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Staff Movements and Visitors
The Department captured its second Chair of Physics in the
country by the appointment of Dr. A, J. F. Boyle to the Chair in the
University of Western Australia.

Dr. Boyle was one of the Department's

first students and since completing his doctorate here has been a staff
member of the Physics School at Manchester University.
Dr. R. B. Taylor has been appointed an Assistant Professor at
the University of Florida, Tallahassee, U. S, A. , and took up residence
there in September, 1962, Dr. T. R. Sherwood was appointed a Research
Fellow at Harvard University and leaves for the U.S. A. in early 1963,
Dr. E. Weigold was appointed to a lectureship in the Department
of Physics, University of Adelaide.
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Professor A. R. Quinton of Yale University who had been working
in the laboratory for a year on a National Science Foundation Postdoctoral
Fellowship returned to the U.S. A. in August.
A research fellow was appointed during the year; he is Dr. D. E.
Groce of the California Institute of Technology, but he will not arrive in
Australia until mid 1963.
Three new students were appointed.

Mr. Philip Young (University

of Texas) joined the group in August while Messrs. D. R, Osgood
(University of London) and J. R, Patterson (University of Adelaide) will
arrive early in 1963.
Dr. N. W. Tanner (Clarendon Laboratory, Oxford) spent a month
in the laboratory during August-Septem ber.
Research Equipment
Tandem Accelerator
The first full year of operation of the accelerator demonstrated
its reliability and its enormous flexibility as a research tool.

Operating

on a 7-day week with a minimum of 16 hours running per day, there were
no major failures and at the end of the year the belt had over 7, 500 hours
and the tube over 6, 700 hours of operation, both still being in excellent
condition.
Some operating time was Jost through mercury diffusion pump
failures relating to freezing out of the pumping fluid in the baffles.
This was completely cured by the installation of refrigerated baffles in
the pumps to replace the

co 2 ice

used previously.

A lightning flash onto power lines in February caused a total
power failure which resulted in one of the 6 coils on the 90° analysing
magnet burning out. Fortunately

1

for proton operation, it was possible

to operate with 4 coils only and no time was lost while the damaged
pancake was rewound,
During the year the tank was depressurised and opened four
times to enable faulty column resistors to be replaced and this was

3.
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;robably the most time wasting fault.
Improvements to the machine included platinum plating of image
slits (the gold plating peeled off due to mercury contamination), installation
of automatic liquid air fillers on traps, installation of an adjustable device
for positioning the ion source and a set of vertical object slits to facilitate
lining up.
A complete optical and electrical line-up of the machine and
target lines was carried out early in the year and led to greatly improved
conditions in the target area.

Extremely good positional stability of

target spots was achieved, very little steering being necessary on any beam
line.
The highest energy at which the machine was operated during the
year was 12. 8 MeV and the lowest 700 keV (the HVEC specification provided
for 1, 5 MeV to 10 MeV),

Recent developments of inclined field gradient

tubes will allow higher energies to be achieved; such a tube will be
installed late in 1963 and should allow the machine to reach 16 MeV with
ease.
Helium Injector
The 2 MeV Van de Graaff generator, which is intended for the dual
purpose of operating as a machine in its own right and also as a He 3 - He 4
ion injector to the tandem, arrived in August.

Assembly commenced

immediately and the machine passed acceptance tests at 2 MeV and
100 )1- a of proton beam current within a month.

It was then lined up as

an injector to the tandem and tests were carried out on the acceleration
of He 4 ions.
Although He 4 ++ beams of up to !)la were obtained over the energy
range 3 MeV to 10 MeV with good energy resolution, the system was

plagued by severe modulation of the beam current of a random type.
Numerous modifications and tests were made on the injector in an
endeavour to clear this trouble.

Eventually the main cause was traced

601/1963

4.

'

lack of a satisfactory (electrical) beam alignment.

Acceptance tests

were carried out in December for the machine as a He 4 injector and good
performance was achieved with He 4++ currents of !µa at energies up to
10. 5 MeV.
A program of work with He 3 and He

4

ions will be commenced in

1963.

180° Double Focussing Spectrometer
Work on this unit has progressed throughout the year from final
assembly of the magnet in late January to preliminary checks of resolution
and dispersion in November.
The magnet has been aligned with the beam line and at the correct
backward tilt to allow for fringing field effects.

The target chamber,

with its body to the C. I. T. design, has also been mounted and aligned with
the beam optic axis.
The vacuum system of liquid air trap, 2" Hg pump and 150 l/m
backing pump has been set up and proved adequate to handle the volume
involved.
time.

It brings the system down to operating pressures in a reasonable

Safety circuits have been built into the pumping system to guard

against power failures, water failure, mechanical failure of backing pump
motor or belt and also against damage to the diffusion pump due to high
pressures.
The motor generator, amplidyne, switch cabinet and control
unit have been wired up and checked for operation,

Apart from a switch

cabinet relay sticking and the polarity-reversing relay being faulty, all
controls checked out and work satisfactorily. A replacement for the
reversing relay has arrived and has been built in.

