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Abstract: A microscopic description of yrast traps is given. The method is based on Hartree-Fock (HF)
trial wave functions and a many-body Hamiltonian with a quadrupole-quadrupole (QQ) and a
hexadecapole-hexadecapole (HH) force. The method is applied to study yrast traps in the beginning
of the rare-earth region in highly neutron deficient nuclei where calculations suggest rotation
around the symmetry axis: (i) The hexadecapole deformation at very high spin states is an important
degree of freedom. It affects strongly the formation of yrast traps (i) Isomeric states at the yrast
line are found up to angular momentum 7 = 404,

1. Introduction

The very high spin states in nuclei were first studied by Cohen, Plasil and Swiatecki
[ref. ')] in the classical liquid drop model. The physical implications of these results
have been discussed by Bohr and Mottelson ?). They predicted the existence of long-
lived isomers at very high spin along the yrast line which are now usually called
yrast traps. These may arise due to the fact that no collective rotation is possible
around a symmetry axis.

Quantal calculations for the deformation energy surface at very high spin in the
framework of the Strutinsky method have been performed at Dubna *#), Lund-
Warsaw °'°) and Jiilich 7). The work at Dubna and Lund-Warsaw uses a modified-
oscillator (MO) potential which leads, due to the /* term, to difficulties with the value
of the average moment of inertia. This difficulty is removed in the work from Jiilich 7)
by employing a Woods-Saxon potential. In addition deformation energy surfaces

T Permanent address: Institute of Nuclear Physics, Radzikowskiego 152, 31-342 Cracow, Poland.
tt Permanent address: Institut fiir Kernphysik, Kernforschungsanlage Jiilich, D-5170 Jiilich, West
Germany.
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478 M. PLOSZAJCZAK et al.

at very high spin have also been calculated using a two-body interaction 8~ 19),

The yrast traps are connected with the energy gain due to the maximisation of the
overlap of the nucleonic wave function by alignment (MONA effect 19)). Detailed
analyses of the known two-particle spectra performed by Schiffer ! ') and by Molinari
et al. '') show that the effective two-body interaction is strongly attractive for 0°
and 180° angles between the two single-particle angular momenta for non-identical
particles. In these cases the single-particle wave functions have the largest overlap.
In contrast, for the relative angle 90° one has only a small overlap between the
nucleonic wave functions and, consequently, the interaction is quite weak. As a
consequence of these features of the two-body forces, the nucleus in the ground state
of even-even nuclei is paired. For higher angular momenta the overlap between the
nucleonic wave functions decreases leading to the increase of the excitation energy.
Overlap of the single-particle wave functions increases once again for the aligned
configurations and we gain (in these configurations) energy. This mechanism may be
responsible for stabilizing the rotation around a symmetry axis, which is a condition
for the existence of yrast traps. We shall see that MONA prefers negative deforma-
tions at the beginning of a shell, where particles are aligned, and it favours rotation
around a symmetry axis of a positive deformed shape at the end of the shell at high
spin states where holes are aligned.

This effect is included in a microscopic description but also in the Strutinsky
approach if the single-particle energies are determined self-consistently. Since at least
in principle this is the case, both methods should describe this effect (although the
smoothing procedure will give in practice different results). The very similar results
obtained 'in the Strutinsky approach *~7-!2) and this work seem to support this
assumption.

The purpose of this work is twofold : First we give here a microscopic description
based on the cranking Hartree-Fock theory for the formation of the yrast traps.
Further we know that for the description of the ground-state properties hexadecapole
deformation plays an important role. Therefore, a priori there is no reason to discard
it for the calculations at high spins. Moreover, quadrupole deformation at high spins
varies substantially and one might expect a similar behaviour for the hexadecapole
deformations. Thus, we intend to analyze the effect of the hexadecapole deformation
on the structure of the yrast line. For this purpose, our calculations include the Y,
component consistently in the trial wave function as well as in the many-body
Hamiltonian. The calculations reported here have been performed only along the
7 = —60° B, > 0 line favoured by the classical LDM energy (i.e. the oblate nucleus
rotating around the symmetry axis). However, the proposed description can be
applied to any kind of rotation of the axially symmetric nucleus around the symmetry
axis.

