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I. INTRODUCTIOQI

Until recently, nuclear struq
perimental and theoretical, has cq
even-even and odd-mass nuclei. Ti
the complexities involved in studj
However, with increased understan
improvements in experimental techi
tion is now being given to underst
Continuing in this direcﬁion, the
spin structure of the two odd-odd
undertaken. The goal of this wor}
determine high-spin level structuj
understanding of these results in

There are many reasons for st

the most fundamental of which is %

the residual proton-neutron interaction.

of this interaction is a necessary

description of nuclear structure.

N
cture physics, both ex-
bncentrated primarily on

1is is mainly because of
ying odd-odd nuclei.

ling of odd-mass nuclei and
nigues, much greater atten-
tanding odd=-odd nuclei.
present study of the high
nuclei 116,118gh ywas

£ was experimentally to

res and attempt to gain an
terms of existing theories.
tudying odd-odd nuclei,

to obtain information on

An understanding

y part in forming a complete

Such an understanding can

come only after the level scheme systematics from a large

number of odd-odd nuclei distribut

rted over the entire mass

range has been collected.
study will contribute to that col
addition, recent interest has dev
tional structure in odd-odd trans
in odd-odd nuclei there are two u
occupy high-spin single-particle

form high-spin states at relative

1

The results obtained in this

ection of data. 1In
loped in high=-spin rota-
tional nuclei. Since
paired particles that can
evels, it is possible to

Y low excitation energy.



Such states are presently being st

ref. 1). However, very little exp

available to compare with this wor

deformed states were previously kn

=

mass Sb nuclei,2 it was reasonabl¢
lying deformed states to exist in

nuclei. Such considerations indit

oy
o

Phenomena should exist in the higl
116,118

1

Much previous work has been d
both at Michigan State University

spin states of 116,117,118,119gp }

(p,ny) reaction.3~6 In addition,

1131115r117'llgsb have been studie

reaction.’ The results of these

valuable in sorting out and ident
belonging to 116,118gy, 1n fact,
odd-odd nucleus would prove to be
first having a partial knowledge

neighboring nuclei.

In addition to these experim
attempts have also been made at 4
Except in the case of 118gb, vari
have been carried out and compare
viously mentioned experimental re

effort has been expended in attem

describe the rotational bands in

udied theoretically (cf.
erimental information is

k. Since low-lying

own to exist in the odd-
to expect similar low~

the neighboring odd-odd

ated that interesting

-spin level structure of

one studying Sb nuclei
and elsewhere. The low-
ave been studied using the
the high-spin states of

d using the (5Li,3ny)
tudies proved to be in-
fying the gamma-rays

in general a study of an

nearly impossible without

f the structure of

ntal studies, theoretical
scribing Sb nuclei.

us model calculations8:?
with all of the pre-
ults. In particular, much

ting to quantitatively

he'ﬁdd-mass Sb nuclei.1l0-13



The next chapter of this thesis is a brief discussion

of some of the theoretical models

used in describing nuclear

structure. Chapter III includes a general discussion of the

types of experiments performed in
IV and V the experimental results
and 11l8gp, respectively, including
construction of the respective lev
chapter contains a qualitative con

to the models.

this study. In chapters
are presented for ll6gp
y a discussion of the

rel schemes. The final

nparison of these results




II. THEORETICAL CONSIDERATIONS
A. Nuclear Shell Model
The nuclear shell model was developed in 1949 inde-

14 and Haxel, Jensen, and Suess.15

pendently by M. G. Mayer
The assumptions behind this model| are very similar to those
upon which the atomic shell model is based. Each pafticle
is assumed to move in an independent orbit. Therefore the
interaction between each particle and all of the other
particles can be replaced with an| interaction involving the
particle and some average potentipl. In order to reproduce
the experimentally determined ordering of the shell model
states, a large spin-orbit couplipng term was required as
part of this potential. One of the effects of this spin-
orbit term is the lowering of selpcted states into the next
lower major shell. These lowered states then have opposite
parity and higher spin values than the remaining states in
the shell. 'These states are referred to as unique-parity
states. Examples of states of this type include the lg9/2,
lhll/z and lil3/2 orbitals.
In real nuclei, however, the| nucleons do not move in
completely independent orbits. There is a residual inter-
action between particles in each |subshell. This interaction
is observable in the last subshell, if it is not completely
filled. A large part of the residual interaction is the
pairing energy which arises between two particles in the
same subshell with opposite mj-values. This is the result

of a large overlap in the wave functions of these particles.

4




the proton could be treated as a

5

Of particular interest in odd-odd nuclei is the re-

sidual interaction between the od

When the odd proton and odd neutrpn are placed in given

single particle orbitals, a multiplet of states results from
the various ways of coupling the angular momenta of the two

particles. The p-n residual interaction is responsible for

the removal of the energy degeneracy of this multiplet.
Identification of the various members of these multiplets in
odd-odd nuclei gives direct information on the strength and

form of this interaction.

Shell model calculations for 112'114'1168b have been

8

performed by VanGunsteren et. al. In these calculations

because Sb has only one proton abpve the Z=50 closed shell
article. However, in

order to include the pairing effects of the several valence
neutrons the odd neutron was treated as a quasiparticle.

These results were relatively successful in describing the

existing low-spin data. There were, however, no high-spin
results reported from these calculations.
B. Vibrational Core Excitatjions
In addition to the single-particle states described by
the spherical shell model, other modes of excitations are
available. These include collective vibrations of the core.
Theoretical treatments of the odd mass Sb nuclei involve
single-particle shell model orbitals as well as single-
particle states coupled to these phonon excitations of the

core.? Similarly a complete theoretical description of the

proton and the odd neutron.
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odd-odd Sb nuclei would have to include the possibility of

vibrational coupling to the various two-particle shell model

states.
C. Deformed States
The Sb nuclei are only one proton away from the Z=50
closed shell. Because of this it would be reasonable to
eéxpect that a spherical description of these nuclei should
be adequate. However, experiments have shown’ the singly odd
Sb nuclei exhibit evidence for coexistance of deformed

states with the spherical states.| Band structure properties

in the odd mass nuclei have sugge ted? rotational bands

built on a permanently deformed, prolate, proton hole state.

This interpretation is consistent with calculations of the

total potential energy surface,l2|which show a well defined

minimum in the energy of the 9%/2 {404} proton orbital at a

Positive deformation value. (e=0,15 for ll7Sb)

An alternative description based on a vibrational

modell3 hasg also been employed in describing the observed
odd mass bands. However, the low-lying 9%/2 bandheads are

difficult to explain in such a model. Consequently, this

likelihood of deformed states in the odd mass Sb nuclei,
leaves the odd-odd Sb nuclei as i teresting sources of
further information.
D. Rotational Model
The foundation for the nuclea rotational model was
developed in 1952 by Bohr and Mottelson. This model is

based on the average nuclear potential being non-spherical.
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The axes determined by this deformed potential are then

allowed to rotate in space.
to the motion of the individual
produce the deformed bPotential.
written as two terms,
rotation of the core, while the

intrinsic states. These intrin

This rotation is slow compared

nucleons, which collectively

The Hamiltonian can then be

one of which describes the collective

second ternm describes the

$ic states were described by

Nilsson ang involve single-particle states in a deformeqd

pPotential.

and is referred to as the unifie

>

h2 27

———

20

H = Hpot + Hint =

Here © represents the moment of

In this model the total
between the particle angular
momentum ﬁ,
>
R+ 5

-
I

Quantum mechanies requires

momé

aS can be seen in the

The resultant Hamiltonian ig shown in equation (1)

d model.16

(1)

inertia.

>
angular momentum T is shared

ntum ; and the core angular

following equation:
(2)

t the component of

the rotation vector along the Symmetry axis, be zero for an

axially symmetric core.

Hamiltonian explicitly in terms

angular momenta results in the fo]

>

2 )
H = §H. t + h° (3
ln 26

20

- jg) + 52 (12

Using this fact and writing the

of the particle and core

lowing expression:

13) - a2
20

(I,3-+I_5,)  (3)
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In this expression the 3-axis is taken to be in the direc-
tion of the deformation Symmetry |axis and the I,,j.+ are
scalar operators very similar to the rotational raising and
lowering operators. (Ii = (IliiIZ), e = (jliijz)). The
first two terms in equation (3) refer to the particle motion.
The third term refers to the collective motion. The last
term, generally referred to as the Coriolis coupling term,
contains the interaction between the particle and rotational
motion. 1In the normal rotational model the first two terms
are combined to give the intrinsieé energy, and the Coriolis

term is assumed to be small. This results in normal

rotational bands with energies given by the following

equation:

H=E; . +%% {I1(1+1)- k%) (4)
20

Here K is the component of the total angular momentum along
the symmetry axis and in this limit represents a good
quantum number. In well deformed nuclei this result works
quite well. Deviations from this |result can often be
explained by treating the Coriolis term as a perturbation,
which results in the mixing of bands with different K
values. However, if the effect of the Coriolis term becomes
large a different approach is needed.

This can be seen by looking at the expli¢it form of the

intrinsic energy as determined in |the Nilsson model.l”




H

int = ©§ + KB (302-3 (341) _

43 (J+1)

) 2
ey + CQ

(5)

In this equation Q is the component of 5 along the

Symmetry axis (Q=K for an axially
B are parameters that go into the
Explicitly, B is a measure of the
The parameter C, which is defined

on K, B and the particle angular

symmetric core) and, k and
Nilsson potential.

quadrupole deformation.

by this equation, depends

->
momentum j.

Substituting equation (5) into (3) and rearranging

terms results in the following expression for the total

Hamiltonian.

‘h2 ->

+12) + (C -

2
A 2
Al

2

20 (6)

(I43_+I_3.)

For a given situation the first two terms of this Hamil-

tonian are diagonal and the problem resolves to diagonalizing

the last two terms.

In well deformed nuclei the moment of

inertia © is large and consequently the Coriolis term is

small. In this case the solutions

are eigenstates of 2 and

the normal strong coupling limit results.

As the total angular momentum

of the Coriolis term in the Hamiltonian increases also.