There is a discrepancy

of a few per cent between the two current measuring meters due to a
slight mismatch in resistances.
The field-current relation has been checked and basically agrees
with that given by the makers {Spectromagnetics) i. e. , linear up to 10 Kg,

,
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ut gives slightly lower fields for the same current (

,..J

2% less after

allowing for inhomogeneity at point of measurement).
Current stability initially was poor (± 0, 15%) and the current
gave large fluctuations with local loading of the mains.

The input circuits

. to the control unit have been modified slightly to be more in line with usual
chopper amplifier practice, resulting in improving the stability to

± 0, 006%.

There still appears to be a drift with ambient temperature which has not
yet been traced to its source.
Crude measurements have been made bending a 6 MeV beam of
protons around the magnet.

These indicate a full aperture resolution of

O. 3% and a dispersion of at least 3.

The acceptance angle in the direction

of the field is up to specification.
A slit system has been designed for the magnet but until it is ready
fixed slits will be used for experimental work.
The 65 cm Buechner Spectrometer
The instrument arrived from Spectromagnetics in June and
assembly has proceeded to the stage where an alpha source can be used
to search for the focal surface in the camera and for calibration.

No

beam line connection to the Tandem is yet installed because of unsatisfactory
operation of the sliding band on the target chamber.
In order to provide a stable foundation for the magnet it was
necessary to build a concrete pier 13 feet in diameter sited on the rock
at 6 feet below the floor of the laboratory.

The steel track plate was

welded to rods embedded in the pier, and after grouting was horizontal
to within O. 005".
After assembly in the track optical obgervation during magnet
rotation from -10° to +150° relative to the beam line showed that the
centre of curvature of the pole faces and the centre of the entry port
remained within O. 002" of a horizontal plane and that the plane of the
magnet gap remained vertical to better than 10 - 4 radian.
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The magnet chamber-camera vacuum system is now operating
The lowest pressure so far has

satisfactorily after initial difficulties.

been 10- 5 mm, which remained steady for 8 days.
The target chamber vacuum system however is not yet good enough.
The pressure has been down to 2 x 10

-6

mm, but leaks occur when the

sliding band is moved, and there is indication that a leak may be present
in the liquid air trap,
The power supply appears to be operating satisfactorily, though
the stability cannot be checked with instruments at present available.
Specification is for stability of 1 in 1 o5 , and the short term stability has
been measured as at least 1 in 104 .

The N. M. R. system, due to arrive

next year, will enable stability measurements to be made, and will provide
an error signal for controlling the power supply.

A rough check of the

current-field relation was made with a hall-effect probe inserted two gap
widths from the pole boundary.

The relation is linear up to about 10 Kg,

then falls off by 10% at the maximum of 13. 5 Kg.

The field measured was

some 2 - 3% lower than the Spectromagnetics calibration for the same
currents, and the turnover about lOKG was less sudden.

The location of

the probe for their measurements is not known, but should be immaterial if
their field uniformity plots at 7 Kg and 12. 5 Kg are correct.

These show

the field is within O. 1 % to within about 1 gap width of the pole boundary.
It is hoped that both the spectrometer and the spectrograph will
be completed and calibrated for experimental work with them to begin
after Easter 1963.
Scattering chambers
The 9" aluminium i:;cattering chamber completed at the end of
last year was equipped with surface barrier detectors and has been in
use more or less continuously.

A more sophisticated 20" diameter

chamber was designed and built during the year.

It has rotating top and

bottom lids and a rotating "snout" with provision for gas as well as
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-"Solid targets.

The device will be equipped with a variable angle venetian

blind type polarimete r and design and constructio n of a model of this
device has begun.
For precision work with these various devices a survey of high
accuracy (0. 01 to O. 03%) current integration systems was made and a
design settled.

The integrator will be constructed in the next year.

Tritium Gas Target System
To enable fast neutron studies up to some 30 MeV energy to be
carried out a lightweight gas target assembly was constructed and put
into operation,

A gas system suitable for handling considerab le quantities

of tritium was built using the convention al technique of storing the gas in
uranium.

Necessary pumping arrangeme nts, both vacuum and gas, were

provided together with protection for the accelerato r in the event of a
rupture of the Ni foil window.

Tritium "sniffers" were provided to

discover any gas leaks to the laboratory and into the pumping system
whose output, for safety, was carried outside the laboratory by appropriate
chimney.
Rotating Table System
The second angular distribution table for

0 - 0 correlation

measureme nts was completed and installed in the tandem experiment al
area.

The table is 40" in diameter and will accommoda te the heavy

shielding assemblies ( ,..._.1200 lbs) used in conjunction with large
scintillatio n detectors.
Heavy Ion Acceleratio n
A gas mixing device was built to enable various gas combinatio ns
to be admitted to the tandem ion source.

