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Introduction

Activity of the group as measured by publications remained at a high level with the
publication of eight full length papers and eight papers in conference proceedings. Of
necessity with three staff members being on leave during 19 77 the accelerator based
experimental programme did however slow down this year.

The experimental programme connected with the investigations of woak interaction
phenomena continued. A great deal of effort was expended in attempting to understand a
discrepancy of 7 keV between determinations of the " C a - "t2Sc moss difference using the
(p,n) and (5He,t) reactions. Groat care was taken to reduce the background in the
measurement of the apparent (p,n) threshold. This however did not reduce the discrepancy.
It is possible that the effective threshold does not accurately reflect the "l2Ca - '"Sc
mass difference, nevertheless the Q-value as determined by the (3He,t) reaction should be
rcmeasured as well.

The activities of the Polarized Ion Source group were concentrated on measurements of
the proton polarization in the 3He(d,p)"He reaction, an analysis of data previously
obtained using the polarized ion source and on a modest upgrading of the polarized ion source
facility.

With only one nuclear spectroscopist in Auckland during the year, the only experimental
work undertaken using AURA II was aimed at elucidating some problems encountered in the
Analysis of uopplcr shift data previously obtained for the nuclei *'Ar and '*1K. Analysis
of this data and of data on "l6Sc, "''Ti, ^ M n and 51Cr was undertaken through the year.

Towards the end of the year we said goodbye to Lesley Bailey who as secretary of the
group had looked after us for three years. Her abilities were highly valued by all members
of the group. We wish her well in her new job as secretary to the Commission for the Future.

Kuclcar Spectroscopy Studies (A.R. Poletti t D.C. Radford)

(i) Doppler-shift attenuation lifetime measurements in **1Ar and '''K.

(D.C. Radford, A.R. Poletti & J.R. Southon)

The Doppler-shift attenuation method (DSAM) has been used in conjunction with a solid
argon target and p-y coincidences following the ̂ Arld.p) reaction to determine the
lifetimes or obtain lifetime limits for six levels in ""Ar. The lifetimes measured
were as follows: 1035 keV level (6.5 i^07 ps*) ; 1354 keV (0.46 ± 0.12 ps);
2398 keV (0.17 ± 0.05 ps) ,- 2733 keV (<0.Ö45 ps) ; 2948 keV (<0.09 ps) and
3010 keV (<0.16 ps).

In addition, singles y-ray measurements with both solid and gas targets were made, and
lifetimes or lifetime limits for a further two levels in '•'Ar and nine in '•'K were
extracted. A paper presenting and discussing all these results has been accepted for
publication by "Nuclear Physics A".

(ii) Spectroscopic studies in **6Ti and l<6Sc.

(G.D. Dracoulis (Canberra), D.C. Radford, A.R. Poletti)

Further experimentation and analysis has completed our studies in '•'Ti and 1<6Sc begun
last year. The level schemes have been studied via the reactions lt3Ca(o,ny) and
"•'Caia.py) in conjunction with a number of spcctroscopic techniques. These include
>-y coincidences, p-y coincidences (to " 6Sc), angular distributions, excitation
functions and DSAM lifetime measurements.

About 20 previously-unobserved states have been scon in I|6Ti, and the ground-stnte
band extended to a spin of 10+. A number of odd-parity bands are also proposed. A
paper presenting the results for '''Ti has been submitted to "Journal of Physics G" for
publication.

* 1 ps = 1 picosecond = 10" l x second.
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(iii) Spoctroscopic studios in 5l*Mn and 53Cr. (D.C. Radford, A.R. Poletti)

Recoil-distance lifetime measurements have been made for a number of states in 51*Mn
using the reaction 51V(a,p) and in 53Cr using the reaction 50Ti(a,n). To assist with
spin assignments, excitation functions and angular distributions for sl*Mn, and angular
distributions for 53Cr, have been ireasured. From the angular distribution
measurements, DSAM lifetimes have also been extracted. Analysis of this data is
almost complete.

(iv) Heavy ion fusion evaporation studies in the If?/? shell.

