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ABSTRAer

. 68' , 71 '
The Zn(a,~y)· Ge reaction has been used to study

the gamma decaysof P l'~vels belplV,.1.3MeV excitation in 7lGe':
. )

Gamma-r;ty angular distributions and angular correlations' of

ganuna-gamma ca$cades'\vere measured, using Ge(Li) dete~tors:'

The results were .anarysed using theCQmpound Nucleus Stat

istical Reaction Model, to determine the angular momenta of
, .

. , . 71 '
most of tl;le leve Is known in Ge pelow 1.3MeV·, and the. .

multipole mixing ratios~6f the~~~amma~ecays.

The deduced level scheme hasb~en compared with the

.' .'

predictions of a nuclear model calculation, in which the odd
'/

neutron in

vibrations

71 .
Ge is coupled to the collective quadrupole

of the 70Ge core.' 'The model allowed for a pairing

residual interaction 'between the core neutrons, and an-

harmonic term~ in theocpre vibr~tions.
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CllAl'TEH '1 <

MOTIVATION

I •t ,

.

The properti.es oJ n,tic.lci in t"l' m:1ss reltiop.. of
• , ". <I

71Gc hrl~'e nt>L, ':i 11 gl'ne,rnl; been '·t,atisfa'cto.\'.i.ly described by

t hl'~rp~..~ n'uCl C;/ lllocld.S ';5 ~'l't<;. 'Shell model C,;lculations. '~ ~

h:lVC, not lH';~ r~'B~~te(}.,.be~,au~e 0 r?l;e lar~e number Of. . \.

parLl.cles anel avn:tlablc states that would have to be :tnclude'cl

in a rcnl i.s ti e calcllln L\;n -: . T~lC evidence. for rotati.onal

th',lIl·,1l an

in Llw n\wrt'al..;~.i6vl'ls in' thi.l'J region is !lot stron((,
. . ':-,:' . / """. . 70

explanat.l.on oJ some of·' the llropertJ.es ·of the G8 ,
. 72 . . ' '.

and Ge nlwlci has heen at tempted in term:; oJ a pernH~nent

deforrlation oJ the~c nuelei (j~re!:ar 'and l.lih'nilovic, 1967),

71 .
:;;uGG"sting that the 10\~ lyinG ",tates of Ge 'COllld bedp-ivecl

f1'08 the motion or a particle in a nQn-spherical potentinl, ~

i.e. Nilsson model states.

od~-proton nuclei (SIIOlz

nucleus (Sanderson, 1973),

Calculations of level spectra df

and ~lalil~, 19G8), and an· odd,· net! tron

71close in Inn~s to .~e., have m~t

wi.th SOrlC suceess,' wi.th the assumption ·that the odd pnrticlc

moves in a potenti:,l wi.''t.h a prolate deformation; wi, th ,

..
corre<.:t ions for rotnt lonal-;J:l.r ticle (Co r:i.olis ) .. <:oupli aI;, ~nd

" ,

It'

a1 tel'native

70',· .. ,
the Ge eore is nl,t per('lanently deformed~ an

description.of the stnies of 71 Ge can be formulated

in terms of sing10 particle neutron· stutes, genernted by n

J,
':-". ~,

-<'" .•.

1
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spherical potential, loosely ,coupled to the exci'tations, of

the 70Ge core (Forssten et aL,' ~974).f Some evidence f~r

the spherical na'ttire ,of the even-mass ge-rmanium isotopes can
, , .

I

,be seen in ,their level spectra: ,The ).evel spectra of the

74, 76
he~er isotop~s. Ge and Ge, have structures similar to

thoJe of a col·lective oscillator:: Le. a {)+ ground state,"
J' , •

a 2+ first eici ted state. and a 0+'" 2+, 4-+ .t'riplet of states
< ,;' : .' • +

at about twice the excitation energy of the f~rst'2 state.

