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Abstract

The nuclei '%*'%?Er have been studied up to very high spins using the techniques of
in-beam ~-ray spectroscopy. The high spin states were populated using the reaction
130Te(36S,5n;4n)'®"'62Fr at a beam energy of 170MeV. The ~v-rays emitted by the
de-exciting nuclei were detected in coincidence using the TESSA3 array located at
the Nuclear Structure Facility, Daresbury.

In ' Er three rotational bands were extended from I~35h to [~50h. In '?Er the
lowest energy positive parity band was observed to I=44k and two negative parity
bands to I~32h. The behaviour of these rotational sequences at high spin are ex-
plained in terms of the expected spectrum of single neutron states in the absence of
static neutron pair correlations.

In '®' Er four new rotational bands were observed including two that are strongly
coupled. In '®?Er two new strongly coupled bands were observed. These six decay
sequences are discussed in the context of cranked shell model calculations.

A report is also given of the measurement of the g-factor of the K=I1=25 isomer
in '®0s. Its value was found to be 0.425(8) by observing the angular precession of
the de-exciting y-ray angular distribution in an external magnetic field. The result is
compared with predictions based on experimental g-factors of single particle Nilsson

orbitals in this mass region
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Introduction

The nucleus is a many bodied quantal system consisting of neutrons and protons,
known collectively as nucleons. The study of nuclei at high spin reveals the nature
of how these nucleons can interact with one another. The advances made in the
manufacture of germanium detectors and the design of multi-detector arrays and
heavy ion accelerators has yielded much new information on nuclei at very high spin.
It is now possible to study nuclei in the ‘unpaired’ regime which was first predicted
to exist by Mottelson and Valatin in 1960 [MV60]. In this regime the behaviour of
the nucleus is subtly different to that observed whilst pairing still exists.

Prior to the present work there has been an extensive study of the erbium (Er)
1sotopes including the first observation of an unpaired band crossing [Ri88]. The
work included in this thesis provides information on '®'%2Er thus giving a unique
collection of four isotopes, '**7'®2Er, all studied up to very high spin. Several new
decay sequences were also discovered in 61162Fr,

In chapter one the theoretical nuclear models used to describe '*V'2Er are dis-
cussed with particular emphasis placed on the cranked shell model. Chapter two deals
with various nuclear phenomena, including backbending and an introduction to the
quenching of neutron pairing correlations. The formation of the compound nucleus
by heavy ion fusion evaporation and its subsequent de-excitation via neutron and v-
ray emission is dealt with in chapter three. A description of the multi-detector array
TESSAS is also given. Chapter four contains the analysis of the high spin structures
in '®“192Er whilst chapter five deals with the analysis of the newly observed low spin
structures in these nuclei. A summary of all these results is included in chapter six.

In chapter seven details of an experiment to measure the g-factor of '*2Qs is given.
All theoretical and experimental details of this experiment are included in this one

chapter.
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Chapter 1

Theoretical Nuclear Models

1.1 The Liquid Drop Model

1.1.1 Introduction

The nucleus has been observed to exhibit many different properties and as a conse-
quence many different theories have been put forward to describe these properties.
Historically the first of these theories was the liquid drop model. One of the main
reasons for suggesting the liquid drop model was from the saturation properties of
the nucleus, see figure 1.1, and that like a liquid drop the nucleus has a well defined

surface and low compressibility.

1.1.2 The Semi-Empirical Mass Formula

The total binding energy of a nucleus is seen to vary smoothly with mass number such
that for nuclei with more than approximately twelve nucleons the binding energy per

particle, B(N,Z), N = no. of neutrons, Z = no. of protons, remains fairly constant:-

B(N, 2)

~ — 8.5 MeV /Nucl 1.1
e eV /Nucleon (1.1)

This is shown schematically in figure 1.2. There is a steep rise upto B(N,Z)/A ~

8MeV and the maximum value obtained is 9MeV for A~60. The binding energy then
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Figure 1.1. Qualitative explanation of nuclear saturation as a subtle difference effect
of Eiin and E,.. Due to the Pauli and uncertainty principles and the hard core the
kinetic energy rises steeply to positive values at decreasing nucleon distances and

the potential energy is lowered to more and more negative values.
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Figure 1.2. Experimental values of B/A for 8-stable odd-A nuclei and the calculated

curve using a mass formula similar to equation 1.2.
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Figure 1.3. Section through the z,,v plane according to the Lund convention for
angles of v = —120° — 60°. Axially symmetric shapes are obtained along the lines

whilst all other values of v correspond to triaxial shapes.



drops due to the increasing influence of the Coulomb repulsion of the protons.
The Bethe and Weizsicker semi-empirical mass formula [We35, BB36] gives a
good fit for the variation of B(N,Z)/A as a function of N and Z. It gives the total

binding energy of the nucleons in MeV.