The details of the model formulations relevant to the present calculations are
given in sect. 2. In this section we also discuss the essential ingredients of the existing
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YRAST TRAPS 479

mechanisms to explain the yrast traps. In sect. 3, we show the results of the calcula-
tions for the neutron deficient rare earth nuclei '¢5Sm, '29Gd, and '38Yb. In these
nuclei the lowest minimum of the total energy obtained using either the Strutinsky
approach °®) or the microscopic model of ref. °) corresponds to y = —60° for the
angular momenta [ = 30-50/. For each nucleus we show the excitation energy of
the states along the yrast line as well as the quadrupole and hexadecapole moments.
Finally, in sect. 4, we summarize the main results of our work and give the conclusions.

2. Theory

We describe the nucleus at very high angular momenta using in principle a cranked
Hartree-Fock theory. For the two-body residual interaction, the quadrupole-
quadrupole and hexadecapole-hexadecapole forces are used. The trial wave function
parametrized by the deformations f8,, 7, B4, is a Slater determinant built by cranked
MO single-particle functions. The total energy of the system for a given angular
momentum [ has been obtained by minimising the sum of the Coulomb energy and
the expectation value of the many-body Hamiltonian with respect to the deformation
parameters.

2.1. HAMILTONIAN

We construct the trial wave function with the help of the model Hamiltonian:
H, =} <ahbyCF Cs—w, Y <aljJb>C7 C;
ab @b
(1
- Z GtﬁétEtEC;CtEC—EC'E’

4,5>0
where the single-particle Hamiltonian 4 is defined as
h = ho—hooalr?{B, cos y Yo+ \[irﬁz sin Y (Yo, + Y, 5)+ Bao Yao) 2)

in which k, is the spherical single-particle energy term and 8,, f,, and y are the de-
formation parameters. The basis states are chosen to be the eigenstates of the exp(inJ,)
operator and single-particle Hamiltonian 4. They are defined as

lay = /3a) + ¢ a)),

(3)
|—a) = J3ola>—,la)),

with the phase ¢, = (—1)'a"%«** The shell-model states |a) and |@) are written as
lay = |tnliQ>,,

. 4
|y = (= 1)fe*Je"%la), “
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Such a basis proposed independently by Faessler e al. ®) and by Goodman !3)
allows one to decouple the HFB equations. In the calculation of the trial wave
function for the very high angular momentum states (I < 30%) we assume the pairing
interaction to be zero. We get the trial wave function by diagonalizing in the basis
consisting of the s.p. states in six oscillator shells, namely N = 2-7 for protons and
N = 3-8 for neutrons. The trial Slater determinants contain wave functions of this
diagonalization corresponding to N = 4, 5 for proton wave functions and N = 5, 6

~ for neutron wave functions in the spherical limit. This allows one to extend the model

to higher deformations and angular momenta. But it is still limited to < 0.4-0.5
and J £60h. Since we need it here only for f < 0.3 and J < 40h, the present ap-
proximation seems to us satisfactory. The spherical single-particle energies entering
the Hamiltonian 4, are obtained from the MO version of the spherical shell model
with the parameters (x and u for thel - s and /* terms) taken from ref. '#). The eigen-
values gy,; of Hyo (B = 0) for the proton shells N = 4, 5 and for the neutron shells
N =5, 6 are replaced by the spherical single-particle energies given by Kumar and
Baranger !°). Kumar and Baranger adapted the spherical single-particle energies
to experimental data. Thus we do not expect to have difficulties with a too large
moment of inertia for spins below I = 60 in which we are interested here. Higher
shells (for example the jis neutron level) for which we used the /> term, do not play
a role in the determination of the moment of inertia below angular momentum 60
as shown in ref. 7). The values of single-particle energies &y, ;in other remaining shells
are given relative to the state assumed to be at zero energy in the N = 4 proton shell
and N = 5 neutron shell.

The quantities «, in eq. (2) are introduced ') in order to ensure equal radii for
protons and neutrons
)

T

_ {(2Z/A)'*  for protons
~ |(2N/A4)*3? for neutrons.

