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SUMMARY 

The decays of mass-separated (2.4, 2.2 min)187m,qHq and (8.4 nin) 
187 

Au have been studied usinq the University Isotope Separator at Oak 

kidqe (UNISOR) facility operated on-line to the Oak Ridqe Isochronous 

Cyclotron. Conventional methods of gamma-ray and conversion electron 

spectroscopy measurements in singles, multiscaling, and coincidence modes 
187 + 

were used. Both high- and low-spin states in Au are fed in tne ( ,EC) 
decay of lg7in,gHg isomers. The h9/2* sl/2* d3/2* a n d d5/2 

collective bands,which are systematically observed throughout the odd-
187 187 

mass gold isotopes, are now extended to Au. In Au, the h b a n d h e a d 

is below the h^., bandhead, and tne transition between the two is found 

to proceed via a hindered Ml transition due to the change in nuclear 

shape involved in the transition. 

The high-spin, unique parity states in the odd-mass gold 

nuclei are readily described by a triaxial rotor model, with the ordering 

of energy levels and electronagnetically transition probabilities quanti-

tatively reproduced. Moreover, it is found that the energy levels if 187 
the normal (positive) parity states in Au are also qualitatively 

described by this model. One of the most important results of the present 
study is the discovery of the coupling of the odd protor. in an hg^2 

+ IOC 

particle state to the excited 0 state of the °Pt core. Transitions 

with EO components are found which feed the 9/2- and 13/2- members of 

the "first" hg / 2 band, thus defining the 9/2- and 13/2- members of the 

"second" hg^2 band and suggesting a third shape isomer (in addition 



to the couplings h~]1/2^188Hq(0*) and h9/?*188Pt (0*) in 137Au. The 
+ 186 nature of the 0„ st. te in Pt nnt ai 

appears, from the coupling of the proton particle seen in the 

present study, that an additional shape degree of freedom is needed to 

explain tnis state, candidates for misson states couoled as holes to 
+ 1PP the deformed prolate excited 0 state in tnf ' Hg core have also been 

1 8 * 

found. These Nilsson states wcjld suggest a fourth shape isomer in 'Au. 
187 

The four isomers in Au confirmed or suggested by the oresent study 

have energies, spin-parity assignments, and halflives of: (1) 121 keV, 

9/2-, Ti/p*50 "s (the transition depopulating this isomeric level is not 

observed in the coincidence data, i.e., its lifetime is lonqer than 

that observable in the timing range of the present study, but it is 

observed in the singles data); (2) 224 keV, 11/2-, T]/ 2 = 48.0 + 4.8 ns; 

(3) 444 keV, 9/2-, halflife not measured; and (4) 620 keV, 11/2- (possibly 

the 11/2- [505] Nilsson state), halflife not measured. 187 
Only the low-spin states in Pt appear to be populated in the 

187 
beta decay of Au. The nature of these low-spin states is not under-

stood at present. The location of the ^3/2 neutron band relative to the 

ground state is not known. Low-spin members of this band appear to be 

populated in the present study since the gamma ray depopulatinn thell/2+ 187 
bandhead is observed. One aspect of the levels of Pt not previously 

reported is a delayed transition of 251 keV energy observed in the present 

study. Due to poor statistics, however, its lifetime is not measured in 

the present work. This study will provide a basis for future studies 

on the levels of 187Pt. 
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rUADTCD 1 

INTRODUCTION 

Although much progress has been made in nuclear structure study 
in the past 30 years, the actual nucleon-nucleon interaction is still 
not sufficiently understood to account for the variety of phenomena 
observed in nuclei starting with a microscopic approach. Therefore, 
approximate nuclear models have been developed to describe nuclear 
structure. The simple shell model (see, e. g., ref. 1) was the first 
model to succeed in describing a variety of properties for a broad 
range of nuclei. Those nuclei far removed from closed shells, however, 
were found to exhibit collective behavior which led Bohr and Mattelson 2,3) 
to develop a collective model. Between these two extremes is the 
transitional region to which the two nuclei of the present study belong. 
In this regicn, the nuclei are only weakly deformed and Coriolis effects4' 
and asymmetric shapes5*6^ have recently been found to play an important 
role. 

Both vibrational and rotational collective phenomena are observed 
in nuclei. Thus both rotational and vibrational models have been 
applied to the transitional nuclei (see, e. g., refs. 4-3). In addition 
to these approaches, the full collective Hamiltonian of ref. 2 has 
been numerically solved and applied to the transitional region1**). Each 
approach has had limited success,and it appears that only a model which 
accounts for both vibrations and rotations will successfully describe the 
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% d e c a y a*id r e p o r t e d t h e 

h t t f l i f e for ** as " at did not ^ive a d e c a y scheme. S i m u l -

t a n e o u s i n - l w * r e a c t i o n s p e c t r o s c o p y s t * d i e s o f Pt and studies of 

a a s s - s e p a r a t e d d e c a y Have y i e l d e d mfon j ia t ion o n l o * - and h iqh-spin I r " "" | ' • 7 

* v - ' * ' * H a s - e D a r a ^ 1 1 v , d e c a y s t u d i e s b y B o u r g e o i s 

m r a v - a ' if- le * l o w - s : in i n f o r n a t i o n . T h e l i f e t i m e s a n d 
i * >> J a r * t r a - >n DC 4tr.een t h e l o w - s p i n , l o w energy s ta tes 



eta 11 on on t r i 

lea.ureniont o f the bandhead s p i n 

et d t »»e>jti t i ve :>a f i t . 

-spin studies, 

r e p o r t e d t en gamma 

in and two gamma rays w i t h - 1 

i r a . w i t h 1. min h a l f l i f e , one has been i d e n t i f i e d 

; • < ! f l i f e o f , \ 4 min. A l l ten qama ravs w i t h 

»r* 'on in the p resen t wo rk , Berq e t a l . 

I t p l anque • f a l . r e p o r t a 103 keV isomer ic t r a n s i t i o n i n 

dev.ay wi t i ' 11 / 2 ' rvs. Th is t r a n s i t i o n i s observed i n the p resen t s tudy 

.. " tne > i aMha 1 f l i f ' - , .w i th in exper imen ta l e r r o r (see Chapt. I V ) . The 

28) • .n : s t a t e s p i n o f Au (1 /2 ) has been Pleasured by Ekstrom e t a l . 

n e i s e r e t a l . r epo r t ed an E3 i s o m e r i c t r a n s i t i o n in " Au w i t h T ^ , , 

142 .s, but no l i n e o f the r epo r t ed energy (166 keV) i s observed in the 

187 p resen t work. The most recent s tudy o f Hg decay i s t h a t o f 

30) 

bourgeo is e t a l . who ass ign 70 gamma rays t o the decay and p lace 49 

o f these in an energy l e v e l scheme. Of the 70 gainma rays ass igned , 45 

have convers ion c o e f f i c i e n t s and p robab le m u l t i p o l a r i t y assignments 

r e p o r t e d . They r e p o r t a h a l f l i f e o f 133 sec f o r both the ground s t a t e 187 and the 13/2+ i somer i c s t a t e i n ' Hg and r e p o r t T ^ ^ = 50 + 8 ns f o r 
*tr H b P j B M oi > S 

the 103 keV i somer i c t r a n s i t i o n i n 1 Au. Alpha decay s t u d i e s on 

' Hg r e p o r t two a lpha branches w i t h h a l f l i f e 2 .4 + 0 .3 min and 1.9 +• I ma 3?) 
0 .3 min. In much e a r l i e r s t u d i e s , Albouy e t a l . measured the h a l f l i f e 



of ^ H q as 3 min and Hansen et al. reported three gamma rays, which 

asccj» ;ii the present work, and mentioned tne observation of others, 

but did not report a decay scheme. The present study builds upon the 

results of these earlier investigations and is, for the most part, in 

agreement with them, but makes a number of major additions. 

The four primary goals of this research are: 

1) Search for the coupling of the hg^ proton n -.-tide state 

in 187Au to the excited 0+ state of the l86|»t core. 
187 2) Search for the coupling of the odd proton in Au to the 

+ 188 deformed excited 0 state of the Hg core, i.e., establish 
187 the existence of Nilsson states in Au. 

3) Extend the sy sterna tics of the s]/2% ^W and 

187 dc,0 collective bands to Au and use these bands to test 5/2 
the asymmetric rotor rraodel of odd-A nuclei. 

187 
4) Measure the low-spin states in Pt populated in the decay 

o f , 8 7 A u . 

Chapter II develops the theoretical basis of this study. 

Chapter IJI discus^ thê ejjpertpgntfl facilities and procedures. 

Chapter IV presents the data analysis in tabular and graphic form. 

Chapter V presents the interpretation of the results, gives a brief 

summary, a»M suggests future measurements. 
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NUCLEAR MODELS 

T»e study of nuclear structure is the study of a many-body 

problem in which the laws governing the interactions between the 

particles (the nuclear forces) are oot well known. Because nuclear 

forces are not understood, and since the many-body problem has no simple 

solution, simplifying assumptions based on empirical evidence are made. 

Each set of assumptions leads to a specific nuclear model. The ultimate 

goal of nuclear structure theory is to develop a unified model which 

works equally well throughout the chart of nuclides. At present, there 

are many models, each of which has a limited scope of applicability. After 

an historical introduction, this chapter presents the models which describe 

the types of nuclei studied in the present work. 

• Sioale Particle Itedels 
The first vxtel to predict successfully nuclear properties for a 

broad ram,* of nuclei was the shell model developed by flayer, Jensen, 
ttaxe! • and Saess (see, e.g. ref. 1). This model replaces the fMracttai 

fttrticlft potential and « m M m a. strafe pf»-©rWt the 

-1%m and w^mm* mm* of immrnrn,. 
It can not, however, account for the H p ^ ^ M ' 
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ly from closed shells. Thus HHsson34* extended the shell model to 
include permanent deformation by using an a x i a l l y symmetric potential: 

H ~ ' 2 m * 2 ( " V ) * . 3 2 2 ] a t ^ s M {2-1} 

The parameters C, 0. ^ and are determined p-pirically and s is ttii-
nucleon mass. The term ha« the effect of flattening the oscillator 
well into a more box-like shaj>e and lowering the energies of the hiqh 
angular momentum states relative to those predicted by a simple harmonic 

oscillator potential. The oscillator constants and ^ are related by 
iring nuclear volume conservation. Several articles35'36,37* examine 

the volume conservation conditions and give expressions relating the 

different shape parameters used in the literature 
Neglecting the spin-orbit and T 2 terms, the 

tM »(n • mi v (vl>1! w
2
 i2 '2) 

» and nx are the total number of oscillator quanta along and 
perpendicular to the z-axis, respectively. The usual notation for 
labelling Nilsson states is with the "asymptotic" quantum numbers: 
N-nA •nz, n2, a « the z-component of the orbital angular 
m m £» the 2-component of the spin (where 2 is chosen to be 

jr.| f*gn«Mts, the tfgenvisctors of the Nilsson 

lly tpjiMiaci* III H i * ttie inclusion mf t * s M 

of the iotrt 
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j. - • = (2-3) 

inc s ur- r-.jr.tcr in th-;. ^ u., the parity 

i, = H ) N - (2-4) 

Thus the complete set of quantum numbers for a Nilsson state is 

fL« r»2 hi- (2-5) 

The Nilsson Hamiltonian, as written in Eq. 2-1, accounts only for 
quadrupole deformations. In addition to quadrupole deformation, 
hexadecapole deformation has been considered38'39'. Kleinheinz 
et al.38* give a very lucid description of the effects of hexadecapole 
deformation on the Nilsson levels, ft deformation oarameter, 4 or 4 , 

is then needed in addition to , or r, to define the potential. It is 
noted that Nilsson states have been shown recently to exist in the 
region of interest in the present work40,41,42), despite the proximity 
of this region to the Z=82 closed shell. Axially asymnetric potentials 
are discussed below. 

Collective Models 
Both the shell model and the Nilsson model are single particle 

models. A model Incorporating collective nuclear motion has been 
developed hy Bohr and Battel s o n 2 T h e collective motion consists of 
shape oscillations of the nuclear surface about an equilibrium spherical 
_ shape (the vibrational model), or of rotations of the incUtts as a 



a 

R( ,:) = R n (1+ s Y (J,4)) (2-6) U . A H 

li*. is the nuclear radius in its spherical equilibrium sh. >e, 

'1 ^ ,,*>) are normalized spherical harmonics, and ix< are coordinates 

escribing the deforma of the nuclear surface. Expressing the 

potential *r,crgy of deformation in terms of the coordinates u , and the 

kinetic energy in terms of the generalized conjugate momenta, w , the AU 
Bohr Hamilionian can be written 

. « * ? K m ' 2 ' - • ( 2 - 7 ) 

This is just the Kami 1 tonian of a system of harmonic oscillators with 

frequencies 

' • '' K ' " • • ' ' ' ' ^ - ^ ' ' •• " 

< V l b ' (2-8) 

where the C.'s are analogous to classical spring constants, and the B,'s 
- . A 

are analogous to classical masses. 

In the vibrational limit of the collective model, the energy 

levels and parity are E - I nAH * - (-1)* (2-9) 

where nx is he number of surface quanta of order a with energy 
Experimentally, only * « 3 have been seen at low energies*.tie 
ground state' Is then a state with no quanta present, a state; the 
first excited state has m e x « 2 quantum, a 2* state; and tiftBii 
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excited state has either one > = 3 quan,. snr a 3" state, or two > = 2 
quanta, a degenerate 0+, 2+, 4+ triplet of states (see Fiq. 2-1). 
This vibrational limit has met with some success describing even-even 
nuclei near closed shells (see e.g., ref. 43). 

In the rotational liroit of the Cohr-MotteKon model, the 
Hamiltonian for rotations built t the ground s ta te of even-even nuclei 
is just that of a rigid rotor. The energy eigenvalues are 

r « | 2 1(1+1) (2-10) 
G 

where is the moment of inertia and I, the angular momentum quantum 
number, can have only even integral values in order to symmetrize the 
wavefunctions properly. 

The rotational model for even-even nuclei has teen extended by 
Oavydov and co-workers (see, e.g., ref. 44 and references therein) to 
include rigid axially asymmetric, or triaxial, shapes. The major 
change in the energy spectrum of a rigid triaxial rotor is the appear-
ance of new states of angular momentum 2, 3, «J, . . . at low energy. The 
shape of the nucleus is defined45) by the deformation parameter e (tf = 
0 is spherical, e > 0 is prolate, and h < 0 Is oblate) and the asymmetry 
parameter v (0° _< y < 30 is prolate and 30° < y < 60° is oblate). Ac 
the nuclear shape deviates more from axia' symmetry, the new states 
decrease in energy. Low-lying 2^ and 3| states (where the notation 
Indicates the second lowest 2+ state observed) are thus characteristic 
of a trlaxial rotor. 
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Residual Interactions 
2oth the shell and collective models fail to account for few-

nucleon correlations. One very important correlation results from the 
residual pairing interaction, an attractive force between like 
nucleons which favors the correlations of nucleon pairs in time-
reversed single-particle states. The pairing intereaction is readily 
treated by the occupation number or second-quantization formalism {see, 
e.g., refs, 46 and 47). The monopole pairing energy for a single j-shell 
is given by 

V . = - G z, at at- a.-» a. » (2-11} pair mm' jm jm jm jm* v ' 

where at^ (ajm) are creation (annihilation) operators for a particle 
state !j m>, m denotes the time-reversed state and 6 is defined below. 
This formal ism, applied by Bardeen, Cooper, and Schrieffer (BCS) to 

48) 
superconductivity , was first applied to nuclei by Bohr, Mottelson, 
and Pines49\ The BCS theory introduces four parameters: A is the 
pairing energy gap parameter (2A is related to the neutron separation 
energies by 2a = Sn(A+!) - Sr(A}, where A denotes an even-z, odd-N 
nucleus and A+l denotes an even-even nucleus), X is the Ft »i energy, and 
U ( anJ Vy are variational parameters where U* and V^ represent the 
probability that state v is unoccupied and occupied, respectively. 
The parameters are related by: 

U 2 + V 2 = 1, v v 

r 4 n - ^ ] (2-12) \> C 7 7 

A . 6 g U v V v , and 
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K - ( V > 2 + 2 • 

w^ere e are the single-particle energy eigenvalues and G is the v • 

pairing force strength parameter. This theory leads to the concept of 
a quasiparticle: a mixture of a particle state v with amplitude U, 
and a hole st;te -v with amplitude V . Far below the Fermi surface the v • 

quasiparticle behaves lCke a hole, far above it like a particle. 
An •npaired nucleon in state v blocks that state from occupation by 
a nucleon pair, due to the Pauli exclusion principle, thus disrupting 
pairing correlations and modifying the single particle energies through 
this disruption. 