Z2 (N - Z)2 A
TATTS. Qa A + A3/4

B(N,Z) =a,A —a,A*® - a, (1.2)

The reason for each term and the values of the coefficients are given below:
aq - volume term = 14.1 - This occurs due to the fact that once there are enough
neighbours then the binding energy of one particular particle is not altered by more
distant neighbours. Therefore each particle makes a fixed contribution to the system.
a, - surface term = 13.0 - This term is a consequence of surface tension. A liquid
drop takes up a shape to minimise the surface area — a sphere. Therefore a nucleon
in the surface makes a smaller contribution to the binding energy than one inside.
a. - Coulomb term = 0.595 - All protons are positively charged therefore their
repulsive force reduces the total binding energy.
a, - asymmetry term = 1.9 - The Pauli Principle implies that N=Z for minimum
total energy of the nucleus (in the absence of Coulomb energy). Therefore the nucleus

is expected to be less tightly bound if N#Z.

A - pairing energy = —1 for odd-odd nuclei
= () for odd-even nuclei

— +1 for even-even nuclei

- There are more even-even nuclei in the chart of the nuclides than of odd-odd
therefore the binding energy is increased if the neutrons are in pairs and the protons
are in pairs. There is no preponderence for odd A nuclei of odd N over nuclei with

odd Z so this is taken as a base.



1.1.3 The Rotating Liquid Drop

The semi-empirical mass formula only describes static properties of the nucleus. As
a nucleus is rotated it undergoes surface oscillations which lead to shape changes. To
investigate these oscillations the surface of the nucleus must be parameterised and
one method of doing this is to describe the nucleus by the length of the radius vector
pointing from the origin to the surface:-
o A
R=R(0,0) =R, |1 + oo + Z Z a;,Yau(0, ¢) (1.3)
A=1p=-A

R, = radius of the sphere with the same volume
oy, = describes changes of the nuclear volume
A = multipolarity
(A = 1 describes mainly, at least for small deformations, a translation of the whole
system )
The deformations corresponding to A=2, known as quadrupole deformations, look
like ellipsoidal deformations, up to first order. In this case there are five parameters,
ay,. Three of these parameters describe the orientation of the drop in space and
correspond to the three Euler angles. By a suitable rotation, we can transform to
the body fixed system characterised by three axes 1,2 and 3 which coincide with the
principal axes of the mass distribution of the drop. The five coefficients now reduce to
two independent variables azo and a,; since (ass = a3 and @z = as _; = 0) which
together with the three Euler angles give a complete description of the system. It
is now possible to introduce the two Hill-Wheeler [HW53] co-ordinates 35,7 through

the relation:-

Qg = fF2 cosy (1.4)
1 :
Qap = 7?32 sm 7y (1-5)

From equations 1.3, 1.4 and 1.5 we get

R(6,9) = R, El + B4/ %(cos v(3 cos?8 — 1) + v/3sinysin? cos 2¢)J (1.6)



The Woods-Saxon potential, section 1.2.2, utilizes the #, and B4 deformation
parameters but the Nilsson model, section 1.2.3, uses the €, and &4 parameters. Since
the Nilsson model is the more commonly used it is necessary to relate these two sets
of parameters. For axially symmetric shapes, (v = 0), the quadrupole deformation

parameters €; and 3, are related by [LVHT70]

8 |5 167
3= a\/;ﬁz— ﬁﬁz ot (1-7)

which for small deformations approximates to
€2 = 0.950,. (1.8)

Figure 1.3 shows a section through the £,, plane according to the Lund conven-
tion [AnT76| for angles of v = —120° — 60° which is sufficient to describe a nucleus
rotating around a specific axis. €3 is a measurement of the distance from the origin
whilst v 1s the angle from the 0° axis. At 0° and 120° the nucleus describes a prolate
shape whilst at 60° and —60° the nucleus describes an oblate shape. When v is not
a multiple of 60° it corresponds to a triaxial shape.