A mixture of 90% H 2 and 10%

02 was used to produce oxygen beams.
Ion source currents injected into the machine were .--..; 5 pa from
which focussed target currents of O. 4 )".a of 30 MeV 0 16 ions in the +5
charge state were obtained.

s.
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Health Survey in Environs of Accelerator
With the adoption of a program of work involving deuteron
acceleration and bearing in mind the long hours for which the machine
was run, it became necessary to examine the effectiveness of the shielding
both for people working in the tandem laboratory and in adjacent areas.
As was expected the neutron doses are greater than those from

0 -rays.

Personnel and positional monitoring, using photographic emulsion
techniques, was carried out on a number of occasions.

One of the 2-week

periods chosen represented a more than the likely average deuteron and
proton high energy running and the results of this showed that no operator,
experimenter or control room position received as much as an ICRP
tolerance dose.

Outside the fenced-in restricted area around the building

doses also were below tolerance.

These gratifying results say much for

the original design of the shielding incorporated in the building.
As an additional safeguard a number of "maximum hazard"
experiments were conducted to determine the worst possible cases with
protons and deuterons.

Thin targets are invariably used with the machine,

but to produce the worst possible case a thick beryllium target was chosen
for the work.

Under these conditions levels in some places in the control

room rose to a little over tolerance both for proton and deuteron acceleration in the energy region 10 - 12 MeV.

At the fence around the building

the highest level recorded was five tolerances.

A surprising feature of

the results was that over the 9 - 12 MeV range the neutron fluxes outside
the target area were very similar for both protons and deuterons, the
major source being at the stripper.

This suggested that the gold coating

on the Be-stop at the stripper was either too thin or had peeled. It
turned out that the latter was the case, and a thick tantulum shield was
installed at the end-of--year maintenance which we believe will greatly
reduce the neutron production.

9.
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Dose-rate variations over the control room floor suggest that
"sky-shine " is largely responsible for the background there. In the
interests of keeping doses to a minimum therefore, it has been decided
to carry the two shielding walls protecting the control room, right up to
ceiling level.

Concrete blocks for this purpose are on order and will be

installed at the first maintenanc e shut-down in 1963,
33 MeV Electron Synchrotro n

The synchrotro n, which was closed down late in 1961, was given
to the Physics Departmen t of the University of Western Australia. It was
dismantled and shipped to Perth in May 1962 and will be re-erected there.
Buildings
During the year staff suffered considerab 1 e inconvenien ce as a
result of having offices in the Chifley Building so far removed from the
laboratory.
bad weather.

This was particularl y true during hours of darkness and in
By the enci of the year a contract had been let for the new

office-cum -laboratory block and it is hoped this will be ready for occupation
by September , 1963,

Occupation of this 72 square bu5.lding will bring all

staff together and in clo3e proximity to the three accelerato rs and should
greatly increase efficiency.
The present

ta:~get

area of the -l:andem ar-celera:o r is now complete

and nine target stations are in operation.

With hif:h energy proton and

deuteron beams, it is no :onger possible to work there on experiment al
set-ups with the beam on.

A second target room is therefore becoming

an urgent necessity and proposals have been made to build one in the
-next triennium._ It would be on the other side cf the machine and buried

undergroun d in the rising hillside.

Detailed des5.gns have been made

for this new facility.
Research Program
Notwithstan ding the ver:r

conniderab~e

con3tructio n and develop-

ment program reported above, which was essential .J:o develop- the. _
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capabilities of the laboratory, twenty-five papers and five reports were
published by staff members during the year.

Four papers were in press

and eight in preparation at the end of the year.
A.

CHARGED PARTICLE STUDIES
1.

Nuclear Levels near Thresholds
Following some work by Beckner et al at the Rice Institute, a

theoretical study, in collaboration with the Department of Theoretical
Physics, has been made of the general problem of interpreting resonances
near thresholds in the Wigner-Eisenbud Theory.
Certain inconsistencies in the use of the density of states function
proposed by the Rice group were shown and, in addition, a property which
makes it unsuitable for general use.

The density of states function following

from Wigner-Eisenbud theory was found to describe experimental results
well and indicates that an anomalous peak, or "ghost", may be associated
with an isolated level sufficiently close to threshold.
could be mistakenly identified as a separate level.

Such a "ghost"

Properties of ghosts

were derived and ideas resulting from the work were associated with the
following experiments:
B 11 (p '-"<) Be 8 from

o. 7 to

6. 0 MeV

Detailed angular distributions have been measured at forty points,
for alphas proceeding to the ground and first excited state of Be 8 • Earlier
work for beam energies below 2, 6 MeV has been re-interpreted.

Spins,

parities and partial widths for various levels have been assigned.

