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An empirical investigation of the trends in the properties of the nony{a’stz; and K™=0, bandhead
configurations in nuclei that are related to one another through the addition or remouapaoficle-like
structures, reveals their complex and changing behavior in contrast to the smooth behavior of the yrast states.
A systematic application of the pseudo-8Ymodel for such a sequence of deformed nuclei from the rare earth
region leads to an accurate and unified description of not only yrast, but nonyrast collective bands. The onset
of deformation as manifested through the position of the excited bandheads in the spectra is understood and
interpreted by using a realistic model Hamiltonian in conjunction with a microscopic distribution of the
eigenstates across allowed proton and neutron strong-couplej &nfigurations.
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I. INTRODUCTION and B8 bands relative to that of the ground sbaite the low-
energy spectra of a series of heavy deformed nuclei that dif-

Various features of low-lying levels of even-even atomicfer from one another by-particle-like structures. Such an
nuclei can be used to test collective models of nuclear struc- w-p ’

ture. The assumptions that go into the development of Sucﬁpproach has been tested empirically and shown to be con-

models usually are based first on understanding the structuyeemem for a unified description of the low-lying yrast ener-

T— Yyt T
of states that belong to the ground-state b&md.b), and g|e+s of the even-even nuclg,6). The K7=0; (g) a_ndl_( .
then on properties of the excited bands, including especially 2» (¥) bandheads show some rather sharp oscillations, in
the excitation energies of the bandhead configurations. Thigontrast with the smooth and periodic behavior of the yrast
can lead to different interpretations of the same features grandhead configuration, especially in regions with clearly

the spectra. An example is the behavior of the bands built ofPS€rved rotational bands. Consequently, it is a challenging
the lowest excited Dand 2 states in well-deformed nuclei @Sk 0 study trends in this behavior and offer an interpreta-
[1]. The properties of these levels are usually defined an§On that reproduces the observations so one can make reli-
interpreted within the framework of a geometrical approachfP!e Predictions regarding newly obtained data or the struc-
to nuclear structure as bandheadgaind y bands that arise Uré of yet-to-be explored systems. _

out of the quadrupole surface vibrations of a deformed liquid 1© intérpret and reproduce properties of the low-lying
drop[2,3]. With the development of new experimental tech-SPectra of deformed even-even nuclei, we apply a proton-
niques and the accumulation of additional data, various neJeutron version of the pseudo-g3) shell model[7]. This

and more refined models have been introduced in order t5c1€Me is particularly useful since it combines a consider-
interpret and describe the ever growing volume of regdits ation of the microscopic structure c_>f_ nuclei with simple but
A close systematic investigation into the properties of manyg€neral symmetry principles. Specifically, the pseudegs3uU
low-lying, nonyrast states reveals that there are large differ™0de! has been shown to be appropriate for a description of
ences in the observed data, even for neighboring nuclided® Iow-lying spectra of the strongly deformed nu¢k+10.

One can find many examples to support various interpretg~n0ther advantage of this approach is that it gives a geo-
tions of these configurations, which we will label g metrical interpretation of many-nucleon states through an es-

=03=0}, (second excited Ostate or the bandhead of th tablished relationship between the @Yinvariants and the
bar21c) gnd K7=2* (which may or may not be the second shape variableg and y of the geometrical collective model
Y

excited 2 statg. The seemingly complex and changing be- [11].

havior of the lowest excited nonyrast bands calls for a deeper

understanding of their microscopic structure.

The unified treatment of a large amount of nuclear struc- Il. EMPIRICAL INVESTIGATION OF THE

ture data is normally based on a systematic consideration of K7=0; AND 2}, BANDHEADS

the properties of the systems being studied. Here we review pq,gh an empirical investigation of yrast state energies

systematics in the structure of key leveimndheads of the ot 5y even-even nuclef5)], the authors identified a unified
theoretical description by superimposing a classification
scheme that links species within major valence shell sets.