The cranking term —wyj, forces the nucleus to rotate around the x-axis with the
angular frequency w,. This frequency is determined from the condition

T =TS
(B Baoy v 0N B2, Baos 7, 0> = ST+ D)= D, ©)
The coupling. between the shells N and N+2 given by the r*Y,, term in the

Hamiltonian (1) has been included in the trial wave function. This coul’gling produces
a significant change of the s.p. wave function for larger deformations £, and f,,.

In this case, many levels from the high-lying oscillator shells come close to the
states near the Fermi level. Consequently, the states from different oscillator shells
mix strongly and change their structure. In the total wave functions we have omitted
all the single-particle wave functions which in the limit of §, = 0, 4, = 0 do not
correspond to the oscillator shells N = 4, 5 for protons and N = 5, 6 for neutrons.
1t is possible to specify these levels as a function of #, and 3, because the eigenvalues

of the Hamiltonian (1) specified by the same good quantum numbers: isospin T,
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parity = and projection m onto the symmetry axis do not cross at any deformation.
Such a choice of the s.p. wave functions has the advantage that a simple separable
quadrupole-quadrupole force for the two-body interaction can still be used. 1t has
been shown by Kumar and Baranger '°) that the matrix elements of the quadrupole-
quadrupole interaction approximate correctly the matrix elements of the “realistic”
forces if one uses only those s.p. states available in two neighbouring shells for protons
and neutrons. Within the considered group of s.p. states in our model, the change of
the s.p. wave function with the deformation is properly taken into account. But it is
also obvious that the extension of the model to large deformations and large angular
momenta should not be trusted. According to test calculations we would expect
that it is valid up to § < 0.4 to 0.5 and J £ 60h.

The many-body Hamiltonian consistent with the trial wave function obtained from
the model Hamiltonian (1) can be written as:

H=7Y6CiCi— Y Gud:5C CHiC 5Cs
a a,b>0
=3 X Xathattes 2, CAIQZIECBI(— QI CF CFf C3Cr

@ g (7

2]

—7 2, 140t B1QEYIEY IO CF Cif CoCy
%

cd

&

-

where
) — 52
Qy, =7 Yvu‘

Here the &; are the spherical single-particle energies as described before. x, and y,
are the strengths of the quadrupole-quadrupole and hexadecapole-hexadecapole
interactions and G, is the strength of the monopole pairing interaction. The self-
consistency requirement for the trial wave function and the Hamiltonian (7) is given
by

X
Brcosy = =¥ Q).
Basing = 225 0 (0P, )

By = %gaxcgg“’x.

Here {Q,(v)) are the expectation values of the quadrupole O’ (1 = 0,2) and hexa-
decapole Q' moments. For w; = 0 the minimum of the expectation value of the
many-body Hamiltonian (7) with respect to f3,, y, B,o(4,, 4,), along with the self-
consistency condition (8) gives a Hartree-Fock-Bogoliubov (HFB) minimum for
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the Hamiltonian (7). This statement is true provided that the exchange terms in the
quadrupole and the hexadecapole interactions as well as the contribution of pairing
force to the HF potential and the contribution of quadrupole and hexadecapole
forces to the pairing potentials can be neglected. 1t has been argued in ref. 1%) that
both assumptions are valid for the P+ QQ Hamiltonian. For w # 0 one expects
that those arguments hold in similar quality.

A further problem in this model is connected with the use of the quadrupole and
hexadecapole forces as the residual interaction. With regard to the comparative
values of the quadrupole matrix elements for the particles in the two shells under
consideration we know from the work of Kumar and Baranger !%) that the matrix
elements between the states in the upper shell are too large compared with those
calculated between the states in the lower shell. In order to overcome this difficulty,
it has been proposed in ref. '®) to include only a part of the upper shell or to scale all
the quadrupole matrix elements of the upper shell with a factor which ensures the
same rms radius. Since we want to describe in our model deformations up to p=04
or 0.5 and angular momenta J < 60 (although we need only deformations f <03
and J < 40h in this work), the completeness of the second shell must be considered
to be important. The s.p. states included in the trial wave function obtained by
diagonalizing the model Hamiltonian (1) contain for large deformations B, and B,
significant admixtures of the high-N states. Therefore we have to calculate the diag-
onal as well as the off-diagonal matrix elements of the #2 operator. The prescription
we have used to scale the matrix elements of #2 is

‘ Ng+3\ Ng+3)!
1% v = | ——2 | (NY#3|NT 0%
N [N} (N;_l_% < Jlr ' 1> N:+% s (9)

where

0=

Nt 4 for protons
(5 for neutrons.