In addition to the monopole pairing term (Eq. 2-11), there can 
be higher order multipols pairing correlations5®^. In particular, 
quadrupole pairing has been explored in the transition region̂ *1 ̂  and 

52 53 54) 
the actimde region * ' . The pairing Hamiltonian that includes 
monopole and quadrupole pairing can be written51 

HP = -9oPoPo " g2P2P2 ' (2-13) 

where 

p; = E a V * P I = E%va;av 
0 v V 

and q are matrix elements of the quadrupole pairing operator. The vv 
monopole pairing ciap parameter, a = aq , is assumed to be independent of 
the states between which the paired particles scatter. With the inclusion 
of quadrupole pairing, the gap parameter becomes state dependent: 
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• = \ + G, : q U V (2-14) 
V J 2 v v \> \> V 

The quadrupole pairing force is important in regions where many 
down-sloping and up-sloping Nilsson orbitals cross, e .g . , >; 0.2, Z = 
80 (see Fig. 2-2). The matrix elements representing the scattering of a 
pair between oblate (up-sloping for e • 0 ) and prolate (down-slopinq for 
-v > 0) orbitals is weaker than the matrix elements for scattering the 
pair.between like orbitals. Therefore, in regions like e = 0.2, Z = 
80, there is a relative weakening of the total pair correlation energy, 
and the potential energy surface minimum tends to move away from this 
deformation to restore the pairing energy (see, e.g., Fig. 10 of ref. 
51). The quadrupole pairing correlation also manifests itself in 
pairing isomers which have enhanced two-nucleon transfer cross sections 
(see, e.g., ref. 50 and references therein) and a reduced blocking 

effect for coupling to unpaired nucleons, e.g., the state in the 
. , 55) uranium isotopes . 

Odd-A Nuclei 
Collective models have been extended to include odd-A nuclei 

by coupling the odd nucleon to collective states of an even-even core. 
In the weak coupling limit, the odd-A spectrum consists of degenerate 
sets of levels at the core energy spacings. Each set consists of levels 
of all possible angular momenta obtained by coupling the odd nucleon angular 
momentum to the core angular momentum. Thus, an hg^ nucleon coupled 
to a 2+ core state in the weak coupling limit yields degenerate 13/2, 
11/2, 9/2, 7/2, and 5/2 states at the core 2+ energy. 
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Figure 2-2. Nilsson lewis for Ptofons if* the Z - 82 Closed Shell 
Region. Note the large nattier of up-sloping and down-sloping level 
crossings near e • 'OJfc and I » 80. 
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Coupling an odd nucleon to quadrupole vibrations 

Eq. 2-7} can be described by the Hamiltonian 

H = H + H. . , . (?-B v i n t 

where Hc is the core Hamilton!an and.the- mlfcravtion Uft«w»« 

and core is 

Hj n t. q - Q (?-'.f.) 

where q (Q) is the single-particle (ccie) quadrupole operator given by 

qu = / Y (2-17) 

If H-nt = 0, the .yeak coupling limit described above results in 

degenerate sets of levels at tlie core enerny spacings. removes 

the degeneracy (see Fig. 2-3). The effect of H-nt on the odd-A eneigy 

spectrum depends on its sign and magnitude (see Fig. 2-3). For 

q • Q < 0, the level order resulting from coupling the odd particle 

to the 2| state tends toward the strong coupling limit (j, j+1, 

j+2, . . . For q • Q > 0, the level order tends toward the 

decoupled limit (j, j+2, . . . ) 7K 

Let us consider an odd nucleon coupled to an axially symmetric 

rigid rotor in the strong coupling limit. If the odd-particle angular 

momentum j is added to the rotational anrular momentum R to give the 

total nuclear spin 1 (see Fig. 2-4), 

1 = R + j, (2-18) 

the rotational limit of the Bohr Hamiltonian results in the energy spectrum 



J _ _ _ 3 • 
Even-even Odd-A odd-A odd-A 
H a r m o n i c M i n t • 0 Q » o < 0 Q « n > c; Vibrational Core 

Figure 2*3, Odd-A Part1cle-V1brat1onal Core Coupling Schemes. The odd particle angular momentum is 
j ; Q(q) i s the core (part ic le) electronic quadrupole moment. 
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Figure 2-4. Diagrammatic Representation of the Coupling of an Odd 
Nucleon, with Angular Momentum J, to a Symmetric Rotor, with Angular 
Momentum to a Resultant Angular Momentum T. The odd-particle 
orbital angular momentum and spin are t and s, respectively, and 
their projections on the symmetry axis are A and l , respectively. 
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for c a s e s .vhere C o r i o l i s coupl in : i s i ar je . ere i s the s i n q l e -
2 P 

p a r t i c l e Hamiltonian and A = f ! 2~ . The r e s u l t i n g energy e x p r e s s i o n f o r 

I j i s 

E ( I , j , 0 - • • A£fl-«KI-«*1) • j tt+O - » ] 
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• j; cores, a re l o w - l y i n : ; s t a t e s , i m p l y i n g t r i d x i a l shapes. 

T h e r e f o r e , i r o t a t i o n a l d e s c r i p t i o n o f the n u c l e i s t u d i e d i n the 

rcs t -n t wor* shou ld i nc l ude a t r i a x i a l shape degree o f f reedom. 
56 193 195 ?aar e t a l . ) have used a v i b r a t i o n a l lode1 t o d e s c r i b e * Au. 

I n r h i » d e l , a ( l u s t e r o f t h r e e p r o t o n ho les i s coup led t o quadrupo le 

v i b r a t i o n s . The t » r e e p r o t o n ho le c l u s t e r i s used t o d e s c r i b e normal 

a r i t y s t a t e s ( p o s i t i v e parity for gold nuclei) and also the unique 

arit. states vnenative parity for gold nuclei) built on the h ^ 

Istate. To describe the h n ; ? band, however, rather than use a four hole-

one particle cluster, which would complicate the calculations, they 

couple one j = 9/2 particle to the quadrupole vibrations of the 

neighboring platinum nuclei. 

anaka and Sheline Donau and Frauendorf J, and Leander^0' 

have studied the transitional nuclei in terms of the particle-core 
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8) coupling model. Tanaka and Sheline treat the core as -stable { t r i a x i a l ) . 

-vibrational, axial ly symmetric and spherically vibrational. Their 

results are in f a i r agreement with experiment for the transitional 

nuclei with m = 1Q7-199. In part icular, tiiey examine Uie proton 

system in ^""I-B^,, anci n o t e that the removal of one proton from the 

even-even Hg cores seems to increase the col lect iv i ty of the >-degree 

of freedom, since the inclusion of the ,-degree of freedom in the core 

reproduces the experimental spectra better than a symmetric rotor 
189 

model. The band in Au is also better reproduced by including 

the , -degree of freedom. 

Donau and Frauendorf^ treat the core as a triaxial rotor (y -

30°) and as y-unstable but treat the odd nucleon as a quasiparticle. 

They consider the coupling of an quasiparticle to both cores and 

find similar behavior for each core. They also report similar results for 191 
the ij3^2 quasiparticle hand in Pt and conclude that the odd guasi-

particle is not sensitive enough to distinguish between the two types of 

cores considered. The Leander calculations^ are discussed below. 

The first extension of the asymmetric rotor44^ to odd-A nuclei 58) 
in the gold region was made by Hecht and Satchler They used the 

adiabatic approximation in which the (Kid nucleon is considered to be in 

a definite single-particle state, i.e., it is a single-j model. As 

pointed out in ref. 58, the nuclei to winch this model is applied should 

have large asymmetry and a well defined equilibrium shape. 

Recently, Vieu et al.59'60^ used an extended Hecht and Satchler 

model, rhich includes an arbitrary number of Nilsson orbitals 
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simultaneously, i . e . , a mixed-j model. They use i t to describe the 
1°3-199 

positive parity states and the system of states in " Au. 

Their calculated wavefunctions show significant amounts of K-mixinq 

in the positive parity states, as would be excev.t«»d for loss of axial 

symmetry, which they use to explain the exi-»icrw~e of interband transitions 

which are as intense as intraband transitions in these nuclei. Tnese 1 nj 

results, and their relation to the 1 Au nucleus studied in the present 

work, are discussed in Chapter V. 

Meyer ter Vehn5,6* has also extended the asymmetric rotor model 

to odd-A nuclei and applied i t to nuclei in the gold region. This col 

triaxial rotor mode1 differs from that of Hecht and Satchler 'in 

that a complete j-levol is used for the single-particle configuration 

space, -/id it also differs from a similar model by Pashkevich and 

Sardaryan^* in that it treats the odd nucleon as a quasiparticle, 

thus including pairing correlations. The Meyer ter Vehn model is 

applied specifically to unique-parity, high-j states (h^^, ^11/2 

proton states and i^/? neutron states) which exist in the A = 190 region. 

The model can account for the transition from decoupled particle 

bands to strongly coupled particle bands lis the asymmetry parameter, y, 

varies from 0° (prolate) to 60° (oblate) throughout the triaxial region. 

Such a transition is seen to occur in the hg^2 bands in the odd mass 26) 

gold isotopes 1 (Fig. 2-5). The model is also successful in 

describing the spin sequence of the energy levels not only for the 

favored (j+2, j+4, j+6, . . .) decoupled levels, but also for the 

unfavored (j+1, j +3 , j +5 , . . .) levels. Both the favored and unfavored 

levels are populated in the beta decay experiments of the present work, 

so they provide a test for the validity of the model. 
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One of the shortcomings of the Meyer ter Vehn model is an 
observed compression of the experimental energy spectrum as compared 
to the predicted spectrum. This is especially true of the high-spin 
states and is the result of assuming a rigid shape. A more realistic 
approach is taken by Toki and Faessler62'®3* who use a variable moment-
of-inertia (VMI) model. Their results are in much better agreement with 
experiment for the high-spin states in the cases they consider. 54) 
Faessler and Toki ' have also extended the triaxial rotor model to 
include mixed-j calculations. They apply this model to the mixed 

137 
and f^ 2 proton single-particle levels in Ir and achieve better 

agreement with experiment for the low-spin (I< 9/2) states in the 
band than either their VMI model or the Meyer ter Vehn calculations. *' 95 
A semi-microscopic model for the h ^ 2 system in Au has also been 
developed by Hecht®5*. 

Leander10* has studied the odd-mass transitional nuclei by 
coupling the odd nucleon to core states obtained from numerical 
diagonalization of the Bohr collective Hamiltonian {Eq. 2-3). He points 
out that the odd particle may have a large polarizing effect on the core 
due to the minima in the core potential being insufficient to stabilize 
the core deformation. He also points out that the core can assume 
various shapes for different states in the same odd-mass nucleus due 
to instability of the minima in the y-degree of freedom. This model 
1s as successful as the Meyer ter Vehn model 1n describing the transition 
from prolate to oblate shapes through the triaxial region. The 
parameters in Leander's model are those associated with the potential 
energy, V(e,y), and the inertia parameter, B (see Eq. 2-7). The potential 
energy parameters have been well explored (see, e.g., refs. 66, 67, 68). 
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Recently the inertia! parameters (or inertial functions) have been 
69) explored by Poraorski et al. . They find rather large fluctuations 

of the inertial parameters across the f- - y plane. These fluctuations 
in the inertial parameters are discussed further in Chapter V 

187 relative to the Au nucleus. 
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CHAPTER III 

EXPERIMENTAL SYSTEMS AND METHODS 

All experimental work was performed at the University Isotope 
Separator Oak Ridge (UNISOR) facility which is operated on-line to the 
Oak Ridge Isochronous Cyclotron (ORIC) at Oak Ridge National Laboratory 
(ORNL) in Oak Ridge» Tennessee. UNISOR is a consortium of 14 member 
institutions and was formed primarily for the investigation of nuclei 
far from stability 73); Detailed descriptions of the UNISOR separator 
and the ORIC cyclotron can be found in refs. 74, 75, respectively. 

Source Production 
Radioactive sources are produced at UNISOR by the continuous 

bombardment of a target in the UNISOR ion source 76) by the ORIC heavy-
ion beam and the continous extraction of the reaction products to the 
separator. The separated beam travels down the beam pipe and is collected 
on aluminum coated Mylar tape (Fig. 3-1). After a preset collection 
time (usually one to two halflives of the nucleus being studied), the 
collection tape is advanced to one of the detector ports for counting. 
This entire system is kept at high vacuum (<10"*® torr) and is referred 
to as the "on-line" system. 

The energy of the ORIC heavy-ion beam is chosen to maximize 
production of a given mass number. However, other neighboring masses 
are also produced in the target and passed to the separator which 1s 
capable of focusing eight to ten masses besides the primary mass 7 7 h 
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SEPARATED BEAM 

Figure 3-1. The Tape-Transport System on the Main (0°) Beam Line 
at UNISOR. 
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Therefore, two other beam lines have been installed 30° to ei ther side 

of the main beam l ine , givinq three on-line systems. 

Techniques have also been developed to collect and remove s t i l l 

other masses from the separator, in order to use the cyclotron time 

more e f f ic ient ly . These other masses are collected in the focal plane 

of the separator on aluminum coated Mylar tape, removed via a tape 

vacuum seal 78) and placed manually in front of detectors for counting. 

This experimental configuration is referred to as "off-line". 

Three separate experiments were run, two o f f - l i ne and one 

on-line on the 0° (main) beam l ine. All three were "parasite" runs in 

the sense that ^ A u was the primary nucleus being studied. 

In the first run, Y-y-t coincidence and >-singles multiscaled 

data were taken off-line for 2.4 and 2.2 min 187»»,9Hg and 8.4 min 

^87Au decays. In order to populate both the low- and high-spin 

states, the mass chain was entered at 18 sec ^87T1 by the reactions 
180W(14N,7n)187Tl and 182W(14N,9n)187Tl. In the subsequent 6+, EC 

decays 187T1-187Hg^87Au^187Pt, both high-spin and low-spin states, 

respectively, feed both high- and low-spin levels in the daughter nuclei. 

The target consisted of 2.47 mg/cm2 182W deposited on a 1.03 

mg/cm2 tantalum backing with a 1 mg/cm2 tantalum cover, and behind this 

the 180W was mounted directly on a graphite felt as described in ref. 76. 

This target was mounted in the modified U 'ISOR ion source 7 6) for the 

entire ^87Hg d«cay experiment and most of the lS?Au decay experiment. 

For the remainder of the 187Au decay experiments, the UNISOR "high-

temperature" ion source was used with only the 180W-graphite felt target 

and Ta cover. These two ion sources are shown in Figs. 3-2 and 3-3. 
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14 5+ The N cyclotron beam energy was 162.1 MeV. 

In the second run, e-r-t coincidence and electron singles multi-
187 scaled data were taken off-line for the decay of 8.4 min Au. The mass 

187 
chain was again entered at Tl. The high-temperature ion source was 
used with as the target. The cyclotron beam energy was 159.3 
MeV. 

In third run, e-y-t coincidence and electron and gamma singles 
multiscaled data were taken on-line from the decay of 2.4 and 2.2 min 187 

Hg isomers. In order to emphasize the population of high-spin states, 
187Hg was produced directly by the reaction ,80W (12C,5n) 187Hg. The 

target was 180W with a 2 mg/cm2 tantulum cover and graphite felt catcher 12 4+ mounted in the modified UNISOR ion source. The C cyclotron beam energy 

was 119.9 MeV. 

- Detectors . 
Large volume ORTEC Ge(Li) detectors were used for the gamma-ray 

measurements and KEVEX Si(Li) detectors for the conversion electron 
measurements. In the y-y-t experiments the Ge(Li) detectors used had 
efficiencies of 171 and 15%, respectively, measured relative to a S"^" 
Nal(Tl) detector at 1332 keV. The Ge(Li) detectors typically had 
resolution of 2.1 keV full-w^dth at half-maximum (FVIHM) at 1332 keV, a 
peak-to-Coup ton ratio of 40:1, and wi ndow-to-detector distance of 5 mm. 