*On leave from the National Institute for Physics and NuclearThis classification scheme depends only on two numbers, the
Engineering Horia Hulubei, Bucharest, Romania. total number of valence bosohs=N_+N, and the third pro-
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5 1585 m 1%0Gd '**Dy 168, 172yp 5 and Z states oscillate out of phase as a functiorNofThe
T trends in the positions of the energies of these states form a
15 R ~ 115 pattern that is almost symmetric with respect to the middle of
= Y*x), 4 So A the rotational region aN=16 for 64Dy. At this point, the
2 1}0,« \\_._ 11 energy of the first excite®™=0" state has its highest value
= gt and the bandhead of thgband has its minimum value. To
205} {05 either side of 18Dy, for 1%Gd and %%r, we have
T 2, E(2}) <E(03). However, away front®Dy, to the left(*>Nd
Opo Fr= = =% 10 and 156Sm) and to the right*"2Yb,17®Hf), the two nonyrast
o J™=0, and K”-Z states change their ordering in energy,
10 12 14 16 18 20 22 E(2+)> E(03). Three loops are formed by the lines connect-
Number of Nucleon Pairs ing the energies of these states. The first and third loops are

FIG. 1. The experimental and theoretical energies of the groun uite similar. Our aim is to understand and reproduce this
— b g g ehavior, which has many different model interpretatifdis

band K™=0" and J7=2* states and the nonyrals’t’fzo’z' and K™ T derstand this behavi ¢ b ore deepl
:2; states of deformed nuclei withy=0. The experimental values . ohun e_rs and this be avior, ofnehmus proég ml r h Py
[12] are indicated with bars and the calculated numbers withNt0 theé microscopic structure of these nucjéB]. In the

shapes. present work, the properties of the low-lying spectra of de-

formed even-even nuclei are reproduced and explained by
jection FO—;(N —-N,) of the F spin. This yields a simulta- ;popollxéllnv%ltﬁ ppsrglt:()jr:) r;a(;)trg;m\rlﬁgsg]of the algebraic. shell
neous classification of the nuclei in terms of the operators
z(Np Né) and NV-Z(Nn Nn) which are the proton and
neutron valence bosqapairs of nucleonsnumbers within a
given shell beyond their respective closed cotbe usual
magic numbers are denoted herel\llj'yandNﬁ). The ordering Elliott [15] used group-theoretical methods to investigate
of the nuclides within this scheme can be obtained by conelassification schemes for particles in a three-dimensional
sidering sequences of nuclei with increasing total number oharmonic oscillator potential for which the underlying sym-
valence bosonsl and fixed value of the differendg,. metry is SUW3). In the pseudo-S(3) version of the model the
In this article we investigate the behavior of thes?ate of  pseudoshelly=7-1 is defined as the original “parent” shell
the g.s.b., the first excited; Gtate and the 2bandhead con- 5 without its highestj =7+ 5 “intruder” level. In the pseu-
figuration, which is not necessary the secondstte in the  doshell containing only the normal parity states the corre-
Fo=0 multiplet of the shell, with the number of protons lying sponding pseudo spin-orbit interaction is negligible and
between 50 and 82, and the number of neutrons between &nce thgpseudoy SU3) symmetry is restored. This map-
and 126. The nuclei that we consider have equal numbers @fing from thez to the7= -1 shell yields a symmetry gov-
valence proton and neutron pairs and therefore differ by aerned reduction of the model space to a subset of3sU
a-particle-like cluster within arF, multiplet. As observed irreps that correspond to the largésseudo intrinsic defor-
from the experimental dafd 2], the behavior of these levels mation[10].
is quite different, not only for different shells but also within  The proton-neutron version of the pseudo¢S)kshell
a shell and even within differer, multiplets within a given  model is a microscopic theory that respects the Pauli prin-
shell. However, as for the states in the yrast bands, similagiple, in contrast with a classification scheme where pairs of
behavior is observed in the neighborifig multiplets within  protons and neutrons are taken to behave as bosons, such as
a given shell. The energies of the first excited nonyrast bandn the interacting vector boson modgl6]. The proton and
heads oscillate with increasimgwith opposite phase. This is neutron occupancias, (o= andv, respectively are deter-
particularly pronounced in the middle of the shell mined by filing Nilsson single-particle levels from below
(10<N<22), where one finds well-deformed nuclei. To de- [17] with pairs of particles in each level at a fixed value for
duce common features, we focused our attention on the welthe deformation(8~0.3). The changes in predicted occu-
deformed nuclei from the lanthanide region as these nuclgiancies as a function of deformation are rather rare over the
present some interesting challeng&3] from a theoretical as  normal range of deformatiog~0.25 to 8~ 0.35. Further,
well as from an experimental point of vie#4]. we consider only nucleons in normal parity orbits to be
The sequence of nuclei chosen to probe the characteristighectroscopically active with those in the unique parity or-
behavior of the states that were considered is shown in Figitals n, relegated to a renormalization role, an assumption
1. We can separate these nuclei into three groups with similanat is consistent with what has been done in the past and one
behavior within each group(l) at the beginning of the that is known to work well for low-lying configuratiorf4.8].
region—1>Nd, '°Sm for which E(2))>E(0;); (2)  As nuclei in anF,=0 multiplet have an equal number of
around the middle of the multiplet 1°%Gd, 1Dy, 1%8r for  valence protons and neutrons, the classification nurikisr
which E(2]) <E(03); (3) at the end of the region '"?b,  equal to the number of valence particles of each kind. It is
17614f for which E(2})>E(0)). important to notice, however, that the protons and neutrons
The g.s.bJ™=2" energies for these nuclei lie on almost a fill two different shellsz,.=3 and7,=4, respectively, so we
straight line at~0.07 MeV. In contrast, the energies of 0 have different leading S@3) irreps for protons and neutrons