For small deformations f < 0.2 which play the dominant role in this work our
approach used for the radial matrix elements is identical with the one of Kumar
and Baranger, since we selected for the calculations only those basis states which in
the limit §, = f, = Ocorrespond to the N = 4, 5and N = 5, 6 shells for the protons
and neutrons, respectively. For larger deformations (8 & 0.4 to 0.5) for which other
shells are admixed in our single-particle basis the above recipe simulates to keep
effectively the AN = 2 matrix elements equal to zero. [1f one admixes higher or Idwer
oscillator states one looses admixtures of the N = 4, 5 (for protons) and N = S, 6
(for neutrons) oscillator states correspondingly in the single-particle basis. Eq. (9)
guarantees that the radial matrix elements all have the same size.] 1t is known that
the nuclear matter shows a large incompressibility, therefore for a deformed nucleus
one should conserve the volume of the system '®17). 1n nuclear structure calcula-
tions with a realistic two-body nucleon-nucleon interaction the volume conservation
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should come out automatically without any additional constraints. However, in the
practical calculations with a model force like the pairing or quadrupole-quadrupole
one, this condition is not fulfilled and one is forced to correct for this deficiency °: 1°).
A simple approximate way to guarantee the volume conservation is the scaling of the
oscillator length °). Thus the oscillator length is taken to be deformation dependent
and has the form

_
max(fy, Bao, ) .

In this case the expectation value of the quadrupole-quadrupole force has to be
multiplied by a factor |b6(8,, B4, ¥)/b(0, 0, 0)|*. The influence of the volume conserva-
tion on the single-particle term of the Hamiltonian (7) is conceptually less clear. 1t is
difficult to take into account this effect for the core particles not under consideration.
It is, however, of minor importance because the deformation in this model is in-
fluenced mainly by the Coulomb and quadrupole-quadrupole forces.

The deformation energy surface for the angular momentum J is written as:

Ej(ﬁz’ ﬂ40! Vs Am Ap) = <B2’ B40> Ps An’ Ap’ ‘]lFII:BZ’ ﬂ40’ ?s Am Ap’J>+ECoul(ﬁ2s B40’ 'Y)

(10)
where A is the many-body Hamiltonian given in eq. (7). For the calculations of the
energy landscapes for / R 30k we assume the neutron and proton pairing interaction
to be zero. The expectation value of the Hamiltonian in eq. (9) is then obtained for
the state with angular momentum / corresponding to a sloping Fermi surface
(“‘optimal” configuration) using the wave function ¥(8,, B4, 7, J), which is a Slater
determinant of the energetically lowest single-particle wave functions. In this way we
cannot describe all the angular momenta along the yrast line, and we adopt here the
suggestion of the Lund-Warsaw group *' ) to construct all states with various angular
momenta inbetween the “optimal” states by 1p-1h, 2p-2h excitations over the
straight sloping Fermi surface. This is probably adequate provided sufficiently
many optimal states are considered. Calculations including 3p-3h and higher
configurations have been made in a cranked single-particle potential, and no case
has ever been found where such a state is yrast. States obtained in such a way are
therefore given by the Slater determinant of the “nearest” “optimal” state modified
by the exchange of one (two) nucleonic wave function(s) below the Fermi surface
by one (two) s.p. wave function(s) from above.