187 187 
The Ge(Li) detectors used in the Au and Hg e-y-t experiments had 
efficiencies of 15X and 161, respectively, with other characteristics 
similar to those of the 17X and 15* detectors discussed above. 2 

The off-line electron detector had a 200 mm surface area with a 

3 m depletion depth and FUHN of 2.4 keV for the 976 keV electron line 
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207 in the decay of Bi. I t was mounted in a vacuum chamber with a cup 

arrangement to allow a Ge(Li) detector to be positioned close to the 

source. The chamber was kept under vacuui.i by a cryosorption pump cooled 

in the samp l iquid nitrogen dewar as the detector cold f i i r jor . Access 

to the detector was provided by an airlock above the detector chc»t»<?r 

During the course of a run, a source was placed in this airlock in a 

source holder, the airlock pumped down to a pressure of less than 3x10^ 

Torr, and the gate valve opened to allow positioning of the source in 

front of the detectors. 

The airlock was originally pumped by a cryosorption pump, but this 

method was improved by connecting the airlock to the turbonolecular pump 

in the main beam line via a flexible metal tube. The cryosorption pump 

is used first to attain a vacuum of less than 10~* Torr, so that the 

turbomolecular pump can be opened to the airlock with no appreciable 

pressure rise in the beam line. This was found to decrease the airlock 

pumpdown time by one to two minutes. 

The on-line electron detector also was a KEVEX detector with 
• 2 

200 mm surface area and 3 mm depletion depth. It gave better resolution 

(FWHM of 2.1 keV at 976 fceV) than the off-line detector. The on-line 

detector was part of a system designed and built as a "mini-orange" 

spectrometer at the LSU Physics Department by Drs. A. Visvanathan and 

E. F. Zganjar to be used specifically on the UNISOR tape transport system. 

It consists of a bellows apparatus enclosing the detector, a liquid 

nitrogen cryostat, a cryosorption pumping system, an ion pump* m gate 

valve between the tape transport system and the ielTows, and * "mini-

orange" magnet (Fig. 3-4). m e system was used fn tills n M k t m 
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the magnet in order to increase the counting efficiency by allowing the 

detector to be positicned closer to the source than is possible when the 
magnet is in place. The advantage of this system is that it allows the 
tape transport to be brought to atmospheric pressure when necessary 
without having to warm the electron detector before exposure to air and 
later recool it. 

Data Acquisition 

Since detailed descriptions of the UNISOR data acquisition system 
are given in ref. 77, only a brief summary is given here. The three 
primary data acquisition systems at UNISOR are Tennecomp TP-5000 computers. 
These are essentially identical, differing only in the peripheral equip-
ment used by each and as otherwise noted below. 

The signals from the detectors are shaped and amplified using 
standard NIM module electronics (see Fig. 3-5). Two of the Tennecomp 

systems were interfaced via Tennelec PACE analog-to-digital converters 
(ADC units) which are capable of 8192 channel resolution. The third 
Tennecomp system, used only in the electron experiment for coincidence 

187 
data from Au decay, was interfaced via Nuclear Data ND-560 ADC '.nits 
which are capable of only 409C channel resolution. 

The Y-Y-t data were taken off-line. The experiment was broken 
into two parts. The first part emphasized the 187",9Hg decay CT^2 « 
2.4, 2.2 m1n) by collecting and counting rources for 150 sec. These 
sources were removed from the collection point in the separator via the 
tape-seal described above and mounted in a source holder between two 
detecturs in 180° coincidence geometry. The source hoi (ter is a 1.5 cm 
thick lead shield, lined with 1 m thick Cd and 0.25 mm thick Co on each 
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side, with a 2 cm diameter hole through the middle. The source holder 

was used to minimize Compton back-scattering and insure reproducible 

geometry. Sources were collected and counted for 150 sec with ten 8192 

channel multiscaled planes, each of 14 sec duration with 1 sec between 

planes. Coincidence data were stored event-by-event on magnetic tape 

for later analysis. A software program on the Tennecomp system allowed 

simultaneous collection of coincidence data on magnetic tape and singles 

multiscaled spectra on disk. The multiscaled data allowed the determina-

tion of half lives of the different peaks in the spectrum and aided in 

assigning these peaks to the proper nucleus by following their decay 

or growth from plane to plane. As one source was counted, another 

fresh source was collected to replace it after the 150 ser. counting time. 
187 

second part of the v- (-t experiment emphasized the Au decay 

(T^2 = 8.4 min} by collecting and counting sources for 1000 sec with 

ten 8192 channel multiscaled planes, each of 98 sec duration with 2 sec 

between planes. In both parts of the experiment the energy ranges were 

from about 40 keV to 2.5 MeV for v and from about 40 keV to 3.5 MeV 

for the other detector, with the multiscaled data being taken from the 

former. 

Coincidence data in both e-v-t experiments were taken with a 187' 
Tennecomp TP-5000 system. In the Au decay experiment, however, the 

Tennecomp system was not interfaced to take simultaneous singles and 

coincidence data. Therefore, a Tracor Northern TN-1700 system was used 

for singles multiscaling of the electron data. Ten planes of 4096 

channels and 100 sec counting time each were taken for each source. No 

Y-muItiscaled data were collected (hiring this run. The elect^h detector 



energy range was from about ?0 keV to 1900 keV, and that of the gamma 

detector was from about 40 keV to 1900 keV. 
187 

In the Hg decay e-,-t experiment, both electron and gamma 

multiscaled data were taken on a Tennecomp system- Ten 4096 channel 

planes of 15 sec counting time each were taken for y-rays and electrons. 

Energy ranges were from about 40 keV to 1600 keV for gammas and from 

about 20 keV to 1600 keV for electrons. 

In addition to the data taken during these runs, some UNISOR data 
187 79) 187 taken on T1 decay were also analyzed for Hg decay lines. 

These data consisted of e-y~t coincidence, electron singles multi-

scaled and gamma singles multiscaled in 20 planes of 3 sec each. It 

was found from the singles spectra that the relative intensities of 
187 

transitions between low-spin states in Hg decay were higher in this 
187 

experiment than in the Hg decay experiments described above. Thus, 

these data were used further to establish coincidences with transitions 

between low-spin states and to look for other weaker coincidences 

between y-rays connecting these states. 

Calibrations 

Energy and efficiency calibrations were performed before and after 

each run. In the y-y-t run, two standard sources were used: a National 

Bureau of Standards (NBS) mixed source (containing 109Cd, 57Co, 113Sn, 139Ce, 203Hg, 85Sr, 137Cs, ̂ Co, and «nd, since one detector had 
56 

an energy range to 3.5 MeV, a Co source was also used, which has y-

ray lines as high as 3.5 MeV. Efficiency calibrations were made for 

each detector using the NBS source and y-ray intensities were computed 

relative to this. 
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In both e-.-t experiments, calibrations were oerformed with a 

mixed source of ^^Ba and . Known conversion coefficients8®*0^ 

were used to obtain efficiency calibrations for the electron detectors, 

in order to calculate electron intensities. The gamma singles and 

electron singles in tens i t ies , corrected for efficiency, were then used 

to determine the internal conversion coefficients and hence the 

multipolarities. 

A time-to-amplitude-converter (TAC) calibration also was done as 

part of each experiment by using a precision pulser to generate pulses 

20 nanosec apart. This calibration was used in determining the 
187 

nanosec lifetime of the 103.5 keV transition in Au as described in 

the next chapter. The TAC resolution (FWHM) was about 10 nanosec. 



Table 3-1. Summary of Experiments Performed 

Run No Reactlon(s) and Beam Energy Type of Data Taken and Mode 

180W (14N,7n) ,87T1 
182W (14N,9n) 187T1 

162.1 MeV 14N5+ 

(A) 1 8 7Hg^8 7Au o f f - l i n e 

Y-Y-t 
y multiscaled 

(B) 1 8 W 8 7 P t of f - l ine 

Analyzer Used 

Tennecomp TP-5000 

180W (14N Jn) 187T1 

159.3 MeV 14N5+ 

180W (12C,5n) 187Hg 

119.9 MeV 12C4+ 

Y - Y - • • 
Y multiscaled 

137Au-187Pt off-l ine 

e -Y - t 

e multiscaled 
187HgJ87Au 

e -Y - t e multiscaled 
Y multiscaled 

Tennecomp TP-5000 
Tracor-Northern TN-1700 

Tennecomp TP-5000 
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CHAPTER IV 

DATA ANALYSIS AND RESULTS 

Aside from some preliminary analysis of the - >-t data with the 

Georgia Tech CDC-Cyber-70 computer, all data analysis was done with 

the Tennecomp TP-5000 systems and SEL-840A computers at ORNL. Gated 

coincidence spectra were generated with the Tennecomp from the 

coincidence data stored on magnetic tape during each experiment. These 

gated spectra, the singles multiscaled spectra, and the calibration 

spectra were transmitted to the larger SEL-840A computers via an 

interface between the Tennecomp core and an SEL disk unit. 

Once in the SEL, the spectra were analyzed with two in-house 

peak-fitting programs, LIZA82^ and PKFT8 . Both peak-fitting 

programs compute least-squares fits to Gaussian shapes for up to five 

peaks at a time in a spectral region of up to 150 channels in length. 

Other available software allowed line-printer plots of the spectra to 

be made for later hand analysis. 

The gated coincidence spectra were analyzed exclusively with 

LIZA, as it has options available for computing centroids and areas of 

peaks without performing a fit to the data. The areas in these cases 

were computed from the sum of the counts between two given channels 

and the centroids determined from a weighted average between these same 

channel limits. This feature is convenient in analyzing weak 
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coincidence peaks where stat ist ics prevent a good fit. but a coincident 

l ine can be seen in th> spectrum display. 

The multiscaled data were analyzed primarily with PKFT. The 

sunned multiscaled data of each experiment were used to determine 

accurate energy and relative intensity values for each peak (see Tables 

4-,
<}. For selected strong peaks, fits we. e made in each multiscaled 

plane and the resulting areas used for halflife measurements (see Fig. 

4-1). 

As part of the error analysis, the nonlinearity of the Tennecomp 

TP-5000 system was measured using the three-source method developed by 

Gehrke, Cline, and Heath8^. The nonlinearity was found to be less 

than 0.4 channels between channels 400 and 7400 (corresponding to an 

energy range of 145 keV to 2360 keV for the detector from which energy 

values were determined) and between 0.4 and 1.0 channels above and below 

this range. In addition to the nonlinearity measurement, the error in 

the detector efficiency was established by performing efficiency cali-

brations with a National Bureau of Standards mixed source in three 

different positions, representing the uncertainty in positioning the 

samples *n front of the detector during a run. These results are 

included in the errors quoted in Tables 4-1 and 4-4. 
187 187 Data on Hg decay and Au decay were taken as described in 

the last chapter. A detailed description of the data analysis for 
187 187 Hg decay is given below, and the Au decay data are presented in 

an abbreviated form. 



Table 4-1(a). Energies and Relative Intensities of Gamna Rays Placed 
1 OJrr, n •XOt 

in the Decay *3Hg*' " Au. 

Ey (keV) 
Present Work 
bl T 

Bourgeois et al. a) 
E (keV) bj I 

19.5,(3) 19.5 
51.0 
101.2 (4] L 7.4 (6) , 101.1 (2) 6.5 
103.5 (4] d 26.7 (21) 103.4 (2) 32.4 
137.9 (3 10.3 (6) 

103.4 (2) 
143.1 (3 3.9 (3) 143.0 (2) 2.7 
153.7 (2 L 10.5 (7) .53.8 (2) 8.8 
185.8 (2 6 3,2 (2) 185.8 (3) 2.2 
203.4 (2 25.0 (17) 203.4 (2) 18.9 
205.4 (2 12.9 (9) 205.5 (2) 10.4 
214.9 (2 <Z 
220.8 (2] 20.9 (18) 220.8 (2) 24 
221.0 <4! 4 
233.4 (2] 1 100 233.4 (2) 100 
235.9 (4] le <5 

233.4 (2) 

240.3 (2] 34.5 (26) 240.3 (2) 33.1 
245.3 (3; 1.1 (7) 

240.3 (2) 

252.0 (2! 17.9 (16) 252.7 (2) 8 
255.2 (3 8.0 (8) 255.2 (2) 8.9 
257.7 (3; 5.0 (7) 257.0 (4) 3.4 
258.8 1 (3; L 2.2 (5) 258.8 (4) 1.8 
265.9 (3; e <2 

258.8 (4) 

271.2 (4; 9.1 (6) 
271.6 1 2; 28.0 (20) 271.5 (2) 30.8 
272.2 1 (5; 5.5 (4) 

271.5 (2) 

284.2 1 X 10.0 (8) 
2.2 (3) 

284.2 (2) 7 
292.1 'X 

10.0 (8) 
2.2 (3) 

284.2 (2) 

2f8.2 3; 7.5 (6) 298.5 (2) 10.6 
298.7 3; 7.8 (6) 

298.5 (2) 

305.1 2: 3.5 (10) 305.7 (3) 4 
319.0 2: 8.4 (6) 319.2 (2) 6.7 
322.8 2: 14.6 (10) 322.9 (2) 11.8 
327.3 4; 3.4 (4) 
332.1 4; <4 
332.2 4; <4 
334.6 '2; 19.7 (14) 

3.5 (6) 
334.7 (2) 
336.5 (4) 

H.4 
336.4 3 

19.7 (14) 
3.5 (6) 

334.7 (2) 
336.5 (4) 2*4: 

342.3 4 <2 * 

349.2 2 10.6 (8) 349.4 (2) 5.«. 
354,8 1 2 1.8 (2) 

349.4 (2) 



Table 4-1(a) (continued) 

Present Work Bourgeois et al. 
E (keV) b ) T b*c} ' E (keV) b ) ^ __» Y Y Y 

363.4 (2) 3.1 (4) 363.6 (3) 2.9 
372.9 <5L <3 
374.9 (5) <5 
376.1 (2) 44.9 (30) 376.3 (2) 38.3 
381.9 (2) 3.2 (4) 
385.4 (2) 2.8 (3) 
387.7 (2). <4 388.1 (3) 2.5 
389.0 (7) <2 
391.5 (2) 6.4 (6) 
393.1 (2) 11.1 (9) 393.4 (2) 8.3 
407.3 (2) 1.8 (2) 
410.7 (3L 5.7 (9) 410.3 (2) 4.6 
426.1 (2) 3.5 (2) 

410.3 (2) 

429.4 (4) 3.8 (3) 
430.0 (3) 5.8 (4) 430.0(2) 7.1 
435.5 (2) 4.8 (9) 

430.0(2) 
438.7 (2) 11.6 (9) 438.7 (2) 11.3 
446.5 (3) <2 
446.9 {3) <2 447.2 (2) 5.8 
449.3 (2) 34.6 (22) 449.5 (2) 29.2 
459.4 (3) 5.7 (5) 459.4 (4) 4.2 
461.9 (2) 12.3 (9) 462.0 (2) 10.3 
470.1 (2) 35.1 (22) 470.3 (2) 28.8 
472.6 (2) 14.4 (10) 472.7 (2) 10.6 
474.9 (5) 3.9 (3) 
475.7 
476.1 III 14.2 (9) 

9.3 (6) 
475.8 (2) 22.3 

476.7 (2) 14.3 (9) 476.6 (2) 11.1 
480.0 (2) 2.9 (8) 

476.6 (2) 

484.2 (2) 6.1 (7) 484.4 (4) 2.6 
486.6 (3) 2.9 (5) 

484.4 (4) 

499.2 (2) 26.3 (17) 499.4 (2) 19.2 
501.8 (2) 4.2 (4) 502.1 (3) 3.5 
525.0 (5) 5.0 (3) 
525.2 (2) 29.2 (18) 525.4 (2) 30.1 
525.4 (5) 3.6 (2) 

525.4 (2) 
527.5 (3) 4.2 (8) 
536.8 (2) 4.2 (5) 
555.9 (4) <2 
564.4 (2) 7.0 (8) 565.0 (2) 4.7 
569.3 (4) 3.2 (6) 

565.0 (2) 



Table 4-1(a) fcontinued! 

