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Staff Matters:
A Research Fellow, Dr W.P. Wood, left in August to take
up an appointment in the University of Newcastle and was
replaced by another Research Fellow, Dr R.W. Gibberd.

Steps

were taken to bring the department up to full strength and
two other Research Fellows, Dr R.T. Cahill and Dr D.M. Rosalky,
were appointed to commence in January and March 1972.

After

much enquiry, a distinguished solid state theorist,
Dr J. Mahanty, was appointed as a Senior Research Fellow and
we look forward to increased work in this field in 1972.
8tudent Matters:
At the April graduation ceremony, three Theoretical Physics
students, Dr R.L.

Pope, Dr G.B. Smith and Dr G. Delic, took the

Ph.D. degree in person, a most unusual circumstance.
Mr D.M. O'Brien submitted a successful thesis for the
M.Sc. degree.
Mr M. Kac left to continue at the University of Oxford.
At the end of the year three of our students' theses were
under examination, and two other students are close to completion.
Our research student numbers have been allowed to fall,
because of the present uncertainty about the prospects for Ph.D.
geaduate~,

although so far all our graduates have obtained

suitable appointments.
Study Leave and Conferences:
Dr Wood attended the Applied Mathematics conference at
Smiggin Holes.
Professor Le Couteur and Mr R.E. Robson attended the AINSE
conference in plasma physics at Lucas Heights.
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Dr Kumar attended the meeting of ANZAAS in Brisbane.
Professor Peaslee was an observer at an informal United
States-Japan bubble chamber conference held in Stanford,
California, in February.
Professor Le Couteur took part in the International
Conference on statistical properties of nuclei at Albany,
New York, and also attended the meeting of the American
Physical Society at Rochester.

On the way back to Canberra

he visited the International Centre for Theoretical Physics
at Trieste.
Dr Barker and Dr Mackintosh attended an AAEC conference
on neutron physics at Lucas Heights in August.
Research Programme:
During 1971 the Department of Theoretical Physics
continued to work on problems of nuclear physics, statistical
mechanics, field theory and high energy physics.

Some of

the work is related to the experimental interests of the School
and there was close collaboration with the Department of Nuclear
Physics on problems of nuclear structure and reactions and with
the Ion Diffusion Unit in the calculation of mobilities.
Nuclear Physics:
Cross sections at low energies have been calculated for
two reactions that are of interest for theories of
12
16
nucleosynthesis in stars.
These are
c(a,Y)
0 and
7Li(p,a) 4He.

In each case the formulae of R-matrix theory have

been used, with parameter values determined by fitting
experimental data from the same reaction at higher energies and
from other reactions.

Values of some of the level parameters

were restricted by the use of model-dependent arguments, and
for these it was important to choose the values of the boundary
condition parameters appropriately.
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It has been shown that, even in the usual approximation
of R-matrix theory that only a finite number of levels is
contributing, all cross sections can be made independent of
the choice of boundary condition parameters by suitable
adjustment of the level parameters.
Calculations on the properties of the lowest T=2 state
of

12

C suggest that its energy may be 200-400 MeV below the

presently accepted value.
The effect of the deuteron D-state on exact finite-range
DWBA calculations has been investigated for ~=3 transitions
6
in the reactions 5 4 cr(p,d)5 3 cr and 5 Fe(p,d)55Fe for proton
energies of 17.5 and 18.5 MeV respectively.

The effect upon

the j-dependence of the differential cross sections and the
corresponding proton analyzing powers and deuteron vector and
tensor polarizations has been studied.

Inclusion of the

D-state was found to have a much smaller j-dependence effect
upon the differential cross section than in previous
approximate calculations of Johnson and Santos.

The j-effect

has been qualitatively described in terms of a complex deuteron
spin-orbit interaction.
The Feshbach and R-matrix theories have been applied to
12
12
the reaction
c(n,n)
c using both a simple shell model and
a particle-rotator model with a quadrupole residual interaction
13
to describe the positive parity states of
c.
In contrast to
the work of Lovas the predictions of the simple shell model
disagree significantly with experiment for both theories.

The

particle-rotator model allows a good description of the energies
13
of the positive parity states of
c below 4.5 MeV.
The results
for the two reaction theories have been compared.
The analysis of cross section and polarization measurements
16
16
1
16
at 9.3 MeV for the reactions
o(d,d)
o,
o(d,p ) 7o and
0
16
1
o(d,p ) 7o* has been completed.
It was found that inclusion
1
of the deuteron D-state and a tensor interaction in the deutenn-
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nucleus potential lead to a better qualitative description
of these data.
During the year a coupled-channel computer code was
written for calculating nuclear reactions.