(A.R. Poletti, E.K. Warburton and J.W. Olness (Brookhaven National Laboratory))

An extensive experimental programme was undertaken in an attempt *-o investigate the
self conjugate nuclei ->3V2 3 a n d SScrji, in the very middle of the IÍ7/2 shell. The
empirical (f 7/ 2)

n shell model:) has some vory interesting predictions for level
energies and decay modes in those nuclei of high symmetry. Although new information
was obtained^on both nuclei, a groat deal more was obtained on the neighbouring ones,
Ŝ Tiiit and 2ÍV25 whose formation was favoured in the fusion-evaporation reaction used.
In each case unenriched targets of calcium were used and the reactions of interest
were initiated on the major constituent ("°Ca isotopic abundance 97%) by beams of
9Be and " B respectively. Investigative techniques which were used were: Y~Y
coincidence measurements, y-ray angular distribution and excitation function
measurements and recoil-distance (RDM) and Dopplor-shift attenuation lifetime
measurements (KDM). At present only the results of a preliminary analysis are
available. However evidence for the position of the ground state yrast band in *eCr
has been obtained. In addition to the levels known at 752 keV (2+) and 1858 keV (4 +),
it is tentatively proposed that there are levels at 3444 keV (6+) , 518G keV (8+) and
7016 keV (10+). Properties of yrast levels in 1<6V have been established as follows:
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Although in this case the (Í7/2)n shell model is quite successful in predicting the
positions of the (£7/2)" levels in the related nucleus 2S'Wjl2S/ it docs not do as well
for 23V23. In particular the positions of the 31" state (at 801 keV) is not predicted
by any of the five interactions used. In 46Ti the positions and decay modes of the
yrast li+ and 12+ levels were established. Their energies are 7942 keV (11+) and
8217 keV (12+). These and the energies of the lower lying yrast levels
agree well with the predictions of the (f7/2)n model.

(v) High spin states in 21°Rn and 2 0 5At.

{A.R. Poletti, E.K. Warburton (B.N.L.) and D.B. Fossan, T.P. Sjoreen, U. Garg and
A. Noskakis (State University of New York, Stony Brook)

The nuclei near the doubly closed shell nucleus 2 0 8Pb provide some of the most
successful examples of the predictive powers of the nuclear shell model. Indeed the
energies of states in three and four particle nuclei (e.g. 2 I lAt, 2 1 2to! can be
calculated with a greater accuracy than that w.' th which they are experimentally
established. It is of interest then to investigate the influence neutron holes will
have on the energies of the states arising from the three and four particle (

configurations. To this end 210Rn was investigated using the 2011Pb(9Do, 3ny)2'cRn
reaction while 2 0 5At was studied using the 1 3 7Au( 1 2C, 4ny)205At reaction. In 2 I 0Rn
yrast states were established up to an energy of over 3800 keV. Important
configurations contributing to these levels are (nhg/ 2) " (v)~ 2; (1113/2) 3 ("i 1 3/2 ) (v)~ 2

and {»hg/a)1* (vp)/2>~1 (vij 3/2'"1 • Shell model calculations are being undertaken.
The study of 2 0 iAt added considerably to the systematic understanding of the lighter
odd mass astatine isotopes and the influence on the energy levels of the three
particle system of an increasing number of neutron holes. The yrast decay schemes of
the isotopes 2 1 1At, 2 0 9At, 2 0 7At and 2 0 5At are now known.

(vi) Precision lifetime measurements using the high initial recoil velocity Doppler Shift

Attenuation method.

(A.R. Poletti and L.K. Fifield, J. Asher and B.E. Cooke (university of Oxford))

For many years now the Doppler Shift attenuation (DSA) measurement of lifetimes of
excited nuclear states has been extensively used. Unfortunately at tho initial recoil
velocities generally used (v/c - 0.01 whore c is the velocity of light) the stopping
theory used to interpret the results is not completely adequate. The apparent moan
life can vary by up to a factor of two depending on the stopping material used in the
experiment. For high initial recoil velocities (v/'c - 0.05), this is not the case.
The stopping process is much better understood and there exists good experimental data
on the rate of energy loss. The mean life of the second excited state in *-Se was
measured as (3.11 i 0.17) x 10~13 seconds. A letter describing this measurement is
appearing in "Journal of Physics". Mean lives of excited states have also been
measured in ilP and 2 BSi.
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Precision Measurements Related to Superallowed Beta jeenys (P.II. Barker, II. Nay lor, R.E. White)