Present Work Bourgeois et al. 
F (keV) bJ j b,c) c ff,r>y) 

__ t 
_JL r • - if j 

579 .3 (3) 4 . 7 (9) 
582.5 (2) 7 . 6 (6) 
594.9 (3) 4 . 7 (3 ) 
602.5 (2) 3 . 3 (3) 602 .7 (3) 2 .1 
616.2 (3) 3 . 3 (3) 616 .3 ( 3 ) 1 . 9 
619.4 (4) 2 . 1 (2) 

616 .3 ( 3 ) 

622.9 (5 ) - 2 
624.4 (4) 10 .0 (6 ) 
624 .8 (2) 9 . 0 (6 ) 625 .0 (2 ) 14 
629.5 (5 ) 1 . 8 (6 ) 

625 .0 (2 ) 

639.1 (2 ) 11 .4 (9 ) 639 .3 (2 ) 7 . 5 
642 .8 (3) 2 .1 (6) 

639 .3 (2 ) 

646 .3 (3) 2 . 4 (4) 
651.1 (3) 6 . 2 (6) 652.4 (4) 1 . 6 
653.1 (3) 2 . 7 (4) 
657 .3 (2) 1 0 . 8 (10) 
658.9 (5 ) 3 .1 (4) 
659.6 (5) 3 . 1 (4) 659.2 (3) 3 . 5 
669.2 (3) 3 . 2 (4) 669 .0 (3) 4 . 3 
669 .8 (5) 2 . 5 (3) 
700.1 (3 ) 6 . 1 (6) 
709.7 (3 ) 9 . 8 (7) 709.6 (3) 6 . 4 
745 .8 (3 ) 2 . 6 (5) 

709.6 (3) 

752.4 (3 ) 2 . 0 (3) 
760.8 (3) 2 .1 (2) 
767.7 (2 ) 5 . 0 (4) 767.9 (2) 3 . 5 
835.6 (4) 5 . 6 (6) 836 .0 (3 ) 2 . 4 
860.6 (3) 3 . 3 (3) 
873 .0 (3 ) 3 . 2 (3) 
879.0 (5 ) 1 . 2 (3) 
895 .3 (4) 4 . 2 (7) 
932.3 (3 ) 4 . 3 (5) 

1066.4 (2) 4 . 4 (3) 
1142.5 (4 ) 2 . 5 (5) 
1168.7 (6) <2 
1179.5 (5) 5 . 4 (4) 
1236.1 (5 ) 2 . 9 (6) 
1283.7 (3 ) 3 . 6 (4) 
1314.7 (3 ) 6 . 0 (5) 
1350.1 (8 ) 2 . 0 (5) 
1357.7 (4 ) 6 . 2 (6) 
1363.3 (6) 2 . 8 (6) 



• ji/u- t-n<ij \LUiiunutMi 

P r ^ e n t 

t litem 
•i. . 

1*119. 3 |5 
HM.O (9 
1532.8 {3 
Bff.?' (3 
1583.6 
1588.4 
1617.6 
1627.0 
1627.9' 
1646.9 
16S1,§ 
mi.6 
1667.7 
1669.8 
1701.5 
1715.6 
1727.0 
1737.0 
1740.8 
1803.3 
1857.4 
1364.3 
1881.9 
1899.7 
1914.6 
1919.0 
1952.0 
1952.2 
1997.0 
2014.0 
2047.4 
2076.7 
2103.1 
2155.4 
2180.1 

£ <keV) 

1579.7 (4) 

1647.3 (5) 

«t JlK 
1 
a) 

3.8 

4.7 

ia03.8 (6) 3.3 

»12.6 l\l I 
W 

10.3 
12.9 
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! c ) I n t e n s i t i e s a r e r e l a t i v e to 1 (213.4) * 100.0. I n t e n s i t i e s f o r 
nultiplets un reso lved in the s i n g l e s d a t a were ob ta ined as d e s c r i b e d 
in t h e t e x t . 
(d) I n t e n s i t y i nc ludes prompt and de layed component. 
f x / , , . 137, 137- , | e | Also i r Au - , Pt decay. 



« ^ - l * .. i ' . ' * - ' * • I." • i* • . j • s. i. .n m» v.» c .t «» wt*i »•:»:! w» rui, » I i^lw |«JTjp Q 18? 
* ' * .fecj- :>ut "Of Placed in tne Decay Schene. nly lines 
I th > 3 are included. 

WmftWSm 

~ V ' „bT 

3.3 (6) 
4. 1 (6) 
5.0 ( ? ) 
4.0 
6.1 (6) 
5.3 (6) 
' .6 (6) 
.3.7 (5) 
3. i (5) 
3.-1 (5) 
3.1 (5) 
3.5 (5) 
3.5 (5) 
3.3 (6) 
1.4 (6) 
3.1 (6) 

13.9 (9) 
4. 1 (6) 
9.1 (8} 
3.1 (3) 
5.8 {4} 

;'a) Errors are in parentheses and indicate uncertainties in the last 
• iqnificant figures reported. 

(b) Intensit ies are re lat ive to I (233.4) = 100.0. 
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K T 
t (sec) 

Oecay Curves of Selected Transitions In the Qtcay 
mtzmm MgH-sptn states, denoted by (a), w e 

lited In 
tMMn Ion-spin states, 

jned T1/2 « 2.4 ± 0.1 «1n and 
by (b) are decay and 

T1/2 - 2.2 ± 0.1 MlR 
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* A , : ,a7Au 

The sunned multiscaled singles data (Figures 4-2} were analyzed as 

described above. This analysis yielded peak centroids and areas which 

were converted to energies and relative intensities with the calibrations 

taken during each experiment. Several of the peaks which appear to be 

singlets in the multiscaled data are actually unresolved multiplets. 

For these multiplets, energies and intensities were determined from 

coincidence gated spectra. For many of the less intense peaks, areas 

and centroids were determined by hand analysis of l ine-printer plots 

generated by the SEL-840A computer. The energies and relat ive intensities 

derived from these analyses are presented in Tables 4-1 along with the 

values reported in ref . 30. 

Decay curves for selected lines in the gamma multiscaled data are 

presented in Fig. 4-1. Earl ier work at CERN15* reported two halflife 

components for the 1 8 7 n , '%g decay: 2.4 + 0.2 min and 1.6 + 0.3 win. 

The two lines assigned l} / 2 * 1.6 min have energies 112 keV and 335 keV, 
187 

respectively. The 335 keV line is assigned to ,e Hg decay in the present 

work but with l} / 2 « 2.4 min. The 112 keV line might be due to 186Hg 

decay also reported in ref. 15. Since two states are decaying, a high-

spin isomeric state and a low-spin ground state, two halflife components 

would be expected. However, it is found in the present work, and in 

ref. 30, that the difference in these halrlife components Is much 

smaller than the 0.8 min measured at CERH. In ref. 30, the metastabfe 
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G.ited coincidence spectra were generated from the coincidence 

data by setting energy "windows" on peaks recorded in the spectrum of 

one detector and a time window on the time-to-amplitude-converter 

(TAC) spectrum. Histograms were then constructed of the energy events 

in the second detector that occur within the two windows set. Typical 

coincidence spectra are shown in Figs. 4-3. A l i s t of a l l assigned 

coincidence gates and their coincidences is given in Tables 4-2. 

As mentioned above, several apparent singlets were actually 

multiplets unresolved in the singles data. To establish this, energy 

gate limits were moved across a suspected multiplet peak and the relative 

intensities of the concident lines in the gated spectrum were observed, 

e.g., as the upper channel limit on a gate was lowered, lines in coinci-

dence with the high energy component of the multiplet would diminish 

relative to those in coincidence with the lower energy component of the 

multiplet. Energy and intensity values of these unresolved multiplet 

components were extracted from the coincidence data by looking in gates 

which "saw" the component in question in coincidence. Energies were 

then determined directly from the centroids in the coincidence spectra. 

Intensities were determined by comparison with other lines in the coinci-

dence spectra whose intensities were known. Similarly, intensities of 

lines appearing both in the nucleus under study and in a neighboring 

nucleus were determined from coincidence . pectra. 

In general the TAC window was set to include only prompt events. 

The prompt TAC window corresponded to about 30 nanosec. The 103.5 keV 

transition, however, is known to depopulate an isomeric state with a 

lifetime of about 50 nanosec2 6' 3 0Thus, in addition to the prompt 
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Table 4-2(a). Coincidence Relationships of Gamma Ra/s Placed in the 
^ ' ^ H g J ^ A u Decay Scheme. 

Gate Energy (keV) 

51.0 c ) 

103.5 (prompt) 

103.5 (delayed) 

143.1 

153.7 

Coincidences b) 

185.8 

2&3.S 

205.4 

214 .9 

220.8 

233.4 

e) 

S; 153.7, 271.2 
M: 103.5, 374.7 
11: 181, 238, 299, 426.1 

S: 154, 271.2 
M: ann (d) 
W: 670 

S: 2 5 2 . 0 , 449.3, 525 .4 
M: 7u0.1 
W: 622,9, 657, 674, 879.0, 931 

S: 233.4 
M: 240 
U: 624.8 

S: 103.5, 221.0 
N: 240, 326, 392, 407.3, 429.4, 658.9 
«: 357, 376, 1429, 1668, 1726, 1744 

S: 271.6 
M: 135, 326 

S: 255 , 391 .5 , 4 3 5 . 5 , 4 7 0 . 1 , 4 8 4 . 2 , mm 

§58.9 
M: 130, 2 7 1 . 2 , 294 /298. 371, ann 
W: 170, 4 6 9 , 602 , 682, 798, 802, 849 , 1315, 
1360, 1581, 1958 

U: 221, <76.1 

S: 2 5 5 . 2 , 3 9 3 . 1 , 4 3 8 . 7 , 470 .1 
M: ann 

S: 1 4 3 . 1 , 3 3 4 . 6 , 3 8 7 . 9 , 4 6 1 . 9 , 4 7 4 . 9 , 5 6 4 . 4 , 
6 3 9 . 1 , 767 .7 
M: 6 0 2 . 5 , 8 9 5 . 3 , 12P3 .7 , 1357 .7 , 1 5 7 9 . 7 , 
1914.6 
W: 1235, 1247, 1694, 1705, 1753, 1882, 
1944, 1974, 2046, 2063 , 2110, 2270, 2550, 
2588, 2968 



Table 4 -2{a• . (continued) 

'Gate Lnernv fkeV\ 

235.9 e ) 

240. 3 

245.3 

252.0 

255.2, 

25? .? 

251. S 

2*5.9 

271.2 

271. i 

a) 

e) 

272.2 

271/272 (unassiqned) 

tS4.2 

S: 220.8 , 240.3 

S: 255 .2 . 393.1. 438.7 , 470.1" 
W: 536.8 ' 
U: 709.7 . 906/909, 19V) 

S: 568.5 
« : 376.1 • • - . . 

S:363.4 
N: 181. 579.3. 760.8. 1702. 1755 
M: -17®. 1766. r777,'i90e,- 2144 

S: 220.8. 240.3. 472.6 
M: 327 . 3 
W: 271» 669 

S: 240.3. 470.1 " ' 
S: 376.2, 624.8 
fi: 233.4 • • 
W: 501.4 

K: 233.4 -

$: ma 
S: 185.8, 395.8, 476.1 
H: 342 .3 . 381.9, 1627.9. 1864.3 
M: 103.5 
K: 154, 205, 265, 272, 419, 435 
U: 1576, 1702, 1747. 1992 

S: 298.7. 376. \ 024.8 
«: 203. 233.4, 390. 767.7 
SI: 165, 354. 470. 553. 1018. 1246, 1354 

292.1 
298.2 

W: 203.4. 233. 376. 447. 47% 525 

S: 284.2 



TAh 1 / r n n t i n . ^ ' 

Ga te tnergy ±kejtji*_\ 

AW.; 

?.m (unassigned) 

305.1 

319.0 • 

322.8 

327.3 . 

332 

332.1 

334.6 

336.4 ' 

342 .3 

* 9 . f 

3 M . 8 

Coincidences,b] 

S: 2 7 1 . 3 , 322.8 
K: 426.1, ann 

U: 137, 170, 191, 200, 217, 233 , 349, 418 
469, 525, 729. 1526, 1599 

S; 233.4 
M: 319.0, 334.6, 461.9, 470 
W: 137, 165, 259, 364, 374, 525.0, 584, 
5 9 3 , 6 5 7 , 7 4 0 

S: 233.4, 376.2, 564.4 
H: 178, 190, 585, 669. 932.3 
W: 143.1, 236, 305.1, 393, 400, 416, 
436/440, 525.0, 541, 805, 1234, 1499 

S: 298.7, 385.4 
«: 366, 426.1, 1857.4 
M: 311, ann, 525 

H: 153, 233, 240.3, 255.2, 436, 476.0 
U: 220.S • • . ' , 

220.8, 240.3, 393.1 

W: 233.4, 271, 323, 376.2 

5: 233.4, 1579.7 
M: 174, 271, ami. 564, 651, 677 

ft: 174, 499.2 
H: 1085 

Hi 171.6, 3 8 1 . 9 , 476.1 
if: 166, 460 , 517, 672, 7S® 

S: 3 7 6 . 2 . 6 2 4 . * 
m 233.4, 23? , « 9 » . 2 . 5 0 1 . 4 , 767.7 
if: 2 » , mm, MB* «7f * 1001, 1 5 9 

ft: 2 2 8 . 8 , 240 .3* 2 / 7 / 2 K , 4 2 f , K B 
i: HI* 403, U l , f®|8 
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Table 4 - 2 ( a ) . (continued) 

Coj_ricJdcnccAbA ... ... 
S: 252.0 
M: 135, 277, 389.0, 476.7, 745 
W: 222, 449 

372.9 M: 499.2 
376.1 S: 245.3, 253.3, 284.2, 319.0, 332.2, 349,2, 

454, 459.4, 624.8, 651.1 
M: 446.3 , 564.4, 860.6, 1740.1, 1803.3 
W: 1175, 1283, 1526, 1713, 1883, 1929, 1945, 
1952.2 

381.9 M: 271.6, 342.2, 476.1 
W: 123, 205, 298, 376, 392 

385.4 N: 271.2, 322.8, 376 
W: 160, 231, 292, 343, 350, 438, 470, 539, 
665, 855, 1006 

387.7 v. . ' S: 233.4 • - : ; ' . 

389.0 ; % " M: 363.4, 426.1 ; 

383/389 (unassigned) ' M : 437, 639 
H: 550, 745, 757, 1249, 1490 

391.5 ft; 203.4 
W: 272, 272, 298, 330, 351, 488, ann, 538, 634, 

, 741, 822, 917 
393.1 S: 220.8, 240.3 

H: 133 , 308, 332.2 , 486.6, mm, 646.3 
W: 284, 298, 382, 386, 437, 449, 565 

'.3 5: 204.7 
»• m 7 

.7 S: 240.3, 4?0.1 
»: 220.8. 836 

.1 € > H: 279, 298.7, : 



Table 4 - 2 ( a ) . (contir 

b) 

429.4 S: 204.7 
M: 153.7 

430.0 S: 472.6 
M: 255.2 

429/430 (unassigned) M: 302, 349, 370 

W: 525, 552, 661, 669, 705, 915 

435.5 . .. M: 203.4 / 

438.7 S: 220.8, 240.3, 470.1 

' % • • M: 476.0- . v . 