It is designed

to be able to handle projectiles and targets of any spins,
and to be flexible enough for use in studying a wide range
of nuclear interactions.
Some calculations were performed to calculate the
contribution to the optical model from collective states.
Beyond a general feature of surface repulsion, the highly
non-local potential was difficult to interpret or parametrize.
A study has begun of scattering from deformed nuclei
treated on a microscopic basis.

This will,

it is hoped, lead

to more direct determination of nuclear shape, and simultaneously
a greater understanding of the applicability of the Greenlees
model.

Some calculations have been started with projected

wavefunctions.

In the first place it is hoped that a simple

estimation procedure of the adiabatic model can be established;
ultimately scattering calculations with projected wavefunctions
should be possible.
Some preliminary studies of the problem of heavy ion
interactions have been carried out, but no calculations have
been performed at this time.
A Faddeev-like set of integral equations has been developed
for the quantum mechanical treatment of three interacting
particles.

The uniterated kernel of the new equations, in

contrast to Faddeev's kernel, is compact, even for real values
of the energy parameter.

The proof of compactness is carried

out in a function space which enables one to make full use of
the dynamics of the problem;

techniques related to the method

of factored potentials are also utilized.
the proof have not yet been filled in.

Certain details in

6
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Some work was also done on the asymptotic behaviour of
three-particle wave functions.
Statistical Mechanics:
The most exciting event of the year was Dr R.J.
exact solution of the

Baxter's

'eight-vertex lattice model', which is

a generalization of the difficult two-dimensional Ising model
and also contains as special cases the dimer,
(potassium dihydrogen phosphate) models.

ice, F and KDP

This work shows

that the critical exponents which determine the behaviour of
a substance at its critical point may take on a continuous
range of values.

The paper aroused considerable excitement

overseas, particularly in the USA where a News Feature in the
September 1971 issue of Physics Today gave an appreciation of
Baxter's contribution.

Physics Today introductory remarks

read:
'Baxter's elegant and beautiful solution has
challenged one of the widely held precepts
of critical point theory, namely that the
character of the critical behavior is
independent of the substance provided the
symmetry properties of the Hamiltonian are
the same.'
In a companion paper Dr Baxter has developed a solution
of the general case of the Heisenberg linear chain of spins,
that is a chain with unequal couplings in the x, y and z
directions.

In subsequent work the form of the eigenvectors

of the solutions has been studied and turns out to be very
complicated.

Dr Baxter will spend part of 1972 in the USA

where he has invitations to lecture on this work.
These new exact results have implications for the
phenomenological theories of critical phenomena, especially
the concepts of universality and scaling, which are being
studied by other members of the department.
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Work was continued on kinetic theory.

A Boltzmann

equation treatment was extended to calculate the diffusion
coefficients, in addition to mobility for which the theory
was set up earlier.

It is now understood that the equations

of these problems have certain features in common with those
for the propagation of sound in rarefied gases.

In all cases,

for certain ranges of parameters, the equations are difficult
to solve.

Numerical aspects of these problems were

investigated.

Mobility and diffusion coefficients have been

calculated for realistic potentials forK-ions in He, Ne, A.
A relation between diffusion coefficients and mobility derived
from thermodynamic considerations was found to be strikingly
successful for the case of electrons.

The relation between

Fokker-Planck and Boltzmann equations was further investigated
by calculating certain relaxation times and transport
coefficients.
Field Theory and High Energy Physics:
Work is nearing completion on the analytic properties of
the scattering amplitude associated with the box diagram, with
the masses of the particles restricted only by the stability
conditions at the vertices of the diagram.

The amplitude in

its Feynman parametrised form has been transformed into the
form of a spectral representation.

It can always be written

as a single dispersion integral in one of the kinematic
variables s or t, and under certain conditions can be written
as a double dispersion integral in s and t.

The same spectral

representation is obtained by continuation in the squares of
the external masses, and the results of previous workers using
this method have been corrected in certain details.
Electromagnetic corrections to pion-nucleon elastic
scattering have become important now that more accurate
experimental measurements are being made.

One electromagnetic

effect not previously considered in n-p scattering experiments

8
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is the influence of the radiative capture process

TI

p

~

Yn.

