchanging charge, the fundamental identities of the initial particles can be changed.
It is difficult to envision the discrete interaction of two indivisible objects in which
their fundamental properties are changed.

The ranges of forces are also very different owing to the mass of the exchanged
boson. In the transmission of a force, an exchange boson is spontaneously emitted
from one fermion and absorbed by another. The spontanecus emission of a particle
violates energy conservation, and is only allowable within the limits of the time-
energy uncertainty relationship. In this limit, a massless particle such as a photon
can exist for an indefinite time and travel an infinite distance before being absorbed
by the second particle, while a massive Z% or W= particle can only travel a very short
distance. For this reason the electromagnetic force has an infinite range, while the

weak force has an exceedingly short range.

1.1.4 Neutrino Interactions

The neutrine, being a charge-leas and almost® mass-less lepton, is effectively subject
to only the weak force. That is to say that neutrinos can interact with all parti-
cles, but only through the exchange of the intermediate vector bosons (W and 2%).
Interactions involving the exchange of a charged W* particle are called charged cur-
rent interactions, and those involving the exchange of a Z7 particle are called neutral
current interactions. Figure 1.2 shows some examples of Feynman diagrams for neu-
tring interactions with quarks and leptons through charged current (CC) and neutral
current [NC) interactions.

An atom, consisting of neutrons, protons, and electrons, possesses an electric field

%the subject of neutring mass s currently an active tople of Investigation
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Figure 1.2: A few of the fundamental electroweak interactions
through which neutrines can interact with matter.

and a much smaller weak field. Seeing only the weak and not the electromagnetic
Gelds, a neutring is far less likely to interact with the atom. This difference is so
large that a newtring may pass through on the order of one light vear (10'% meters)
of solid lead before striking (interacting with) any of the lead nuclei or electrons.
This makes the presence of neutrines very difficult to detect. The topic of neutring
interactions is revisited in chapter 2, specifically in section 2.1.3 where the specific

neutring interactions used by the SNO detector are discussed.

1.2 Astrophysics and Supernovae

The sun-centered model of the solar system is an early example of an astrophysi-
cal theory, This resolved astronomical observations of the sun, moon, and planets’

miationg with terrestrial observations of gravitation and mechanics through the math-



ematics of calculus.

Much of astrophysics today is concerned with the study of stars, attempting to
understand how they radiate energy and evolve with time. Detailed study of the sun,
combined with knowledge of nuclear and particle physics, has led to an understanding
of how energy is produced in the sun's core through thermonuelear fusion, mainly of
hydrogen to form helium. Studying stars of different ages and compositions has led
to models of stellar evolution, describing how a star progresses through various stages
of nuclear burning. Although these models do not completely describe the initial
condensation from the interstellar medium and the Onal fate of some stars, they

describe much of & star's evolution Very wiz]] 3

1.2.1 Stellar Evolution

As a star ages and its internal compesition and processes change, its outward temper-
ature and lumincsity change as well. The Hertzsprung-Russell (HR) diagram shown
in Figure 1.3 is useful when describing stellar evolution. By observing many “maodel
stars” (those not in rapid rotation, subject to strong magnetic felds, or in a tight
binary system), snapshots of various stages of stellar evolution are captured. When
plotted on the HR diagram, more than 90% of stars observable from the earth are
found arcund the line running from upper left to lower right labeled Main Sequence,
with many other stars found in the regions labeled Giant and Dwarl. These regions
represent. prolonged periods of stability in the evolution of stars.

After condensing from the interstellar medium and initiating nuclear burning, a
star quickly attains hydrostatic equilibrium with temperature and luminesity that
place it on the main sequence. This phase cceupies most of the star's thermonuclear
evolution, during which energy is produced through the fusion of hydrogen to form

helium. For low mass stars with less than twice the mass of the sun (< 2 M), this

For a full developroent. of stellar evolution consult an astrophysies textbook.[4], [5]
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The observable properties of a distant star include tem-
perature and luminosity which vary as it evolves. Stars
begin on the main sequence burning hydrogen to helinm,
and can end up as large cool glants, or small hot dwarls.



occurs mainly through the proton proton (p — p) cyvele, while in higher mass stars the
hotter core temperature allows hydrogen burning through the carbon-nitrogen-cocygen
(CNO) eyele as well. The temperature dependence of the CNO eyele compared to the
p—peyele canses higher mass stars to develop a convective core in which the burning
hydrogen fuel and the helivm ash become well mixed, while low mass stars develop
an isothermal radiative core of inert helium surrounded by a convective hydrogen
burning shell [4] This difference in core configuration has an important effect on the
future evolution of the star.