446.5 S: 376.2, 624.3 

446.9 S: 220.8, 240.3 
449.3 S; 525.4 

H: 254, 285, 345, 440, ann, 642.8, 745.8, 
1532 .9 ,1669.8 
M: 213, 295, 318, 458, 498, 555.9, 590/593, 
663, 683, 825, 360, 896, 1031, 1204, 1320, 
1466, 1607 

453.4 S: 376.2 
M: 274 
W: 1103, 1177, 1362 

461.9 S: 233.4, 564.4 
M: ami 

470.1 S: 220.8, 240.3, 4 1 0 . 7 , 438.7 
M: 257.7, 309.0, 390, 475, 594.0 
W: 455, 569 

472.6 S: 220.8, 240.3, 255.2, 490.0, 476.0 
N: mm 

474.9 S: 233.4 

475.7 S: 472.6 
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Table 4-2(a). {. 

Gate Energy (keV) a ) Coincidences b ) 

476.1 S: 271.6, 381.9 

475/477 (unassigned) M: 292, 341, 439, 669 
W: 604, 652, 874, 1094 

430.0 M: 277, 471, 525.2 
H; 207, 226 

484.2 W: 203.4, 240, 275, 349, 804, 908, 1181 
W: 168, 220, 339, 648, 1652 

486.6 M: 233, 393.1 
W: 350, 438, 995, 1052 

499.2 S: 336.4, 501.8, 527.5 
M: 258.8, 349.2, 372.9. ann, 629.5 
W: ;439, 1489, 1617.6, 1627.0, 1680 

501.8 S: 499.2 
M: 233.4 
M: 284.2, 349.2 

525.0 M: 305.1, 624.8 
W: 501.4 

525.2 M: 1066.4, 1646.9 
«: 566, 669 

525.4 S: 449.3 
U: 1588.4 

U: 372, 1032, 1181, 1419 

527.5 S: 499.2 

ft: 271.6, 476.1 

9 ft: 220.8, 240.3 

564.4 S: 233.4, 319.0, 376.2, 



OJ 

iat)ie 4-2{a) . (continued) 

Gate Enegry (keV) Coincidences 

579.3 S: ann 
M: 252.0 
W: 185.8, 200, 333, 384, 640, 686 

582.5 S: ann 
M: 220.8, 240.3 
W: 200, 350, 383, 669 

594.0 M: 470.1 

602.5/•• _ • " S: 233.4 •': 

616.2 M: 389.0 

619.4 H: 203.4, 284, ann 

624.4 S: 476.0 
M: 220.8, 255.2 

624.8 S: 284.2, 349.2, 376.2 
M: 446.9 
«: 253.8, 525.0 

624/625 (unassigned) W: 144, 306, 416 

629.5 W: 246, 271, 499.2 

639.1 S: 233.4 
M: ann 

642.8 M: 271, 449.3 
W: 300, 350, 473 

6 4 6 . 3 H: 393.1 
U: 203, 240 .3 , 300, 462, 474 

651.1 S: 376.2 
M: 233.4 

653.1 S: 476.1 
M: 2 7 1 . 6 , 340 



Table 4-2(a). (continued) 

64 

Gate Energy (key) a) Coincidences b) 

657.3 

658.9 

659.6 

669.2 

669.8 

669/670 (unassigned) 

694.2 

700.1 

709.7 

745.8 

752.4 

760.8 

767.7 

860.6 

873.0 

895.3 

H: 306, 1419.3 
W: 233, 439, 538 

S: 204.7, 1314.7 
U: 153.7 

M: 221.3, 272.2 

S: 271.6, 476.1 

W: 525.4 

M: 240 
W: 220, 255 

W: 564.4 

M; 1179.5 

S: 476.0 
M: 220.8, 240.3, 255.2 

M: 233, 240, 449,3 
W: 272, 37?. 410, ann 

M: 376.2 

H: 252.0 
U: 335, 462, 753, 875 

S: 233.4 
H: 284.2, 349.2 

H; 376.2 

M: 233.4, 349.?, 624.8 

M: 233.4 
W: 380, 476, ann, 697, 932 

1066.** S: 525 .2 



table 4-2(a). (continued) 

Energy (keV) Coincidences 

1142.5 M: 449.3 
W: ann 

1168.7 M: 221.0, 272.2 
W: 182, 341 

1179.5 S: 700.1 

1236.1 M: 233.4 W: 376, 399, 476, ann 
1283.7 S: 233.4 

M: ann 

1314.7 S: 658.9 

M: ann 

1350.1 M: 233.4 

1357.7 S: 233.4 

1363.3 M: 336 .4 , 499 .2 , 836 U: 459, 545 

1419.3 m ann , 657.3 
U: 233, 525, 541, 724 

1454.0 M; 233.4 
W : 298 

1532.8 S: 449.3 

U: 350, ann 

1579.7 S: 233 .4 , 334.6 

1583.6 M: ann 

1588.4 M: 525.4 

M: 449.3 

1617.6 H: 205, 233, 40.2 

1627.0 W: 499.2 



Table 4 - 2 ( a ) . ( 

3 

Gate Energy (keV) a ) Coinci 
1627.9 S: 271.6 

b) 

.9 S: 525.2 
1651.6 M: 525.2 
1661.6 M: 525.4 

W: 449.3 
1669.8 H: 449.3 

W: 270, ann 
1701.5 W: 252.0 
1715.6 W: 449.3 
1727.0 W: 153.7, 233.4, 
1737.0 W: 449.3 
1740.8 St 376.2 W: 233.4 

M: 376.2 
W: 233.4 

.4 W: 271.2, 322.8 

.3 S: 271.6 

.9 M: 233 
W: 271.2, 298.7 

1914.6 S: 233.4 
0 W: 203.4 

W; 233.4, 376.2 
1997.0 M: 233.4 



Gate Energy (keV) Coincidences b) 

2014.0 

2047,4 

2076.7 

2180.1 

W: 240.3 

M: ann 

W: 203 

S: 233,4 

( a ) Energies for mul tip lets unresolved in the singles data are determined 
as described in the text. Each raultiplet component and its coincidences 
are listed separately with unassigned coincidences of the multiplet 
listed after the last component. 
(b) Coincidences are identified as S (strong, 90 confidence in 
assignment), M (moderate, 70 confidence in assignment), or W (weak, 
>40% confidence in assignment). Exact energies are given for assigned 
coincidences, approximate energies for unassigned. 
(c) Gate pulled in e -Y - t data. 
(d) ann denotes annihilation line (511 keV). 

1H7 117 (e) Also appears in Au+ Pt decay. 
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Table 4-2(b) . Coincidence Relationships of Gamma Rays Assigned to the 
Decay 187nu9Hg-'187Au but not Placed in the Decay Scheme. Only l ines 
with I > 3 are included. 

Gate Energy (keV) Coincidences 

271A M: 256, 284 
W: 103, 153, 272, 298, 319, 355, 389, 469, 
476 , ann , 625, 647, 747, 1068 

326.4 N: 153, 233, 257, 436 

W: 250, 292 

424.8 W: 154, 209, 299 

503.6 M: ann 

W: 255, 275, 525, 1355 

515.8 M; 284, 376 , 507 

517.9 M: 396 U: 476 , 650 
569.0 M: 181, 232, 3 3 2 , 6 3 0 

W: 471, 566 , 587 , 845, 1028 

571.2 W: 220, 240, 288, 376, 424, 470, 476, ann 

575.5 S: ann W: 237, 449, 706, 980 

581.2 S: ann 
M: 220, 240 
U: 200, 275, 334, 350, 383, 405, 474, 
536, 637, 669 

585.1 M; ann 

723.6 H: 207, 245, ^01, 337, 390. 469, 554, 

599, 736 

829.9 W: 210, 295, 331, 344, 541, 586, 1349 

848.2 M: 233, 376 U: 438, 476, 717 



T^hlo 9 / h ̂  ( rnnt i mte>H \ 

a) Gate Energy (keV) Coincidences 

963.1 W: 233, 476, 700 

982.9 W: 286, 328, 451, 476 

1000.9 U: 220, 287, 349 

1023.7 M: 258, 426, 657, 760 
W: 205, 210, 447, 477, 499/501 

1055.9 M: 233 
W: ann, 525 

1094.4 M: 233, 448 
M: 160, 220 

1135.5 M: 476 
W: 699 

1365.5 M: 220 
M: 347, 416, 476 

1491.4 M: 237 

W: 240, 384, ann 

1502.8 W: 233, 319, 467 

1517.3 W: 194, 204 , 433 

1549.9 U: 374 

1576.5 M: 233, 271, 374 

1743.9 M: ann 

W: 135, 153, 256 

1958.3 U: 205, 223, 233 

2030.0 W: ann 

2065.6 no coinc. 

2081.9 no coinc. 
(a) Energies of coincident lines are accurate to t 2 keV. 



Table 4-2(b). (continued) 

Gate Enerqy (keV) Coincidences ay 

963.1 W: 233, 476, 700 

982.9 W: 286, 328, 451, 

1000.9 W: 220, 287, 349 

1023.7 M: 
W: 

258, 426, 
205, 210, 

657, 
447, 

1055.9 M: 
W: 

233 
ann, 525 

1094.4 N: 
W: 

233, 448 
160, 220 

1135.5 H: 
W: 

476 
699 

1365.5 H: 
W: 

220 
347, 416, 476 

1491.4 N: 
W: 

237 
240, 384, ann 

1502.8 W: 233, 319, 467 

1517.3 W: 194, 204, 433 

1549.9 W: 374 

1576.5 W: 233, 271, 374 

1743.9 M: 
U: 

ann 
135, 153, 256 

1958.3 W: 205, 223, 233 

2030.0 U: ann 

2065.6 no coinc. 

2081.9 no coinc. 

(a) Energies of coincident lines are accurate to 1 2 keV. 



gate, one Mas also set at this energy with a delayed TAC l imi t . These 

t y/f. njtoc a r-rv c •» n tin d - fl y/hpro f Vin va nc or>r n^ V>r> 

isomeric state are seen to be more intense in the delayed gate. 

The lifetime of this isomeric state was determined by setting a 

window on the appropriate energy range and creating a TAC spectrum from 

the coincidence data. The results are shown in Fig. 4-5, where the 

prompt component has been subtracted and a f i t made to the decay curve. 

The lifetime obtained is 47.8 + 4.6 nanosec in agreement with refs. 26, 

30. ; . . • •/'_ . _ ; 

Similar analysis was carried out on the electron data. Electron 

gates (see Fig. 4-6) containing coincidences not already seen in the 

Y-y-t data are included in Table 4-2. The electron singles data were 

used to determine internal conversion coefficients. Those lines for which 

conversion coefficient? were deduced are listed in Table 4-3 with 

probable multipolarity and results of ref. 30 the multipolarities 

being assigned by comparison with theoretical values computed by Hager 

and Seltzer®'. Systematic trends in the odd-mass gold nuclei were 

used to identify the 233.4 keV line as the transition between the 

13/2- and 9/2- levels in the h g , 2 band (see Chapter V). Therefore, 

It was assigned « pure £2 multipolarity and used to normalize the 

electron and ganma efficiency calibrations. 

The results of the data analysis are presented in Figs. 4-7 

as energy level schemes with spins and parities given where known. 

Interpretations of these results are given in the next chapter. 

schemes are based on coincidence relationships and energy SUMS and 
26 27 30* differences. Previous work ' * ' was vssd to help construct the 
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Figure 4-4. Background-Subtracted Coincidence Gates for the 103 keV 
line in 187",9Hg Oecay With Prompt and Delayed TAC Bounds. 
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Figure 4-5. TAC Spectrum of the 103 ketf Transition Between the 
^11/2 an(* h s /2 Bam*fr©ads. The transition is delayed due to shape 
isomerism, as discussed in Chapt. V. 
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Table 4 - 3 . I n t e r n a l Conversion Coef f i c ien ts and " , * 

Decay 1 8 7 m ' V 8 7 A u . 

E , ( k e V ) 

143.1 

153.7 

203.4 

205.4 

220.8 

233.4 

240.3 

252.0 

255.2 

265.6 

271.5 

284.2 

298.5 

319.0 

322.8 

334.6 

349.2 

T h e o r e t i c a l x 10 

El 

137 

115 

57 

56 

46 

41 

38 

33 

33 

30 

28 

25 

22 
19 

19 

17 

16 

E2 

376 

321 

164 

160 

134 

116 
108 

96 

93 

85 

80 

71 

63 

54 

52 

48 

43 

TT) 

Ml 

2225 

1816 

826 

804 

658 

563 

520 

456 

441 

395 

372 

329 

288 

240 

233 

211 
188 

ly X 10 l\ 

Present Wort 

Tc] 

5980 (1670) Ml 

1702 (884) Ml • 

935 (178) Ml 

666 (131) Ml * 

344 (63) Ml + 

116* 
^ it 

E2 

158 (31) E2 

223 (56) Ml + 

393 (106) Ml (106) 

192 (173) Ml + 

351 (56) Ml + 

478 (76) Ml 

94 

439 

47 

250 

33) 

79) 

7) 

6 0 ) 

Ml +• L? H ( 





usj . til ' N " : i I 

* } 

r , . ! -if, - re :" firO ' 

nano* anreew 

iar i. 

'see fig. 

w<i*. carried out on the elf * for dal •. 1< 

nntaining coincidences not already seen in the 

Y-y-t data are included in Table 4-;'. The electron sin ;les data were 

used to determine internH conversion coefficients', Those lines foiv which 

conver s ion e f f i c i e n t s were deduced a r e l i s t e d in Table 4 -3 .vith 

p r o b a b l e mul t i p o l a r i ty arid r e s u l t s of ref T pps m u l t i p o l a r i t i e s 

being a s s i g n e d by comparison wi th ; > *eo re t i c a l v a l u e s computed by Hager 
85) H 1 H w M mm and S e U z e r ' h S y s t e m a t i c t r e n d s in the odd-mass gold nuc l e i were 

A ^ I ¥ K 
used to i d e n t i f y the 233.4 keV l i ne as the t r a n s i t i o n between the 

13/?- and 9 / 2 - leve ls in the h Q / 0 band (see Chapter V). Therefore. W m m W & I H I as assigned a pure E2 mul t i p o l a r i t y and used to normalize 1 

11 e lec t ron and gamma e f f i c i e n c y c a l i b r a t i o n s . 
M M M M H — J U 

The resu l ts of the data ana lys is are presented i n Figs . M M 

as energy level schemes wi th spins and p a r i t i e s given where known. I I T I n te rp re ta t i ons of these resu l ts are given in the next chapter. These 

schemes Dre based on coincidence re la t i onsh ips and energy sums ar.d 
26,27,30) - I d i f f e rences . Previous work was used to help const ruct the 
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Figure 4 -4 . Background-Sibtract d Coincidence Sates for the 103 keV 

l i n e 1n } B 7 m ' *Hq Decay With Prompt and Delayed TAC Bounds. 
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Figure 4-5. TAC Spectrum of the 103 keV Transition Between the 
hjyg a n d frg/2 Bandheads. The transition is delayed due to shape 
Isomerism, as discussed in Chapt. V. 
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Table 4-3, Internal Conversion Coefficients and M u l t i p o i n t / Assignments for Lines i« the 
187.n,gu 187a„ 

E^(keV) 

leal x "P;*esei fit Work Bourgeois et a I. 

Muli ipolari t / E^(keV) El E2 Ml Multipolar! ty 

Bourgeois et a I. 

Muli ipolari t / 

143.1 137 376 2225 5980 (1670) Ml 3000 (1000"1 Ml 
153.7 115 321 1816 1702 (884) HI + £2 1000 (-300) • Ml * L2 
203.4 57 164 826 935(178) Ml 650 (150) ' • Ml + 
205.4 56 160 804 666(131) M1 + £2 700 (150} MI * a?) 

220.8*^ 46 134 658 344 (63) Ml + E2 ~ 280 (60) Ml + E? 
233.4** 41 116 563 116 £2 1 TO ;{30} r: 
240 1 38 108 520 158 (31) E2 120 (30) £2 
252.0 33 96 456 223 (56) . Ml + E2 • 300 (E?) 
255.2 33 93 441 393(106) Ml 380 (100) Ml 
265.6 30 85 395 192 (173) Ml + £2 
271.5 28 80 372 351 (56) •tl + £2 300 (6Q) MI * f : 
284.2 25 71 329 (76) Ml 
218.5* 22 63 288 -23 (6) i i 
319.0 19 54 240 94 (33) E2 . • .. ! '70 i ; 
322.8 19 52 233 439 (79) Ml + E2 +E0 
334.6 17 48 211 47 (7) E2 42 (12) • ' 12 
349.2 16 43 108 250 {60) Ml 220 (f; Ml-



Table 4 - 3 , ( con t i nued ) 

T h e o r e t i c a l a K x 103 a ^ Present Work Bourgeois e t a l . ^ 

I (keV) 
Y 

£1 E2 Ml aK x 103 c' M u l t l p r l a r l t y ; K x TO3 c ' M u l t i p o l a r ! t / 

363.4 14 39 169 <300 Ml 230 (60) Ml 

376 1 13 36 154 84 (1?) Ml + E2 110 (30) Ml + l 2 

381.9 13 35 148 87 (58) Ml + £2 

3S7.9 12 34 142 436 (141) Ml + E2 + EO 

393* 1 12 33 137 137 (38) Ml 160 (40) Ml 

# 7 . 3 11 30 125 2^7 (165) Ml 

10.7 11 30 122 170 (40) HI 130 (30) Ml 

429 .8 10 26 108 88 (10) Ml • £2 

438 .7 9 25 102 32 (7 ) Ml + E2 34 (8 ) M' • £2 

449 .3 9 24 96 21 (3 ) - £2 • / 27 (6) E2 

459.4 9 23 90 62 (26) Ml + £2 120 (30) Ml -

461 .9 8 23 89 34 (6 ) Ml + £2 80 (20) Mi > £2 

470.1 8 22 85 30 ( 7 ) £2 26 (7) £2 -

472 .6 8 22 84 28 (9 ) £2 <40 - Ml + E2 

476* 8 21 82 (d) 

484 2 8 20 79 158 (41) Ml 

§ § 1 , 2 7 19 73 61 (10) Ml 80 (20) Ml 

7 19 72 <100 / E l ) . 