The

behaviour of the cross section below 2 MeV has been interpreted in terms
of the theory mentioned above.

c 12

(po() Reaction at 11, 87 MeV
The spectrum of

~

particles has been measured using semi-

conductor counters and foil techniques for eliminating backgrounds.
Preliminary studies of the intermediate (N 13 ) system allows an interpretation of the data, suggesting the existence of a 1. 7 MeV level in B 9 ,
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the mirror state to a level at 1. 7 MeV in Be 9 which has been described
in the above theory as a normal energy level near a threshold, in this
case within 50 keV of it.
c12 (pp 1 ) Reaction near 5. 9 MeV
The apparent existence of a~+ level at 7. 42 MeV in N 13 is in
2

contradiction with theoretical predictions.

Detailed studies have been

made of protons inelastically scattered from c 12 from 5. 2 to 6. 6 MeV, and
of the de-excitation (4. 43 MeV) '(rays,

The results have been re-interpreted

in terms of three known interfering levels, but on the assumption that the
7. 42 MeV level is~ - very satisfactory agreement is found.
2

2.

(p ()(. ) Reactions

Al27 (pee) Mg24*
This experiment, started towards the end of 1961, was briefly
mentioned in last year's report where crude excitation functions taken in
100 keV steps at QL = 90° and 135° over the energy range 6 MeV 4.
Ep

<

11 MeV were available.

The experiment has now been completed.

Eight point angular distributions were taken at 6, 7, 8, 9, 10 and 11 Me V
for the numerous oc -particle groups present .
observed in the excitation functions.

Considerable structure was

The work was therefore repeated at

the same angles and over the same range in 25 keV steps, using a 2 keV
(for 10 MeV protons) Al self supporting target.

Detailed angular distri-

butions were taken at intervals of 20 keV over three large "resonances"
in the excitation function.

In order to ensure that finer structure did not

exist in the excitation function, three typical regions were examined in
2 keV steps, using a O. 5 keV target.

No "fine" structure was observed.

On the basis of the lack of regularity in the angular distributions and a
rough calculation

o~

the expected level density in the compound nucleus

(Si 28 ), it was decided that the structure displayed by the excitation
functions was due to the combined effects of several contributing levels,
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rather than single resonances, and it appeared reasonable to attempt an
analysis based on the Ericson fluctuation model.

With this end in view

the 9" scattering chamber was equipped with four detectors and detailed
angular distributions were taken at 25 keV intervals over a 500 keV
representative range of the Al 2 7 (p, ~ ) Mg 24 excitation function.

Analysis

of this work is still incomplete.
Mg26 (p,~} Ne23
The emerging c.c:. -particles from this reaction were detected with
semi-conductor counters, and transitions to the first nine excited states of
Ne 23 were seen.

The excitation functions for oC. 0 and oC 1 over the energy

range 6. 0 to 9. 0 MeV proton energy were measured in steps to 30 keV.
In addition angular distributions were obtained every 15 keV over two
limited regions. A number of resonances were observed in the reaction
and the Statistical Model has been applied to check that these correspond
to actual levels.
For the purpose of analysing the data a program was written for
the 1620 computer which performs a least squares fit.

A number of types

of input functions are available and alternative methods of weighting.

This

program has since gone into general use as a Library Program.
c13 (p,oC} BlO

This reaction, previously unknown was sought using both natural
carbon foil targets and also an enriched C 13 target on a solid backing.
The 9" scattering chamber was employed and the reaction identified.
With the natural carbon target cross sections for the ground and first
excited state alphas were measured at 9 and 10 MeV proton energies
for laboratory angles of 90° and 135°. Thick target bombardments
showed transitions to the first four states of
proton energy.

s 10 at

11 and 12 MeV
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c 12 + d

Deuteron Reactions
Elastic Scattering
An excitation function for elastic deuteron - Carbon 12 scattering

from 3-12 MeV was taken at 135°.
12 MeV were measured.

Eight angular distributions between 6 and

The data were normalized absolutely by comparison

to low energy gas target data.

An optical model analysis of the data is in

progress.
Al

27

(d,ClC) Mg

25

*

In view of recent revived interest in the 2J + 1 "rule" (proportionality of residual state populations to spin of the state) the reaction
AI

27

(d,oC) Mg 25 * has been studied

at 8, 9, 9. 5, 10 and 10. 5 MeV,

0

Angular distributions were measured

In conjunction with previously obtained

data from the reaction Al 27 (p ,oC) Mg 24

* it is seen that there

is no con-

sistent relationship between 2J + 1 and the measured total cross sections
for these reactions.

This contradicts the work of Hinds and Middleton,

who obtained a rough proportionality between total cross section and 2J + 1
for the reactions A1 27 (d,oe.} Mg 25 ·~ ,

However, :hey observed the reactions

at only a single deuteron energy - 10 MeV.
4.