C|?Ca(p,n) lt?Sc Threshold

The ll2Sc - u2Ca mass difference may bo determined simply by measuring either the (p,n)
threshold or the (3lle,t) Q-value. At present there is a 7 keV discrepancy between results
derived from the two types of measurement, with the probability that the error lies in the
(P.n) result. Accordingly, much effort has been devoted to an examination of the
"•^Cafp.n) "2Sc yield curve, particularly in the region from 2 koV above the apparent
threshold to 10 keV below it. We have boon unable to detect any (p,n) yield below the
apparent threshold. Hence either the (p,n) threshold method is unsuitable for obtaining
the mass difference because of variations in the cross-section for formation of the compound
nucleus, or there is an error in the (3He,t) Q-value measurements. The latter is unlikely
because it would lead to a 'l2Sc ft value some five standard deviations larger than the mean
of those for the other supex'allowed beta decays.

Differential Hystorisis Tests of the Enga Spectrograph

The excitation energies of certain states in 1 5N, together with the '""N - l5N mass
difference may be used to obtain 1'1N(d,p) 15N Q-values accurate to 100-200 eV. Using
deuterons of 5 MeV, outgoing proton groups from this reaction were brought in turn to the
same point on the focal surface of the spectrograph by altering the magnetic field. The
deviation of the proportionality of the NMR frequency to proton momentum was examined, and
found to be undotectablo at the level of 2 parts in 105 over a proton energy range from 5 to
8>s MeV.

Precision Measurement of particle Energies (with W.B. Wood)

It is intended to measure particle energies in the spectrograph by accelerating heavy
ions (e.g. Pb4) from a subsidiary ion source and bringing them and the particles sequentially
to the same point in the focal plane without altering the m.ignctic field. Developments
towards this have proceeded on two fronts (a) heavy ion production and acceleration, and
(b) determination of the accelerating voltage using a resistive divider.

For (a), Pb+ beams of 10~I0A have been produced with energies of 15-35 keV, using a
plasma type source. However a major problem was the uncertainty of the precise potential
of that part of the plasma from which the Pb+ ions emanated. Consequently, more recent
effort has gone into the development"of a surface ionisation source. For (b), a precision
voltage divider has been designed and is nearing completion. It should permit the
measurement of the heavy ion acceleration voltage to about one part in 10s.

Few Nucleon Group (R. Garrett, A. Chisholra, J.C. Duder, J.E. Drock, R. Helm and G.W. Dingley)'

Elastic Scattering of Polarized Neutrons

Very little running was done on the polarized ion source (P.I.S.) during 1977.
Attempts were made to increase the polarized neutron flux. A modification to the potentials
in the ioniser appeared to be giving a gain, but the improvement was not reproducible. A
"compressor scottupole" has been installed in the atomic section and has increased the beam
by the 1.5 factor expected by its manufacturers (ANAC). A small amount of n-p and n-d
elastic scattering analysing power data was collected in November and December. A phase-
shift analysis of n-C elastic scattering data at 14.1 MeV has been done, using as input the
analysing power data taken in Auckland in 1976 together with similar data from Basel and
cross-section data.

Proton Polarization in aHe (d,p)''He Reaction

Measurements were made at deuteron laboratory energies of 6.9 MeV and 7.3 Mev on the
AURA II folded tandem. Earlier measurements stopped at 6.0 MeV; the present upper energy
limit was set by the current to the terminal magnet rather than by the terminal potential.
Measurements at extreme backward angles wore made at some energies, using a 3He beam on to
a deuterium target. No further work on this reaction is planned.