Table £-3. (continued; 

E (keV) 
Y 

Theoretical 1 a^ x 103 a ) Present Work Bourgeoi 
... . - ^ 

»K x 10 E (keV) 
Y E1 E2 Ml x 103 C ) Mul t ipo la r i ty 

Bourgeoi 
... . - ^ 

»K x 10 

525.2 6 17 64 44 (6) Ml + E2 

537.0 6 16 60 32 (24) Ml + 1 2 10 

564.4 6 15 53 20 (10) 12 ^ 

582.5 5 14 49 19 (5) ' Ml + U ' 

602.5 5 13 45 53 (23) , m • 40 (:i) 

624.8 4 12 40 6 (1) 

639.1 4 11 38 30 (6) m - E2 . -33 (6) 

* 
* * 

K » .. a . 

Ma"tipolar 

Ml 

• a r 

Ml 

Li 

Ml 

Multiply assigned. 
Normalized to pure 1 2 . 

(a) ref. 85 
(b) ref. 30 
(c) Errors are in pare theses and ind i ca t e uncertainties in the s igni f icant 'figures reports 
(d) bourgeois et a l . report «K « 0.043 t 0.010 for the 475.8 keV line anc' = 0 . W . 0.?( for 
476.6 keV line with multlpolarity assignments of Ml + E2 and Ml. respect-vely. 

i fi 
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Figure 4-7 (a) . Decay Scheme for 187m'gHg: Part I - The Level Associated with the 

lands. Coincidences a-e denoted by • 

1 / 2 ' d 3 '2 ^ B / i 
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Figure 4-7 (c) . Oecay Schene for 187m*9Hg: Part I I I - The Levels Below 
1122 keV Associated with and i 1 3 / 2 Bands. Coincidences are denoted 
by • 



BG 

Figure 4-7 (d). Decay Scheme for 187m»9Hg- Part IV - The Levels Above 
1122 keV Associated with the h g / 2 and i 1 3 / ? Bands. Coincidences are de-
noted by • . Levels below 1122 keV not populated by transitions 
from levels above 1122 keV are not shown. 
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intensities from a different experiment (Run 1-b), and a consistent 
normalization between the two was never achieved. The results presented 
here were arrived At for th*» mr><;t r»a**t the • - -f and ,-multiscaled 
data during Run 1-b. 

187 187 Analysis of the Au decay data was similar to that for Hg 
aecay. bated coincidence spectra were generated on the Tennecomp system 
from list data taken during the experiment and these spectra, with the 

singles spectra, were analyzed with the SEL-840A. Fits of strong peaks 
were made in each multiscaled plane, and a halflife of 8.4 + 1.8 min was 

187 
determined for the Au decay, in agreement with refs. 15, 28. 
Energies and intensities of assigned lines are given in Tables 4-4, 
coincidence relationships are Shown in Tables 4-5, and the data are 
presented in an energy level scheme in Fig. 4-8. Previous work^'^ 
was used to help construct the energy level scheme. The ground state 

187 
spin in Pt has teen measured as 3/2 in atomic beam experiments at 
Uppsala12*. 



Table 4-4(a). Energies and Relative Intensities o inrna Rays placed 
in the Decay 187Au-187Pt. 

Ey (keV) a ) j a,b) 
Y Ey (keV) a ) ! a,b) 

y 

49.0 (4)^ 546.0 (2) 10.7 (5) 
51.5 O)^ 559.7 (2) 13.7 (6) 
64.9 (4)*j 560.2 (4) 21.3 (8) 
74.6 (3) 577.9 (2) 4.1 (3) 
112.7 (4) <1 582.8 (2) 4.8 (3) 
116.0 (2) 3.1 2) 590.9 (2) 7.4 (4) 
126.8 (4) 2.9 9) 595.1 (2) 6.1 (4) 
137.9 (4) 5.3 10) 609.2 (2) 7.8 (4) 
165.0 (2) 3.4 i 2) 611.0 (4) 1.5 (4) 
166.5 (2) 6.1 3) 620.7 (2) 23.3 (8) 
181*3 (2) 14.5 9) 625.1 (2) 3.1 (5) 
185 26.5 40) 634.8 (2) 16.3 (6) 
186.1 (3) 7.3 40) 706.1 (2) 26.1 (20) 
190.7 (2) 17.2 10) 706.6 (4) <5 
208.5 (3) 1.5 13) 720.2 (2) 14.0 (5) 
209.2 (2) 3.4 14) 729.9 (2) 5.9 (10) 
213.8 (2) 5.9 i 3) 731.0 (3) 2.4 (9) 
235.6 (3) 8.3 i 8) 773.2(5) 5.3 (11) 
236.9 (3) 7.6 8) 781.2 (2) 2.6 (4) 
247.6 (2) 14.6 9) 832.9 (2) 15.0 (5) 
251.4 (2) 14.8 12) 900.0 (4) <2 
260.7 (2) 2.7 2) 914.5 (2) 40.7 110) 
263.0 (2) 1,4 l2) 981.7 (3) 2.8 (8) 
317.3 (5) 2.6 r5) 1052.4 (5) <2 
351.7 (2) 13.2 [7) 1080.1 (2) 4.6 (4) 
354.9 (3) 2.6 (2) 1119.6 (4) 1.8 (3) 
369.1 (2) 10.3 (5) 1150.1 (4) 1.9(5) 
374.3 (2) 10.1 [10) 1172.5 (4) 2.4 (9) 
374.8 (4) 6.8 [10) 1189.3 (2) 13.2 (5) 
390.3 (2) 16.5 8) 1266.3 (2) 34.0 (7) 
400.7 (2) 10.1 [5) 1331.7 (2) 100 
416.6 (2) 7.6 [4) 1383.9 (3) 4.5 (5) 
422.9 (2) 4.7 [3) 1408.0 (2) 40.5 (7) 
426.3 (2) 25.3 (12) 1417.7 (5) 7.6 (4) 
429.5 (2) 8,9 [6 i428.6 (6) 2.0 (5) 
433.5 (2) 2.4 (3) 1439.4 (5) 2.4 (5) 
456.6 (2) 6.7 [5) 1519.7 (3) 2.4 (3) 
468.4 (2* 6.0 [4) 1601.4 (5) 2.5 (4) 
482.4 (2) 3.6 [3) 1643.0 (5) 1.9 (4) 
492.8 (4)** 1.4 [2) 1727.7 (2) 9.7 (6) 
508.0 (4) 1756.2 (2) 10.2 4) 
541.9 (2) 5.5 (4) 1767.0 (5) 4.9 (3) 
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Table 4-5(a). (continued) 

E (keV) a ) j a,b) E (keV) a ) r a,b) 
Y Y Y Y 

1777.8 (2) 7.1 (4) 1991.2 (3) 14.9 (14) 
1826.1 (3) 4.0 (4) 2007.6 (3) 8.2 (5) 
1964.0 (3) 13.8 (10) 2016.8 (2) 10.3 (4) 
1987.0 (3) 13.0 (5) 2027.7 (4) 16.4 (5) 

Not placed in decay scheme. 
* * 

Seen in electron data only. 
(a) Errors are in parentheses and indicate uncertainties in the last 
significant figures reported. 
(b) Intensities ave relative to I (1331.7) = 100.0. 
(c) Energies determined from energy differences of known levels. 
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Table 4-4{b). Energies and Relative Intensities of Gamma Rays 
Assigned to ^Au-^ 7 Pt Decay but not Placed in the Decay Scheme. 
Only lines vr"th I > 3 are included. 

E^ (keV) a ) I *v Ey (keV) a ) 1 a,b) 
Y 

252.6 (2) 9.5 (5) 1399.0 (3) 3.3 (5) 
405.6 (2) 3.9 (5) 1433.6 (3) 12.8 (6) 
413.3 (3) 5.9 (6) 1452.1 (3) 23.4 (6) 
552.7 (4) 3.9 (20) 1474.2 (4) 3.1 (5) 
575.7 (2) 3.4 (3) T477.6 (4) 3.2 (5) 
614.0 (2) 4.2 (3) 1612.3 (4) 3.0 (5) 
786.0 (2) 3.0 (4) 1640.7 (3) 3.7 (4) 
937.5 (3) 5.1 (6) 1805.7 (3) 5,0 (4) 
959.1 (2) 3.8 (3) 1834.2 (4) 3.5 (5) 
1007.6 (3) 5.0 (17) 1847.7 (4) 5.3 (5) 
1145.1 (3) 3.4 (12) 1876.8 (4) 3.4 (6) 
1253.1 (3) 3.2 (4) 1909.8 (3) 8.8 (9) 
1277.2 (3) 3.5 (4) 1943.1 (4) 3.0 (5) 
1313.6 (2) 26.4 (8) 2056.1 (3) 11-1 (4) 
1359.2 (3) 6.7 (8) 2085.3 (3) 9.7 (4) 
1378.9 (3) 6.7 (6) 2105.5 (5) 3.8 (6) 

(a) Errors are in parentheses and indicate uncertainties in the last 
significant figures reported. 
(b) Intensities are relative to I (1331.7) = 100.0. 
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table 4-5( Coincidence Relationships of Gamma Rays Placed in the 
187Au-187Pt Decay Scheme. 

Gate Energy (keV) a' 

116.0 

181.3 

185 (unassigned) 

186.1 

190.7 

208.5 

209.2 

213.8 

235.6 

236.9 

247.6 

251.4 

Coincidences b) 

M: 235.6, ann c ) 
W: 133, 310, 1374 

S: 235.6, 590.9 
M: 559.7 
W: 300, 329, 1060, 1149 

S: 345, 390.3 
M: 131, 469, 602 
W: 445, 455, 481, 769, 1459, 1908, 2234 

S: 247.6, 374.3, 832.9 
M: 706.1, 1080.1, 1756.1 
W: 1767.0, 1777.8 

S: 235.6 
M: 319, 559.7, 590.9, 832.9 
W: 429, ann, 629, 633, 723, 767, 1088, 1644 

M: 706.1 

M: 247.6 
W. 1122 

M: 1118, 1189.3 
W: 237, 559, 914, 1052 

S; 181.3, 190.7, 914.6 
M: 165.1, 699 
W: 174, 1492 

M: 1189.3 

S: 251.4, 832.9 
M: 209.2, 260.7 
W: 134, ann3 898, 1520, 1573 

S: 247.6, 832.9 
M: 374.3, 390, 456 
W: ann, 688, 1080 

251 (delayed) M: 162, 170, 187 



Table 4-5(a). (continued) 

Gate Energy (keV) Coincidences 

260.7 M: 247.6 
W: 165.6, 374.3, 390, 621, 705 

351.7 S: 914.5 
M: 354.9, ann 
W: 1068, 1172.5 

354.9 M: 369.1, 426.3, 559.7 

369.1 S: 914.5 

374.3 5:186.1,251.4,706.1 

374.8 M: 914.5 

390.3 S: 185, 469 
M: 482.4 
W: 204, 251 800, 844, 937, 1384 

400.7 S: 914.5 
M: 224, 258, 354.9, 426, 1172.5 
W: 192, 263, 494, 658, 664, 1100 

416.6 M: 220, 625, 959 
W: 706, 914.5 

422.9 M: 634.8 

426.3 S: 914.5 
M: 208.5, 354.9, ann, 981.7, 1172.5 
W: 172, 193, 410, 450, 608, 1008 

456.6 M: 252, 832.9 

468.4 S: 390.3 
W: 185 

482.4 S: 390.3 
M: 832.9 

541.9 W: 332, 430, 1417.7 

546.0 S: 720.2 
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Table 4-5(a). (continued) 

Gate Energy Coincidences ^^ 

559.7 S: 354.9, 492.P, 590.9, 706.5, 729.7, 781.2 
M: 426.3, ann 
W: 606, 854 

560.2 S: 706.1, 731.0 

577.9 S: ann, 706.0 
W: 185 

582.8 no coinc. 

590.9 S: 181.3, 559.7 
W: 190.7 

599.1 W: ann 

609.2 S: 706.1, 731.0 

611.0 no coinc. 
620.7 S: 720.2 

M: 247, 288, ann, 562, 683 

625.1 M: 416, 706.1 

634.8 S: 422.9, 706.0 
M: 234, 376, 772, 799 

706.1 S: 208.5, 374.3, 560.2, 577.9, 609.2, 634.8 
M: 260.7, 426.3, ann, 625.1 

706.6 559.7 

706 (unassigned) M: 310, 327, 486 

720.2 S: 546.0, 520.; 
M: ann, 595.1, 611.0, 1114 

729.9 5: 559.7 
W: 249 

773.2 W: 233, 560.2, 634.8 

781.2 M: 250, 559.7 



Table 4-5(a). (continued) 

Gate Energy (keV) Coincidences 

832.9 S: 186.1, 247.6, 433.5, 456.6, 482.4, ann 
M: 251.4, 314 
W: 130, 209.2, 323 

914.5 S: 235.6, 351.7, 369.1,7100.7, 426.3 
M: 190.7, 374.8, ann 

981.7 W: 351.7, 426.3, 696 

1080.1 M: 251.4 

1119.6 W: 209.2, ann 

117?.5 W: 400.7, 426.3 
1189.3 S: 213.8 

M: 236.9 
W: 132, 262 

1266.3 M: ann 

1.331.7 S: ann 
W: 307, 414, 687 

1383.0 M; 390.3 
W: 185, 251 

1408.0 M: ann 

1417.7 M: 541.9 

1428.6 W: 541.9 

1439.4 W: 202, 541.9 

1601.4 W: 425.3 

1643.0 W: 426.3 

1727.7 M: 213.8 

1756.2 S: 186.1, 251.4 , M: 209.2 % 
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Table 4-5(a). (continued) 

Gate Energy Coincidences 
1767.0 M: 186.1 
1777.8 M: 186.1 
1826.1 W: 181.3, 190.7 
1964.0 no coinc. 
1987.0 no coinc. 

1991.2 no coinc. 
2007.6 no coinc. 
2016.8 no coinc. 
2027.7 no coinc. 

(a) Energies for multiplets unresolved in the singles data are determined 
as described in the text. Each multiplet component and its coincidences 
are listed separately with unassigned coincidences listed after the last 
component. 
(b) Coincidences are identified as S (strong, >901 confidence in 
assignment), M (moderate, >70% confidence in assignment), or W (weak, 
>40% confidence in assignment). Exact energies are given for assigned 
coincidences, approximate energies for unassigned. 
(c) ann denotes annihilation line (511 J<eV). 



Table 4-5(b). Coincidence Relat ionships of Gamma Hays Assigned to the 
r 187Au -1 8 7Pt bu 
3 are included. 

187 187 Decay - Au- Pt but not'Placed in the Decay Scheme. On)y l ines with 

a Gate Energy (keV) Coincidences ' 

a: ann 
U: 264, 671 

614.0 no coinc. 

786.0 U: 181, 420, 486, 630 

937.5 tf: 193, 467, 116 

959.1 W: 183, 224, 416, 472 

1145.1 W: 182, 237, 334 

1229.0 no coinc. 

1253.1 no c"inc. 

1318.6 W: ann 

1378.9 no coinc. 

1433.6 W: 322, ann 

1452.1 M: ann 

1805.7 no coinc. 

1847.7 W: 190, 234, ann 

1909.8 no coinc. 

2056.1 no coinc. 

2085.3 no coinc. 

(a) Coincidence energies are accurate to ± 2 keV. 
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187 
Hgtrre 4 -8 , Betsy Scherne for Au. Coincidences are denoted by 



CHAPTER • V 

INTERPRETATION OF RESULTS 

The two nuclei studied in this work are in.the "transitional" 

region between the strongly deformed nuclei in mid-shell and the 
208 

double shell closure at Pb. The odd-A transitional nuclei in 
this region have been interpreted by Meyer ter V e h n ^ ) as the coupling 
of a pure-j nucleon to a triaxial core. This asymmetric rotor model 
has met with varying degrees of success and is used as the theoretical 
basis underlying this work because of its simplicity (see Chapter II). 
This model readily reproduces several phenomena observed in the 
transitional region: Both particle and hole spectra are observed, 
and both oblate and prolate shapes exist in this region. In particular, 
an oblate-to-prelate shape transition is observed in the bands 
of the odd-mass gold nuclei as they become more neutron deficient. 
This shape change manifests itself in the transition from a strongly 191-195 coupled hy2 b a n d structure in the nuclei Au to a decoupled 

185 189 
hg^2 band structure in ,03~,0*Au (see Chapter II and Fig. 5-3). The 
asymmetric rotor model as interpreted by Meyer ter Vehn is equally 
capable of describing particle and hole couplings to a triaxial core, 
oblate or prolate, and can reproduce this trend in the hg^2 band In 
tie gold- nuclei. 