IIl. PROTON AND NEUTRON VERSION OF THE
PSEUDO-SU(3) MODEL
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TABLE I. Occupation numbers for members of thg=0 multiplet. These numbers are used to determine
the SU3) basis states. The leading proton, neutron and couplg8)@luantum numbers are given in the last
three columns.

Nucleus N n, n, n, n, n. n. (N, ) (N ) Ny )
152Nd 10 10 6 4 10 6 4 (30,0 (12,0 (18,0
1565m 12 12 6 6 12 6 6 (30,0 (12,0 (18,0
160G 14 14 8 6 14 8 6 (289 (10,4 (18,4
164Dy 16 16 10 6 16 10 6 (30,8 (10,9 (20,9
168y 18 18 10 8 18 10 8 (30,9 (10,4 (20,4
172yp 20 20 12 8 20 12 8 (36,0 (12,0 (24,0
1764f 22 22 14 8 22 14 8 (8,30 (0,12 (8,18

with  largest Co=(A\+u)(A+u+3)—Au values. The to the second 0(8 bandheay first 2" and 2; states[21].
guadrupole-quadrupol®Q interaction, as part of the §8)  The term proportional thﬁ breaks the S(B) degeneracy of

second order invariant operatd€,=(QQ-3L2 with Q@ the differentK bands[22], the J? term represents a small
—é”+év andt-t”ﬁl”] gives preference to the “stretched” correction to fine tune the moment of inertia, and the last

. = ; term C,, is introduced to distinguish between &Y irreps
coupled .represen-tatlc(m,M)—()\7,+)\V,M,,+MV), but in order with N and u both even from the others with one or both odd
to describe Fhe rich and °°”.‘p'ex structure of the spectrurcng]_ The fitting was done in the following way: the interac-
we need to include at least five to six additional proton ang; strengths ofCs, a; and C,, a, were varied to fit the
neutron pseudo-34) irreps and these are also selected ac'energy of the second*Gstate. The interaction strengthof

cording to theirC, values, with the largest being the most K3 was varied to fit the energy of thé andhead, which is
important. This gives rise to a large space of product repre

. . not necessary the secont €ate. The interaction strengsh
sentations, so they are further truncated in the same Wayt e 32 was varied—but only slightly—to give a best fit to
(largestC, valueg to a total of about 20 coupled irreps of
SU(3). In Table | we give, for the nuclei considered here, the
partition of the valence protons and neutrons into noral 100