->
I increases the importance

At

sufficiently large f this term be¢omes much larger than the

22 term and the solutions become eigenstates of the Coriolis

term.

numbers, nor is the strong coupling scheme applicable.

has been shown that this situation

In this limit Q and K are no longer good gquantum

It

corresponds to a rotation
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aligned coupling scheme described by Stephens.18 1p this

scheme the large Coriolis force decouples the particle from

the deformed core ang aligns it in the direction of the

rotation. Now a, the Projection|of j on the rotation axis,
is a good quantum number rather than 9, the projection on
the symmetry axis. The particle |now contributes to the

angular momentum without affecting the energy spacing of the

core rotational states.
In addition to the high angular momentum limit the
rotation alignment coupling scheme can be extended to low

Spin states in some cases. This situation occurs when the

coefficient of the (2 term in thel Hamiltonian is approxi-

mately zero. One of the requirements for this to occur is
that the Fermi €nergy level must be near thé low Q orbitals
of the j shell. rhig corresponds| to a particle state in
prolate nuclei and a hole state in oblate nuclei. An
additional requirement is that the value of the deformation
pParameter be in the approximate range [B8|=0.18:0.08. Larger
values of B result in strong coupling, while smaller values
lead to the weak coupling limit. |The final condition is
that the spin j of the particle should be large. This
usually implies that the particle |be in one of the high spin
unique-parity orbitals, such as the lij3/p or 1lhjj/;. For

the two nuclei under study here, the Fermi energy for the

neutron states is very near the lgw Q components of the

lhll/2 orbital.
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E. Extension of the Unified
A generalization of this moq
deformed nuclei has been carried
In addition Toki and Faessler20 ¥

moment of inertia for the core, w

stretching with increasegd angular

model has been quite successful i
of data on the odd mass transitidg

In addition work is currentl
Faessler to extend this particle-
model to odd-odd nuclei.l 1In thi
be coupled to the core. They can
manner resulting in what Faessler
case". Alternatively one of the

couple, while the second particle

Model

lel to include triaxially

out by Meyer-ter-vVehn.1?

)ave included a variable

thich accounts for centrifugal
momentum. This resulting
n describing a large amount
nal nuclei.

Y being done by Toki and
plus~gamma-deformed-rotor

S case two particles must
both couple in the same
has termed the "peaceful

particles can strongly

is rotationally aligned,

resulting in the "conflicting cas
The Hamiltonian for this mod

ing

H = Hpot * Hghell * Hpeg * H

The first term represents the rot

triaxially deformed core. The ne

"

:

1l is given as the follow-

Pair T Hges

ational motion of the

Xt two terms express the

single-particle energies of the two particles and their

coupling to the deformed core. T
the residual pairing interaction

ticles and the residual proton-ne

he final two terms describe
between the valance par-

utron interaction of the
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two odd particles. Calculationszo'21

using this model have

been carried out for l98Tl and 1

94Au. The results of these

calculations were quite successflul in describing these

nuclei.

For completeness it should be noted that a similar

Situation occurs for two quasi-particle States in doubly

even nuclei. Experimentally there is presently much interest

in the Coriolis effects on two quasi-particle sidebands in

these nuclei (cf. ref. 22) . Theoretically treatments very

similar to those described above |have been applied, espe-

cially with regards to the effect of the Coriolis inter-

action in producing backbending. | (cf. ref. 23)

The doubly odd Sb nuclei are good candidates for a

consideration by this extended ro
neighboring nuclei, both odd-prot
nuclei, have demonstrated evidenc
deformed states. It is reasonabl
odd Sb nuclei should exhibit simi
the deformation Parameter as dete;
nuclei is sufficiently small so a:
bility of rotational alignment. 1
knowledge that the neutron Fermi ]
the low-Q substates of the high ar
parity 1h11/2 orbital, makes rotat

States a very likely possibility.

be considered in detail in the fin

lar behavior.

D

tational model. The

on Sb and odd-neutron Te

e for the coexistance of

€ to expect that the doubly

In addition

rmined in the odd mass Sb

to allow for the possi-

This coupled with the

level is located very near
igular momentum, unique-
tionally aligned neutron
These observations will

al chapter.




III. EXPERIMENTAL CONSIDERATIONS

A. Fusion Evaporation Readtion

The study of high spin statds first requires getting

the nucleus of interest into a high energy, high angular

momentum excited state. This can

be done with a fusion-

evaporation reaction. an accelerated beam of heavy-ions,

alpha particles, or Protons collides with a target of the

appropriate enriched isotope. The pProjectile and target

nuclei combine into a highly excited compound system which

loses most of its energy through the statistical evaporation

of energetic neutrons. Eventually a point is reached where

there is no longer sufficient eénergy to evaporate another

neutron. The resulting nucleus is

still in a high energy,

high angular momentum state that now decays by emitting

gamma-rays.

The cross-section as a functi
Producing a given final nucleus is
Separated from neighboring peaks 4
eéxample, showing cross sections fo

calculated using a standard compou

on of beam energy for

a peak about 10 MeV wide,
y about 15 MeV. An

r an (a,xn) reaction,

nd nuclear reaction code,24

is shown in Figure III~l. Small cross-sections for com-

Peting reactions which were not ca
and alpha evaporation, as well as

After the compound nucleus ha

lculated include proton
direct reactions.

8 cooled to where it is

stable against further particle evaporation, it is still at

@ very high excitation (about 10 MeV) . The density of

available states is extremely high

13

at this energy. Because
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of the large number of states and

the resulting myriad of

decay paths, only a statistical continuum of gamma-rays can

be detected from this portion of
continues until the nucleus has g
Sequence, where yrast is defined
of a given spin value.?25 At this
along or near the yrast line down
limited number of available paths
decay results in discrete gamma-r
measured spectrum. A diagram dem

decay processes following a heavy

reaction is shown in Figure III-2

the decay process.

This

ecayed down to the yrast

as the lowest lying level

point the decay proceeds
to the ground state. The

during this portion of the

By lines appearing in the
bnstrating this sequence of

-ion compound nuclear

26 Consequently, this

decay process selectively populates yrast and near-yrast

states, thus placing qualitative

limits on the angular

momentum values of observed states.

B. Gamma-ray Excitation Mes:

Excitation measurements invol

sity of each gamma-ray as a functi

These intensities should follow a

that of the cross-sections shown i

allowing identification of gamma-x

final nucleus.

gamma-ray also contains a dependen

of the deexciting state. This is

incoming beam on the average leave

with more angular momentum, which

of higher-spin states.

In addition, the i

2surements

lve determining the inten-

lon of incident beam energy
very similar pattern to

n Figure III-1, thus

ays belonging to a given
ntensity curve for a given
ce on the angular momentum
because a higher energy

s the residual nucleus

results in the population
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Figure III-2 Schematic illustration of the decay of a
compound nucleus in a (HI,3n) reaction
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Therefore, information on the relative spin values of dif-

ferent states can be obtained from this type of experiment.

C. Gamma-ray Angular Distributions

The large amount of orbital angular momentum brought

into the compound System by the projectile is oriented

in a plane perpendicular to the Heam direction. Using this

beam direction as a quantization jaxis, it follows that the

high-spin states will have their angular momentum preferen-

tially aligned in low-m substates This alignment is

greatest for high-lying states and slowly diminishes as the

nucleus decays down to lower-1lyin

g levels.

Because of the alignment, the

=)

probability for a decay-
ing gamma-ray to be emitted is not

L isotropic. When the

intensity of a gamma-ray is measured with respect to the

beam direction, it displays an ang
of which is determined by the spir

states, the multipolarity mixing d

degree of alignment of the initial

dependence can be expressed as an

jular dependence, the shape
s of the initial and final
f the transition, and the

state. The angular

expansion of even Legendre

pPolynomials as shown in the following equation:

I(0) Ao * A3 Py (cos 0) + Ay Py (cos 0)

s
{1+ azAa/Ao Py (cos 0) + oagRy/Ay P, (cos 0)}

Io

The experimental intensities for each gamma-ray are fit to

’
this equation and the a2A2/A, and

exXtracted, as well as the integrat

a4K;/AO coefficients are

ed intensity I,. Once
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the alignment attenuation coefficij
determined, the resulting A;/Ao a
then be compared with calculated
tion on the allowable spin values
Values for the attenuation ¢
termined e#perimentally if the nu
multipolarity transitions. 1In de
sitions occur frequently as elect
transitions in rotational bands.
using the (a,3ny) reaction, sever
were excited. Figure III-3 shows
parameter a; determined from thes
seen from the figure that over the
quite insensitive with respect to
the individual states.

have the same value, 0.8:0.1, for

considered in this experiment.

For this r

ents ap and a4 have been

d A:I/Ao coefficients can
alues to obtain informa-
of the levels involved.
efficient o, can be de-
leus exhibits several pure
ormed nuclei such tran-

ic quadrupole I+I-2

In the case of ll6gp,

1l such pure transitions

a plot of the attenuation
transitions. It can be
range of interest aj is
the angular momentum of
eason oy was assumed to

all of the transitions

An experimental determination of 04 1s quite unre-

liable.

However, making some simple assumptions about the

shape of the m-substate population allows G4 to be cal-

culated from a2.27 Using this method a4 for this experiment

was determined to be 0.5+0.1.

Once the attenuation coeffici

parisons with calculated results?2’

7

ents are determined, com-

can be made. Figure

III-4 shows a plot of calculated angular distribution

coefficients.

The alignment parameters discussed above have

already been folded in, so that this plot may be compared
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Figure III-3 The spin alignment attenuation coefficient
02 as a function of |spin for pure multi-
polarity transitiong in ll6gp
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directly with the experimentally d

Each ellipse corresponds to transi
values, while each point on an ell

different value for ¢, the multipo

etermined coefficients.
tions with different Ij~+If
ipse corresponds to a

larity mixing ratio.

Since mixed high multipolarity transitions are in general

quite rare, only single points corresponding to 6=0 are

shown for the AI=2 and AI=3 transitions.

The plots shown

here correspond to transitions with If = 8.

Since these

curves change only slightly with different values of If,

they may be used to determined allpwable spin values for any

of the high spin states. However,

in order to get a

quantitatively correct value for the mixing ratio &, the

theoretical curves corresponding tp the correct final spin

must be used.