An inert isothermal core can only support a mass fraction (g) which depends on
the relative molecular weights of the core {py) and envelope (p,). Above this limit,
called the Chandrasekhar-Sehdnbery (C-8) limit, the core must contract to maintain
equilibrinm. [35]

M,

_ Moo
= — = 0I7({— 1.1
9c-5 S {.uﬂ} (1.1)

A low mass star develops an inert helium core quickly, and is partially supported
by electron degeneracy pressure before reaching the C-8 limit. Electron degeneracy
pressure arises when electrons cannot be packed any cloger due to the Pauli exclusion
principal. When the temperature of the degenerate core reaches approximately 100
K, runaway helinm burning takes place until the degeneracy 18 removed in what is
called the helinm Qash. After this short violent period, the star enters a stable period
of core helium burning cecupying the giant region of the HR diagram. During this
phase, the hydrogen burning shell is supported by radiation pressure from the helium
burning core. Eventually the helium fuel is depleted and the fusion rate decreases. No
longer supported by radiation pressure, the hvdrogen burning shell becomes unstable
and is extinguished. A white dwarf star is left to slowly cool. This marks the end of
the evolutionary path of a low mass star.

Higher mass stars (> 5M;) develop a mixed helium-hydrogen core, and approach



the C-5 limit without becoming degenerate. The predominantly helium core contracts
and ignites helium fusion in a more orderly fashion. As core helium burning sets in,
hydrogen burning continues in a convective shell around the helium burning region.
This is similar to the giant phase of the low mass star, although in this case, the
hydrogen burning shell is convectively coupled to the helivm burning core.

Very massive stars (> TMg) continue this process of contraction and ignition
of other nuclear reactions, forming concentric burning regions of inereasingly dense
nuclei. Each successive phase of burning occurs more rapidly than the former, with
the initial hydrogen burning lasting several million years, and the final ones lasting
only days. If the star is massive enough (> 8M) fusion reactions producing iron are
permitted, and an iron core beging to form. Iron s the most tightly bound nuclens,
and no further fusion reactions in the core will release additional energy. The inert
core continues to grow, supported by electron degeneracy pressure.

These stars reach their end when gravitational pressure overcomes the electron
degeneracy pressure, and the core undergoes a rapid and violent gravitational collapse.
This collapse may result in a massive release of energy which completely destrovs the
star in a supernova explosion, or in the continued collapse of the core into a black

hele,

1.2.2 Supernovae

Supernovae are among the most brilliant events in the universe, marking the sudden
end of a star with an enormous release of energy in the form of light and neutrines.
From the earth a supernova appears as the sudden brightening and eventual disap-
pearance of a star in our galaxy, or the brief appearance and disappearance of a star
in a distant galaxy as one previously unnoticeable star briefly out shines its entire
home galaxy. The light reaches its maximum brightness in a period of just hours or

days, then gradually fades and expands in size over the course of months and vears.

10



Although other events have been sugpested, the frst clearly recorded observation
of a supernova was circa 1054 AD by Chinese astronomers, who deseribed it as a
brilliant celestial display called the guest star, stating that it was visible for many
months. This event was only confirmed by western astronomers (seience) in the mid
20th century after examining the Crab Nebula, which was eventually concluded to be
the remnant of a supernova from around AD 1054, Other brilliant nearby supernovae
have been observed by Schuler, Hainzel, Lindaner, Brahe [1572), Kepler (1604), and
most recently lan Shelton (1987). Supernovae in distant galaxies are now routinely
observed by modern deep space observatories at a rate of several per night.