100

and unique(~) parity orbits along with the leading $B) =80
irreps only(more are included in the calculatigrfer nucle- a .
ons in the normal parity orbits. Since we consider only even-'qEJ 60 60
even nuclei, only configurations with pseudospin equal to‘g 40
zero are taken into accouff,10]. had
The development of a computer code that can be used t& 20
calculate reduced matrix elements of physical operators bea 0 0,
tween different S(B) irreps[19] makes possible to include —. ) 100
collective interactions that break the &) symmetry. The %80 80
importance of pairing modes in the middle of the deformed § 60 60
region has been pointed out in studies of §#&=0" states & Er
[20], hence these terms are included in our model Hamil- © 40l 40
tpnian. The Harpilto.nian tha.t is appropriate for thp des_crip—%zo 20
tion of the nuclei being considered includes spherical single-»
particle terms for both protons and neutrd, proton and 0
neutron pairing termsHP;, an isoscalar quadrupole-
quadrupole interactiomQQ; and four smaller “rotorlike” Hf 180
terms that preserve the pseudo¢Slusymmetry: 60
H=HZo+ Hip= G,HE - G,HE - 5xQ - Q+al +bi3 “0
+a,C+aCy, (1) 20
. 0
whereC, andC; are the second and third order invariants of 0

SU(3), which are related to the axial and triaxial deformation
of the nucleus. The calculations assumed standard values for ;5 5 (Color onling SU3) content[%] of wave functions of
the proton and neutron single-particle energies and fixed vajne collective groundk™=05, and K™=2* states in'*&Nd (upper
ues[21] for pairing (G,=21/A,G,=17/A), as well as for the |eft), 1565m (upper righy, 189Gd (middle lefy, 164Dy (middle), L6%Er
guadrupole-quadrupole interaction strengty=35A"%3).  (middle righ, 172vb (lower left), and'7®Hf (lower righ. The dif-
The other interaction strengths were varied to give a best fierent patterns label the $8) irreps given in Table II.
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TABLE Il. SU(3) content{%] of the ground state and™=2" andK™=0j, states in the seven nuclei shown
in Fig. 2. All the basis states that contribute more than 2% are identified.

Nucleus State N ) © (N, ) — (N 0) Og.s. 2y 0,
152\d a (12,0 ®(18,0—(30,0 38.0 2.2
b (12,0®(12,6— (24,6 6.1 88.6 75.9
c (12,0®(14,2—(26,2 33.7 8.1 15.5
d (8,2®(18,0—(26,2 16.2
1565m a (12,0 ®(18,0—(30,0 37.0 2.3
b (12,0®(14,2—(26,2 34.2 8.6 15.5
c (8,2®(18,0—(26,2 16.3
d (12,02(12,6—(24,6 6.5 89.1 75.6
160Gd a (10,9 ®(18,4—(28,9 62.7 85.5 11.1
b (10,9 ®(18,4—(30,4 63.7
c (10,9 ®(20,0—(30,4 11.0 4.4 5.6
d (12,0 ®(18,4—(30,4 17.5 9.3 5.6
e (10,9 ®(18,4—(32,0 2.4 7.9
f (12,0®(20,0 (32,0 5.6 6.0
64Dy a (10,4 ®(20,49—(30,9 55.3 78.8
b (10,9 ®(20,4—(32,4 8.4 4.3
c (10,9 ®(22,0 (32,4 12.9 4.4
d (12,0®(20,4—(32,4 16.2 11.6
e (10,9 ®(20,4—(34,0 3.3
f (12,0®(22,0—(34,0 3.9
g (10,9 ® (14,10 — (24,14 100.0
168y a (10,4 ®(20,4—(30,8 62.0 76.9
b (10,9 ®(20,4—(32,4 11.2 4.6
c (12,0®(20,4—(32,4 11.3 6.0
d (10,9 ®(22,0—(32,4 6.8 4.8
e (10,9 ®(20,4—(34,0 4.8
f (10,9 ® (14,10 — (24,14 2.3 9.7 92.7
172yp a (12,02 (24,0 —(36,0 93.5 2.6
b (12,0 ®(16,10 — (28,10 5.4 35.0 22.3
c (4,10 ®(16,10— (20,20 61.6 74.8
176t a (0,12®(8,18—(8,30 98.7 98.6
b (3,9®(11,15 (14,24 100.0