As the inert core in our calculations we choose the nucleus '43Zr,,. The Coulomb
energy term is calculated for the homogeneously charged drop with a shape para-
metrized by the quadrupole f, and y and hexadecapole f§,, deformations '8).
The addition of the Coulomb energy to the expectation value of the many-body
Hamiltonian (7) increases the ground-state (g.s.) deformation over the values deduced
from the experiments. We believe that the best choice of the force parameters entering
the Hamiltonian (7) can be obtained by fitting them to the experimentally measured

b*(B2, v, Bao) =
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deformations f3, and B,, and the energy gaps 4, and 4. The 4-dependence of the
pairing forces G, and G, as well as that of the quadrupole force y, has been taken from
Kumar and Baranger ')

X2 = XzoA_1'4,
G, = GKOA‘l,

and the constants y,, and G, have been fitted in order to reproduce the measured
g.s. properties. The schematic hexadecapole force used has the same r? dependence
as that of the quadrupole forces. Therefore it is reasonable to assume also the same
A-dependence for the Y, x Y, forces. The discrepancy between the hexadecapole
force used and the Y,, component of the realistic two-body forces can be removed
by choosing a different constant y, for different parts of the rare-earth region.
In fig. 1 the results are shown for the deformations 3, and 8, as well as for the proton
and neutron energy gaps obtained by minimising the total energy expression (10)
for J = 0. The best choice of the force strength parameters corresponding to the fit
shown in fig. 1 is given in table 1.

For the formation of yrast traps it is essential that no collective rotation is possible.
Therefore the application of this method will here be restricted to nuclei for which
calculations indicate ' 6:7:°) that they rotate around the symmetry axis.

The method described in this section is able to describe the yrast traps, if one
includes particle-hole excitations across the sloping Fermi surface determined by
the cranking term —wj,.. Up to the particle-hole excitations the method is in principle
the same as the one used in ref. '°). But we have improved the single-particle basis,
added a hexadecapole force and readjusted the force parameters to the ground-state
properties after extending the Hamiltonian by a Coulomb term and a hexadecapole
force.

3. Results and discussion

We have performed the microscopic calculation of the yrast line for y = —60°,
B, R 0using the model described in sect. 2. We restricted our analysis to those nuclei
which in the microscopic calculations of ref. %) have the lowest minimum aty = —60°

(for the angular momenta between 304 and 704). We did not check the stability of
the minimum in the f,~y plane with respect to the f,, deformation. Only for the
neutron deficient light rare-earth nuclei does the lowest minimum have y = —60°
for angular momenta between 30h and 70A. This result agrees with the predictions
of the semi-microscopic calculations of refs. *~7). In figs. 2-4 the energy surfaces of
L48Smy,, 129Gd,e and '38Yby, obtained microscopically using the approach of
ref. %) are shown as a function of 8, and y deformations for angular momenta
I = 30h, 50h, 70h and 80h. The energy difference between the equi-energy lines is

1 MeV. The shaded areas in figs. 2-4 represent the points in the 8,~y plane with the
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Fig. 2. The deformation energy surfaces obtained for '¢3Sm by minimising the total energy (10) for
angular momenta I = 30h, 50k, 70h and 80h. The shaded areas represent the lowest minimum of the
energy. The energy difference between the equi-energy lines is 1 MeV. The predictions of our model
concerning the position of the lowest minimum can be more trusted up to the angular momentum
I =~ 70h. Above I 2 70h the average moment of inertia J = Jjw,, in a microscopic method has an
unproper asymptotic value ?). This can resuit in a systematic error for the energy of the yrast states.

excitation energy (relative to the absolute minimum) not more than 1 MeV. The
strength of the quadrupole-quadrupole force used is y, = 654~ 1% [MeV]. In
1489mg, the lowest minimum for 7 = 30h corresponds to y & 0°. With increase of

the angular momenta this minimum moves towards the y = —60° line and at around
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Fig. 3. The deformation energy surfaces obtained for '39Gd for angular momenta I = 30h, 50k, 70k
and 80A. For details see caption of fig. 2.