For the case of ll8gp, a (p:3ny) reaction was used in

performing the angular distribution experiment.

reaction does not leave the final nucleus with too much

angular momentum and consequently insufficient information

is available to determine accurately the attenuation co-

efficients. They should however, not be too different from

those determined in the (a,3ny) repction.

Because of this,

only a qualitative determination of the mixing ratios can be

made from this experiment.
In addition to determining po
distribution results can also in s

establish parity assignments. Thi

pProbability varies widely for diff

ssible spin values, angular
pme cases be used to
s is because the transition

erent multipolarity
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transitions. Thus while M1 and E2

readily, E1 and M2 multipolaritie

transition rates they do not mix.

multipolarities mix quite
have such differing

Consequently the observa-

tion of a large amount of mixing in a dipole-quadrupole

transition, will establish it as an M1/E2 transition. &

similar argument can be applied t

Because the transition probabilit

pure quadrupole transitions.

for M2 transitions has

such a small value, they occur on y with long half-lives.

Thus the observation of a pure quadrupole transition without

a significant half-life will establish it as an E2 transition.

D. Y=Y=t Coincidence Measurements

Normally the lifetimes of most nuclear states are much

less than a nanosecond. Therefore

» after a single compound

nuclear reaction, many gamma-rays |will be emitted within a

very short time period. These gamma-rays then compose one

pPossible decay sequence of the exdited final nucleus. By

detecting multiple gamma-rays resylting from a single

nuclear reaction event, it is possible to reconstruct the

decay sequence which produced them

excitation energies of the excited

and thus determine the

states.

Coincidence experiments were performed for both 116,118gp,

The energies of two gamma-rays from two detectors along with

the time interval between their dedtection were collected and

recorded event by event onto magnetic tape. Following each

experiment, gates were set on a specific gamma-ray energy

from one detector and a specific tlime interval. A projected

spectrum from the other detector is produced by collecting
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all events with the first two parameters occuring within the

gated regions. The_gamma-ray peak
spectrum are then known tq be in ¢
gamma-ray.

E. Gamma-ray Half-life Meas

Although most excited nuclear

s which occur in this

oincidence with the gated

urement

states decay very quickly,

occasionally there occurs a state which is unable to decay

by magnetic dipole or electric qua
These states will probably have me
multipolarity transitions have int
lives, while electric dipole trans
unique-parity sinéle-particle orbi
forbiddeness, thus slowing their &

The most straight forward met

half-life requires a pulsed accele

drupole transitions.
gsurable half-lives. High
rinsically long half-

tions often involve

tals which lead to 2-

ecay.

hod for measuring a nuclear

rator beam. The M.S.U.

cyclotron is ideal for this, because it delivers particles

in well defined pulses. 1In additi

available time between pulses, a b

on, to increase the

eam sweeper may be used to
Yy

select periodic cyclotron beam bur

ts. With this device

half-lives from about 1 nsec to ap roximately 1 usec can be

measured.

A half-life experiment involves collecting gamma-ray

energies in coincidence with a tim

when the gamma-ray occured relative to a beam burst.

signal, which denotes

The

gamma-ray is then placed in one of 10 spectra depending on

the value of the time parameter.

nalysis of the data then

involves determining the intensity|of the delayed gamma-ray
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from each spectra. These intensities can then be plotted

against the corresponding time parvameter, thus determining

the half-life.




1v. 1l6sph EXPERIMENT

A. Experimental Arrangement

High-spin states of 11l6gp we
1151n(a,3ny)116sp reaction. The
M.5.U. Cyclotron. The target use
indium foil of about 1 mg-cm'2 th
ceptable because +151p has a natu
95.7%. The measurements were per
tectors, standard electronics, an
data acquisition. The same compu
fitting code sAMPO28 was used for

spectra.

RESULTS

e populated using the
eams were supplied by the
was a natural, metallic
ckness. This was ac-

al isotopic abundance of
ormed using Ge(Li) de-

a Sigma-7 computer for

er along with the peak

off-line analysis of the

A singles spectrum of 1légy s shown in Figure IV-1.

This spectrum was obtained using

with a detector angle of 130°. 2

in addition to the gamma-rays asso

states of ll6Sb, many gamma-rays a

various neighboring nuclei. These

tion of the (a,2ny) and (a,4ny) re

117sb ana 1ll5gp respectively.
116

The
Sb, beta decay with half-lives
minutes, resulting in the appearan
to the daughter nuclei 115,116,117
of the gamma-rays labeled 1165y ay
viously studied,3 low-1lying, low-s
Since the present study contains n

information with respect to existi

25

beam energy of 42 MeV
indicated in this figure,
ciated with the high-spin
ppear which belong to
result from the competi-
actions, which produce

se two nuclei, along with
ranging from 31 to 168

ce of gamma-rays belonging
Sn. In addition, several
e associated with the pre-
pin levels of this nucleus.

O new or contradictory

ng results concerning
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these other nuclei and low-spin lev
discussion or reference will be mad
transitions, except to indicate whe

transitions resulting from the deca
llé6gy,

An energy calibration was perf

els in 116Sb, no further
e with regard to these
re they interfere with

y of high-spin levels in

ormed by simultaneously

collecting gamma-rays from a standard radioactive source,

152gy.

This was corroborated by the many known transitions

in the spectra which provided a very good internal calibra-

tion.

B.
Measurement

Results of Gamma-ray Angul

ar Distribution

An angular distribution experiment was performed using

a 42 MeV alpha beam. The detector

coaxial Ge(Li) detector.

used was an 8% efficient

An additional Si surface barrier

detector was included for normalization between the dif-

ferent angles.
and was used to detect elastically

Gamma-ray spectra were collec
100°, 110°, 120°, 130°, 140°, 150°
random order to minimize the possi
errors. At each angle data were a
mately two hours. Figure IV-2 sho
examples of the angular distributi
A compilation of the results of th

in Table IV-1l. Included in this t

mentally determined angular distri

with the relative integrated intensities Io.

’

It was positioned at a fixed angle of -45°

scattered alpha particles.

ted at angles of 90°,

and 155° chosen in a

bility of systematic
ccumulated for approxi-
ws some representative
ons that were obtained.

e experiment is contained
able are the experi-

bution coefficients along

These
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Figure IV-2 Angular distributions for selected 1légy

transitions. The fits are normalized to 1
at 90°
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intensities have been corrected for detector efficiency and

normalized such that the 1399-keV transition,

intense transition appearing in the

value 100.

transition which will be discussed later,

made to correct for conversion inten
transitions which are part of unreso
estimates of the intensity have been
dence experiment, where possible.

the proposed spin values of the init

sities.

the most

level scheme, has the

It should be noted that except for the 22-keV

no attempt was
For those
lvable multiplets,

made from the coinci-

The table also includes

ial and final states

associated with each transition, as well as the multipole

mixing ratio.
C. Results of y-y-t Coincidenc
The coincidence experiment was

energy of 38 MeV. Two coaxial Ge(Li

an efficiency of approximately 9%, w

with respect to the beam direction.
coincidence events were collected.
several examples of the gated spectr
experiment are given in Table IV-2.

D. Results of Half-life Measur

A half-life experiment was perf
energy of 38 MeV. A high resolution

was positioned at 90° with respect t

Data were collected in 10 separate t

with respect to the cyclotron r.f. s

these spectra showing the decay of the 426-,

e Experiment
performed using a beam
)

detectors, each with

+

ere placed at 90°
Approximately 30x10°
Figure IV-3 shows

a. The results of this
ement

ormed using a beam
intrinsic Ge detector
o the beam direction.
ime spectra determined
ignal.

A portion of

753-, 647-,
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Figure IV-3 Background subtracted gated coincidence
spectra for selected transitions in 116sb
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Table IV-2 Results of y-y-t coincidence experiment for

légp.

Gate Energy
(keV)

Coincident Gamma-Rays

(keV)

100 (&)
193
215 (b)
226
241
298

317

341
350 (c)

352 (d)

382

405 ()

136 (are), 193, 215, (298), 317, 341,
352, 382, 389, 407(a,e), 410, 426,
(444), 542(a), 776, 847, 968, 973(a,e),

1021, 1294(a,e)

100, (142), 215,
410, 426, (444),

317, 350, 352, 382,
562(e), 776

100, 193, 207(b,e), 298, 317, 341, 352,
382, 389, 410, 426, 442(b,e), 444, 542,

669, (735), 776,
241, 507, 753, 1
226, (507), 598,
(127), (215), 35

100, (133)(e), 1
341, 352, 382, 4
(735), (776), 96

100, 215, 317, 3

100, 193, 197(c,
(352), (382), 41
(1000) (c,e)

100, 103(d,e), 1
(341), (350), 38
(542), 776, (792

100, 193, 215, 2
410, 426, 444, 6
968, (1122)

92(e), 100(ase),
3g1{e), 392(e),
(467) (), 776, §
1072(are), 1294

(792), 968, (1021)

184

1184, 1399

D, 670

93, 215, 294(e), 320(e),
o7(e), 410, 426, 542

8, (1021)

89

e), 202(c,e), 215, 317,
1, 426, (527)(c.e),

57(d,e), 193, 215, 317,
2, 410, 426, 444, (532),
), 968, (1283), 1504

98, 317, 352, 405(e),
69, (839) (e), (854),

136 (a,e), 319(e),
411, 424, 426, 437(a,e),

859), 973(a,el,
a,e)
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Gate Energy
(keV)

Coincident Gamma-Rays

(keV)

411 (d)

424
426

444
467
480
507
532

542 (a)

598
647
670
753
776
968
1015

1184

92(d,e), 190
33g(d,e), 3
(411) (e), 4
(859), 968
(392) (&), 4
100, 193, 2
(405), 410,
684
100, 215, 3
507, 598, (
426
(226), (753

100, (215) (
382, (410),

100(a), 136
(382), 426,
1072(a,e),
(241), (407
241, 753, 1
100, 215, (
(241), (317
(100), 215,
100, 215, 3
215, (317),

(226), 241,
(753) , (840

0, 215, 224(d,e) 317,

52, 382, 392(e); 405(d),

24, 426, 435, 776, (829),

05, 411, 435, 529(e), (776)
15, 317, 341, 350, 352, 382,
411, (424), 480, 542, (642),

17, (352), (382), 410, (792)

753), 1184, 1399

)

e), (240)(e), (255)(e), 352,
(933) (e

(a,e), 215, (294)(e), 317,
(582) (&), 973(a,e),

1294 (a,e)

) (&), (467), (1184), (1399)
184

298), (317), (352), (382)
), (624), 647, 1021

317, (352), (405), 411

17, 352, 382, 410
(352)

331(e), 467, 507, (598),
) (@), (886) (e), 1399
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Gate Energy Coincident Gamma-Rays
(keV) (kev)
1399 241, (336) (&), (392)(e), 467, 495(e),

598, 1184

a)

b)
c)
4)
e)

a Eransition with this energy is
Sn

as (a) but 1ll5sp

as (a) but 11l7gp

as (a) but the low spin level sch

These transitions have not been p

scheme

known to occur in

eme of 11l6gp
laced in the level
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and 776- keV gamma-rays is shown in F

igure IV-4. The

difference between each spectrum corzesponds to a time

interval of 4.36x0.04 nsec. Half-lives were determined for

13 gamma-rays, involved in the decay |of 6 long-lived levels.