Experiments carried out at Ü.C. Davis (R. Garrett)

The quantity A y y was measured in neutron-proton scattering at 50 MeV. The experiment
involves the scattering of a polarized neutron beam from a polarized proton target. This
observable is particularly sensitive to the tensor mixing parameter EJ the value of which
was very uncertain at 50 MeV. Even its sign was in dispute. A phase shift analysis of the
results has now fixed E 1 at +2.6° +0.7°

A study of the charged particle angular distributions and spectra resulting from
neutron bombardment of C, 0 and N targets in the energy range 20-60 KoV was carried out.
This was essentially an applied nuclear physics project as the information is required in
order to calculate the radiation dose received by patients undergoing therapy with fast

. neutron beams. Other experiments undertaken included;

Measurement of the total cross section for the 12C(n,3o) reaction in the range 30-60 MeV.

Measurement of the analysing power in n-p elastic scattering at 50 MeV.

Measurement of the analysing power in n-d elastic scattering at 50 MoV.
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Investigations Involving Obsidian (H. Naylor, P.H. Barker with F. Leech (Otago))

A knowledge of the distribution of water in the surface of pieces of obsidian which have
once been used au tools provides information to anthropologists about the origins and uses of
the tools. Accordingly, hydrogen surface profiles have been measured in obsidian pieces,
provided by Dr Leech, using the reverse p(?Li,y)6Be reaction at the 3.1 HeV resonance.
Experimentally, this proved to be a good technique, but unfortunately the water profiles found
could not be easily interpreted.

In addition, searches were made using (p,Y) reactions, for traces of sodium and
fluorine in obsidian.

Theoretical Nuclear Physics (A.P. Stamp)

(i) Hartree-Fock solutions and Current flow in rotational nuclei.

The Hartree-Fock solution for 2l|Mg has been determined using the effective G-matrix
elements of Barrett. It was found that the nuclear force is such that upon rotation,
level crossing occurs before the alignment of single particle states occurs. Hence a
band cut-off is not observed. The current flow is being determined.

(ii) Self consistency conditions for rotating nuclei.

The self consistency conditions of 'volume conservation' and isotropic velocity
distribution were investigated for 2l<Hg.

(iii) The perturbation treatment of the 12C(d,p)'3C at the 12.61 resonance has been shown
to give a resonable description of the scattering to the 5/2+ state.

Accelerator Running and Developments (H. Naylor, W.B. Wood and M.J. Keeling)

(i) AURA II

There was only one opening of AURA II in 1977 to replace stripper foils and check
charging combs, grease bearings etc. The accelerator has run very well this year with
few problems. The helium-3 recovery system was used for some experimental work and
found to work but not as well as hoped for. Apparently too much of the 3He was being
Jost to the accelerator vacuum system. A small diffusion pump was therefore
installed to intercept the JHe and return it to the recovery system - as yet this
remains untested.

During applied physics experiments and testing the ion sources were run on bizarre
mixtures such as Argon/Freon 12 - for fluroine ions, Argon/Holiura, pure Argon etc.
The fluorine attempt contaminated the cathode very rapidly and could not be considered
a viable proposition as tried - perhaps a metal cathode would do. The helium source
was shown to strike more easily with Argon and it may bo beneficial to have a
proportion of argon present during normal running to*help re-strike the arc.

(ii) Heavy Ion Source

The oil bath High Voltage Divider was completed and tested over a 4-month period.
Although calibration accuracy approached 1 part in 10s the errors due to resistor
drift and voltage coefficient combined to give an estimated accuracy of only 1 in 10"1

for 1 month. Oil bath temperature stability was better than ±0.1 C. The divider
has been used by the Cosmic Ray Group for spark chamber efficiency measurements und
in a Willikan charged sphere experiment.

A high frequency transformer was developed to deliver about 10 watts to the heavy ion
source across a potential difference of 50 kV using only one low voltage vacuum
lcadthrough.

The gas insulated high voltage divider is now being assembled following a series of
tests to determine construction and dimensions necessary to avoid significant leakage
currents. The shunt arm of the divider incorporates a Kelvin Varley Divider (Julie
Research Labs.) and a calibrating bridge now under construction.

(iii) Cockroft Walton Accelerator

This has been assembled and tested to 500 kV. The ion source and power supplies
have been tested and the accelerator is ready for beam tests. Safety interlocks have
yet to be installed.