A procedure has been developed for using information about pion
photoproduction multipole amplitude s to reduce to three the
number of parameters required for each state with definite
total angular momentum and parity in order to fit

TI

p

experiments.
Extensive recalculations have been made, using the
dispersion relations for forward

TI±p

scattering, to determine

the pion-nucleon coupling constant and s-wave scattering
lengths.

The forward dispersion relation constraints on the

p-wave and d-wave scattering lengths have also been re-evaluated.
Work was completed on a paper in which a systematic account
was given of the tests which can be made of TCP invariance,
through the relations imposed by that symmetry between the
observable parameters in neutral kaon decay.

It was shown how

different relations test the TCP invariance of different types
of interactions.

Tests of TCP invariance given previously in

the literature were categorized according to the classification
of this paper.

Some of the tests listed had not been previously

noted in the literature.
It was noted that the Bell-Steinberger unitarity relation
applied to the neutral kaon system, under the assumption of no
symmetry such as TCP-invariance, reduced the number of mixing
parameters describing that system from three to two:
not been previously noted in the literature.

this had

Correspondence

has been entered into in order to assess the significance of the
result;

for example, is it possible that unitarity may not be a

valid assumption when TCP-invariance fails?

At the present

time no definite conclusion has been reached on the significance
of the result.

Work is proceeding on this question.

Moving from weak to strong interactions, some work has been
done on the Chiral symmetric nature of the strong interactions.
This follows from a conjecture of Gell-Mann in his famous 1962
paper on the approximate SU(J) symmetry of the strong interactions

19/1972

9

that there is an even more fundamental underlying symmetry of
the strong interactions, viz:

su ( 3)

~

su ( 3)

•

His conjecture

was that the strong interaction Hamiltonian could be split
into an SU(3)x SU(3) symmetric piece together with a piece
which belonged to a definite representation of SU(3)~ SU(3).
This conjecture has only been followed up relatively recently
and to date seems to provide an accurate picture of the
symmetry of the strong interactions.

The first paper to

seriously exploit this idea was by Glashow and Weinberg (1968)
and this led to the current revival of interest in the subject.
We are trying to refine the results of Glashow and Weinberg
and seem to have had some success.

We have predicted the bare

Cabibbo angle and seem to be in reasonable agreement with
Secondly, we have predicted the existence of a 0+,

experiment.

S-wave, K-rr resonance known as the kappa and found it to be
degenerate in mass with the P-wave or K * resonance.

This is

consistent also with present experimental data.
A book about elementary particles has been written by
Dr Tassie.

This book is mainly intended for students of physics

who do not intend to specialize in particle physics.

Simple

treatments have been developed of advanced topics such as the
quark model, the parton model, and Regge poles.
Work is proceeding on superselection rules, as an attempt
to develop a simple but adequate account of this topic failed,
indicating a gap in the present understanding of superselection
rules.
Work was continued on the properties of boson resonances
and on pp annihilation processes.
Other Activities:
The department welcomed Professor G. Rasche as a visitor
from the University of ZUrich.

Professor Rasche gave a series

of lectures on 'Coulomb scattering and applications of charge
independence ' •
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We also welcomed and enjoyed seminars from:
Professor P.M. Morse

M.I.T.

Professor Alladi Ramakrishnan

Matscience, Madras

Dr A.P. Stamp

University of Auckland

Other speakers at our seminars included the following
visitors from Australian universities:
Dr K. Amos

University of Melbourne

Dr A.J. Bracken

University of Adelaide

Professor I. McCarthy

Flinders University

Two study groups continued to meet regularly:
one on axiomatic field theory based on Dr Kumar's translation
of the book by N.N. Bogoluibov, A.A. Logunov and I.T. Todorov,
and another on the kinetic theory of plasmas.
During the year as an innovation, regular evening meetings
for discussion with the experimental nuclear physicists were
organized.

ll
Publications
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Calculation of the
C+a capture cross section
at stellar energies
Australian Journal of Physics ~' 777-792

Barker, F.C.

Baxter, R.J.

Distribution Functions, in Physical Chemistry:
An Advanced Treatise, Vol. VIIIa, Chapter 4,
267-334.
(Academic Press, New York).
Generalized ferroelectric model on a square
lattice
Studies in Applied Mathematics 1, 51-69.
Eight-vertex model in lattice statistics
Physical Review Letters 26, 832-833.

Barker, F.C.
Carter, K.W.
Kean, D.C.
Piluso, C.G.
Spear, R.H.