All Meyer ter Vehn calculations presented In this work u^e 
.tile "standard* parameters of refs. S and 6.. These standard parameters 
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are determined from experimental energy spect ra of the neighboring 
even-even core n u c l e i , and no attempt has been made to fit the odd-A 
spectra by varying these model parameters. The add i t ion of the odd 

nucleon to the even-even core , however, may polarize the core such 
tha t the standard parameters should be modified to represent the 
c f f cc t ;» t : Cwi c iLcii Lj the i«uv.l cuit. 7n i:> pu i a r ina t i on e f f e c t r a i s e s 

the quest ion of whether well-defined r ig id triaxial shapes exist. 
Microscopic calculations66,67^ predict that the transitional nuclei 
are .-soft, whereas the Meyer ter Vehn calculation of the asymmetric 
ro to r assumes a rigid triaxial shape. This question of triaxiality has 
recently been explored by Gi rod and Grammaticos and Baktash et a l . 
Gi rod and Grammaticos find that, On the basis of Hartree - Fock -
Bogolyubov calculations, static triaxial shapes are rare, but point 
out that y-softness leads to dynamic triaxiality in a number of cases. 
Baktash et al. find that experimental measurements favor a y-soft 

1QA core over a rigid triaxial shape for Pt. The y-softness of the 
187 

transitional nuclei is further discussed below in relation to the Au 
nucleus. 

The existence of shape isomerism in the odd-mass gold nuclei 
26 72 88 j 187 has recently been demonstrated • * The Au nucleus studied 

in the present work also exhibits shape isomerism. T' is isomerism is 
due to the different core shapes available for coupling to the odd 

HOI nucleon. For Au, the odd proton can couple as a particle (in the 
186 

h9/2 orb'ta1» example) to the prolate Pt core or as a hole (in 
the orbital, for example) to the obi^te core. Gamma-ray 
transitions between members of the hg^2 and h ^ ^ bands will then be 



hindered by the shape change, as discussed below. In add i t ion to the 

ground s t a t e bands, t he re are e x c i t e d 0+ s f a t e s in the ^ "^Pt and ^"JHf) 

cores which have c o l l e c t i v e s t r u c t u r e a s soc i a t ed with them and which 

should also couple to the odd nucleon. One of the major o b j e c t i v e s 

of the present work i s the l oca t ion of the s t a t e s due to the coupling 

of the odd proton to thpsp 0+ s t t f> t in th«» m r o mir ioi For tho c ' 1 

137 + 

c o r e , used with hole s t a t e s in Au, the s t a t e has a s t rong ly 

deforced shape70* such that Ni lsson states should appear in the odd 

proton coupling. Candidates for these Nilsson states have been found 

and are discussed be^ow. The 18^Pt core, used with the particle 
187 + states in Au, a 1 so has an excited 0 state but its structure is not 

understood at present. The coupling of the odd proton to this state 

has also been observed in the present work and may require Lhe introduc 

tion of a new isomeric nuclear degree of freedom, as discussed below. 

It should be pointed out that the use of nuclear systematics 
187 

played an important role in constructing the Au energy level scheme. 

Previous work at UNISOR on 1 8 9 " 1 9 5 A u 1 1 a n d current UNISOR work 

on were used to follew systematic trends of the energy levels 197 
in the odd-mass gold nuclei from the stable Au nucleus to the 
region far from stability under study in the present work. Further 
details on the use of these systematics are given below. 

187 187 The nucleus Pt was studied in the decay (8.4 min) Au-*(2.4 
187 

hr) Pt as described in Chapter III and the energy level scheme 

(Fig. 4-9) constructed from the coincidence data. Previous work16,18* 

confirmed and supplemented by the present work with a few points of 
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disagreement. It should be pointed out, however, that the present study 

i s incomplete for the following reasons. First, as noted in Chapter IV, 

the conversion electron data were of low quality due to poor statistics 

and the unavailability of equipment to observe low energy {Ee < 30 

keV) conversion electrons of the transitions between the low energy 

levels in the scheme. Thus, there is a lack of conversion coefficients 

to help make spin assignments throughout the scheme, and an absence of 
1H7 coincidence information at low energy. Secondly, the Au decay 

spectra were contaminated wi th 187ni'9Hg decay lines, since the mass 
187 187 

chain was entered at T1 or Hg in each experiment (see Table 3-1). 

Final!]', as discussed in greater detail below, the decay scheme is 

unusuaMy complex, 

In-beam reaction spectroscopy2*^ has clearly established the 

existence of the i-j3/2 neutron band in 18/_193Pt. An M2 isomeric 187 ?5l 
transition of 117 keV lias been observed with in-beam studies of Ft' ' 

and it has been interpreted as the transition depopulating the 11/2+ 

bandhead ' of the i.^^ band. The 7/2- level fed by this decay has not 

been located relative to the ground state, which has a spin of . 

This 117 keV transition is observed in the gamma and electron singles 

spectra of the present work, but its isomeric nature = 311 us) 

prohibits its appearance in coincidence data. Since it appears that 
187 1R7 only the 1/2+ ground state of Au decays to °'Pt (see Chapter IV), 187 

only low-spin states of Pt are populated. Therefore, only low-spin 

members of the i ^ 2 neutron band are directly populated, and the 11/2+ 

bandhead decay observed in the present work occurs through indirect 

population of this level from low-spin members of tho band. These 
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low-spin l eve l s have not been loca ted in the p re sen t work. The 
5 6) asymmetric r o t o r model c a l c u l a t i o n s of Meyer t e r Vehn " appear to 

18 22 1 
describe ad̂ 'iwatply t ho i. b^nH' in oHH-A • . i •>* :n<y> i'-nfrnn-- ' ' 

' " ' 

187 In P t , the energy spacings of the favored decoupled members of the 
188 1 13 /2 t j a n d m o r e c l o se ly resemble the energy spac inqs of the ' Pt ground 

1 '>(• 
s t a t e band than they do the ' Pt ground s t a t e band. Thus the Meyer t e r 

1P7 
Vehn c a l c u l a t i o n desc r ibes the nucleus J Pt as a neutron hole in a 

Pt core . 1 Q7 
The keys to constructing the Pt level scheme (Fig. 4-9} were 

the s ix levels below 100 keV (including the ground state). Transitions 

between these levels are reported in ref. 18. In the present work, 

these levels are further established by the observation of coincidences 

between higher energy transitions. For example, the levc-1 at 426.3 keV 

is populated by the intense 914.6 keV gamma ray from the level at 

1340.9 keV. The 914.6 keV gamma ray is in coincidence with the 351.7, 

369.1, 374.8, 400.7, 416.6 and 426.3 keV gamma rays. These gamma rays 

thus decay to the levels at 74.6, 57.2, 51.5, 25.6, and 9.3 keV and the 

ground state, respectively. The level at 1340.9 keV similarly decays 

to other levels which subsequently decay to these low energy levels. 

The 559.7, 706.1, 720.2, 832.9, 1052.2, 1080.2, and 1150.2 keV 

transitions depopulate the 1340.9 keV level to the levels at 781.2, 

634.8, 620.7, 508.0, 288.4, 260.7, and 190.7 keV, respectively. 

Coincidence gates on the gamma rays depopulating the 1340.9 keV level 

then show coincidences with other gamma rays, some of which decay to 

the energy levels below 100 keV. There is also a level at 1408.0 keV 

which exhibits the same pattern and several levels above 2 MeV can 
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also be ctnsistently fit into this pattern. 

One point of disagreement between the present work and ref. 18 

is the placement of the m i . 7 keV transition, the most intense gamma 
187 18) ray observed in Au decay. Bourgeois et al. place this 

transition between a level at 1383.3 keV and the 51.5 keV level while 

the present assignment is between the 1340.9 keV and 9.3 keV levels. 

If Bourgeois et al. are correct, there should be a coincidence observed 

between the 1332 keV gamma ray and the 51.5 keV electron. This 

coincidence is not seen in the present work. As noted above, however, 

the e-Y-t data of the present work do not have the statistics necessary 

to rule out completely the assignment of ref. 18. However, the ability 

to fit this 1332 keV transition into the decay scheme described above 

strengthens the present assignment. This question of assignment 

can be resolved in future work by using the pre^acceleration electron 
92) 

detector currently under construction for use at UNISOR , whi ̂.h will 

allow the detection of low-energy electrons, e.g. , the 9. 3 keV electron 

in this case. 

The nature and origin of the low-energy states in the odd-A 

platinum isotopes are not understood, so little Can be said about the 18) 
coupling scheme applicable to them. Bourgeois et al. ' report 

.experimental transition probabilities between some of these levels 

which are enhanced relative to single-particle estimates, indicating 

collective character. In addition to these low-energy levels, there 

are several other notable structural aspects observed in the present 

work. The coincidence gate at 251 keV is found to have a delayed 

component as well as the prompt component alreaay assigned. This 
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indicates some form of isomerism in ',j/Pt. The delayed component has not 

been placed in the decay scheme of the present work, and the low 

counting rate resulting in poor statistics prevents a measurement of 

the isomeric lifetime. Coincidences with this delayed component are 

listed in Table 4-4. 

Another aspect of the present scheme is the large amount of 

feeding of levels at 1340 and 1408 keV and several levels above 2 MeV. 

These levels are obviously low-spin states, since they decay to low-spin 
187 

states in Pt and are populated by beta decay from the 1/2+ ground 
187 state in Au. Values of log (ft) for these states have not been 

187 
computed because the amount of beta to the Pt ground state 

(3/2-) is not known. 

One final feature of the present work is a group of transitions 

not placed in the level scheme but showing coincidences between its 

members. These transitions are included in Tables 4-2(a) and 4-4(a) 

even though they can not be unambiguously placed in the level scheme. 

This group includes the 185, 390, 469, 482, and 1383 keV transitions. 
Finally: it should be noted that in addition to the i13y2 

188 coupling to the Pt ground band, there are other possible coupling 
• , 187 *" schemes for the odd neutron in Pt. There are both particle and 

hole states available in this neutron region which could couple to the 
186 

ground and excited bands in Pt and to the ground and excited bands 

in 188Pt, respectively. Also, the low-lying levels Of 177~185Pt have 

recently been shown^'^ 8'^ 1^ to be strongly deformed (Nilsson) 187 
states, implying that such states may occur at low energy in Pt. 

Some of the unplaced transitions in the present work may be due to 
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these couplings but more study is needed in order to conclusively 

elucidate these coupling schemes. 

la/ . Au 
1 gy 

In the Meyer ter Vehn model, the nucleus Au is pictured 

either as a proton particle coupled to the even-even 18®Pt core, or 
188 

as a proton hole coupled to the even-even Hg core. As seen in a 

Nilsson diagram of this region (Fig. 2-3), the proton hole states 

available are the d ^ , d,-̂ ,,, an d h n/2 states* T h e particle states 

available are the s ^ 2 and the "intruder" states, and i-j3/2* 

which cross the major Z = 82 closed shell from above at the deforma-

tion encountered in the light odd-mass gold nuclei. These i truder 

states have been attributed to a variety of effects9®-103*. 

The hg^2 a n d 1/2 s t a t e s a r e the b e s t candidates for a Meyer 

ter Vehn asymmetric rotor model assignment, since they are of high-spin 

and pure-j, i.e., they have opposite parity to all other neighboring 

states and thus do not mix with them. The h^g and states do not 

mix with each other due to their respective particle and hole 

characters. Calculations using the Meyer ter Vehn computer code 

ASQRT were performed at ORNL on the IBM-360. The calculations utilized 

the standard parameters of refs. 5 and 6 as described above. Results 
of these calculations are compared with experiment in Figs. 5-2, 5-4, and 

187 
5-6. Each band in Au is separately di cussed below. 

h-j^Band 

The systematic trend of members of the h11 / 2 band (Fig. 5-1) is 

seen to vary smoothly for the nuclei 187~195Au. All of these bands 
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are decoupled, which can be interpreted as a proton hole coupled to an 

oblate Hg core for each (see Chapter II), and indicates that these cores 
are stable againsf changing neutron number. The j, j+2 energy differ-
ences correspond closely to the 2^ energies of the respective Hg cores. 

A Meyer ter Vehn calculation was performed for the h-j^ band 
187 

in Au to obtain energy levels and transition probabilities- The 
standard parameters for this band are B = 0.14 and y = 36°, i.e., it 
is oblate. The theoretical energy levels are compared with experiment 
in Figure 5-2 where they are seen to agree fairly well both in energy 
and in ordering of levels for j >,'11/2 and for the 7/2- state, which 
is a member of the favored decoupled band. The transition probabilities 
are listed in Table 5-1 for the 9/2- 11/2- and 9/2- 7/2- transi-
tions. The B(E2, and B(M1) values are those computed with the Meyer 
ter Vehn code, whereas the energies of tha transitions are thosa 
experimentally observed. The ratio of the 9/2- 7/2- and 9/2- 11/2-
theoretical intensities is 0.5 while the ratio of the experimental 
intensities is 0.9. Thus the Meyer ter Vehr. calculation results in 
qualitative agreement with experiment. 

The 11/2- bandhead decays via an Ml transition to the h g ^ 
bandhead with a 48 ns halflife. This transition is delayed owing to 
the change in shape from the oblate h ^ ^ bandhead to the prolate 
bandhead. Comparison of this halflife to that predicted by the 
Weisskopf single-particle estimate104^ yields a hindrance factor of 
- 104. 
hg/2 uand 

The hg^2 band systematics, unlike the h^yg band, show a 
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Table 5 -1 . Au T h e o r e t i c a l Gamma-Ray T r a n s i t i o n P r o b a b i l i t i e s . 

Band 0 . i J f 
E (MeV) B(E2) e V B(MT) mil T (E2) /ps T ( M l ) / p s 

W P 5 Re l . I n t 

h l l / 2 
9 / 2 - 11/2- 0.616 0.2943 0.3060 0.3187 1.2588 1.5775 3 .3 

h 1 1 / 2 
9 / 2 - 7 / 2 - 0.363 0.1217 0.9916 0.0094 0.8348 0.8442 3.1 

h 9 / 2 
11 /2 - 13 /2 - 0.143 0.0114 0.2060 8 x 10" 7 0.0106 0.0106 3 .9 

h9/2 n / 2 - 9 / 2 - 0.376 0.3822 0.2626 0.0351 0.2457 0.2808 44.9 

h 9 / 2 
15 /2 - 11 /2 - 0.319 0.7216 - . 0.0291 0.0291 3 .4 

h 9 / 2 15 /2 - 13 /2 - 0.462 0.2772 0.1947 0.0712 0.3379 0.4091 12.3 

h 9 / 2 1 3 / 2 - ' 13 /2- 0.602 0.0456 0.0097 0.0440 0.0372 0.0812 3.3 

h 9 / 2 
1 3 / 2 - ' 9 / 2 - 0 .836 0.0304 0.1516 j — 0.1516 5 .6 

h9/2 1 3 / 2 - ' 11 /2 - 0 .460 0.3664 0.2878 0.0921 ; 0.4930 0.5851 5.7 

* 
Exper imenta l va lue 

T h e o r e t i c a l va lue c a l c u l a t e d f rom the Meyer t e r Vehn p r e s c r i p t i o n o f the asymmetric r o t o r model. 
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dramatic change in the level order as the neutron number changes (Fig. 
191-195 

5-3). For Au the band is strongly coupled, i.e., the level 

order is . j+1, i+2. . . . which indicates a ore ton o a r t i c l e couoled 

to an oblate shape in the corresponding even platinum core (see i gi 189 Chapter II). Between Au and Au, the level ordering changes to 
<? decoupled pattern which indicates prolate shapes for tne platinum 

185-189 core nuclei corresponding to ~ Au. Thus the even-even Pt nuclei 

appear to be unstable against changing neutron number. 
187 

For Au, the Meyer ter Vehn standard j.hape parameters are 

8 = 0.20 and 7 « 19.6°. The theoretical energy level scheme obtained 

from these parameters is compared to the experimental level scheme in 

Fig. 5-4. Although the experimental and theoretical energies disagree, 

the spin sequence is generally reproduced and every predicted level is 

accounted for in the experimental spectrum up to j = 17/2. The 

theoretical energies of the high-spir states, as noted in Chapter II, 

can be lowered by using a variable-mrmer.t-of-inertia (VMI) model62, 

thus obtaining better agreement with experiment. 