The results of these measurements are tabulated in

Table IV-3.

A plot of intensity as a functign of time for tran-

sitions depopulating three of the metastable states is shown

in Figure IV-5. It should be noted in this figure that the

753-keV transition displays evidence |for a longer half-life

component along with the 4-nsec compgnent associated with

the decay of the 1624-keV level. Thi

s, coupled with the

coincidence relationships between the 753-, 1021-, and 317-

keV transitions, indicate the 753-keV transition is a

doublet, with each component involved in the decay of

different states.

The two metastable states which

the 1 nsec region are at the lower 1i

this type of measurement. The diffigq
the case of the 1293-keV level by dot
the higher lying 6é-nsec states.
half-life values are associated with
uncertainties.

E. Results of Excitation Funct]
In addition to the above experii

the excitation of high-spin states,

measurement was performed using a (p

display half-lives in
lmit of sensitivity for
rulty is compounded in

iblets and feeding from

Consequently, these two

relatively large

ion Measurement
nents, which resulted in
an excitation function

,4ny) reaction at 37.8,
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Table IV-3 Half-lives determined for transitions involved
in the decay of metastable states in 11l6sp
Metastable
Level Energy Transition Energy Half~-Life
(keV) (keV) (nsec)
1001 12.6+0.2
776 12.77:0.21
426 12.33%0.22
1072 2.4%£0.2
847 2.42+0.20
1624 4.09+0.06
1399 4.11+0.07
1377 4,02+:0.17
753 4.30£0.10
647 4.02+0.23
1193 1.0£0.5
193 1.0:0.5
3049 1.320.4
1184 1.4%0.5
240 1.2+0.5
3599 7.1£0.2
1021 7.74x1.16
317 6.56x0.54
215 7.16+0.23
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Figure IV-5a Half-life data for tﬂansitions occurring in
the decay of the isoﬁer at 1001 keVv
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Figure IV-5b Half-life data for transitions occurring in
the decay of the isomer at 1624 keV
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Figure IV-5c Half-life data for tiansitions occurring in

the decay of the isomer at 3599 keV



40.0 and 44.0 MeV.
intermediate spin levels.
cally enriched 119sn metallic foil.

composition is unknown. However,

These reactions were able to excite

The target used was an isotopi-

The exact isotopic

rom the results of the

experiment it is evident that the ercentage of 119gp is

less than 50%.

120gn ang 122gp.

The remainder of the target is predominantly

Levels with spin to approx1maﬁely 1lh were excited.

Because of the impurities in the target and the low in-

tensity of most of the gamma-rays
only 9 of the most intense gamma-r
this experiment. These are shown
F. 11l6gp revel scheme
Identification of those gamma
decay of high-spin levels in ll6gp
of those gamma-rays associated wit
remaining most intense gamma-rays
consistent excitation function beh
the lower-lying transitions in the
coincidence experiment then identi
higher-lying transitions, as well

doublets with transitions in neigh

f interest, results for

ys were obtained from

in Figure IV-6.

rays associated with the
first involves elmination
other nuclei. The

an then be checked for
vior. This establishes
level scheme. The

ies the less intense and
s those which form

oring nuclei.

Once the gamma-rays belonging to 1165b have been

identified, they may be arranged i
level scheme. This is done by req
and coincidence relationships are

total intensity leaving each level

to a self~-consistent
iring that energy sum
atisfied and that the

is greater than that
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which is entering. Applying these

gamma-rays associated with 116sp re

shown in Figure IV-7.

considerations to the

2sults in the level scheme

The placement of most of the transitions is well

established by the various experime

will not be discussed. There are,

where problems arise and these will
detail. 1In particular, this level
number of gamma-rays which are part
easily be seen in Table IV-1 where
relationships are evident. The lar
lead to several difficulties in obt
intensities and angular distributio
serious problem this caused was in
band built on the 1001 keV level.

1. The I=7 Band at 1001 keV

nts and consequently,
however, a few cases
now be discussed in
scheme exhibits a large
of multiplets. This can
the multiple coincidence
ge number of multiplets
iaining accurate energies,
n coefficients.

The most

the construction of the

For this band all of the tranﬁitions are relatively

weak components of multiplets.

Explicitly, the 41ll-keV

transition is part of a triplet, the other components being

the 410-keV transition placed at 2970 keV and a 41ll-keV

transition placed in the low-spin states of 116gh.3  rhe

405-keV transition is part of a triplet with a very intense

407-keV transition in 116sn29 ang
sition from the low-spin states of‘

transition is part of a triplet wi

very weak 404-keV tran-
116gp.3 The 424-keV

h an intense 426-keV

transition placed at 65l1-keV in thé level scheme and a weak

424-keV transition from the low-spin states of llégp,3
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The final transition with energy 435 keV is a doublet with

a very intense 437-keV transition in 116sn.29 1n addition,
the two Sn transitions at 437 and 407 keV have a very strong
coincidence relationship with each other, thus masking any
possibility of seeing the 435- and 405-kev transitions in
coincidence. Consequently, this ﬁakes the construction of
the band very difficult.

Because of these problems the 435-keV transition is
only tentatively placed as the highest transition in this
band. 1In addition, because of the relative uncertainties
in intensities, the ordering of the 424~ and 405-keV tran-
sitions cannot be determined unambiguously. The order is
chosen as indicated in the figure to accommodate the place-
ment of the two crossover transitions, for which there is
some, although weak, coincidence evidence. The band con-
structed in this way displays problems with intensity
balances; however, these are probably the result of in-
adeguacies in the peak fitting of the multiplets involved.

As the above discussion indicates, there is little
about this band that can be stated with experimental exact-
ness. However, the construction of the band as shown gives
results which are systematically consistent with those of
1185y ana consequently are quite likely correct.

2. The 21.6-keV Transition

The 21.6 keV transition depopulating the 1624-keV level
was not observed in any of the experiments. Its existence

was established by the occurrence of a 4-nsec delayed
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component for the 1377-keV transiti
determined from the intensity ratio
keV transitions in the delayed spec
contribution from conversion electr
assuming the transition to be a pur

3. The 3599-keV Level

The assignment of the 7-nsec h
keV level was based primarily on coi
1021-, 317-, and 215-keV gamma-rays
components in their decay, indicati
this level directly. Consequently
feeding them must lie somewhere abo
transitions. The 753-keV transitio
coincidence experiment as the only
and in cascade with these gamma-ray
component of a doublet with another
is not possible to determine a half

sition. However, because there app

Its intensity was
of the 1377-and 1399~
ra. The intensity
ns was then subtracted,

El.

1f-1life to the 3599~
ncidence data. The

all displayed prompt
g they do not depopulate
he metastable state
e this cascade of

is established in the
ransition lying above

. Because it is a weak
delayed transition, it

life for this tran-

ars to be evidence for a

longer component than the 4-nsec component resulting from

the decay of the 1624-keV state, the
assigned to the 3599-keV level, whic
depopulates.

4., The 2560-keV Level

The 1122-keV transition brings
the 2560-keV level. This indicates

sition is a doublet or that there i

sition depopulating the 2560-keV level.

2 7=-nsec half-life is

*h the 753-keV transition

too much intensity into

that either this tran-

an unassigned tran-

There is no
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conclusive evidence to indicate whi#h of these alternatives
|

is correct. The placements of the #emainder of the tran-

sitions are well established by coihcidence and energy

relationships.

G. Spin and Parity Assignmenté

The spin and'parity assignments were made primarily on

the basis of the angular distribution results. However, the

excitation function data and intens#ty information are used

in resolving some of the remaining ¥mbiguities. It should

be noted that most of the suggested;spin assignments are not

rigorously proven. They are based on many interdependent

arguments and assumptions concerning how high-spin states

decay. These assumptions are well

stablished and generally

give correct results. In this case they lead to a self-

consistent set of spin assignments

hich can be explained in

terms of the systematics of neighboring nuclei. The follow-

ing is a discussion of some of the jpecific spin and parity

assignments. For convenience of di

cussion the transitions

and levels will be divided into groups.

1. The 8~ Metastable State
All of the spin and parity assi

spin and parity of the lowest level

gnments depend upon the

in the scheme. The spin

and parity- for this level must be determined absolutely by

an alternative means. For the lowe

t level depicted in

Figure IV-7, there are two possibilities in 116Sb, known

from previous studies. These are the l6-minute 3% ground

state and the 60.4-minute 8~ metastable state located at
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22560 keV. The latter of these two is the only reasonable
alternative. Several reasons for this may be given. The
most convincing of these is the appearance in the 1151n
(a¢,3ny) reaction of several very intense 1l6gp gamma-rays,
which result only from the beta decay of the 8~ metastable
state. This implies that a very large percentage of the
intensity excited by this reaction must decay through this
state. Previous studies of this level have included a
determination of the spin30 by use of the atomic beam method
and a level energy determination31, using the results of a
beta decay study32. The values from these studies have been
adopted here.