One-dimensional anisotropic Heisenberg chain
Physical Review Letters 26, 834.
2
A study of the energy levels of 7Si
Australian Journal of Physics ~' 1-5·

.,.,
.,.,

Burrows, R.D. :j: pd topological cross sections in the momentum
Caro, D.E.
range 50-920 MeV/c
Gold, E.
f:
Australian Journal of Physics ~' 819-821.
Klein, A.G.
:1:
MacDowell, C.E.*
Olney, J.L.
:j:
Opat, G.L.
:1:
Starr, J.
Wignall,J.W.G.f:
Peaslee, D.C.

+
+

+

Dass, G.V.
Kabir, P.K.t
Kenny, B.G.

The t .ests of TCP invariance in neutral kaon
decays
Proceedings o~ the Royal Society London
A.325, 101-119.

Delic, G.
Robson, B.A.

DWBA calculations for (ct,p) reactions including
the D-state of the deuteron.
Polarization Phenomena in Nuclear Reactions,
eds. H.H. Barschall and W. Haeberli
(The University of Wisconsin Press, Madison,
1971) 363-364.

Edvi-Illes, C.A. On the convergence of certain distorted wave
approximations
Nuclear Physics Al64, 385-397·
Frederiksen,J.S. The analytic properties of the scalar vertex
Woolcock, W.S.
function
Nuclear Physics B28, 605-628.

"f Member of the Department of Nuclear Physics IAS.
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Stey, G.C. t

Relaxation in a one dimensional spin system
Physics Letters 36A, 353-354·

Glendenning,N.K.* Study of inelastic processes on (d,p) reactions
Mackintosh, R.S.
in deformed nuclei
Nuclear Physics Al68, 575-592.
8
States of Be from analysis of 7Li(p,a)4He
reaction data
Nuclear Physics A167, 434-448.

Kumar, N.
Barker, F.C.
Mackintosh,R.S.

On the collective contribution to the nuclear
optical potential
Nuclear Physics Al64, 398-410.
Inelastic scatt e ring of very low energy pions
from nuclei
Physics Letters ~, 465-468.
A study of the importance of inelastic processes
in stripping reactions on 24Mg
Nuclear Physics Al70, 353-368.
Nuclear density distributions and the inclusion
of exchange in inelastic scattering from
deformed nuclei
Nuclear Physi c s !115, 528-538.

+

Miller, P.S.
Crawley, G.M.
Steele, W.F.
Barker, F.C.

t
t

Peaslee, D.C.

Piluso, C.G.
Spear, R.H.
Carter, K.W.
Kean, D.C.
Barker, F.C.
Pope, R.L·.
Tassie, L.J.

+

+

f
f
f'
f'

The ghost anomaly in the 9 Be ( p,d) 8 Be (g.s.)
reaction
Bulletin of the American Physical Society 16,
35
'
High Ener~y Physics, Unlimited
The Australian Physicist ~' 21-23.
+
Significance of ( nn )- bosons
Letters Nuovo Cimento ~' 205-208.
8
Magnetic analysis of the reactions 7 Li( 3 He,d) Be
and 7Li( 3 He,t)7Be
Australian Journal of Physics ~' 459-469.
Recombination and dissociation of diatomic
molecules
Proceedings of the Royal Society London A.320
487-503.
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Robson, B.A.
Van Megen, W.J.

Comparison of Feshbach and R-matrix reaction
theories for

12 c(n,n) 12 c.

Statistical Properties of Nuclei (Plenum
Publishing Corporation, New York, 1971)

91-97·
Robson, R.E.
Kumar, Kailash

On the validity of the two-term approximation
of the electron distribution function
Australian Journal of Physics ~' 835-840.

Smith, G.B.
Tassie, L.J.

Excited states of mesons and the quarkantiquark interaction
Annals of Physics £2, 352-360.

Watts, R.O.
Henderson, D.
Baxter, R.J.

Wood, W.P.

1f
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Hard spheres with surface adhesion
The Percus-Yevick approximation and the energy
equation.
In Chemical Dynamics : Papers in
honour of Henry Eyring.
Ed. Hirschfelder
(John Wiley and Sons, Inc.) 421-430.
Kinetic theory analysis of light scattering
in polyatomic gases
Australian Journal of Physics ~~ 555-567.

Successful Ph.D. thesis
Delic, G.

The deuteron D-state and (d,p) reactions.
Successful M.Sc. thesis

O'Brien, D.M.

Kaon-nucleon forward dispersion relations.

+
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