(iv) Spectrograph

Improvements to current stability were made by extensive rewiring, and modification to
the servoamplifier of the pre-regulator.
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Target Making (M.J. Keeling)

Replacement stripper foils were made and some stock of backing carbon foils.
Relatively few targets were manufactured. However:- an arrangement was made for in situ
evaporation of <*2Ca - involving reduction of ^CaCO} by powdered titanium in a gun this
being tantalum with a muzzle consisting of a graphite plug with a very small hole. This
enabled the target material to bo deposited in a known small area.

Some time was spent perfecting the technique for making self-supporting fornvar
films - approximately 1 mg thick. These in turn were used as backing foils for targets
made o£ evaporated melaraine - an organic compound with a high proportion of nitrogen.

Computer Developments (G.S. Moretti, M. Scandle)

A multiparameter data acquisition system was written to enable the data from a Northern
Scientific NS644 ADC multiplexer to bo collected and analysed.

The system lets the user collect (from up to 4 ADC's) coincident and singlesdata and
write it onto magnetic tape.

Window spectra may be built up by specifying the upper and lower limits of the data
from each ADC. An optional compression factor may also be specified. If a coincident event
falls within all the window limits a new spectrum is built as the projection oi' the window
data onto a specified axis.

The windows may be individually specified, changed or cleared at any time including
in the middle of a run. Special care was taken to ensure the integrity of the data on
tape, to protect against computer failure and to protect the system from erroneous
commands.

A new language "POP2" (based on R.J. Fopplestone's POPI, 1968) was implemented on the
I1P2116B during the year. It was designed to be suitable for both numerical and non-nurceri cal
applications and resembles a combination of ALGOL and I.IS? although it can be used simply
as a desk calculator for immediate evaluation of expressions. The range of basic data
items serves to illustrate some of the capabilities of the language. In this implementation
they arc: boolean, integer, real, string, list, function and macro. All functions and
macros may be recursive- and lists nay contain any other data item as elements. Lists of
functions and macros are quite perrr.issable. The addition of POP2 now enables non-numerical
work and recursive programming to be done with ease.

Publications

BARKER, P.H., WHITE, R.E., NAYLOR, H.and WYATT, N.S.: "The threshold energy for the
3"S(p,n) 31>C1 reaction and the Q-value of the 3I<C1 superallowed beta decay". Nuclear Physics
A279 (1977) 199

BARKER, P.H. (with J.M. Freeman, W.E. Durcham, G.T.A. Squier and S.D. Hoath): "A
measurement of the lifetime of the superallowed Fermi decay g6v (3+) utTi and a study of some
systematic errors involved". Nuclear Physics A27S (1977) 37

BROCK, J.E., CHISHOLM, A., GARRETT, R. and DUDER, J.C.: (In Proc. fourth int. symposium on
polarization phenomena in nuclear reactions, ed. by W. Grüebler and V. König, Birhauser,
1976)

(i) "Analysing power of 14 MeV neutrons on light nuclei" p 4/2
(ii) "Proton polarization in the JHe(d,p)"He reaction" p 546

(iii) "Computer simulation of multiple scattering effects in 14 MeV n-p analysing power
measurements" p 883

NAYLOR, H. and WHITE, R.E.: "An accurate measurement of the 27A1(p,n)27Si threshold energy"
Nuclear Inst. and Methods J14_4 (1977) 331

POLETTI, A.R- and SOUTHON, J.R.: "Strength of the M2 transition from the 7/2" hole state in
Il3K", Journal of Physics G_3 (1977) 945

POLETTI, A.R. (with T.T. Bardin, J.G. Pronko, R.E. McDonald and J.B. McGrory): "Gamma-ray
spectroscopy of low-lying states in 56Cr", Physical Review C14 (1976) 17B2

POLETTI, A.R. (with E.K. Warburton and J.W. Olncss): "New high spin states in M 6Tiand
11'V, in Proc. conf. on physics of medium-light nuclei, Florence 1977.