Cohen, Plasil and Swiatecki [CPS74] did a comprehensive investigation of the
equilibrum configurations of rotating charges with surface tension. They predict
shape changes of nuclei as the rotational frequency is increased and also the maximum
angular momentum that can be carried before fission occurs. The total rotating liquid

drop model energy is given by

b= Esurf + Er_‘m.d T Erot (19)
where
K*1?
Eeot = —— y
s (1.10)

The general results of their calculations show that at low angular momentum the
drop adopts an oblate shape whilst at higher angular momentum it becomes prolate

before fissioning.



The liquid drop model over simplifies the description of the rotating nucleus. At
low rotational frequency microscopic effects such as pairing and shell effects domi-
nate but at higher rotational frequencies where pairing is expected to be quenched
macroscopic effects become more important and thus the liquid drop model is still of

relevance.

1.2 Shell Models of the Nucleus

1.2.1 Introduction

As previously mentioned, section 1.1, the nucleus is observed to exhibit many different
properties. Some of these nuclear properties may be described in terms of nucleons
moving as individual particles in almost unperturbed single particle orbits because
due to the Pauli and uncertainty principles the nucleus can be assumed to be not
a very dense system. If the nucleons are moving as independent particles then this
single particle motion could be governed by some average potential created by all the
nucleons in the nucleus.

The occurence of stable nuclei with either proton or neutron numbers correspond-
ing to the magic numbers 2,8,20,28,50,82 and 126 is one of the strongest experimental
reasons for the shell model theory. If the nucleons are said to be moving in an average
potential then a theoretical expression must be derived for this potential. This can
be represented in various forms.

The most straightforward of these is the simple harmonic oscillator. In the simple
harmonic oscillator the particle in question experiences no force at the centre of its
oscillation but experiences a restoring force towards the centre at the extremities of
its oscillation. This is analogous to the nuclear potential were the nucleon is subject

to no force at the centre of the nucleus but to a large force at the surface, towards



the centre. The harmonic oscillator potential is given by

r

Vie) =¥ [1 5 (Eﬂ = m;‘?(rz _R) (L11)

where V(7) — 0 as » > R,, the nuclear radius.

1.2.2 The Woods-Saxon Potential

A more fundamental representation of the nuclear average potential is given by the
Woods-Saxon potential. It was originally introduced to describe the energy levels of
spherical nuclei [BW60, Ch67, Ro68| but is now used to describe deformed nuclei and

in the deformed case is of the form

Vo

sz(r:ﬁ) et 1+ exp [distz(l\ﬁ)/a]

(1.12)

where

Vo, = depth of the central potential

disty(r,3) = the distance of a point at r from the nuclear surface ¥, negative if r is
within the nucleus and positive if r is outside the nucleus

B = set of deformation parameters where 3, corresponds to quadrupole, 3; to hex-
adecapole etc.

a = parameter to describe the diffuseness of the nuclear potential.

The nuclear surface ¥ is given by
Y : R(0) = C(B2,81)Ro [1 + B2Ya0(cos 8) + B4Yio(cos 6))] (1.13)

The constant C(f32, 3;) comes from the constraint that the value of the spherical
nucleus must equal that of the corresponding deformed nucleus.

The Hamiltonian for the Woods-Saxon potential in its final form is

2

h
Hys = *Q—T;Vf'z + Viws(r, 8) + Vio + Veou (1.14)

where

Vio = Spin orbit term



Veour = Coulomb energy of charged drop assuming uniform charge distribution.
The Woods-Saxon Hamiltonian is used to predict shell effects in nuclei. As can be
seen it is rather a complex method but it has been solved for approximately 95% of

nuclei with A > 40 and results agree well with the experimental data.

1.2.3 The Nilsson Potential

Although it is generally acknowledged that the Woods-Saxon potential is the more
realistic one body central potential, the Nilsson Potential first introduced in 1955
[Ni55] and developed in 1969 [Ni69] gives a simpler formalism for the solution of the
central potential. The calculations [Ni69] are based on a modified harmonic oscillator,
and give reasonable agreement with experimental data. The Nilsson model provides
a microscopic description of the nucleus and the results obtained from the Nilsson
Hamiltonian, in the form of single particle energies, are often plotted as a function of
quadrupole deformation ¢. These results give reasonable agreement with experiment
for nuclei with 80<A<240.