Estimates of supernova rates can be made by several different methods. First by
extrapolating from the observation rate since recorded history, second by studying the
number and age of nearby supernova remnants, and finally by studying the supernova
rate in many distant galaxies. Depending on what method is used, the estimate of
the rate of supernovae within our galaxy ranges from one every 30 to 50 years.[6]

The apparent brightness of a supernova depends on the distance from the earth,
and the amount of intervening dust or gas. The guest star of 1054, located 2.0 kpe
from earth, would likely have been as bright as Venus (very bright), and clearly
vigible to the naked eyve. Betelgeuse is a star in the constellation Orion, located
about 0.13 kpe from earth. Were Betelgeuse to go supernova (being a red super-giant
it is susceptible 1o gravitational collapse), it would likely be far brighter than the full
moon, visible in broad daylight, and remain visible for vears as it slowly dimmed from
a bright point into a large glowing disc.

Two broad classifications of supernovae based on optical observation are type |
and type 11, respectively referring to the absence or presence of hydrogen absorption
lines in the optical spectrum. The absorption of light by hydrogen however i3 mainly
determined by the outer compesition of the star, and does not provide much insight

into the underlying nature of the event.

11



Conditions for gravitational eollapse may come about in a number of ways, such as
the evolution of a massive (> &My ) star as described in the preceding section, or as a
result of rapid mass accretion by a white dwarf from its companion in a binary system.
It is believed that the former mechanism is associated with type 11 supernovae, while
the latter is associated with type la supernovae. 'This work 18 mainly concerned with
supernovae resulting from the collapse of the predominantly iron core of a massive
atar, as this mechanizm is known to produces neutrinos,

The condition for gravitational collapse of an iron core star is determined by the
-8 limit {equation L1}, The mean molecular weight of the core is that of iron
(p1;=55). That of the cuter envelope depends on the structure and thus the detailed
history of the star, and is certainly less than that of iron (g, < 33). The value of
1.4 Mg, for the mass of the core (M) is often referred to as the Chandrasekhar mass
limit or simply the Chandrasekhar mass. This limit is supported by astronomical
observation, as no white dwarfl stars above this mass have been observed. For a star
of mass (M) equal to 10 Mg, the mean molecular weight of the envelope is caleulated
to be around 34, which is consistent with reasonable assumptions of the structure of
the envelope.

Contraction of the core forces electrons and protons to combine through inverse
& decay forming neutrons and neuwtrinos, reducing the electron degeneracy pressure
and vielding almost no energy for support of the core. With no electromagnetic
support, nuclear matter collapses unhindered through several orders of magnitude.
In a fraction of a second the core collapses from a density on the order of 107 25 to
10" 2y contracting from about the size of the earth to just a few kilometers.

Infalling matter reaches velocities of one quarter the spesd of light and attains
tremendous kinetic energy as it falls. Eventually the fall is abruptly halted by neu-
tron degeneracy pressure, and a fraction of the infalling matter bounces back ( “core

bounce™) with comparable energy. This shock-wave ripples through the outer man-

12



tle, destroying the star in a supernova explosion. A neutron degenerate mass is left
behind to cool through neutrine emission and to form a newtron star.

In the formation of the physical world, supernovae play a major role in the creation
and distribution of the elements. All elements heavier than iron were formed in the
neutron rich environment of a supernova. These elements, along with those formed
over millions of vears of nuclear burning (including such important things as carbon
and oxygen) are released from the gravitational binding of the star and cast out into
the interstellar mediom by supernova explosions. These elements may eventually
condense [orming the satellites of a solar system (planets and moons), and other

objects (asteroids and comets).

1.3 Observing Supernovae With Neutrinos

Recently the fields of neutring astronomy and neutrine astrophysics have emerged,
allowing great new potential for astronomical observation. The path of a neutring
produced in an astrophysical process is rarely obstructed by intervening matter and is
not altered by strong magnetic felds, as can occur with other particles. This allows
for observation of processes occurring deep in the core of stars or behind distant
clouds of dust, which would be impossible with optical astronomy.

Ounly the brightest (in neutrino luminosity) phenomena can be observed by neu-
tring astronomy, due to the difficulty of detecting the tiny particles. This leaves
fusion reactions in the core of our nearby sun, and gravitational collapse supernovae
in our galaxy among the few phenomena observable by current neutring telescopes.
The gravitational collapse of a nearby massive star produces a copious amount of
neutrinos which is easily detectable above the solar neutrine background.

Several neutrine detectors were in operation on February 23 1987 when a blue su-
pergiant in the Large Magellanic Cloud, known as Sanduleak -69° 202 went supernova

(designation SN198TA)[7] Although quite sparse, these measurements consititute an

13



unambiguous signal above background, and mark the first neutrino observations of

phenomena outside of the solar system.

