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Ky first start in nuolear physics was made during 1962. My super—
visor, Professer Brown, hed svggested the use of 14 MeV neutrons from the
T(d.,n)liubr reacbicn for studying mucleur siructure by observing the angular
distribution of wuipoing protens end deuturens from (n,p) and (n,d) reactions.
At this time this was the only feasibls mothod of studying nuclear structure
in this laboratory es the highest socelerated bean energy then availsble was
LOO KeV.

During tha next twe end a helf years of part tims work some familiority
with neutyon seirzes, sssociaied particle systems and counter telescopes was
acquired. Howover this is a very difficult way of studying nuclear structure
and by this tice a nveh higher enorpy von der Graaff accelerator and a
polarized lon seource were legming large on the horison. As a conseguence I
shifted my ettention to preblceve thot ecould be solved with polarized neutrons
generated still by wmeans of ths T(d,n)ﬁc“ reaction at low evergies but using
& polarized incident deuteron bosm.

" The outgoing weutron polarizeticn is deterndinad by the ingoing
deuteron vector polarization and ihe dynumics of the T(d,n)Heh reaction. I%
was therefere inilislly prepesed thst the nesutron polarization should be
messured usipg a helium analyzer. If cne assumes thet the T(d,n)HeA reaction
proceeds via a 3/2* level in the compeund state and that the incoming chaunnel

contains s waves only then the oulgeing polarization and angular distribution




is dependent only on the conservation lews., As the extent to which ihig
assumption is correct is not yet knowzn vrecissly the work began te be orieuted
towards & study of the (d,n)He” vecction itself. However thors is a slightly
easier way of doing the ssro thiug and thet is by use of the mirrer reaction
Hes(d,p)Heh. An exporineni to measure the ocubigoing proton polarization vector
is currently being sct uvp by Jd. Clars of this lsebovatory.

For thisz reaseon and lccause tln polarized lon source was not yet
available for routine work it wes decided te chenge the emphasis. This meant
that a gas scintillation counter which was dsveleped during 1966 wes not
impediately needed. However s this dsviece is nesded for the proposed absol-
ute polarization messurcments suggssted in §2.2.6 a chapter of this thesis
has been devoted to it.

With the successful cowplaticn of the AURA TII accelerator (Nayler
(1968) ) late in 1965 i4 becane possible to generate volardszed neutrons from
the ’J.‘(d,n)He:cLb reaction using sn uupolarized 6 MeV deuteron baam, The emphasis
was therafore chenged to the problem of measurirg the pole.ization in neutron
proton scattering et 16.4 ¥eV. The technigues and apparstus needed did not
differ greatly from thoss already developed so that the firat polarization
measurement was made within a year of coumancing work in the AURA II lzboratory.

The first chapter of this thesis is concerncd meinly with the presant.
state of the phencmenological understanding of the nuclecn - nucleon interaction.
Very brief discussions of n-d and n- polarization are included begause it
is intended to use the same epparatus for this work in the future. Since the
only polarization measuremsnt reported in this thesis is for n=p scattering,

ths need for such measurements has been the maein concern of chapter 1.

Chapter 2 contains a general discussion of neutron scattering mathods




concluding with {evails of the essociatel particle techniquas used here which
have no% previously been wzald for waution polarization studies at neutyon
ensrgies zbove 3 or 4 MeV,

Chapter 3 describes the electrwmic systen as originally set up by the
author end which wes used for the weork with unpolarised nsutrons deseribed in
chapter 5 and eurly work with polarized nzutrens vaing the T(d,n)Hak reaction
at E; = 6 MaV. This electronic systen was not really desizred -~ it was
built as much as possible from aveileble squipment in such a way as to conssrve
time and wongy and yet provide a workeble syster. Since the AEC standards+
for nuelssar instrumentation were set up the electrenic system has besn grad-
ually converted te comply with this stendard. I ew indshted to my colleague
Mr, A, Chicholn for carrying out the bulk of this program. The performance
of the new aystem does not &ifi'er from the old and th2 logic ig the same but
ths convenience of interchangeable roiulos and siacizrd pulse shapes has
greatly acceleratad the speed and efficivacy of the experimenfel work,

Chepter 4 is devoted to the work carried out on developing a gas
seintillstor for rapsons already exrlainzd while chipter 6 is concerned with
the probloms of moking a practical associeted particle systom for 6 MeV dsut-
eron energy and the measurement of ihe neutron=~ proton polarization at 16.4
MeV.

The reseerch for this thesis was carried out entirsly while I was a
full time member of the University of Auckland teaching staf{., As & consequ~-
ence the demands on my "leisure" tine were very grozt and I am greatly indebted
to my wife and children for putting up with a physicist in the house for a

saemingly interminable period instead of a husbend end father.

Nﬁa - ABC Standard for Nuclear Instrunentation TID = 2089% (Revised)




T would also like to thavk the movy poople vho contyibuted by taking
part in diszussions, Aucngst these ere wy stperviser, Purofussor B. Browm,
and collezgucs R.E. White, H. Moxlor snd cipesielly A, Chisholm vwhose active
interest hes centributed an ipmesrurable cmeunt. Thunis ars due also to
Mr. F. Blair snd his machins shop steff for his ready reapense To - “this job
is really uzgeat" = &nd also e lir. R. Noblz whese electrenics workshop staff
have built a number of elechronic "bures" for use in this work.

The research was supperted financielly by the University of Auckland
Physics Depsrtameut snd graats frow the University Grents Commitiee totalling
about 56,000,

Fipally thanks ars due to Mrs. A. Bell for her tyring.

Ross Garrett
Auckland
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