The deformed oscillator potential in the shape of a spheroid is given as
1
Vowe = 5M [0} (2 +97) + w2’] (1.15)

Introducing the deformation parameter ¢ gives

w, = wo(€) (1 - §e) (1.16)
w1 = w(e) 1+ %5) (1.17)

(where w, is obtained by applying volume conservation) which in turn gives the

quadrupole part of the potential proportional to
LY 2
€ (l - 66) 7° Py(cos ) (1.18)

up to second order in &.



The spin-orbit term is an essential feature of the shell model as it reproduces
the correct magic numbers. It is proportional to l.s where 1 is the orbital angular
momentum and s the spin angular momentum.

The Nilsson level spectra of deformed nuclei cannot fit the experimental level
spectra of deformed nuclei with the oscillator potential with spin-orbit term only.
A correction term is needed which truncates the potential, i.e. flattens the bottom,
more and more with increasing A. This is proportional to 1> — (I*) 5 and is introduced
in a purely phenomenological way.

The final form of the Nilsson single particle Hamiltonian is

fmﬂ:—fivﬁ+um*mm£°@s—puz-u%m) (1.19)
2m
where
—;T’HVZ = the kinetic energy
 and p are adjustable parameters evaluated for each major neutron and proton shell
and w, is defined by fd:: w? w, which comes from volume conservation.

The commonly employed value for w, is 41A~'/*A"MeV which leads, for a spher-
ical shape, to a value of the r.m.s. radius of proton matter 5-10% less than that of
neutron matter. Different values of A, for neutrons and protons can ensure approx-

imately equal neutron and proton r.m.s. radii by choosing

Slgn. ! (1 %N; Z) (1.20)
PR IN-2
w,,:wc (1—5 f-l ) (121)

Due to the presence of the 1. s and 1* terms the only two good quantum numbers
are the parity, 7, and the projection of the single particle angular momentum onto
the symmetry axis, 2. At large deformations, the principal quantum number N,
the number of oscillations parallel to the z-axis n., and the component of the or-
bital angular momentum A, all become approximately good quantum numbers and

are consequently called asymptotic quantum numbers. The solutions of the Nilsson
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Hamiltonian are usually labelled by [N,n,, A]Q2. The Nilsson diagrams for neutrons
and protons in rare earth nuclei are shown in figures 1.4 and 1.5 respectively.
Introducing the 1% component into the Nilsson Hamiltonian also has undesirable
consequences. The high-j orbitals tend to be depressed in energy too much. For
example, in the lead region the ﬂ'f% and Ui%g are predicted to lie higher than the
m'% and vj% in contrast to experimental results. The average moment of inertia
is over-estimated by ~ 30% compared to the rigid body value. Bohr and Mottelson
[BM75] calculated that independent single particle potentials should, in the absence
of residual interactions, give the rigid body value for the average moment of inertia.

Calculating the Nilsson Hamiltonian without the 1% term satisfies this point.

1.2.4 The Strutinski Shell Correction Procedure

The liquid drop model assumes that the nucleons produce a spacially uniform density
distribution in the nucleus with a sharp edge at the surface and thus is able to repro-
duce the overall features of the nucleus i.e. those that depend only in a smooth way
on the nucleon number. The shell model assumes a quantised independent particle
motion in an average potential and thus reproduces the nuclear properties in which
only nucleons near the Fermi surface are involved. The Strutinski shell correction
procedure [St67, St68] reconciles both phenomenological descriptions of the nucleus
eliminating their defects but keeping their qualities. See also [MS66].

The nuclear binding energies E as a function of A have a smooth part Erpas
well represented by the Bethe-Weizsacker mass formula, (see section 1.1.2), and an

oscillating part represented by E.,,. defined by
b= anc it ELDM (122)

It can be shown that the average level density is responsible for the average behaviour
of the binding energies. It is this average part which is wrong in the phenomenological

model. If the Strutinski procedure is adopted only the fluctuating part E,,. of the total



energy in equation 1.22 is calculated within the shell model whilst the rest, Eppar,
is taken from the liquid drop model. This assumes that E,,. is well approximated
by the fluctuating part of the shell model energy. The shell model energy must be
separated into an oscillating part E,,.(,») and a smoothly varying part Eun