Coulomb Excitation
The react:i.ono Fe 57 (p,p 1 ) Fe 57 and Fe 57 (d,dl) Fe 57 have been

studied from the point of view of cou·Lomb exciting the !ow-lying vibrational
states of Fe 57 , in p:irtii~u:.ar the 2 phonon 4·:- second excited state.
expecting that the angular distribution cf the inelastically scattered
charged particles might
of this state.

~rovide

information on the method of formation

(Whether double, one phonon excitation or

2 phonon excitation).

sing~.e,

Angular distribuUons for both incident protons

and deuterons have been

ob'~ained

at energies of 6 and 10 MeV.

The data

obtained is unsatisfactcry in that a large degree o:f uncertainty arises
from (a) reactions due to 0 1 6 contamination in the Fe targets, and the
Carbon backings (b) the r.igh backgrounds

ca.t:~ed

by back-scattered

protons and deuterons from target chamber waEs .

:::t

is expected that

14.
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(b) at least can be considerably reduced in the 20" scattering chamber,
Hence the above work will be repeated using this superior facility of
the new chamber.
5.

Heavy Ion Experiments
Few heavy ion bombardments have been carried out to date.

However, using the 0 16 (+5 charge) beam the reaction cl2 (ol6oe) Mg24
has been observed, Preliminary excitation functions and angular
distributions in the region 20 MeV

< E 0 16 <. 32 MeV were obtained,

This work, too, can be pursued considerably more effectively with the
large (20") scattering chamber. Suitable equipment for this chamber
has been designed therefore, and is under construction. It is expected
that experimental work with this apparatus will begin before the end of
January, 1963.
B.

GAMMA-RAY EXPERIIV1ENTS

1.

The low-lying levels of Aluminium 27
A considerable volume of experimental work has been concerned

with low lying levels of the A1 27 nucleus. In an attempt to make a detailed
assessment of this nucleus in terms of a rotational model, measurements
were made to obtain various undetermined level parameters such as spin,
gamma ray branching ratios and gamma ray multipole admixture. The
experimental methods used were double and triple correlation measurements at a resonance of the Mg 26 (p, ~ ) reaction, and three crystal
spectrometer and compton polarimeter measurements on the Al 2 7(p, p 1 ¥)
reaction using techniques first exploited by the Chalk River group. The
polarimeter made use of a sum coincidence technique in order to obtain
the necessary resolution.
The results of the Mg 26 (p,

'O ) measurements

are consistent

with a spin of 7/2+ for the somewha+ controversial 2. 21 MeV level
although a solution with J = 3/2 is not entirely e~.iminatedo

However,

significance tests on the present data and that of the Utrecht group

15.
3
bow that J = /2 is highly improbable.
,,-,
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The multipole admixture E2/Ml

is

o. 4,

and U:mits on transitions to levels other than the ground state were also obtained,
The multipole admixtures of the two transitions (branching ratio
4. 2

= 1) from

the 2. 73 MeV level were obtained from the three crystal

spectrometer and the polarimeter measurements. The intensity of a
reported strong transition via the O. 84 MeV level was found to be

<... O. 5%

of the level decay.
It is proposed to continue work with the polarimeter and one measurement has already been made on the ground state transition from the 3. 68 MeV
level of
2.

c 13 •
Work on some stellar (p,

'I. ) reactions

Measurement of the angular distributions of the (f
(p,

~

~rays

from N 14

) and of the relative intensities of the cascades from this reaction have

been made at a proton energy of 800 keV.
Data have also been taken of the relative intensities of competing
cascades in N

14

(p,

'6 ) over a

range of proton energies, but have not yet

been analysed. The direct capture contribution to th~ N 14 (p, ~ ) rtea<rtion
from 800 keV proton energy to stellar energies has been calculated and will
later be associated with experiments. The excitation function and angular
distributions of

o -rays from the N 15 (p,

over the energy range 200-1150 keV.
gies for the N 15 (p,

(5 0 )

o( ,

~

)

reaction have been measured

Angular distribution at selected ener-

reaction were also taken and by the year's end the

data were partly analysed.

In collaboration with the Department of Theoreti-

cal Physics the calculation, checking and table preparation of a set of
Whittaker Function Tables (including logarithmic derivatives) was carried out,
since this was of considerable importance for analysis in progress. A set
of computer programs for

~

-ray spectrum analysis using the IBM 1620

computer were also prepared and are available as a library facitity,
3.

7
The reaction Li (p,

~ ) Be 8 ( c{ ) He 4

The reaction was studied over the range of proton energies
2. 5 - 9. 0 MeV by bombarding targets of natural lithium (evaporated onto
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tantalum backings) with a proton beam delivered from the Tandem
accelerator, The use of collimators with 5" dia, by 4" Na! (T J,

) crystal

spectrometers was demanded to permit a satisfactory separation of the
photons (17. 2 +

87 Ep and

de-excitations I

00

states.

14, 3 +

7
B
Ep

to the o+ ground and

4

(Q

8 .