1.3.1 Supernova Neutrino Emission

Detailed predictions of the time and energy spectra of neutrinos emitted from a su-
pernova are based on unconfirmed models of supernovae, and must be viewed with
caution. Supernova models generally agree on the mechanism of gravitational col-
lapse, but differ on the detailed mechanism of supernova explosion. For the purpose
of detecting (as opposed to analyzing) a supernova signal it should suffice to overlook
the model specific predictions of the explosion period and focus on generic predictions
of the overall signal.

The total energy emitted in the form of neutrinos during a gravitational collapse is
approximately equal to the gravitational binding energy of the core, which is roughly
3 x 1079 ergs. [8] Neglecting the details of the explosion period, there are effectively
two distinet periods of neutrinoe emission, namely neutronization and cooling. Figures
1.4 and 1.5 are plots generated using the supernova model of Burrows et. al[9], and
display the expected features of the neutring signal. These features include 1) rapid
turn on of oneutring luminoaity forllovwed by decay over several tens of seconds, 2}
an enhancement of electron neutring luminesity at the onset of the signal, and 3) a
hierarchy of neutrino energies according to favour.

During the neutronization phase, matter in the collapsing core of the star is con-
verted to neutrons through electron capture on protons producing a large amount of

electron neutrines. This cccurs very quickly, lasting less than 50 ms.

£ =it b I:l-ﬂ]l

At the onset of collapse these neutrinos are readily emitted from the core, and the

electron neutring luminesity rises quickly. As the temperature and pressure in the
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Figure 1.4: The neutronization peak and the time scale of the cool-
ing period are generic predictions for luminosity, while
the details of the explosion period are model dependent.
oy refers to the combined luminesity of muon and tau
neutrines and their antiparticles.

core rise however, the mean free path length for neutrines becomes shorter than the
diameter of the core, and neutrines inside a diameter of about 30 km are trapped.
The boundary of this trapping region becomes a radiating surface for neutrines called
the neutrincaphere, much like the photosphere is for photons in an ordinary star.
After this core bounce (t=0 in Figures 1.5 and 1.4), the temperature and pressure
in the wake of the expanding shock-wave allow several pair production processes (Ta-
ble 1.1} to turn on. When the shock-wave passes the neutrinosphere these neutrines

are able to escape, and the luminosity of all neutring species rises suddenly (“shock
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breakout™ in Figure 1.5). After a brief period of instability during which the actual
explosion takes place, the hot protoneutron star settles into a cooling phase, during

which most of the gravitational binding energy is shed through neutring emission.

number of interaction channels available, and henee are emitted from neutrinospheres
of different radii with energies given by the radial temperature profile. Muon and tau
neutrings and antineutrines, interacting only through the neutral current have the

longest mean free path length, and are emitted from a newtrinosphere deepest in
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Figure 1.5: The hierarchy of neutring energies By, < Egp, < E:L“r“ is
a robust feature present in many supernova models. ey
refers to the average enerpy of muon and tau neutrinos
and their antiparticles.

Neutrinos of different types have different mean free path lengihs dependent on the

16



Pair Annihilation: i S ot ot g b Mp o g

Plasmon Decay: | plasma excitalion —» e" + ¢ b bp e
Photoneutring: ¥+ e A
BremBirahlung: "+ (A Z) = (A Z)+e +ivp+Fy

Table 1.1: Several pair production processes create neutrino/anti-
neutring pairs. Energy is carried away by the neutrinos,
cooling the hot protoneutron Star.

the core, and hence with the highest energies. BElectron neutrinosg and antineutrinos
are emitted with lower energy due to the charged current channel of interaction. OFf
these two, the electron antineutring has a slightly higher energy, owing to the high
neutron to proton ratio in the core. The relative order of this hierarchy of energies
(Ew, < Ep, < E,, E.) is a generic prediction, while the magnitudes are model

dependent.

1.3.2 Detectors

Most neutring detectors capable of detecting a supernova are designed with a differ-
ent physics objective (proton decay searches, solar neutrine flux measurements), with
the possibility of supernova detection as a secondary motivation. The widely vary-
ing detector designs provide different but complementary sensitivity 1o a supernova
neutring signal.