A
Ep =) €= Eoslen)+ Eun (1.23)

i=1
The only term then left to determine is the fluctuating part of the shell model energy.
This is done by using the Strutinski smearing procedure. The essential step is to
replace the density of states

g(e) = Y b(c — ) (1.24)

by a uniform level density

ie) = Y ate— ) = - [ ate) () ae (125

Knowing g(e) we can now calculate the particle number

e /; j(e)de (1.26)

with a properly chosen Fermi energy A. Therefore we get
A
B = f eg(e)de (1.27)

The total energy of the system is therefore given by
Eror = Erpm + Eose = Erpm + Eon — Ea (1.28)

Using this method the equilibrium shape of the nucleus is calculated self-consistently.
Due to the additional term E.,., ‘the Strutinski averaged energy’, equation 1.28 can
have its minimum for some regions of the periodic table at a finite region of deforma-
tion, as opposed to only spherical shapes for liquid drops.

The Strutinski procedure has been applied to the calculation of nuclear masses
[Ni69] and also to the calculation of energy vs. deformation curves. These are often
plotted as potential energy surfaces with the total energy plotted as contours in the

(g,7) plane, see figure 1.6.
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spin zero with the total energy plotted as contours in the (e,7) plane.



1.3 Cranking Models

1.3.1 Introduction

The cranking model was originally derived as long ago as 1954 [In54] but it is only
in the last decade or so with the discovery of high spin states along the yrast line
that it has been used extensively. It combines in the same formalism the description
of collective rotational bands and high spin single particle configurations, which are
the two kinds of structures that are most important in the vicinity of the yrast line
of high spin states.

The cranking model investigates the properties of a rotating nucleus by forcing it
to rotate with some fixed frequency, w, i.e. to ‘crank’ the nucleus. It is simplest to
use a body fixed co-ordinate system which at all times will have a fixed orientation
with respect to the nuclear potential. This co-ordinate system will therefore rotate
with the frequency, w, with respect to the laboratory fixed co-ordinate system.

The cranking Hamiltonian can be obtained in the following way. Let H and % be
the Hamiltonian and wave-function of the system in the laboratory frame. Then the

time-independent Schrodinger equation in the laboratory system can be written as
0
i = Hy (1.29)

The wavefunction 9 and the Hamiltonian H can be expressed in terms of body-fixed

co-ordinates by means of the rotation operator
R(wt) = e~ wti=/h (1.30)

where j, is the projection of the total angular momentum onto the axis of rotation,

the z-axis, as
¥ = R(wt)y' (1.31)

and

H = R(wt)H,R(wt)™! (1.32)
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where ¥ and H, refer to the body-fixed system. The time independent Schrodinger

equation can be written as

ih% (R(wt)y') = R(wt)H,y' (1.33)

Using equation 1.30 for R(wt) and computing the time derivative yields
s 8 I . ! !
zﬁa@b = (Ho —wj: ' = Huop (1.34)
which gives the cranking equation
H, = Hy— wjz (135)

H,, is known as the Routhian i.e. the Hamiltonian in a frame of reference that is
rotating with angular frequency w about the z-axis. The Coriolis and centrifugal

forces that act on individual nucleons are accounted for by the —wj, term.

1.3.2 Generation of Angular Momentum about a
Symmetry Axis

The solution of the cranking Hamiltonian becomes particularly simple if we consider
an effective rotation about a symmetry axis. The formalism of the cranked shell
model allows the description of the generation of angular momentum by single par-
ticle alignment. This is the only method of generating angular momentum on the
symmetry axis allowed by quantum mechanics.

In a rotation symmetric potential, the wavefunctions of the non-rotating single
particle potential have a well defined projection quantum number, €, of the angular
momentum on the symmetry axis which in this case is defined as the z-axis. If

rotations are considered around this axis then the cranking Hamiltonian becomes
H, = Hy, — wj, (1.36)

In this case the non-rotated single particle wave-functions i.e. the eigenfunctions

of H,, are also eigenfunctions of the operator j, and therefore the total cranking
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Hamiltonian, H,. The eigenvalues e/ of H, can then be written down directly.
e: = e; — wl (1.37)

where () is the projection of the angular momentum onto the symmetry axis.
The lowest energy of the nucleus, calculated in the rotating system is obtained by

summing the energies of all the levels below the Fermi energy i.e.

N
BI=X ! (1.38)
—

where N = number of nucleons in the system.
The energy of the non-rotating system is given by the expectation value of H,
which is denoted by E

E = (H,) = (Hy) + w(j:) (1.39)
= JEIr -+ sz = i(e: + uJQ,‘) = iei (140)

g=1

Therefore as can be seen the energy is independent of the rotational frequency. How-
ever, the terms included in the sum depend on the rotational frequency, since only
the levels which lie below the Fermi energy in the rotating system should be included.

