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ABSTRACT

A m~asurement 'of method II (d,ay) angular correla­
j

tions (LF6l), ·using a polarized deuteron beam is a powerful

technique for determining spins and parities in 1 ight

nucl ei, since two separa te correl a tions, C"orrespond ing to
../

two beam polarization substates, are measured for each

transition and in each case the residual nucleus is left in

"

..,

"'" .

•
a strongly polarized state. This technique, together with

- ,

model- independen t par i ty assignmen ts from T20 measuremen ts

a t zero degrees, has been used to measure the spins and

pariti~s of the low-lying excited states in the nucleus 34 p .

The resulting JW assignments for these states are well

reproduced by a shell mcdel calculation using Wildenthal's

usd interaction (wi82). : The etfect of the finite paL'ticle

detector si::e and the less than 'completely polarized beam on

the measured correlations has been discus~ed and the results

have been incorporated into the final analysis.
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INTRODUCTION/"'"

Measured spins antl parities of nuclear bound states

have provided a good testing ground for· different \zclear

models which ul tima tel Y reflect our understanding of the

nucl ear force and its man ifes ta tion Jci..thin~he"""'"l'iucTeu-s.

Methods for determining spins and parities of nuclear levels

of ten invol ve ga::una-ray angul ar" correl a tion; for exampl e

B-y, y-y and particle-y. These methods provide strong

argumen ts· on wh ich to base sp in and par i ty ass ignmen ts in

nuclei since they invol ve the well-understood electromagne-

tic interac~i0n which characterizes the gamma-ray decay.

The reaction preceeding gamma-ray emission leaves

the nucleus in an oriented excited state which is describen

by,'" the dens i ty rna tr ix. Ge~erally, the el ernen ts of the
:.;
density_matrix will depend on the reaction mechanism forming

the initial state ",nd the constraints placed on detecti<:-n of

the initial decay. In ~an~d Ferg~n. method II

particle-gamma correlations (LF6l), th~ti:l:~S detected

in 0.1 igned geame try and the dens i ty rna tr ix can be campl e tel y .

determined in terms of a few population parameters. With a

polarized beam this method becomes even more powerful for

1
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+two reasons: (1) for a 0 target

/r-
nucleus, the orientation of

the initial state can be determined uniquely from a beam of
+

known ,polarization ,and; (2) for the (d,a) reaction two,

separa te corrl'l ations can be measured for each transi tion
~

~her,:bY increasing the likelihood of making a. unique spin
-

assignment. A bonus in using the (d ,a) reaction for the

angular correlation measurements is that spin-parity assign-

ments are available, a priori, from ten!:;or analyzing power
.~ - - - -- - -----~-.... - --

------measuremencs, ~,--at-zero degrees-. These C1easuremen ts

then decrease by hal f the range of sp in-par i ty val ues for

=-.

wh ich the correl a tion da ta mus t be fit. These, two methods - (
combined' could prove a potentially' powerful tool for

spin and parity ~ssignments in odd-odd nuclei.

making..
with the acquisition of highly ,enriched targets of

the isotope 365 , a study of the- odd-odd nucleus 34p was

undertaken using the techniques described above. Very

little was known about the nucleus since its location in the

neu tron rich par t of the t<'lbl e of iso topes made it inacces-

sible via most particle transfer reactions.

The organ iza tion of the thes is is ou tl ined below.

Chapter one comprises the theoretical expressions which fOFm

the basis for the experJmental techniques used in this work;

the well-known technique of spin-parity assignments using

- 0
T

20
measurements at 0 is reviewed briefly while me

angular correlation using a~larized beam i

d II

more

extensively. The last section of the chapter deals with the--
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corrections introduced to take account of the inev itable
-

deviation of the experimental

conditions. A survey of the

set-up ·from ideal alignment
. 34

nucleus _ P is presented in"---
chapter two .followed by the results of the scattering

\
experiment to measure the energy levels. The beginnin~ of
!

chapter three consists of a brief d~scription of the

polarized ion source which was an essential part of most of

the experiments performed in this study... .-;-
The tensor

analyzing power measurements at 0° are presented in the

remainder of the chapter. Details of the method II angular

correlation experiment, analysis of the data and the

r~sulting spin and parity assignments are presented in

chapter four. Chapter five discusses the shell model

calculations performed for both posrtive and negative parity

states in order to co~pare with our experimentally measured

spins and p&rities. This is followed by· a summary of the

results and conclusions •. For the sake of completeness, an

explicit derivatioll of the angular correlation function,
, -'

discussed briefly in chapter one, is included as an

appendix.



CHAPTER 1 "

THEORETICAL BASIS FOR EXPERIMENTAL METHODS

The first section of this chapter consists of

definitions for quantities used in polarization and angular

correlation theory. These are used in the next section to

briefly present the arguments behind the spin-parity selec-

tion rules of t~e (d,a) reaction at 0°. The last section

deals with "angular correlations. The expression for the

correlation function for a particle reaotion followed by the

emission of a single gamma-ray is presented. The expression

for method II angular correlations is '>­d:l.scussed as an

extension of the simple correlation.
."

Finally a method is

presented for estimating the effects on the angular

correlation of less than completely polarized beam and

detection of the outgoing particles off the beam axis.