I = 50h the absolute minimum has y = —60° (oblate shape rotating around the
symmetry axis). The deformation energy surface close to minimum point is very flat
and, therefore, one expects the correlated wave function of the system to be spread
over a large range of deformations. For angular momenta 7 = 30-504 one may
find a finite shrinking from the deformation 8, ~ 0.2 at 7 = 30 to 8, =~ 0.1 at
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158

Fig. 4. The deformation energy surfaces obtained for '*8Yb for angular momenta [ = 30h, 50h, 70h
and 80h. For details see caption of fig. 2.

I = 50h. The situation is very much the same for 33Gdg (see fig. 3) which suggests
the dominant role of neutrons in the qualitative behaviour of the energy landscapes
at very high spins in the light, neutron deficient rare-earth nuclet. The energy
landscape for !38Yb is shown in fig. 4. Here we have a local minimum at
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marked by encircled “*” or “~* where +(—) denotes the positive- (negative-) parity states. The points

in squares correspond to the “optimal” configuration,

? = —60° already for the angular momentum / = 304. This minimum is the lowest
for / = 50h. The nucleus '35 Ybg, seems to be most adequate for our analysis since it
exhibits the local minimum at y = —60° for 7 = 30-70A. As representatives of the

light rare-earth nuclei we have chosen '#8Sm, '5°Gd and '58Yb for the calculations,

The results for '*Sm are shown in figs. 5-7. In fig. 5 the excitation energies as
well as the quadrupole Q,, and hexadecapole Q.o moments of the yrast states versus
the total angular momentum are given. As in ref. %), we define the traps as yrast
states which cannot undergo y-decay by an E1, M1, E2 or M2 transition. The traps
are marked by encircled “4” or “—” where + (—) denotes the positive (negative)
parity states. The points in squares correspond to the “optimal configuration”.
The solid circles mark the quadrupole moment of the yrast state and the open
circles depict the hexadecapole moment. The results presented in fig. 5 have been
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obtained using the trial wave function calculated for the selected set of deformations,
viz. 8, = 0.05, 0.10, 0.15, 0.20, 0.25 and 0.30, f,, = —0.15, —0.10, —0.05, 0.0,
0.05, 0.10 and 0.15 and y = —60°. We have in this nucleus negative-parity yrast
traps with J® = 24~ and 28~ and positive-parity traps with J* = 34" and 44*.
One cannot, however, exclude that a-particle emission from the isomeric state,
which in this region of angular momenta is expected to be quite important '°), may
be comparable to the a-particle emission from other states and it may be difficult to
detect delayed y-rays. The isomerism in the state of J® = 447 is connected with a
drastic change of the hexadecapole 0,, moment going from the states 43~ to 44~
(from —10 b? for J = 43~ to zero for J = 44"). This change in J,, value leads to a
disappearance of the hexadecapole correlation energy for the J* = 44", The varia-
tions of the hexadecapole moment in fig. 5 starting above the angular momentum
43h are of interest. It seems that there are two competing minima in the 8,, direction
at f,, =0 f,, ® —0.035 (see fig. 6). The variation of the quadrupole moment is
of little significance. This can be clearly seen in fig. 6 where the quadrupole f, and
hexadecapole 8, deformations are shown. They are obtained from the calculated
0,0 and 0., moments assuming a homogeneous matter distribution.

In fig. 7 the excitation energies as well as the quadrupole moments of the yrast states
are shown, which have been calculated using the total energy expression (10) with no
hexadecapole force term (x, = 0). The strength §, of the quadrupole force is taken
from ref. °) and is the same in all the calculations reported here (y = 65x 4~ 14 MeV).
Comparing figs. 5 and 7 one does not see any correlations between the positions of
the yrast levels calculated with and without the hexadecapole force. In fig. 7 we have
three isomeric states for J = 26, 27 and 42, all of them with positive parity. They are
isomeric because they are different by more than 1p-1h excitations from the states
with J—1 and J—2.