The levef"~pectrllll1 of ,70G~ departs ~onsiderably from' the,

idealmodef' though me~surements of the quadrp~le moment of
• ,1\

the first 2+ state (Simpson et al., 19691, and the ratios of

•.r .•

gamma-cay transition strengths (Simpson et,l'~'" 197~) '.' are

good ag~ment with predictions of the ~ibr~tiohal model.
~' '

To make' a meani~gfullmp~ris~?n of the success of

different model calculations n 71 Ge , detailed'information

in

the

on

the low lying level structure ~f ,this nucleus is require~.
<J ,""',' \!A recent compi'l"ation by Alvar" (:1,,973) lists the experimental
. ;,.j...... . \

, 71,'
data available on Ge at that t~me. c

Q • \ '

". \ Some levels have been investigated by particle transfer

reactions e.g: 70Ge (d,p) 71Ge ~G9\drnan, 1968): and 72Ge (p,d)71Ge

~ournier et al., 1973) ; and-level energies have been proposed,
... .. • .- 'r· ' '. • J;'
and values 'bf thE! angular momentum of the transferred neutron

•
have been deduced. More levels have been observ.ed in the

~~(P.n) 71Geand 7lGa(p;rt y)?lGe- reactions (Malan et al.. ,

1970r and' a, detailed gamya-decaY..J!lcheme has been deduced. on

the ~asis ~f ,rieu~;on timfOf-;£X:ight,. spectra, gainma-ray spectra



"
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o , :

and excitation functions, and gamma-gamma: coincidence measure-

in coincidence witl:r'neutrons, gamma-ray tnr.eshold determinations

3 !
I '
\

~ i

\,
,
';,
,

,
qualitative

d .
population of

Some spin values were proposed, with

arg~nts based on the relative strengths of

the levels in 71Ge in the (p,n) reaction.
. .. 71

The decay scheme -of Ge has been' extended, and

ments.

verified, by the study of gamma rays resulting Irom thermal

neutron capture on 70Ge (Weishaupt ~d Rabenstein, 1972),

'and the S decay of 71As (Murray et al,1971., and Van Hise and

Rainis'" '1972). "
- J. . _"".'. -~ ...

~'~romth~-se studies, the placement of levels in 71Ge

,and the gamma decay scheme were well known, but, the spins

and parities of many levels were unknown, or in doubt . 'The

spin and parity assignments of the lowest three levels of

71 Ge were well established as ~~, 5/2- and 9/2+ ; but spin

assignments of higher levels were .not firmly based, and some

inconsistencies existed between the (~,p) and (p,d) data and

the other studies.

While the work described in ~his thesis was undeBvay,

71' 71a description of further studies on the Ga(p, n y) Ge

reaction was pUblished (Malan et' al., 1974) , with spin and

pa~ity assignlilents to most of the levels below 1.4 MeV

exci tation in 71Ge . These assignments were made· by me as",ring
·71 - 'c.

"the relative populations of the states in Ge fed by_ the

(p,n) reaction, and the gamma-ray angular distribut10ns of

the decay of these states. Considerable reliance was pLaced



. "

p

..(

on the Statistical Compound Nucleus Reaction Model (Vogt, 1968)

in' calculating' expected population strengths of the, levels,

anhhe distribution' of population over the angular-momentum

magnetic substates, asa function of excit~tion energy, spin

and parity. The 71Ca (p,ny)71Ge reaction is not well suited

'to determining spins Qf low spin state~ and gamma ray rnultipole/

mixing ratios from angular distributionmeasure~hts;~

because the spin oi the ground state of 71Ga is 3/2. Thus

the states fed in 71Ge will have a.n almost constant distribut-

ion of population, as a.function of the angular-momentum

magnetic substate quantum number m, up to, and including, the
o

m ~ 5/2,substate; so'the gamma-ray angular distTibutions

from the de<JlaY,'of levels'ilf spin 5/2 or less are, e~ected to

4 i
. ;

]

i
j,
1
i
1

i
I,
!

,be all close, to isotropic.

'*The 6Bzn(a,ny)71Gecre~ctionprovides ~ method of

determining spins and mixing ratios with less reliance placed
, 71

on the model of the reaction populating the states in Ge.
. 68

Both particles in the incident channel (the Zn and alpha

particle) .have zero angular momentum, 90 if the outgoing

neutron has· low energy, the levels fed in 71Ge will be highly
.-

aligned (as will be discussed in Chapter 2). The gamma-ray

angular distribution~ wil~ cont~in, potentially, more

information than those seen in the 71Ga~,ny) 71 Ge 0 reaction;

e.g. it will be possible to determin~multi;;Jolemi~ingratios

of gamma'-ray transitions frOM low spin levels.
























































































































































































































