~ 1 to the 2. 8 MeV 2+ first excited

The contribution made by each gamma-ray to the total observed

spectrum was estimated by fitting
He

MeV respectively) emitted in the Be

= 19. 8

line~shapes

3
obtained from the H (p,

~)

MeV) reaction or by choosing windows which were fixed

fractions of the total spectrum.
Separate excitation functions at 90° (lab,) for the two gamma-rays
a
were extracted and/number of angular distributions taken,

Both

00

and

o 1 curves display a broad "resonance" peaking at approximately 5 MeV
and 7. 2 MeV respectively (with evidence for a subsidiary maximum in the

0 1 yield

curve for proton energies of about 6 MeV).

Such a displacement

in the peak represents experimental evidence that giant dipole absorption
resonances may be built upon the first excited states as well as upon the
ground states of nuclei.

The relative weak intensity of

00

together with

the limits set by the resolution of the scintillation spectrometers made
separation of the two gamma-rays prohibitively difficult for proton energies
in excess of 7 MeV.
Angular distributions showed surprisingly little deviation from
each other anq from isotropy over the whole range of proton energies
and suggest that s-wave proton capture dominates in the formation of
those states (1- for transitions to ground states 1- 2- 3- for transitions
to the 2+ first excited state) which may de-excite via El transitions.
4.

The reaction p 31 (p, ~ )

s 32

Preliminary work was carried out on this reaction and on
excitation function at 90° lab, was measured over the range of proton
energies 4. 0 - 5, 4 Me V.

The results are in very good agreeme nt with

the unpublished data communicated to us by Gemmel and Jones of
A. E. R. E. (Harwell).
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The reaction

5.

c 12 (a,~ ) 0 16

4
Following a suggestion of Dr. N. W. Tanner the He ++ beam facility
16
of the Tandem accelerator has been used for a study of levels in the 0

nucleus at excitation energies of some 13 MeV.

Tanner indicated that

there were discrepancies between theoretical predictions and experimental
results presently available for the relative intensities of two neighbouring
resonances in the
12

pure C

c 12

(a,

r 0 ) 0 16

mounted on a gold backing was bombarded with a beam of

r

((. -particles and the ground state

£ ) crystal).

NaI (T

A target of isotopically

reactions.

-rays detected with a 5'' dia. x 4''

An excitation function was taken and asymmetry in
The preliminary results have

the forward-backw ard yields sought.

encouraged a detailed investigation of this energy region via the C
0

16

and

c 12

(o<. I oC.. 1)

c 12 * (

12

r4 • 43 ) c 12 reactions using both t

(cC,

~ )

-ray

and CC.. -particle detectors and this work will continue in 1963.
C.

11
ENERGY LEVELS OF C
BlO (p, n)

1.

c 10

- 4. 835 MeV

The excitation function for total neutron emission from the
BlO (p,n)

c 10 reaction has been measured by an activation technique from

threshold to Ep = 10. 6 MeV.
determined as (]" = 2. 0

"±

The absolute value of the cross section was

O. 2 mb at Ep

function reveals broad levels of C
15. 36

± O. 05 and

15. 61

11

= 8.• 50

at 14. 08

!

MeV.

The excitation

O. 02, 14. 78 :!:'

o. 04,

! O. 05 MeV. A sharp rise of cross section at

Ep = 8. 55 MeV occurs when transitions to the first excited state of

c 10

become possible. This cross section discontinuity enables the energy
of the first excited state of

c 10 to be

determined as 3. 38

!

O.• 03 MeV.

In the course of this experiment a measurement of the half life of C 10
was made with high accuracy.

The value obtained was ( 19. 48 :!:' O. 05)

sees.
2.

BlO (p,OC) Be 7

Excitation functions for

~

0

a nd

1

, have been taken over the

energy range 2 to 10. 6 MeV together with detailed angular distributions

18 .,

•
over observed resonances.
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The experiment was still in progress at the

end of the year and analysis was only partially completed.

No data exists on this reaction, although two authors claim to
have observed it at a single proton bombarding energy.

The reaction has

been established unambiguously and excitation functions and angular
distributions for the g. s. transition were determined as far as possible
(there is energy overlapping between He3 and tx groups from BlO (p, O. )
at some bombarding energies) over the energy range Ep :; 2 to 10 MeV.
The He 3 yields are smaller than the

ex, particle

1
yields from B O (p,

0( )

and the excitation function is much smoother, i. e. , not as strongly resonant.
D.

FAST NEUTRON STUDIES
1.

Total cross sections
Facilities have been developed for neutron total cross section

measurements over a wide range of energies.

The first experiment to be

completed was the(n-He 4 ) cross section over the energy range 20 - 30 MeV.
The measurements were to statistical accuracy of 2% over the region of
the 16. 69 MeV level in He 5 , but were improved to 1% or better over other
parts of the range in a search for further levels.
2.