2. High-Spin Sequence

This section will discuss those levels which depopulate
to the 8  metastable state through the 1399-, 1378- or
753-keV transitions. This sequence of transitions is
depicted on the left in Figure IV-7. The most precise
angular distributions were obtained for this sequence of
transitions. This is because they carry a very large per-
centage of the total intensity. This would tend to support
the association of these levels with members of the yrast
sequence. At the least, the large intensities imply in-
creasing spin values with energy. This is also supported by
the excitation function results which show the 753- and
1399-keV transitions displaying somewhat steeper slopes than

the other low-lying transitions. Consequently this sequence

will be referred to as the high-spin sequence.
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The 753 keV transition which depopulates the 978-
keV level displays a large negative A, coefficient indicative
of a AI=1 dipole transition. This results in an assignment
of I=9 for the 978-keV level. 1In addition, the significant
non-zero mixing ratio displayed by this angular distri-
bution, requires this transition to have mixed M1/E2
character. Thus, the 978-keV level is assigned I™=9-,

Similarly the 625-keV transition from the 1603-keV
level displays mixed M1/E2 character. The 1378-keV tran-
sition depopulating the same level displays a characteristic
stretched E2 angular distribution. These results lead to
the assignment of I"=10" for the 1603-keV level.

The 1624-keV level has two transitions which depopulate
it. One of these, the 1399-keV transition, has an angular
distribution which exhibits a very large positive A, value.
It can be associated with either a M1/E2 transition or
a AI=3 transition. Similarly, the 647-keV transition is
consistent with either a dipole or a slightly mixed M2/E3,
AI=2 transition. This results in two possible assignments
consistent with the angular distribution data. These are
I™=9" or 11%*. The excitation function measurement results,
as well as the large intensities displayed by these tran-
sitions, support the higher spin assignment. In addition to
these considerations, the IT=11% assignment would require
the 1399-keV transition to have E3 multipolarity. Such a
high order multipolarity should result in an observable

half-life for the 1624-keV level. A 4-nsec half-life was
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determined experimentally for this level. Consequently the
1624-keV level is assigned to have I"=11%. wWith this
assignment there results a large enhancement factor over the
Weisskopf single-particle estimate for the half-life of the
1399-keV E3 transition. This is not unreasonable, however,
considering a similar E3 transition in the neighboring
nucleus 115sb is similarly enhanced,l3 and the corresponding
transitionl® in 117gp exhibits a larger enhancement.

The 2808-keV level is assigned I™=13* on the basis of
the 1184-keV transition's stretched E2 angular distribution.
Similarly the 3049~ and 3275-keV levels are assigned to have
I"=14% and 15%, respectively, on the basis of the stretched
E2 behavior of the 467-keV angular distribution and the
mixed M1/E2 behavior of the 226- and 240-keV transitions.
Evidence concerning spin assignments for higher lying levels
in this sequence is rather inconclusive; consequently, no
assignments are made.

3. Medium Spin Levels

This section will discuss those levels located below
1300 keV, excluding the 978-keV level, which was discussed
in the previous section. These levels are shown on the
right in the level scheme. As can be seen in the figure,
several of these levels decay to the 8~ metastable state.

Of these transitions, four clearly display the angular
distribution characteristics of AI=1 dipole transitions.

These are the 54~, 426-, 776-, and 968-keV transitions. The
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corresponding levels which they depopulate must then have
spin values of either I=7 or 9. The excitation measurements
and intensity considerations suggest the lower spin value
for these lewvels. This is also supported by the lack of any
measurable intensity into any of these levels from the
IM=11% 1624-keV level. Consequently I=7 assignments are
made for these four levels. There is no evidence for parity
assignments.

The 523-keV level has a spin value of either 6 or 8
because of the AI=1 dipole nature of the 127-keV transition.
The near isotropic angular distribution of the 298-keV
transition, which depopulates this level, eliminates the I=6
possibility. Therefore, the 523-keV level is assigned as
having I=8.

A tentative assignment of I=8 is made for the 1131-keV
level based on the angular distribution data for the 480-keV
transition. Also the 1293-keV level is assigned as having
I=8 on the basis of three AI=1 dipole transitions from it to
levels with I=7.

4. The I=7 Band

This band is built on the 100l1-keV level, which has
spin value I=7, as discussed above. Because this band was
only weakly populated and most of the transitions are parts
of multiplets, the angular distribution results for these
transitions are subject to substantial systematic errors.
However, the two tentatively placed crossover transitions

display stretched E2 angular distribution characteristics
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and the cascade transitions display consistent M1/E2 be-
havior. Consequently, this band is tentatively assigned
spin values increasing by AI=1 with each level.

5. The I=8 Band

This band is built on the 1293-keV level, which has
spin value I=8, as discussed previously. The second level
in this sequence, located at 1508 keV, decays to the IM=8~
metastable state as well as to the 1293-keV bandhead. The
1283-keV transition, which populates the metastable state,
displays an angular distribution characteristic of a AI=1
dipole transition. This, together with the rather steep
slope, displayed by the 215-keV transition in the excitation
function data, result in an assignment of I=9 for the 1508-
keV level. The remainder of the spins in this band are de-
termined by the appearance of M1/E2 cascade transitions
along with stretched E2 crossover transitions. A discussion
of the internal structures and configurations of the various

states is included in the final chapter.
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V. Sb EXPERIMENTAL RESULTS

A, Experimental Arrangement

High-spin states in 11l8gp were populated using the
1ldcg (7Li,3ny) 118gp reaction. Two experiments were
performed. They were a y-y-t coincidence experiment and an
excitation function measurement. The 714 beams were sup-
pPlied by the Notre Dame tandem Van de Graaff accelerator.
The target used was a self-supporting; metallic foil with a
thickness of 1 mg cm'z, enriched to about 96% in 1l4cqg.

The measurements were performed with two coaxial Ge(Li)
detectors with efficiencies of about 9%. One of the de-
tectors was supplied by Notre Dame. Standard gamma-ray
electronics in conjunction with a PDP 9 computer were used
for the data acquisition. The data were recorded on mag-
netic tape and returned to M.S.U. for analysis.

A singles spectrum of 1183b recorded using this re-
action is shown in Figure V-1. This spectrum was taken
using a 7Li beam energy of 28 MeV and a detector angle of
125°. As indicated in the figure there are many gamma-rays
which result from competing reactions. Several gamma-rays
from both of the neighboring Sb isotopes appear in the
spectrum. These result from two and four neutron evapora-
tion. In addition, unlike the alpha reaction used to pro-
duce 1l16sp, with the Li reaction charged particle evaporation
makes a non-negligible contribution to the total cross-
section. Consequently bdth 115,1161y are populated re-

spectively by a2n and an evaporation. Gamma-rays associated

59
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with 115ca also appear in the spectrum. This is surprising
considering opn and ad evaporation should have a low cross-
section. A possible explanation is that llst was produced
by the direct reaction 1l4ca (T1i, 6Li) 115c4. rThis is
supported by the fact that only low-lying, low-spin states
were populated, which is not consistent with expectations of
a fusion-evaporation reaction at the beam energies used. It
is, however, surprising that a direct reaction would have
such a large cross-section. It must be that all of these
possibilities contribute. In addition to these transitions
several Sn gamma-rays appear, which result from the B-decay
of the Sb and In nuclei. As with the 118sp results, no
further reference will be made with regards to these tran-
sitions except to indicate where they interfere with tran-
sitions, resulting from the decay of high-spin levels in
1l6gy, .

In addition to these experiments using heavy-ion
reactions, an angular distribution and a half-life measure-
ment were performed using a 120gp (p,3ny) 118gb reaction.
For these experiments 30 MeV proton beams were provided by
the M.S.U. cyclotron. The target was a self-supporting
metal foil of 0.5 mg cm'z thickness, isotopically enriched
to 98% 120gn, A singles spectrum acquired using this
reaction at a detector angle of 125° is shown in Figure V-2.

The gamma-ray energies were determined by simulta-
neously collecting radiation from the standard long-lived

radioactive sources 133Ba and 132gu. This energy calibration
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was corroborated by the many gamma-rays of known energy

appearing in the spectrum.

B. Results of y-y-t Coincidence Experiment

The coincidence experiment was performed using a 26 MeV
7Li beam. Two coaxial Ge(Li) detectors were placed at +90°
and -125° with respect to the beam direction. Approximately
2x107 coincidence events were collected. Figure V-3 shows
several examples of the gated spectra. The results of this
experiment are given in Table V-1.

c. Results of Excitation Function Measurement

For this experiment 7Li beams of 22, 24, 26, 28 and 30
MeV were used. A coaxial Ge(Li) detector was positioned at
125° with respect to the beam direction and recorded singles
spectra for approximately two hours at each energy. Table
V-2 includes the relative intensities determined from the 28
MeV run. They are corrected for detector efficiency and
normalized such that the 318 keV transition has the value
100. Figure V-4 shows plots of the intensity as a function
of energy obtained from this experiment for some of the more
intense transitions.