Theoretical transition probabilities are presented in Table 5-1 

for selected transitions in the hg^2 band. Again, experiiuental energies 

and theoretical reduced transition probabilities are used to compute 

the total transition probabilities. The experimental and theoretical 

intensity ratios are again in qualitative agreement, as seen in Table 

5-2. 

The hg^2 bandhead decays via a 101.2 keV E3 transition to the 

3/2+ level at 19.5 keV. Since this transition is from a prolate shape 

to an oblate shape and from a particle to a hole configuration, it 
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Table 5-2. Comparison of Theoretical and Experimental Transition 
Probabilities in 187Au. 

Band Transition 1 Transition 2 Theory Expt. 

hll/2 9/2- - 7/2- 9/2- ->11/2- 0.5 0.9 

h9/2 11/2- - 9/2- 11/2- ->13/2- 26.5 11.5 

h9/2 15/2- ->13/2- 15/2- ->11/2- 14 1.5 

h9/2 13/2-^l 3/2- 13/2-'~> 9/2- 0.5 0.6 

h9/2 13/2-,->n/2- 13/2-^13/2- 7.2 1.7 

h9/2 13/2-*->11/2- 13/2-'-> 9/2- 3.8 1.0 
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should be hindered. If the hindrance factor is assumed to be the same as 
4 that of the h,, ,, handhead to h. handheld transition, in , thp 11/2 y/^ 

resulting halflife for an E2 gamma-ray transition is 8 min. Analysis of 

the multiscaled conversion electron data, however, shows that the 101.2 
187 

keV transition decays with a halflife of 2.2 min, i.e., that of the Hg 

parent, and the decay curve is smooth so that any delay in this transi-

tion is probably less than 15 sec, which is the duration of the multi-

scaled plane. Bourgeois et a l . ^ suggest a 20 ns halflife based on a 

Weisskopf estimate. Also, atomic beam experiments indicate the presence 187 of only the 1/2 ground state in Au, although an earlier in-beam 
29) reaction spectroscopy measurement by Heiser et al. ' indicated a level 

187 
with a halflife of 142 ms in Au. The energy of this transition, 

however, was reported as 162 keV. 186 In addition to the ground band in Pt, there is a second band 

whose 0+ bandhead is 472 keV above the ground state. The odd proton 
187 in Au should also.be coupled to this band. Only particle states in 

187 186 Au can couple to Pt, so the hgy2 and a r e t h e on1y states 

which can couple to this excited band. Six members of a second hgy2 

187 
band in Au have been identified in the present work; the 9/2-

oandhead, the 13/2- member, and, tentatively, the 11/2-, 13/22~, 

15/2- and 17/2- members. 

The spins and parities of the 9/2- and 11/2- levels in this 

second hg^2 band have been determined from the conversion coefficients 

of the transitions connecting these levels to the analogous levels in 

the first hgy2 band. The 9/2- -»• 9/2- transition energy is 32*.8 keV, 
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and its internal conversion coefficient is u^ = 0.439 + 0.079, 

corresponding to an Ml + E2 + EO multipolarity assignment (see Table 4-3). 

The 13/2- - 13/2- transition energy is 387.9 keV, and its conversion 

coefficient is = 0.436 + 0.141, again corresponding to a multipolarity 

assignment of Ml + E2 + E0. The conversion coefficient of the 322.8 keV 

transition deduced in earlier and independent UNISOR studies10^* is 

aK = 0.373 + 0.030. This anomalous conversion coefficient was inter-

preted in ref. 105 as arising from M2 + E3 multipolarity, with the 

assignment solely based on conversion electron and gamma-ray singles 

measurements. However, when coincidence information is taken into account, 

this multipolarity is ruled out, since an M2 + E3 transition would be 

too slow to be seen in coincidence, whereas the 322.8 keV transition 

shows strong prompt coincidence relationships (see Table 4-3). The same 

argument holds for the 387.9 keV transition. Thus both the 322.8 

and 387.9 keV transitions have been assigned an E0 component in the 

present work. The spin and parity of the 11/2- member of this second 

hg^g bar,<* were assigned on the basis of coincidences with gamma-rays 

depopulating levels of known spin and parity. A conversion coefficient 

could not be deduced for this line from the present data. 
187 30) 

Previous studies of Hg decay ' report both the 323 and 388 

keV transitions but do not report conversion coefficients for either 

and do not place the 323 keV transition i i the energy level scheme. 

It does, however, report the same strong coincidences for both the 388 

and 323 keV transitions as seen in the present work and places the 388 

keV transitions as in the present work, but fails to recognize the 

significance of the level. 
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Three o the r members of t h i s second h g ^ b a n d h a v e been t e n t a t i v e l y 

i d e n t i f i e d . These l eve l s were placed with sys t ema t i c s and coincidence 

relationships. The 13/2- 9/2- and 11/2- > 9/2- gamma-ray energies 

in the second hg^ band are found to fit the odd-A gold systematics 
189 

diagram at a fictitious mass location just below Au (Fig. 5-3) 

The other members of this band were thus assumed to be rear the energies 

predicted at this point on the systematics diagram, e.g., systematics 

predict the 17/2- member to lie -400 keV above the 13/2- member and a 

425 keV transition is found in the coincidence data that feeds the 13/2-

level. Similarly, the second 13/2- member and the 15/2- member of the 

second hg^ aand were tentatively identified by looking for coincidences 

near the energies predicted for them by systematics. These two levels, 

however, are not „\s firmly established as the 17/2- member. 

An estimate of the EO strength parameter p can be made from the 

present data for the 388 keV transition by making a few additional 

assumptions. Since the 298 keV transition is assumed to be the 13/2-

9/2- transition, its lifetime can be approximated by the lifetime of a 189 
similar E2 transition of Au, known from ref, 106. The total 

halflife of the 73/2- level is then computed using the measured gamma-ray 

and conversion electron intensities of the transitions depopulating 

this level. The partial .lalflife of the level due to EO conversion 

electrons is then computed and thus the EO transition probability 

obtained. The strength function is computed from1 

o W (EO) 
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where Wg(EO) is the transition probability of EO conversion electrons and 

Z,k) is tabulated in ref. 108. The strength function thus deduced is 

p - 0.6. A similar strength function is obtained for 100Zr where p = 0.5 

for the 0^ 0-j transition. This large value of P(E0) for 100Zr is 

attributed to a slight mixing of the two 0+ states. However, ref. 109 

also points out that these 0 states have a very different nature since 

they do not mix enough to repel each other as strongly as states of like 

nature are commonly be!ived to do. 

For the second hg^2 band to occur where it does on the hg^2 
systematics diagram, two minima in the potential energy surface would 

be required in close proximity with respect to the deformation 

parameters 6, y, i.e., there would have to be a large potential barrier 

between these two minima. A simple interpolation of the hg^2 systematics 

yields e = 0.18, y = 20° for the second Au hg^2 band, compared to 

S * 0.20, y ~ 20° for the first 187Au hg/ 2 band. Potential energy 

surface calculations66'^, however, predict that the platinum nuclei 

are very y-soft. This would prevent the existence of such a large 

barrier between two points so closely spaced in the e - y plane. 

This second hg^2 band may thus require an additional nuclear 

degree of freedom. Two possible candidates for such a degree of freedom 

are inertia parameter isomerism and pairing isomerism, both mentioned 

in Chapter II. These degrees of freedom enter through the moment of 

inertia <5 = f (inertia! parameters, pairing). If fluctuations in 

the inertia! parameters69^ are responsible for the second hg^2 band, 

it is only fortuitous that the band fits the systematics where it does. 
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I t could turn out t h a t and y are not the values given by systematic 

p red ic t ions and the band spacing s t i l l f i t the systematics diagram. 

Regardless of whether it is the inertia! parameters or two minima in 
the B - y potential energy surface, the EO transitions imply yet a 

187 
third shape in Au. 
Positive Parity Bands 

The first attempt to describe the positive parity states of the CO) odd-mass gold isotopes was made by Hecht and Satchler0 ' as described 

in Chapter II. This model has been extended by Larsson et al.110> and 
193-199 59 60) applied to Au by Vieu et al. ' . This extended model correctly 

predicts the three major positive parity bands which are systematically 
seen throughout the odd-mass gold isotopes (see Figs. 5-5). It is also 
successful in predicting electromagnetic properties of the transitions 
between these levels. 

193-199 
In the positive parity bands of Au, both the experimental 

and theoretical spectra of the extended model display interband 59) 
transitions which are nearly as strong as intraband transitions . These 
interband transitions are due to mixing of the (rotational) K quantum 
number of the levels. Such transitions cannot be taken into account 
in the Meyer ter Vehn calculations since each band is characterized by 
a well-defined value of the quantum number j and the calculations do 187 
not include j-mixing. In Au, however, the experimental spectrum 
(Fig. 5-5) shows few interband transitions with intensities comparable 
to those of intraband transitions. This suggests that the positive 
parity bands might also be approximated by pure-j levels and the Meyer 
ter Vehn prescription applied to them. Calculations were performed for 
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these bands, again using standard parameters, and are shown in Fig. 5-6 
compared with the experimental results. The d ^ 2 and d ^ 2 bands are 

1 oo 
interpreted as holes coupled to the Hg core and the s^ 2 band 

186 interpreted as a particle coupled to the Pt core. 

It should be pointed out that the single-particle labels "d^," 

"^5/2' ' or "sl/2" are n a m e s f o r tfie b a n d s a n d d o n°t imply that 
l or j are good quantum numbers. In fact, recent (3He,d) studies111^ 

have shown that the single-particle strength is not contained in any 
one 
195 

195 one level in Au. For example, there is a 1/2+ state at 841 keV in 

Au which contains more of the s ^ 2 strength than the 1/2+ state at 
61.3 keV. These labels^ however, are retained for convenience. 

Although the d ^ 2 and s^ 2 bands are not well developed in the 
experimental level scheme, several features of these bands should be 
noted in comparison with predictions of Meyer ter Vehn calculations. 
First, the theoretical d ^ 2 band is decoupled with t!ie 9/2+ energy 
level below the 7/2+ energy level. This could be a clue to finding 
the 7/2+ member of this band, although there are no candidates for 
it in the present Work. Secondly, the theoretical s^ 2 band displays 
the weak coupling limit. If this coupling scheme is correct, there 
should be a 5/2+ level nearly degenerate with the 3/2+ level at 203 keV, 
In Table 4-2(a), it can be seen that there is an unassigned component 
of the 205 keV line which may de-excite the 5/2+ member of this band. 
Finally, in the d3^2 band, the Meyer ter Vehn recipe successfully 
reproduces the level order but fails in the usual manner in describing 
the high-spin members. The theoretical transition probabilities are 
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riot compared with experiment for these bands since there is some 
mixing evident between the bands. 
"Extra" States 

In this section we discuss those levels which cannot be identified 
as members of any of the bands discussed above. A few of these states 
belong to the -j3/2 banc* which should also be adequately described by 
a Meyer ter Vehn calculation. The i 13/2 s*-ate 1S another intruder 
state which crosses the Z = 82 closed proton shell and decreases in 
energy with respect to the ground state as the nuclei become more 
neutron deficient (see Fig. 5-7). In ,87Au the i-j^ b311^69^ 
1122 keV above the ground state. The Meyer ter Vehn version of the 
asymmetric rotor model pictures this band as a proton particle coupled 

•I QC 
to Pt, so transitions from its bandhead to hg^ band members proceed 
unhindered and are observed in the present work. In coincidence with 
these transitions are four other transitions defining levels which + 1 Rfi 
could be members of the ">13/2 banc*- The 02 state in Pt might also 
be coupled to the ^^3/2 P r o t o n » bu* there are no states which are 
candidates at present for this structure. 

In addition to the transitions between the i]3/2 bandlead and 
hg/2 states, there is a 501 keV transition from the -̂j3/2 b a n d h e a d t 0 

a level at 620 keV. This level then decays via a 499 keV Ml transition 
to the hg^2 bandhead. Since the 501 keV transition is assigned an El 
multipolarity, the level at 620 keV is established as an 11/2- level. 
This level has no analog in the systematics and is interpreted fn the 
present work as the strongly coupled odd proton 11/2- [505} Nilsson 

+ 188 + state due to a hole coupled to the 02 state of Hg. This 02 state 
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has been studied in previous UNISOR work70* and interpreted as a wel 1-

deformed prolate shape with t = 0.27 and , = 0° . The 499 keV 

transition depopulating this level is in coincidence with several other 

gamma rays besides the 501 keV transition. These other levels thus 

defined may be members of a deformed rotational band built on the 

11/2- [505] state, M time-to-amplitude-converter (TAC) spectrum of 

the 499 keV transition in the present work does not display any delayed 

character which would be expected for a hole-to-particle transition 

and a shape change. The Weisskopf estimate of the lifetime of a 499 
A 

keV Ml transition with a hindrance factor of 10 is T^^ ~ 1 ns. 

Thus better time resolution than that achieved in the present work 

is needed to establish or refute the identification of this level 

as a Nilsson state. 

Besides this 11/2- level and its associated levels, there are 

several "extra" levels in the positive parity bands which may also + 188 
result from coupling Nilsson states to the 0^ in Hg. The other 

proton Nilsson states available for strong coupling as a hole are the 

1/2+ [400], 3/2+ [402], and 7/2+ [4C4] states (see Fig. 2-3). The 

1/2- [541] and 1/2+ [660] Nilsson states appear only as particle states 

in this region, and are thus not available for coupling to the 

core as holes. The spins and parities of these extra states are not 

known at present, but they are tentatively identified as Nilsson states. 

Again, the transitions defining these levels may exhibit a delayed 

character due to the shape change, if they are Nilsson states, but 

the TAC resolution of the present work does not exhibit delayed character. 
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Also, if these extra levels are Nilsson states, they should form 
rotational bands as noted below. There are also extra states observed 
in the h]1/2 band at 881 keV and 924 keV. 

Conclusion and Future Work 

The results of the present work indicate that four shapes can be 
187 26 72) associated with Au. The two previously known shapes * ' are the 

186 weakly deformed prolate shape associated with the ground band of Pt 
and the weakly deformed oblate shape associated with tne ground band of 
188 Hg. The present work indicates the existence of a third shape, 
possibly due to a new degree of freedom, which is associated with the 

+ 186 excited 0 state in Pt. If no new degree of freedom is considered, 
this shape seems to be another weakly deformed prolate shape with 
deformation parameters 8 and y very similar to those of the ground 

186 
state in Pt. If an additional degree of freedom is issumed, the 
deformation parameters may be different from those predicted by io/ systematics, but would still imply a third shape in Au. The Nilsson 

+ 188 
states coupled to the excited 0 state in Hg would then account 
for a fourth shape, a deformed prolate shape. 

In order to establish the two additional shapes more firmly, 
additional measuremefits are needed: In particular, totter internal 
conversion electron data are needed, in order to assist in the 
assignment of stilts and parities of the extra states. The transi-
tions depopulating these levels are relatively weak, so any transition 
feetftiif them would be even maker. If there are rotational binds 
bui 11 on these states, akiti the stales are deformed, there iioiit*ifer"l§itf 
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Ml + E2 transitions between band members. Since low-energy Ml 

transitions *re strongly internally converted, and since the intensities 

of the transitions to be searched for are weak, the conversion electron 

data migit be the best way to identify rotational bands built on the 

deformed Nilsson states. Further conversion electron measurements 

could also establish spins of the states tentatively identified as 

members of the second hg^ band. In particular, the 11/2-, second 

13/2-, 15/2-, and 17/2- members of the second hg^ baru* should decay 

via EO transitions to their analog states in the first hgy^ band. Better 

time resolution could establish the isomeric nature of the extra states 

identified as Nilsson states. A delay in the transitions from these 

states is expected, since there is a shape transition involved. 

Finally, a measurement of the lifetime of the 101 keV E3 transition 

depopulating the hg^2 bandhead is needed. If its lifetime is a few 
187 

seconds, it can be measured by directly producing Au and multiscaling 

the sources collected. If the lifetime is in the millisecond range, 

the multiple time analysis system77^ can be used. Some of these 

suggested experiments have already been started at UNISOR. 
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