The reaction F

19

(p,n) Ne 1 9

An excitation function for neutron transitions to the g. s. of Ne 1 9
has been measured by an activation method from threshold to 10. 6 MeV.
At low energies it agrees well with earlier work. The excitation function
shows considerable structure (as would be expected from the level spacing
of Ne 20 at this high excitation) but it is not certain that the peaks all
correspond to excited states of Ne 20 • Peak to valley cross sections only
vary by some 15% and, while there will probably be some direct processes
and resolution problems which partially explain this, there is the
possibility that fluctuations of the Ericson type might be responsible.
Comparison with Florida State data on the F l 9 (p, 0<-) reaction observed
at 135° and taken over the same energy range shows only four resonances

common to the two reactions.

However, this may be explained by the

strong selection rules which apply in the (p, Cl- ) case.
E.

PHOTONUCLE AR STUDIES
Although the synchrotron was closed down late in 1961 there was

quite a lot of data left for processing during eyear.
In one experiment isomeric {

O,n) cross section ratios were

measured for 11 nuclei with 59 ~ A ~ 198.

The nuclei were excited by

gamma rays in the giant resonance region and residual (

O,n) activities

were measured with a Na! {Ti.. ) scintillation spectrometer.

The isomeric

ratios have been analysed using the statistical calculations of Huizenga
and Vandenbosch and estimates have been obtained of the parameter er
which

~haracterizes

the spin dependence of the nuclear level density.

Other estimates of <:rare summarized and it is found that for light nuclei
{A

k

50) ,ff~~ s the value calculated from statistical theory with

corrections for shell effects. For heavy nuclei (A
approximately O. 6

f::.

100) (t falls to

O"s.

This data has now been published.
A paper is in preparation summarizing the results of photoneutron
studies in the elements As, Sb and Cs.
for the (

~

Estimates of absolute cross sections

, n) reactions in each of these elements await the measurement

of self-absorptio n in a sample of powdered copper using the hard
from the Li
F.

7

{p,

~-rays

r' ) Be 8 reaction.

COMPUTER PROGRAMS
In addition to the computer programs mentioned elsewhere in

this report others have been written as follows:
Reaction Kinematics
A program to calculate energies of reaction products, Jacobians
and centre-of-mas s angles has been produced. It automatically cycles on
energy and centre-of-mas s or laboratory angle of other reaction production.
Tandem Energy Setting
The NMR resonance fre quencie s to set the ene rgy of protons,
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20.

deuterons He

3+

, He

3++

, He

4+

and He

4++

.
anywhere in the tandem range

have been prepared and tabulated,
Data Processing
A study was made and a detailed design of a data processing
system to integrate the outputs of the RCL 512 channel and RIDL 400
channel kicksorters arrl the available IBM 1620 computer has been
completed, The system will be built during the coming year.
Other Activities
During the year Professor E.W. Titterton spent four months'
study leave on visits to the U.S. A, , U. K. , and Holland and gave seminars
on work in Canberra at major centres of low energy research in these
countries.
Papers given by members of the Department at Conferences were:
ANZAAS (Section A) Sydney - August, 1962
.
12
12
9
"The Reactions C
(p,p ) and C
(p,cx. ) B from 8 to 12 MeV" - by
2

P. B. Treacy and G. D. Symons.
''The Mg

26

(p,c< )Na

23

.
reaction" - by L ~ G. Lawrence and H.J. Hay.

"The low lying levels of Al 2711 - by T. R. Ophel and B. T, Lawergren.
"New excited states of C

11

and Ne

20

'' - by L. G. Earwaker, J. G. Jenkin,

and E.W. Titterton.
"Nuclear levels near thresholds" - by F. C. Barker and P. B. Treacy.
Australian College of Radiologists Meeting, October, 1962
"Physical Aspects of Acute Whole

Bo~y

Radiation Exposure" -

by E.W. Titterton,
Lecture courses given for Ph.D. students this year included:
"The optical model of the nucleus", "The compound nucleus statistical
model", "Direct interactions", "Nuclear structure studies with complex
projectiles", "Isotopic spin selection rules", "Coulomb excitation",
"Few nucleon interactions" and "Resonance reactions".

21.

~
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During the year Professor Titterton attended meetings of the

"' Defence Research and Development Policy Committee and the National
Radiation Advisory Committee.