- D. Results of the Angular Distribution Experiment

Two angular distribution experiments were performed for
118gp, The first involved the use of a high resolution (.7
kev at 122 keV) small volume planar Ge(Li) detector. This
made possible the partial resolution of several low energy
multiplets. However, because the efficiency of this de-

tector drops off sharply above about 200 keV, no
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Table V-1. Results of Y-Y-t_coincidence experiment for
transitions in 118gp.
Gate Energy Coincident Gamma-rays

(kev) (keV)

109 253, 318

152 1321

161 368(a), 378, U481, 490, 600(a), (641), 671,
1321

203 (b,c) 96 (bra), 153(c,a), 223, (237) (cr2) | 267,
297, 318, 326, 362, 387, 397, 415, 465(a),
507(c,a), (619), (677), (715), 937

223 203, 318, 326, 362, 397, 715, (749) (a)

253 (d) 109, 318, 10s51(dsa), (1092)(d,a), 1239(d,a)

261 (e) 203, 231(e,a), 326, 345(e,a), (362), 415,
490(a), 677, 690(e,a)

297 (203)

306 1167

318 109, 203, 223, 253, 322, 326, 362, 371,
376, 387, 393, 397, (404)(a), sgp(aj, 619,
(836) (), (1014) (af

322 (203), 297, 318

326 203, 223, 297, 318, 362, 387, 397, (415),
937, 1177

362 (E) 135(£,a) | 203, 223, 270(f,a), 318, 326,
335(£,2) | 370(f,a), 382(£,a), 387, 397,
(415), 700(£,8), (937)

371(f) 135(f,a), 279(f,a), 31g, 335(£,a), 362(£f,a)
376, 382(£,2), 393, 397, (419), (444) (a),
(660) (@), 700(£,a), 715, 769

376 (c,q) 115(c,a), 254(a), 261, 318, 337(g,a),
366 (9,2), 371, (393), 397, (419) (907) (),
1160(g,c)

378 161, 671, 1321

4
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Gate Energy

I
T

Coincident Gamma-rays

(keV) (keV)
387 203, (223), 453<a), 270(a), 326, 362,
397, 415 |
393 318, 371, 376, 397, (404) (a), 419, (71s),
(907) (a)
397 203, 223, (254)(a), 261, 318, 326, (362),
| 371, 376, 393, 419, 747
415(c,h) 203, 209(c,a)l, 273(c,a), 304(c,a), 326,
362, (387), 795(a), g19(h,a), 1294 (h,a)
481 161, (190)(a), 671, (1321)
490 (161), 190(a), (481), (671), 842(a), (1321)
619 318
671 (152), 161, (242)(a), 378, (391)(a), 481,
(490), 1321
677 261
680 793, 941(a)
793 680
937(1) 183(a,i), 203, 326
1167 306
1177 326, 362
1321 152, 161, (378), (481), 671

a)
b)
c)

d)

f)

g)
h)
i)

These transitions have not been Placed in the level scheme.

A transition with this energy is known to occur in 116

In.

A transition with this ener Y 1s known to occur in the

low spin level scheme of 1185pb.
but 118

as
as
as
as
as
as

(b)
(b)
(b)
(b)
(b)
(b)

but
but
but
but
but
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161 11-10 7

4.0 —
_ 1321 10—8 _
3.0k 326 10—9 _|
/ 793 10-9

—
—
—

306 10—-9
680 S—8 _|

A
o
I
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T

1167 9-8
7’15 7-8

1.0k & 5 318 7—=8 _|

— 937 7-8

0.0 | l ] | 1 | ] | ! |
22 24 26 28 30 32
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Figure V-4 Excitation functions for transitions in 11l8gp
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information on higher lying tran

A second experiment using a
about 9% efficiency was performe
tributions for the higher energy
between angles is achieved in the
X-rays. These are emitted isotrc
high energy to be detected by the
tector.
was positioned at a fixed angle ¢
beam.
hours.

Table V-2 shows the angular
determined iﬁ these experiments.
keV the values are taken from the
for energies above that are taken
ment.
Figure V-5,

E‘

For this experiment the high

detector was positioned at 90° wi

direction.

spectra each corresponding to a p

Half-lives were obtained for two
ciated with the decay of the 927
21.7+1.4 nsec. is assigned to thi
tensity as a function of time for

in Figure Vv-6.

D

=

A

Data were collected at eag

Examples of the angular di

Results of Half-life Ex

Data were collected i

sitions could be obtained.

coaxial Ge(Li) detector of

d to obtain angular dis-

transitions. Normalization

first experiment by using

bpically and have sufficiently

low energy planar de-

In the second experiment a second Ge (Li) detector

f ~135° with respect to the

h angle for about two

distribution coefficients
For energies less than 300
first experiment. Results
from the second experi-

stributions are plotted in

periment

resolution planar Ge(Li)
th respect to the beam
nto 10 separate time
eriod of 7.65+0.05 nsec.
delayed transitions asso-
keV level., A half-life of

s level.

A plot of in-

these transitions is shown
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101

T1/2=21.7i1.‘+ nsec

COUNTS
llllll;?»

318.2 keV

T

396.6 keV

J | ! ] ] 1

(90) N

0 1 2 3 %5 & 7
TIME

7.5 ngecunit

Figure V-6 Half-life data for transitions occurring in
- the decay of the isomer at 927 keV
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118Sb Level Scheme

F.

The l188b level scheme was co

manner as described for 1168b.

It

7. This level scheme contains 38

26 levels. Except for the lowest

with energy 212 keV, all of the t12

not been previously studied. Alth

Table V-2 several of the transitio
they can be placed unambiguously i

The only difficulty involved
transitions in this level scheme d
transition. This transition was 1
experiments. Its existence is req
the 1177 keV transition which depo
level, along with coincidence rela
there be a sequence of gamma-rays
1149 keV levels. This requires th
transitions be in cascade with eac

the 1389 and 1149 kev levels. The

sitions, however, cannot be determ
was chosen in the manner displayed
consistent with the results for 1l
selection is not experimentally ri
similarity between the two nuclei q
band (maximum energy difference bef

members in the two nuclei is 10 key

the 203 keV transitions should be )

member.

nstructed in the same

is depicted in Figure V-
transitions depopulating
lying level in the scheme
ansitions and levels have
ough as can be seen from
ns are parts of multiplets,
n the level scheme.

in the placement of

ccurs for the 37 kev

Ot observed in any of the
uired by the placement of
pulates the 1389 keVv

tionships, which require

which connect the 1389 and

at the 203 and 37 keVv

h other, while connecting
order of the two tran-
ined unambiguously. It

in the level scheme to be
PSb. Although this
gorous, the extreme

with respect to this I=8

tween corresponding band
V or about 3%) indicates

blaced as the lowest band
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This argument is also true in general for the two

nuclei. A comparison of the two |level schemes for
116'llSSb reveals a striking amount of similarity in the
high-spin structure of these nuclei. This can be seen in
the transitions energies, intensities and angular distri-
bution coefficients. This is not unexpected, as there is
only a difference of two paired neutrons in the internal
composition of these two nuclei. | Since the level structure
is determined predominantly by tHe unpaired odd particles,
the extremely similar level strudture is merely the result
of having the same single particle orbitals available for
the odd particles to occupy. Begause of this similarity in
the results for the most intense transitions, a systematic
correspondence is established betiween many of the levels.
These systematics lend support tg the correctness of each
level scheme individually as well as provide supporting
evidence for the assignment of spins and parities based on
these systematics. This is especially helpful for 118gp,
G. Spin and Parity Assignments
1. The 8~ Metastable State
As in 118g5p the lowest level| in the scheme can be
established to be the I"™=87, 5.0 hr. metastable state of
1165y, The spin was determined using the atomic-beam
magnetic resonance method.30 The level energy was deter-
mined to be 212:8 keV from beta-decay studies. 33 These
values have been adopted here.
For convenience of discussion the transitions and

levels will be divided into four groups. The first of
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these is the sequence of gamma-ra

the 680, 1167, and 1321 keV trans
on the left in Figure V-7. They
high spin sequence. The second g
maining transitions which depopul
keV. These are drawn on the righ
be referred to as the medium spin
groups will be the bands built on
and the band built on the I=(8) s

2. High Spin Sequence

The first level in this sequ
depopulated by the 680 keV transi
displays a negative A; angular di
dicative of a AI=l transition. T
sults for this transition display
indicating high spin. Therefore
is made for this level. The pari
as being negative on the basis of

The second level in this seq
level is assigned to have I=9. T
by the AI=1 behavior of the angul
keV transition, along with its hi
behavior.

The next level in this seque
depopulated by the 1321 keV trans
displays a positive A, and a nega

coefficients, indicative of an E2

in an assignment of I"=10" to thi

ys which depopulate through
itions. These are displayed
will be referred to as the
roup includes those re-

ate levels lying below 1200
t in Figure V-7. They will
levels. The last two
the I=7 state at 927 keV

tate at 1186 keV.

ence is at 892 keV and is
tion. This transition
stribution coefficient, in-
he excitation function re-
a rather steep slope,

an assignment of I7=9(7)

ty is tentatively assigned
systematics with 116gp.
uence is at 1379. This

his assignment is determined

ar distribution of the 1167

gh spin excitation function

nce is at 1533 keV and is
ition. This transition

tive Ay angular distribution
transition. This results

5 level.
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The next level is at 1685 k

1]

V.

It is tentatively

assigned to have I=(10) on the basis of the excitation

function data of the 306 keV levd
The next level in this seque
depopulated by the 161 keV transj

assigned to have I"=ll(+). The s

W

Ltion.

l.

2nce is at 1695 keV and is

This level is

Pin is determined by the

AI=1 behavior of the angular distribution of the 161 keV

transition.
of systematics with 116Sb.
No assignments are made for

sequence. This is because these

in the angular distribution exper

reaction. This fact, however, in

states, which is again consistent

llégy .

3. Medium Spin States

The three transitions of ene
decay to the 8~ metastable state.
display negative Ay coefficients
butions, indicating they are AI=1
in an I=7 or 9 assignment for the
1149 keV. The excitation functio
populating these levels indicate
two values is the correct alterna
This is also consistent with the
levels in ll6gp,

Therefore spin

for the 530, 927, and 1149 keV le

The parity is tentat

ively assigned on the basis

higher lying levels in this
levels were not populated
iment using the (p,3ny)
dicates they are high spin

with the results from

rgies 937, 715, and 318 all
In addition they all

in their angular distri-
transitions. This results
levels at 530, 927, and

ns for transitions de-

that the smaller of these
tive in all three cases.
results for corresponding
assignments of I=7 are made

vels. It should be noted
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that these assignments are consistent with the angular

distribution results of the interconnecting transitions with
energies 222 and 397 kev.

The 852 keV level ig tentatively assigned to have
I=(8). This assignment is made oén the basis of the AI=1
character of the angular distribution for the 322 keV
transition, which depopulates this level. There is in-
sufficient information available to make further spin
assignments for levels in this group.

4. The I=7 Band

This band is built on the 927 kev level, with spin
value I=7 as discussed above. Angular distributions for
three of the transitions in this band were obtained. These
are the 371, 376, and 392 kev transitions. The angular
distributions are consistent with| M1/E2 multipolarities with
substantial positive mixing ratios (8=0.3). The cross-over
transitions are too weak to obtain any angular distribution
information. Spin values are assigned to this band con-
sistent with a AI=1 increasing spin Ssequence. The tentative
spin assignment of I=(11) for the highest memben of this
band is made on the basis of these systemétics.

