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ABSTHACT

In the first part two inelestic two-body channels of the ¥il
system are examined in energy-dependent partial wave anwlyses in
which each non-resonant partial amplitude is expanded in an
orthogonal series of polynomials over a normalised energy-—dependent
variable. The resonances known to be present in these channels are
investigated as well as any possible new resonant states. It is found
that the existing resonances are‘generally adequate to describe the
available date for the two channels and that for K p —> AT in
particular, the present fits form a statistically good solution with

little new structure other than in the background phases.,

In the second part two particular examples of hadron-nucleus
elastic scattering are studied using Glaubers multiple-scattering
series, The first of these is the scattering of negative pi-mesons
from Helium-4, which is studied in detail at medium and high energy.

A complete spin and isospin dependent set of nlN amplitudes are used
together with a number of forms for the nuclear densities. It is found
.that the use of more elaborate forms docs not provide any significantly
better description than the more simple forms available and it is

concluded that more realistic nuclear densities may be needed to

deccribe the wide-angle data adequately.

The second cace studied is the scattering of medium~energy protons
from Carbon-lz and a modified form of Glauber series is‘used with the
nucleus described &s a state formed from three alpha-particles.
Different forms of distribution for these are examined but are
generally found to give little improvement over the simple harmonic
oscilletor densities. An improved a-particle density is proposed which

may combine the best properties of the different forms used while

retaining simplicity of calculation,
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INTRRUDUCLICH

At the present time, it is usually accepted that the forces wiich
2ct between the so-called ' elementary particles ' may be oro: 'ly
divided into four classes. In ascending orders of coupling strengin
these ore, first the ceravitational interaction, sccond the weak
interaction, third the electromagnetic and fourth the so-called strong
interaction. The effects of the first of these igs guite unknown and
of the remeining three the electromagnetic interaction is the only

one wiiere theory is able to match experiment.

For nuclear physics in general , and particularly the associated
high-energy particle interactions the dominant force is usually the
strong interaction of which the main features would appear to be its
indenendence of electirical charge ( €.g. 1t does not appecr to
differentiate between say a proton and a neutron ) and its short
ran:e, characteristically of the order of 10—13 cme. oince such
dimensions lie beyond the range of any ' optical ' investigations ,
krnowledge of the details of thece forces must come from experiments

uoon the scattering between incident beams of partitles upon particle

or nuclear torgets.

wince tne ecrly days of the subject and particularly since tne

advent of the large accelerators, the spectrum of known 'eleme.tzary!
particles has reatly increased, at a rate unfortunately not matched

by any corresponding increase in success of the theories advanced to
describe there, and which remain largely phenomenological in form.

l.ost of the recently formed ctates have been classed as resonances,
where the difference between a resonance and a perticle lies sinply

ixu thet the former may decay by the strong interaction, being therefore

characterised by a much shorter lifetime., (f the 'particles' found in
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nature very few r~re in fact stcble although some possess relatively
long lifetimes by nuclear standards. The different particles and
resonances are generally recognised by their different masses and
the values which are assigned to their internal quantum numoer:s such

as Baryon number, strangeness and parity.

By means of these guantum numbers the particles ( and resonances )
may be divided into a number of groups, characterised by some common
form taken by their quantum numbcrs. The first of such divisions 1is
that of spin, those of half-integer spin being termed fermions, such
as o , ei and fLi and those of integral spin termed bosons, such
as n , Ki and p . Another ( and distinct ) division is into those
particles which are affected by the strong interaction, termed hadrons
and those not affected, termed the leptons, such as e,/A and v . The
latter are all fermions ( so far ) while the hadrons are further
subdivided by spin into the baryons ( of half-integral spin such as
py n, A ) and the mesons ( of integral spin such as =n , p, K ).

These form the main divisions which are conveniently used and the

studies which will be described are concerned with the strong

interaction between mesons and baryons, both singly and collectively.

bue to the lack of any independent theory, the knowledge of the
strong interaction has been largely acquired by phenomenolo-ica.
studies which atteupt to utilise the ceneral properties of the
interaction ~n widely as possible. 'l'hese generally rely upon
' conservation laws ' which refer to eigenvalues or quantum numbers
which appear to be preserved by the strong interaction, for example
the Partial wave Analysis relies upon the conservation of total

angular momentum during a collision between particles.
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As yet little is understood of the utrong interaction other
than such basic properties as these conservation laws enshrine and
the current objects of theoretical studies of the interaction are
generally to utilise such knowledge to best advantage in the atteupts

to better understand the laws which govern the UStrong interaction.
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CHAPTER 1 The Portiocl-Wave Analysis

Introduction

In the present state of our knowledge of the strong interact®on,

(1)

the Partial Wave Analysis forms a convenient and successful means
for examining and analysing the experimental data for processes of the

form a+B —> c + D

where ¢ and D are not necessarily different to a and B; up to energies
in excess of 3 GeV, above which the large number of partial waves
required becomes a problem. By this means we are able to analyse those

processes which involve an intermediate state, and which take the form
*
a+B —> X —_— c+ D

*
known as "formation" processes, where the resonant state X with
definite quantum numbers is formed from the channel aB, decaying into
the channel c¢D. From such analysis we may determine both the quantum

numbersg and the parameters for such a resonance.

In its most ideal form the partial wave analysis, which is obtained
by expanding the complete scattering amplitude in terms of a set of
linearly independent eigenstates of the total angular momentum, provides

an analysis which is free of any model-dependence or bias.

We are able to make and utilise such an expansion because of the
conservation laws for angular momentum L, where for a central force,

(2)

characterised by its Hamiltonian H, we may show

la,L] = o (1.1)

and L° is therefore a conserved quantity ( constant of the motion )
and it ie then advantageous to work with the eigenstates of L2 .

To date, an encouraging consistency has been observed between



results obtained by such analyses and those obtained from other forms

such as the "production" processes, of the furm
*
a+ B —>» X + other particles

for the low-energy data, and also the ability of the Partial .rve
Analysis to analyse and seperate the many short-lived resonant states

(3)

of definite angular momentum has proved of great use.

In meking such an analysis, our object is to determine the
magnitudes of the amplitudes corresponding to the angular momentum
eigengtates and to determine their individual variation with the
energy of the incident particle., In order to achieve this object we
should therefore perform the analysis energy by energy, cbtaining a
set of solutions for each and selecting between these by the

(4)

requirement of continuity

Unfortunately in practice, one is rarely able to perform an
analysis in this manner, due both to the limitations of the data
available at each energy, and also to tl:e volume of computing power
required. To make an energy-independent analysis we require at each
energy that the number of data points should be at least as large as
the number of parameters and for the Ki system this is rarely
realised. In such a case therefore, where the data is insufficient
for an energy-independent analysis, one must resort to some otuer
means of utilising the available data, usually by assuming an energy-
—dependent parameterisation for the partial wave amplitudes. Uafortunately
the veriztiun with energy of the individual amplitudes forms one of
the aims of the amalysis and a major problem ig to reconcile necessity

with this aim.

There are many forms for such energy-dependent parameterisations,

for example 2t low energies we may use the effective range method(5),
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PART II

THE HADRON - NUCLEUS INTERACTION
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