The results for *29Gd are shown in figs. 8-10. In fig. 8 the excitation energies,
quadrupole and hexadecapole moments of the yrast states obtained using definition
(7) are shown. One should mention that the traps at J® = 237 and J" = 31* have
about 1 MeV smaller excitation energies than the states with two units of angular
momentum less, and therefore they should decay exclusively by higher multipoles.
Moreover, such a large energy difference (1 MeV) guarantees that the effects not
included in our model (like the pairing correlations) will not change the results.
In '3°Gd similar to the case of '¢5Sm one may also see the drastic variation of the
hexadecapole deformation with the angular momentum (see fig. 10). These variations
start here already at J = 27. The excitation energies and quadrupole moments of
the yrast states calculated for y, = 0 are once more very different as compared to
the yrast energies and quadrupole moments obtained with y, # 0. The yrast traps
for J® = 217,227,24%, 26" and 36" (see fig. 8) cannot decay by y-rays due to the
Ip-th nature of the transition operator. The quadrupole moment is a rapidly
changing function of the total angular momenta.
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Fig. 8. The excitation energies as well as the quadrupole Q,, (solid circles) and the hexadecapole 0,
moments (open circles) of the yrast states are shown as a function of the total angular momentum for

129Gd. For details see caption of fig. 5.
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Fig. 9. The quadrupole f8,, (closed circles) and hexadecapole f3,, (open circles) deformations of the yrast
states are shown as a function of the total angular momentum for '29Gd. For details see caption of fig. 6.
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Last, the results for the nucleus '35Ybg, are presented in figs. 11-13. The charac-
teristic features of the results are the very large changes in the hexadecapole de-
formation above J = 24. Such a series of the yrast trapsas J* = 237,257,287,297,
307, 327 and 337 is formed due to the variation in the hexadecapole deformation
from 0 to —0.04. (The deformation parameters are calculated assuming a homoge-
neous matter distribution.) The quadrupole deformation is here a very smooth
function of the total angular momentum. The structure of the yrast line changes
drastically if the hexadecapole force is switched off.

4. Conclusions

The method presented in this paper describes microscopically the formation of
yrast traps at very high spin states. An important mechanism which prefers the
rotation around a symmetry axis is the MONA effect }°) (MONA is the maximisation
of the overlap of nucleonic wave functions by alignment). Slightly above closed
shell nuclei (neutron number 82) this effect seems to stabilize a rotation around the
oblate symmetry axis with a small deformation. This is connected with the fact that
at the lower end of a shell the large j-levels are concentrated and that for negative
deformations the high spin projections 2 are lowered '?).

- In general, we can say that the MONA effect ') is responsible for the rotation
around a symmetry axis. At the beginning of a shell MONA concentrates the
particles near the equator, favours a rotation around an oblate symmetry axis,
and alignes the single-particle angular momenta. At the end of the shell MONA
bunches the holes near the waist of the nucleus and therefore it prefers rotation around
a prolate symmetry axis.

It turns out that traps above angular momentum I = 40h are rather infrequent.
This is probably due to the large slope of the yrast line above I = 40h, which reduces
the importance of the shell fluctuations. Andersson et al. ©) have found traps only up
to 30Ah. This difference is probably due to the fact that they used the MO single-
particle model which, in contrast to the model of Kumar and Baranger, gives too
large a slope in the total angular momentum as a function of the cranking frequency.
1t may also be because with the MO potential the light neutron deficient rare earth
nuclei, discussed here, are predicted to become oblate at lower spins.

Last but not least these calculations demonstrate the importance of hexadecapole
deformations in the trial wave function and of a hexadecapole force in the residual
interaction. The detailed location and structure of the yrast traps are changed in all
instances. Therefore it seems that the results of the semi-phenomenological Strutinsky
calculations for the deformation energy surfaces using either MO or Woods-Saxon
potentials *~7) would be significantly modified by including hexadecapole deforma-
tions.

Searching for experimental yrast traps guided by calculations like this, one should

not forget the following points: (i) Deviations from or even oscillations around
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y = —60° reduce the probability for yrast traps. (ii) Configuration mixing will also
eliminate some of them. (iii) Particle, especially a-particle, decay may in some cases
be faster than the y-transitions studied here. Thus at the present stage calculations
should guide the experimentalist only in the selection of the final nucleus. 1t seems that
the theory can reliably predict if a nucleus has a tendency to rotate around the
symmetry axis and thus to produce yrast traps or not.
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