1.1 PRELIMINARY DEFINITIONS

1.1.1 The Density Matrix and Statistical Tensors

When considering an ensemble of particles it is-
-/

4
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useful to ·introduce the density matrix as the wavefunction

of the ensemble. The wavefunction of one of the particles

in the ensemble, I V>, c.$!1- be written as a line.ar combination

of the basis sta~es Ix >,I' _ ..

= L a
I' I'

I X > •I'

Since we're concerr.",d with polarization the basis states

chosen are the eiqenfunctions oE the z-axis projecticn of

the orbital angular momentum. The density matrix is defined

by,

.. *
- <alJav>ave = <xvi P IxI'> (1.1 )

where the product of the amplitudes a is averaged over all
I'

the p~rticles in the ensemble. This definition is useful

since the expectation value of any operator A. over the

ensemble is simply the trace of its product with the density

matrix; .....

<A>ens = [ L

= L
IJV

<IJIAlv>p IJV

The statistical tensors, ~q' can be used, also, to

describe the ensemble and these are related to the density

matrix for spin s particles by, -
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(1. 2)

,

where s =./2s+1 and -kcqCk.

Al though physical observables are more easily expressed in

the' densi ty matr ix formal ism, statistical tensors are used

since 'they transform more simply under a rotation of the

adopted for polar iza tion work (BH70), the ~ord ina te sy:;tem
. .

is defined with the z-axis <!long the direction of motion of

-
coordinate system. Adher ing to the Mad ison con";;,n t ion,

. the par tiel e

Some

1 isted below;

and the y-a~is normal to the reaction plane •
• .:!>

important properties in each formal ism are

1) for·an unpolarized ensemble of particles,

- -1
P \I" = (2s+1) '\" = 0 for k"O (1.3)

2) for an ensemble aligned along the z-axis,

p - p = p 0\1"- -\1-" \I \I"
or t = 0 for k odd

Jsq and q"O
(1.4) .

3)for an ensemble polarized along the z-axis,

or (1.5)

-
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1.1. 2::Analyzinq Powers and Cross-Section

, Us ing the dens i ty ma tr ix formal ism quan tum mechan ics

tells us that for an operator, T, effecting a transition

from a state.A to B, the density matrix of the final state

is related to that of the .initial state by,

<m/ p~ut/ n>
. in *

= I <m/T/p><P/PA Iv><nITlv>
pv

out I F P in v* (1.6)or, Pmn = p"'pv Fn ·mpv

The quan ti ties FP.are the reaction ampl itudes where only them.

dependence on the spin quantum numbers is shown here. The

scattering cross-section for an incident polarized beam

where the outgoing polarization is'not measured is,

•
(1.7)

where E: is the eff ic iency matr ix normal ized to un i t trace

and depends on the detector position and geometry. The

'---' subscript • o' l:efers to the differen tial cross-section for
•

'unpolarized beam. '.

is,

-' The analogous expression using statistical tensors

(1.8)

The tensors Tk are the anal yzing powers of the scatter ing, q

reac tion and are reI a ted to the reaction ampl i tudes in (6)
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by,

( 1.9 )

The Tkq are the tensor operators which transform the density

mat~ix to the statistical tensors, see equation (2). These

are tabulated for up - to spin two particles ion Simonius'

paper on poxa~ization (Si74).

1.2 T20 ~OR THE (d,a) REACTION AT 0°

1.2.1 Introduction

\

The (d,a) reaction at 0° on an even-even target

nucleus has been well established as' a model-independent

technique for making spin-parity assignments. The arguments

behind the basis for the technique, lucidly presented in

D.Petty's thesis (Pe76), are briefly recapitulated here.

Because the target and outgoing alpha particle have zero

spin, the Clebsch-Gordan coefficients for the angular-

--momentum coupling simplify considerably and the reaction

amplitudes for populating a state with J" in the residual

nucleus contain terms of the form,

- -
(11 Al sl 0'1.1 J m){ 12 1.2 J m I J m) ,

where 1. and' A _ are the orbi tal {angular momentum and its
11'
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projection on the beam axis' for the entrance (i=l) and exit

( i=2) chan.nels, and sl .and °1 are the spin and magnetic

quantlDn numbers of the deuteron. wi th the im:oming and

beamthebydeterminedisnucieus

the beam axis, ·).1=A-
2

=0. which.
~. --.

That is, the magnetic substate populatedm=ol=m·

residualthe

implies,

in

outqoing particles along

polarization.

For m=O polariZed deuterons the above product can be

written as,

(11 0 1 0 I J 0)( 12 0 J 0 I J 0)

which is non-zero for 11+1+J and 12+J+J even only. Con­

servation of parity implies ~=(~)11-12 for the parity of the

residual nucleus. Together these conditions lead to the

Jselection rule -:Chat natural parity states, ~=( -) , have a

zero cross-section with m=O polarized beam. These arglDnents

depend solely on established principles of conservation of

- angular momentum and parity and therefore yield a model-

independent method for making spin-parity assignments.

The following section presents these arglDnents using

formal expressions for the reaction amplitudes. The tensor

analyzing power T20 is introduced as a useful quantity for

expressing the reaction yields for m=O
, .

and m=l polarJ.zed

beam. Lastly, two important points are dealt with: (1) the

level of certainty with which a natural parity can be

assigned to a level whose m=O yield is zero within
























































































































































































































































































































