The total angular momentum in the cranking model is put equal to its projection

on the rotational axis, in this case on the symmetry axis, and is given by

I= fjn (1.41)

where the sum is over the same states as in equation 1.38. Therefore for a given

configuration 7, as well as E is independent of w.

1.3.3 Rotation about an Axis Perpendicular to the
Symmetry Axis

As before the symmetry axis is denoted by the z-axis but in this case the rotational

axis is denoted by the z-axis. The Hamiltonian now becomes

Ho= Hy—wji, (1.42)
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The rotation now leads to a mixing of the single particle states since the non-rotated
single particle configurations are not eigenfunctions of j,. Thus, the total angular
momentum is not conserved as a result of rotation, i.e. in the cranking model the
total angular momentum is not a good quantum number. However some symmetries
do not mix and these give rise to two good quantum numbers. The first is parity,
m, which is conserved as long as the shape of the potential can be expanded in even
multipoles. The second is signature, o, which is related to the properties of the

nucleonic state under a rotation 7 around the cranking axis and is defined as
Rr(ﬂ-)wa = e—i‘l‘j:fﬁ,d)a = e_i”a‘ba (143)

where 9, denotes a wavefunction with signature a.
For single particle states the signature can have values @ = +1. The signature is
sometimes indicated with the quantum number r, which is the eigenvalue of R,(r)

and therefore related to a through

T (1.44)

B3 =

Thus a = % corresponds to r = —2 and a = —

1.3.4 The Cranked Shell Model

The most widely used of the cranking models is the cranked shell model (CSM),
developed in the late seventies by Bengtsson and Frauendorf [BF79a, BF79b]. The
calculation involves solving the cranked Hartree Fock Bolgolyubov (CHFB) Hamil-
tonian but without requiring self-consistency in the HFB parameters. This is given
by

H = H, —wj, (1.45)

H, = hyp(ez — €a) + A(PT + P) — AN (1.46)

where

hs = the axially symmetric single particle modified harmonic oscillator Hamiltonian
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Figure 1.7. The effects of the various terms of the above cranking Hamiltonian on

the energy levels.



€2 = quadrupole deformation

e4 = hexadecapole deformation.

The operator P* creates the pair field whose strength is fixed by the gap parameter
A. The chemical potential, A, determines the expectation value of the particle number
N. The deformation parameters are fixed to realistic values and kept constant as a
function of configuration and rotational frequency. The effect of all these terms on
the single particle levels are shown in figure 1.7.

In the cranked shell model the intrinsic microscopic structures of a rotating nu-
cleus are described in terms of quasiparticle (an elementary excitation above the
vacuum state is termed a quasiparticle) configurations in a body fixed frame of refer-
ence. In this way experimental rotational bands can be compared with, and therefore
identified by, the intrinsic quasiparticle configurations on which they are based. The
characteristics of the experimental rotational band crossings (i.e. crossing frequency,
alignment and interaction strength) are compared with the pseudo-crossings of the
CSM.

Solutions of the CSM usually take the form of diagrams in which the single quasi-
particle energies, €', in the rotating frame are plotted as functions of rotational fre-
quency, w. Each quasiparticle level can be labelled by the parity and signature quan-
tum numbers, (7, a), where n indicates the n'* lowest level energetically with the
particle number (7, a). To simplify matters Riedinger etal. [Ri80, RAF80] proposed
a systematic alphabetic labelling method for the quasineutron and quasiproton or-

bitals. This is shown in tables 1.1 and 1.2.
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(r,a), | Label
(+,+3h | A
(hy=3)h (o B
(+,43)2| C
(+:=3)2 | D
(=l B
(—i=zh | &
(—+3)2| G
(——3| B

Table 1.1. The alphabetic labelling scheme proposed by Riedinger etal. [RAF80]
to describe the quasineutron trajectories in the cranked shell model. This particular
convention applies to rare earth nuclei. The subscript n refers to the n'* lowest level,

energetically, with the particular quantum numbers (7, a).

(m,a), | Label
(=3 As
(=il By
(=s=3)2 | GCp
(=+3h| Dp

Table 1.2. The corresponding labelling scheme for quasiprotons, also proposed by
Riedinger etal. [RAF80].
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