Professor Titterton and Dr. P. B. Treacy

each attended two meetings of the Council of the Institute of Nuclear Science
and Engineering.
Thesis Presented
Sherwood, T. R. - "Studies in Photonuclear Disintegration ".
Publications
Barker, F. C.**, Treacy, P. B. - " Nuclear 1 eve ls near thresholds".
Nuc. Phys. , 28, (1962) 96.
Bashkin, S;", Ophel, T. R. - "Liquid air trap for nuclear spectroscopy" .
Nuc. Instr., ~. (1962) 112.
Brinkley, T. A. , Titterton, E.W. - "Neutron doses survey in the
environment of the A.N. U. Tandem Accelerator". ANU-P/277.

r

In) cross
Carver I J. H. '* Coote' G. E. '* Sherwood' T. R. - ''Isomeric (
density".
level
nuclear
the
of
dependence
spin
the
and
ratios
section
Nuc. Phys., 37, (1962) 449.
Carver, J. H. , * Peaslee, D. C. , ** Taylor, R. B. - "Nuclear El overtones".
Phys. Rev. , 12 7 ( 1 96 2) 2198.
Glover, R. N. , * Weigold, E. - "Some reaction cross sections for Copper
and Nickel from 13. 9 to 14. 9 MeV neutron energy".
Nucl. Phys. , 29 (1962) 309.
Gregory, A. G.*, Sherwood, T. R., Titterton, E.W. - "The excitation
p) He 6 reaction".
function of the Li 7
Nucl. Phys. , 32, (19t32) 543.

(c ,

Gregory, A. G. , * Treacy, P. B. , Symons, G. - "Spin alignment of
deuterons elastically scattered from Carbon".
Proc. Phys. Soc., 80 (1962) 317.
Hay, H.J., Egelstaff, P.A.,*** Raffle, J.F.*** - "The natural
frequencies of rotors in flexible shafts".
I. A. E. A. Pile Neutron research in Physics, p. 55 9-576, 1962.
Hebbard, D. F. - "Consecutive amplitude analyses for simultaneous
pulses".
Nucl. Instr. and Methods,~. (1962) 267.
Jenkin, J.G. Earwaker, L.G., Titterton, E.W. - "The half lives of
clO and Nel 9 11 • Nature, 195, (1962) 4838.
Lawergren, B. T., Ophel, T. R. - "The 2. 21 MeV level of Al
Phys. Letters,~. (1962) 265.
- "The de-excitation of the 3 MeV doublet of A1
Proc. Phys. Soc., 79, (1962) 510.

2711

•

27

".

'
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22.

~awrence,

L.G., Hay, H.J. - "The Mg 26 {p,(t() Na
Phys. Letters,.!_, {1962) 212.

23

reaction".

- "The use of a semi-conducto::. counter to study tl1e endothermic
reaction l3c {p, Cf,.) B 1011 . Aust. J. of Science,~' {1962) 77.
1

.
Mitchell, I. V. , Tanner, N. W.***
- r.The
collective quadruple state of 0 16 ".
ANU-P/273.
Ophel, T. R. , - "Tandem accelerator calibration summary".

ANU-P /275.

Ophel, T.R., Lawergren, B.T. - "The 721, 809, 839 and 954 keV resonances
of the Mg 26 {p, ~ ) reaction". Nucl. Phys. , 30, (1962) 215.
Ophel, T.R., Glover, R.N7, Titterton, E.W. - 11
-ray yields from the
proton bombardment of B 1011 • NucL Phys., 33, {1962) 198.

0

Ophel, T.R., Lawergren, B.T. - "The 661 keV resonance of the Mg 26 (p,~)
reaction". Phys. Letters, ~. No. 4 (1962).
""
Ophel, T. R., Bull, A. - "Mobile unit and control system".

ANU-P/260.

Quinton, A. R. , Lawrence, G. P. - "The energy levels of Mg 2411 •
Nucl. Phys. , ~' (1962) 244.
Shamu, R. E. - "The disintegration of neon and
Nucl. Phys. , l!._, (1962) 166 .

!;: !'~""7" cr~ :iy

n eutrons".

Shamu, R. E. , Austin, S, M. , *** Barschall, H. H.*** - "Scattering of
neutrons by~"!. -particles". Phys. Rev., 126, {1962) 1532.
Sherwood, T. R. , Turchinetz, W. E . * - "Some photodisintegration reactions
in the Titanium isotopes' 1 • NucL Phys.,~. {1962) 2, 292.
Symons, G. D. , Treacy, P. B. - "Evidence for a 1. 7 MeV level in B 911 •
Phys. Letters, ~. {1962) 175.
Taylor, R.B. - "Notes on the operation of the Tandem",

ANU-P/263,

Titterton, E.W., Dwyer, L. J,,*,.'<>:! Blake, J. R. ,>!<>':>le Moroney, J. R. ,***
Stevens, D. J. *** - "Glol::al fallout in Australia during 1960-61 ".
Aust. J. of Science, 24, {1962) 467.
Titterton, E.W., Bryant, F,J.*** Dwyer, L.J. ,* ,:C* Stevens, D.J. ,***
Moroney, J. R. *** - "Measurements of Strontium 90 in the
Australian environment up to December, 1960".
Nature, 193, (1962) 4811.
Weigold, E. , Glover, R. N. - "Some activation measurements and a
comparison with theoretical (n, 2n) cross sections and isomeric
cross section ratios". Nucl. Phys., 32 {1962) 106.

*
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