A neutring detector generally consists of a massive target with which neutrines
interact, and an experimental apparatus for detecting when such an interaction has
occurred. The response of the detector to neutrinos of various flavours and energies is
a Tunction of the target medivm and the detection mechanism. As with any particle

physics detector, the objective is to identily particles and to measure thelr energy
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and momentum. A detector's ability to detect and record supernova neatring bursts
can be summarized by its: 1) ability to measure time and energy spectra of the
neutring burst, 2) ability to measure the direction of the neutring burse, 3) sensitivity
to multiple neutring favours. Table 1.2 [10] lists the capabilities of detector types

currently running worldwide.

Detector Type Target Material | Energy | Time | Pointing | Flavour
Secintillation , H Vi yes 1 Ve
Water Cerenkov H. O yes yes yes v
Heavy Water D0 NC:no | yes 1) all

CC: yes | yes yes Vo, Ty

Long String Water Cerenkov H.O 10 yos 10 Py
High Z/Neutron NaCl, Ph, e 10 yoi 1o all
Radiochemical AT, 2T TIGa iTH) 1 iTH) i,

Table 1.2: A list of the existing types of neutrino detectors and their
ability to detect and record the neutrine signal from a
galactic supernova.

Radiochemical experiments rely on inverse 9 decay interactions that produce
radic-isotopes in the target medium. On an infrequent basis the target is assaved
for the product isotope using radiochemical methods. This type of detector is well
suited for measuring average Quxes over days or weeks, but can provide no information
about the time, energy, or angular distribution of the signal.

Cerenkov type detectors rely on radiation emitted by the fast moving charged par-
ticles produced in many neutring interactions. Cerenkov light is radiated in a conical
shape along the path of a relativistic charged particle as it traverses a medium above
the speed of light for that medinm. The target medivm must be optically transparent

in the range of wavelengths spanned by the Cerenkov light to transmit it from the tar-
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et volume to a detection region where it can be measured by photomultiplier tubes.
For some types of neutring interactions, the charged particle direction is correlated
with the neutring direction, giving some angular sensitivity to the signal.

Secintillation type detectors convert the energy deposited by a newtring interaction
into isotropic light which is then detected by photomultiplier tubes or other light
detectors. By using a scintillator any anpgular information about the signal is lost,
but the higher photon yield generally gives improved energy response with respect to
Cerenkov detectors.

Neutron type detectors rely mainly on neutral current interactions to produce
neutrong. These detectors use a high density target medinm to maximize the cross
section for neutral current interactions. Although sensitive to all favours of neutrines,
these detectors provide poor sensitivity to energy and none to direetion.

The only supernova neutringe data to date were recorded in 1987 from SN198TA.
Two water Cerenkov detectors, one in Japan (Kamiokande 1) and one in the United
States {Irvine Michigan Brookhaven-IMB) detected simultaneous bursts of neutrines.
Two scintillation type detectors, one in the USSR (Baksan) and one in taly [LSD),
also detected bursts of neutrines. lssues mainly concerning the synchronicity of the
events, called into question the validity of some of the observations. The twelve events
detected at hamiokande I1 and the eight events detected at IMB are considered to be
the commonly accepted neutring signal associated with SN198TA, with the Baksan
events sometimes included with an overall shift in arrival time. The energy and
time measurements of the neutrine events from Kamiokande 11, IMB, and Baksan

II:‘:-:‘]rn‘r:‘.'Lmi for offset in Li.]I.Lf‘!::I are shown in Figure 1.6.

1.3.3 Physics Potential

Detecting and analyzing the neutring signal from a nearby supernova will provide

a wealth of physical knowledge. The full potential of this ohservation cannot be
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Figure 1.6: The neutrino events recorded from SNI98TA; Energies
are of the recoill electron/positron, and the event times
are relative to their first event for each detector.

fully appreciated until after it is analyzed, vet alone be fully discussed in this short
section. Potential gains will certainly include advances in the fields of astronomy,
neutring physics, and astrophysics.

Simply detecting the neutrine signal will provide an opportunity for a unique
astronomical observation. Models indicate that neutrings produced in the collapsing
star escape up to several hours before the optical display. In order to capitalize on
this opportunity to observe the early moments of a supernova explosion, neutring
experiments must be capable of prompt detection and confirmation of a supernova

neutring signal. Notification of the signal must also be passed on to the astronomical
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