5. The I=8 Band

The second band member located at 1389 kev depopulates
by means of the 1177 keV transition to the §~ metastable
state. The angular distribution for this transition
displays characteristic AI=1 behaviior, thus requiring the

1389 keV level to have a spin of I=7 or 9. The excitation
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function for this transiton indichtes the higher spin value

is the correct alternative. This|is again consistent with
results from 116gp, Consequently| an assignment of I=9 is
given to this level.
Angular distributions were obtained for the 203, 326,
and 362 keV transitions. Although it should be noted the
203 and 362 keV lines are known to contain contributions
from other gamma-rays. The angular distribution coeffi-
cients are consistent with AI=1, M1/E2 transitions. The
mixing ratio (6=0.1) for these transitions is smaller than
those obtained for the I=7 band. |Tentative spin assignments
are made for this band consistent|with a AI=1 increasing
spin sequence. A discussion of these structures is included

in the next chapter. -




VI. DISCUSSION AND SUM

A. High-Spin Sequence
The high-spin structure of odd
closely related to that of the neig

nuclei. This is mainly due to the

spin lhll/Z unique-parity single-p3
readily available for occupancy by

in these nuclei. Excitation of the

1

IMARY

l-odd Sb nuclei is very

hboring odd mass Sb
dominance of the high-
rticle orbital which is
the additional odd neutron

lhll/z orbital requires

only a few hundred keV of energy and provides at least two

additional units of available angul
other easily accessible neutron sin
Consequenly it would be expected th
yrast levels in 116,118g5h ghould re
the yrast levels in the neighboring

the high spin 1h1; /2 neutron state.

Figure VI-1 shows the high=-spirs

ar momentum over any
gle-particle state.

at the structure of the
sult from a coupling of
odd mass Sb nuclei to

-119
h sequence for 1137119y,

Also indicated in the figure are some pertinent yrast states

from the even Sn cores.

to the I"=8~ metastable states, whil
are shown beginning from their IT=51

similarity of the level energies and

apparent from the figure.

be described as a systematic series

which begins in 115gp at 724 keV and

energy to 270 kev in 11l9gp.

two states at about 1300 keV that re

over the mass range shown. This is

84

The odd-odq

Qualitatij

This ig

1 Sb nuclei are normalized
le the odd mass Sb nuclei
/2 ground states. The
] spacings is immediately
vely the situation may
of states. The first of
steadily decreases in

followed by a series of

main fairly constant

followed by a large gap




TOoTONU 2100 ug
usA® ATquop pue T9[ONU (S SSBW PPO WOIJ ST9A®T IETTWIS
y3TM paxeduod dSgr1‘911 UT ST®4A®T JOo @duanbes utds-ybrg T-IA aanbtg

Senr YSgnir 9Sgq S, YSgnr  9Sgy 9Sar YSun
0 TTeess gtz T8 0 T hess 0f sz T——8 0 .,z e
ommv.!ll,,m\u
285 T T e/l
268 =1 g6 ——. g heZ T .2/
® MM” I]IM\M e 65l — .01 ol === =0 wmm\m sc® _mww" l.ll.,,om .wmm” kwmm\\ﬂ +ce

SB91 T ,)IL

99€2
hl€2 ——,2/S1 .G ® €262 T (,2/Sl e
2862 T (,2/6l _ze hhet Sese )2/¢1 —_— <Ise -12/S1
© T . 808¢ +El gegz )2/Sl
6242 (281 °° 6h0E ~Desu g +hl 9648 Toesu ggr (-yC /61 _Se
[ ]
L

G42E 7,461 )
9EEE + L



86
in energy and then several closely |spaced high lying states.

Each of these states will now be considered in more detail.

The structure of the I"=8" states in the odd-odd nuclei
is thought to consist Predominantly of the 2d5/2 proton
coupled to maximum spin with the 1hll/2 neutron single-
particle states.34 rThis assignment agrees rather well with
the systematics established here. The 2d5/2 proton state is
the lowest lying single-particle prioton state for these
nuclei and it is this state which is responsible for the
I“=5+/2 odd mass ground states. Other available proton
single-particle states are the lg7/2 and lhll/z‘ These
appear as the I?=7+/2 and 117/2 states in the odd mass Sb
nuclei. Coupling these to maximum spin with a lhll/z neutron
results in I"=97 and 117 states. From the figure it is
evident that these configurations correspond to the experi-
mentally observed yrast levels of the same spin in 116,118gy,

The IT™=10" states located at 1602 and 1512 keV re-
spectively in 11l6gp ang 118Sb, lie 1377 and 1322 keV above
their respective 1T=8" metastable states. These energies
are approximately the same as the first 1T=2% phonon ex-
citation in the even Sn cores. Congequently these states
might be characterized as being predominantly a 2d5/2 proton
and lhll/Z neutron single-particle states coupled to the
first quadrupole phonon core excitation. This is consistent
with the systematics established by |the neighboring odd mass
Sb nuclei and the configuration assilgnments made for the

corresponding I"=9%/2 levels in thede nuclei.
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The higher lying levels in these Sequences are most

likely four quasiparticile States made from three-neutron,
one-proton configurationg, This is Plausible because the
high-spin States in the Sn core nuclei have been found to pe
relatively bure two-neutron states| 35 For €xample there ig
a IM=5" state at 2815 kev in 1ldgy| This state coupleg to

maximum spin with a 2d5/2 Proton is the Proposeqd’ configuration

for the 2517 kev, IT=15-/2 level in 1ll5g}. Coupling thig

State to maximum SPin with another 1hy3 /5 neutron wili

result in a 1M=13% jeye; in 116gh, | ppnig is most likely the

configuration for the observed 17=15+ level at 2808 kevy.
This configuration may also be consistent for the 2366 kev
level in 1188b. The decrease in energy with respect to thisg
level in llé6gy may be part of a Systematic trend because the
I"=5" level in 116sn is apout 500 keV lower than the same
state in ll4gp, Similarly, the I™=15% level in 1ll6gy may
result from the I"=7" core excitation in 1l4gy, pye to the
lack of definite experimental spin information for higher
lying levels, especially in ll8Sb, a|discussion of possible
configurations ig unjustified. However, in general these
levels can be described as two neutrdn core excitation
states coupled to the odd Proton in either the 2d5 /5 or 197/2
State and the odd neutron in the 1lhyy//, state.
B. Medium Spin Levels
Those levels which lie below 120D keV and are not members
of the two band structures can be characterized as having spin

values between I=6 and I=9. 1In addition since the first
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phonon excitation requires more than 1300 kev and the first

two-particle Sn core excitations require more than 2 MeV,

these states must be described in terms of two coupled

single~-particle excitations. Thes States are primarily

then alternative couplings of the same two-particle states

that made up the lower levels of the yrast sequence. The

1hy) /2 neutron can be coupled to the 2d5/2, 1g7,2 and 1hy; /2
proton levels resulting in several pPossible high-spin states.
Additional configurations that may \contribute states to this
energy region are the {(mh13 /2) (vd3,5)} and {(ng7/2)

(vg7/2)-l}. A final Possibility fopr forming high-spin

states at about this energy involves the 99,/ Proton hole

state. It is this state which is Principally responsible

for the band structure that is observed. However, it is not
possible to rule out this orbital as also contributing to
levels which are not directly associated with the band
structures. It is Possible to make estimates of where each

of these configurations should lie Based upon single-particle
energies determined from states in the neighboring nuclei.
However, because of the large numben of possible states and

the complexity of the States, detailled shell model calculations
including the effects of the P-n residual interaction would

be necessary before specific configuration assignments could

be made.
C. Deformed States

In each of the nuclei under study two bands, one built

on a spin I=7 state the other built on a spin I=8 state,
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These bands exhibi

were observed.
rotational behavior, in that they
mixed M1/E2 transitions,
displaying E2 crossover transition
between band members are also cons]
interpretation. Consequently they
those terms.

As with the other states in tH
energy considerations the bandheads
two-particle states. 1In considerin
states it is once again helpful to
odd mass Sb nuclei. The existence
proton hole state in those nuclei 1
assumption that the bands in the od
a8 proton in this orbital. A few ob
assumption. First the excitation e
in the odd-odd case are very simila
energy of the I™=9%/2 bandhead in &
nuclei. In addition the high spin
would require a large angular momen
pProton single-particle orbital. Fi
Nilsson levels for the odd proton.
that the only easily accessible hig
97/2{404}, which is derived from th
Finally this assignment is consiste

energy calculationsl? which show th

displaying a minimum at a non-zero

very characteristic

re composed of I-+I-1

while addjtionally in some cases

The energy spacings

Lstent with a rotational

will be discussed here in

1is region because of

must be predominantly

g the structure of these
look at the neighboring
of bands built on a 99 /2
eads to the reasonable
d-odd nuclei also involve
servations support this
nergies of the bandheads
r to the excitation

he neighboring odd mass
nature of the béndheads
tum contribution from the
gure VI-2 shows the

It is clearly evident

n-spin orbital is the

£ d9/2 shell model orbital.

nt with total potential

e 9%7/2{404} Nilsson level

deformation for z=51
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nuclei. For the higher lying J=8,

argument that can be made, which ih

spacing. This will be discussed 1l&

The Nilsson levels for the odd

Figure VI-3. Available high-spin o

to occupy include the lhll/z and lg
Assuming a model in which the parti
to the deformed core, K the project

momentum on the deformation axis is

It is given by K |K1%K,| where K,

angular momentum of the ith particl
Taking the proton to be in the KM=
and assuming a neutron Fermi energy
evident from Figure VI-3 that in ox
tational band the neutron must be i
orbital. Similarly for the K=7 ban
either the 5%/2{404} or the 57/2{53

coupling description of the K=8 ban

there is one additional
volves the band energy
ter.

neutron are shown in
rbitals for the neutron
7/2 shell model orbitals.
cles are strongly coupled
ion of the total angular
a good quantum number.
is the projection of the
€ on this same axis.