POLETTI, A.R. (with T.P. Sjoreen, D.B. Fossan, U. Garg, A. Neskakis and E.K. Warburton):
"Investigation of high spin states in 2' °Rn via the 2 ° 'Vb C Be, 3ny) 2 1 0Rn reaction", in
Proc. international conf. on nuclear physics, Tokyo 1977.

POI.KTTI, A.R. (with T.P. Sjoreen, D.B. Fossan, U. Garg, A. Neskakis and E.K. Warburton) :
"High spin states and neutron-hole influence in 205At", in Proc. international conf. on
nuclear physics, Tokyo 1977

.RADTORD, D.C., DRACOULIS, G.D. and POLETTI, A.R.: "Band structure in llCTi and "6Sc",
Bull. Am. Phys. Soc. 22. (1977) 54
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RADPOiiü, D.C., EOUTilON J.R. and POLETTI, A.R.: "Lifetime measurements in '•'Ar using a solid
argon targut", in Proč. conf. on physics; oí. medium-light nuclei, Florence 1977.

RAPFORD, D.C. and rOMITTI, A. R. : "Recoil-distance lifotiir.o n.casurements in ? 2Na, 2 2Ne, 3 0 P
and 3 0Si", Nuclear Physics A2_V_5 1«1 (1976)

SOUTHON, J.R., POI.ETTI, A.n. and UEALE D.J.: "Angular correlation measurements in 3 3 S " ,
Aust. Journal o£ Physics 22. (1977) 23

STAMP, A.P.: "The self consistent condition for the cranked harmonic oscillator", Z Physik,
A28± 305 (1978)

WHITE, R.E. and NAYLOR H.: "The 3EAr (ß+) 35C1 decay and the anomalous cabibbo angle", Aust.
Journal of Physics 30. (1977) 365

Papern_submitted or accepted for publication

BARKER, P.H. (with A. James et al): "The J8Ar(p,n) 3SK threshold energy and the " 38Km(3+) l&hr
ft value", Journal of Physics~G "(accepted)

BARKER, P.»., NAYLOR, H. and WHITE, R.E.: "Limits on differential hystcrisis in an Enge
split pole s;poctro'jrai".h and on the accuracy of proton bc-an: energy calibrations". Nuclear
Xnstr. and MethoJu (accepted)

POLFJrTI, A.R. (with L.K. Fifiold'and J. Asher) : "A precise measurement of the lifetime of
the lowest 4 + stato in '2Ne", Journal of Physics G (accepted)

RADPORD, U.C., SOUTilON, J.R. and POLETTI, A.R.: "Lifetime measurements in •• 'ř.r and "^K",
Nuclear Physics (accepted)

BADKORD.. O.C., POLETTI, A.R. (with G.D. Dracoulis) : "Gararaa-decay and band structures in 1 > cTi" I

i7oiirn.il of Physics G (submitted)

STAMP, A.P. and THOMPSON, I.J.: "The nuclear current in I 0Ne", Z Physik

S.cminars and talks presented

POLETTI, A.R.: Seminars or colloquia presented at the Lockheed Palo Aito Research Laboratory/
Stanford University, University of California, Uerkcloy, Michigan StüLo University, State
University oi New York .-»t Stony Hrook, Brookhavrn National Laboratory, Universities of
Oxford, Birminc;hc:ir., Manchester .-ind Liverpool, C.S.A., Saclay C.P..N.S., Strasbourg. Papers
presented at the 2 977 Annual ir.oeting of the American Physical Society (Chicago) and at the
Conference on the physics of medium-light nuclei, Florence 1977.

GARRSTT, R.i Papers presented at the Second International:«-:: Conference in Vancouver and the
APS reputing San P'ransisco. Seminar presented at University of California at Davis.

Visitors

Prof. T.A. Tcmbrello - California Institute of Technology
Dr R.II. Freeman C.R.N.S. Strasbourg
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J.C. Duder (on leave 1977/78)
A.P. Stamp

J.E. Brock
I. Thompson
D.C. Radford

R. Helm
G. Dingley
J.L. Poletti
D.P. Stoker

Lesley Bailey
Bronda Jull

W.B. Wood
M.J. Keeling
G.S. Horetti
M. Scandle