9%/2 {404} Nilsson orbital
of about 51 MeV, it is

der to form a K=8 ro-

n the 7%/2 {404} Nilsson

d, the neutron must be in
2} orbitals. This strong

d will not be considered.

A plot of (EI—EI_l)/ZI as a function of 212 for the two

bands is shown in Figure VI-4. 1In
intercept is the rotational constan
effects on the simple rotor model a
tational band which has only the I(
would appear on this type of plot a
is immediately obvious that the K=8

first level, display this horizonta

degree of accuracy.

This is extrem

@ plot such as this the
t‘ﬁz, and perturbation
rezgmphasized. A ro-
I+1) energy dependence
§ a horizontal line. It
bands, except for the

Ll behavior to a remarkable

ely compelling evidence
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indicating that the strong couplin

apply in this case. However, ther
arguing against this description.
The first consideration invol

From the figure it can be seen tha

resulting from this K=8 band is abq

this moment of inertia result to ar
determined from well deformed bands
region,36 the deformation is found
(8>0.5). The likelihood of such a
ring so near the closed proton shel

The second reason involves the
first band member. Such anomalies
deformed nuclei, and are” explained
particular case the existence of a
The levels of such a band would mix
corresponding spin from the K=8 ban
energy of all levels except the K=§
is no mixing. This Produces a comp
lowest transition. However, in thi
the strong coupling scheme, both th

already in the highest Q@ components

orbitals, and there is no way of prq

band.

The final argument against strdg

comparison with the bands in the ne

These odd mass bands although being

g picture does indeed

€ are several reasons for

ves the moment of inertia.
t the rotational constant
put 16 kevV. Comparing

! empirical relation

in the rare earth

to be extremely large
large deformation occur-
1 is rather remote.
obvious anomaly in the
are quite cbmmon in well
by band mixing. In this
K=9 band is required.
with the levels of

d. This would lower the
bandhead for which there
ression in the band's

$ particular case using

B

¢ neutron and proton are
of their respective

pducing a higher spin K=9

ng coupling involves a
ighboring odd mass nuclei.

strongly coupled do not
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have energy spacings that follow t

of a single-particle coupled to an

Calculations have been performed g

using both the triaxial rotor mode

the simple I (I+1) pattern
| axially symmetric rotor.

escribing these bands

17 and the axially symmetric

model with bangd mixing.12

In either of these cases it is

unlikely that such perturbations olf

would disappear upon adding an extpr

the non-trivial structure of the ogd

to similar non-simple structure in
argument indicates that the simple
bands does not result from truly sj
but is only a chance occurance caus
effects. With this view there is g
alternatives to the strong coupling

The opposite extreme to a strg

rotationally aligned neutron. The

tend to support such an interpretat
Figure VI-5, where the levels for t
along with the levels of the K"=9%/
Sb nuclei. The bands have all been
level. The figure clearly shows the
in the énergy spacing of the bands.
eéxpected if the odd neutron was alig

nucleus rotates in exactly the same

extra particle. The extra neutron i

motion of the Core and contributes 4

angular momentum, but has no effect

appearance of
lmple internal
sed by several

jood reason to

ion.

=]

=

rned.

the simple rotor model

a odd neutron. Consequently

d mass bands should lead
the odd-odd bands. This
the odd-odd
structure,

interfering

consider

scheme.

ngly coupled neutron is a

data have features which

This can be seen in

he J=8 bands are plotted

2 bands from the odd mass

normalized to the second
striking similarities
'This is what would be
In this scheme the

manner as without the
s decoupled from the
component to the total

on the rotational energies.
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With this interpretation it is clear that the proton is

in the same 99/2 hole state as occy

mass Sb bands. In addition the ney

unique-parity lhll/2 orbital. This

Fermi level being near the low-0Q cq
In this picture the proton is a sty
in the highest @ component of the g

deformation alignment. The lhll/z

aligned, which implies that its spi

dicular to the direction of the prq

the bandhead should then be approxi

~

J

(11/2)%2 + (9/2)2 = 7.1. This |
with the experimentally determined

This coupling scheme also allo

arise from a slightly different cou

proton spin. Although there is no
support the existance of such a ban
to lie somewhat higher in energy an
band. This could explain the exper
pPression of the lowest band transit

The high moment of inertia is
since a large portion of the angula
band is coming from alignment of th

angular momentum, rather than an ac

rotational angular momentum.

represents only an apparent moment {

pPhysical moment of inertia would be

The o}

irs in the neighboring odd

itron must be in the

is consistant with the

pmponents of this orbital.
rongly coupled hole state

jg/2 orbital, indicating

neutron is rotationally
n is generally perpen-
ton's spin. The spin of
mately given by 21

alue is roughly consistent
value of J=8,

ws a J=9 band, which can
Pling of the neutron and
experimental evidence to
d, it would be expected

d would mix with the J=8
imentally observed com-
ion,

!

no longer a problem,

' momentum for this

4

=

=

¢ neutron single particle

tual increase in the
pserved moment of inertia
bf inertia. The actual

the same as determined
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from the neighboring odd mass K™=9%/2 bands.

observations, although quite qual
a consistent description of the J

Accepting this description f
eliminates one of the POssible ne

the lower lying K=7 bands. The o}

energy spacing, as well as the ab

Together these

itative in nature, do give
=8 bands.

Pr the J=8 bands, then
ptron configurations for
bvious differences in the

$ence of any interband

connecting transitions, requires the K=7 and J=8 bands to

have rather different intrinsic st
K=7 bands do not involve the lhll/
The 5%/2{404} Nilsson level i

for the neutron state, resulting i

ructure. This implies the
2 nheutron orbital.
S the remaining alternative

n a band with both particles

strongly coupled to give RKT=7",

This assignment may explain

the relatively long (21.7 and 12.6

bandheads. Since the 5v/2{404} Ni

nsec.) half-lives of the

Lsson level at relatively

small deformations is predominantly made up of the 2d5/2

shell model state and the high-~spiy

band are expected to involve the 1k

1 states lying below this

'11/2 neutron configuration,

the decay of these bands would be hindered by l-forbiddeness.

This configuration assignment
results obtained for the odd-neutrd
These bands are observed built on K
These are interpreted as rotational
the 5%/2{402} and 7*/2{404} Nilssop
these two is the same level as the

tion for the J=7 odd-odd bands. 1t

that the K"=5%/2 band was excited t

is also consistent with

n ll7lll9r121Te nuclei.37
Mo+ +

=5"/2 and 77/2 states.
bands resulting from
levels. The former of
proposed neutron configura-

is interesting to note

© much higher spin and
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with much greater intensity in

similar to the case in Sb where ths
118gp is populated more strongly th

addition the K“=7+/2 band was not excited in either

121

but was in Te.

observation of any K"=8% strongly ¢

Such a band however would be expec

Figure IV-6 shows a plot of A

for the proposed K"=7% bands in 11

are the odd-neutron K"=5%/2 band i
KT=9%/2 band in 113sb. (The band
because

member. The llsSb band was chosen

Sb bands because it has been excit

the others. However, it should be

unimportant since all of the odd-m

identical.) From the figure it is

bands have quite similar behavior,
increases sharply with spin at low

levels out at high spins. These s

core deformation is approximately

bands.

This would be a surprising

shell Z=50 Sn nuclei were used for

=3

more suitable core to describe th

nuclei. This is because the protp

Sb bands is a hole state. So even

states behave in a manner perscri

119

This is also col

was chosen from

e than in 117ne, rThis is
, proposed K"=71 band in

116Sb. In

117,119,

lan it is in

hsistent with the lack of

roupled bands in 116,118gp,

ted to appear in 120gp,

E/2I as a function of 212

6,118gp., Also included

n 1197¢ and the odd-proton
119qe

in 1177e it was only excitled to the second band

to represent the odd mass
ed to higher spin than in

noted that this choice is

clear that all of the
The moment of inertia
spin values and then
imilarities indicate that
the same for all of these
result if the closed

the Sb core. However, a

Sb bands is the even Te

n configuration for the

though the spherical Sb

bed by particles coupled

ass Sb bands are essentially
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to a Sn core, the deformed states in these nuclei are better

described as a hole state coupled to a Te core. Consequently

assuming the proton-hole configuration, the similar behavior

of the Sb and Te bands is expected

D. Summary

to occur.

Experiments were performed studying the y radiation

following the proton, alpha, and lithium induced reactions

which populated high-spin states in llG']-J-BSb. Level

energies, half-lives, spins, parities, and relative decay

intensities were measured and qualitatively discussed in

terms of the shell model and particle-plus-deformed-core

model.

The level schemes ‘display behavior than can be explained

only by assuming the existance of |both deformed and spherical

states. Such coexistance of states has been observed in

both the neighboring odd-proton Sh

and odd-neutron Te nuclei.

This study extends these findings [to odd-odd Sb nuclei.

The spherical states can be adequately described in

terms of either two-quasiparticle |s
states coupled to either collectivie
citations of the Sn core. The lhjy
orbital is found to Play a role in

In addition to these spherical
bands are observed in each nuclei.
described in terms of a 99/2 proton

coupled to a deformed Te core. 1In

state is described as the 9%/2 {404

tates, or two-quasiparticle
or single particle ex-
/2 heutron, unique-parity
most of these states.
states two rotational
These bands can be
hole state strongly
the rotational model this

} Nilsson level. 1In
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the case of the higher lying bands this proton state is

coupled to a lhll/z rotationally mligned neutron state
resulting in a J"=8" band, that lpoks very much like the
neighboring odd-mass Sb bands. This provides an example of
the "conflicting case" in which one of the odd particles is
aligned with the deformation while the other is aligned with
the rotation.
The lower-lying bands exhibit somewhat different
behavior and are best described as both particles being
Strongly coupled. In this case the proton and neutron are
respectively in the 9%/2{404} ang 5%/2{402} Nilsson levels,
resulting in a XK"=7% pang. This fepresents an example of
the "peaceful case”.
In conclusion, this picture provides a qualitatively
good description of the odd-odd Sh nuclei, that is con-

sistent with the behavior of the neighboring nuclei in this

region.
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