the moment of inertia of the g.s.b.. Within this framework, ing configuration supports triaxialityu # 0, with the triaxi-
the splitting and mixing of the pseudo-&) irreps is gener-  ality reaching a maximum whep=\), the ground andy
ated by the proton and neutron single particle tetmg>)  bands belong to the same @ irrep; if the leading S(B)
and the pairing interactions. As will be seen in the following configuration is prolatéu=0), the K™=0; andK™=2] have
analysis, this mixing plays an important role in the reproduc-Similar SU3) structures. The levels within a given band have

tion of the behavior of the low-lying collective states in the Very similar content. Results are presented in Fig. 2 and
deformed nuclei. Table II. All of the SU3) product configurations that contrib-

ute more than 2% to the total are identified. An analysis of
the wave functions follows.
In the first region, the bands considered for the nuclei
V- RESULTS AND DISCUSSION 152Nd and *°%Sm, have a very similar S8) content. The
A microscopic interpretation of the relative position of a ground states are spread over almost all of th€3pureps
collective band, as well as that of the levels within the bandconsidered in the calculations with a maximum, but less than
follows from an evaluation of the primary $8) content of  40%, in the most symmetric leading12,0 ® (18,0
the collective state. A connection between the microscopic— (30,0 configuration(see Table ). The K™=0, and y
quantum numbersé\, 1) and the collective shape variables bandheads are strongly mixed, with about 89% from jhe
(B.7) is well known[11]. Our results show that if the lead- band in the coupled12,0 ® (12,6 — (24,6 configuration
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TABLE Il Interaction strengthgcoef) determined by fitting calculated eigenenergies to the experimental
numbers for the nuclginucl) considered in the analysis.

coef/nucl 152Nd 1565 m 160Gq 164Dy 168gy 172yp 176yt

agx 1074 2.57 2.59 1.93 0.65 0.75 0.31 0.43
a 0.000 0.000 0.001 -0.001 -0.002 -0.001 -0.007
b 0.00 0.55 0.153 0.042 0.022 0.12 0.3
ag 0.000 0.000 0.004 0.001 0.001 0.001 0.006

(see Table I. In this case the bandhead of theband is ing on the third order invariar[tCB:%(2)\+M+3)()\—,u)()\
above the bandhead of th€"=0; band. For the™®Nd  +2,+3)] that enters the Hamiltonian. Further, it is also im-
nucleus, a state of angular momentdfiF2*, K™=2"is not  portant to recall that it is the size of the coefficient multiply-
known experimentally. Our results predict, with an uncer-ing QQ, either directly or through the coefficieat multi-
tainty that can be deduced by comparing theory with experiplying C,, that determines the magnitude with whiQQ
ment for other states, that such a state should exist at aboehters the theory and in the case!@Hf the ag parameter is
1.31 MeV. This value agrees with that of the otld&=2*, somewhat larger and as it is used to adjust the position of the
K™=2" states that are bandheads of théand for the con- K=0, andy bandheads in a way similar to that found in the
sidered sequence of nuclei. first region.

For the three nuclei in the middle of the shelf%Gd, The parameters of the Hamiltonigh) that were obtained
164Dy, and!68r), the bandhead of the band lies below the through a fitting procedure applied to all of the nuclei con-
bandhead of th&™=0; band. The leading S@) irreps for ~ Sidered in this study, are given in Table lll. A full understand-
these nuclei have quantum numbers- 0 and\ > . Figure N9 of the collective properties of the g.s.b. as well as the first

. o ‘
2 shows the calculated $8) content for the bandheads in €XCitedK"=0; and the 2 bands must take into account the
160G, 164Dy, and 15%Er. Members of the g.s.b. and the mixing of nonleading S(B) configurations into their states,

band are rather strongly mixed with the largest single irrep{EiXing that is driven by the Hamiltonia(l). For example,

. — o e single particle terms and the pairing interactions split and
percentage in states of theband. TheK™=0; band is pri- . . . 2
marily other SW3) product configurations. For th&Dy mix SU(3) irreps[24], and since the mixing normally draws

L in states with largej values the net effect of pairing is to
case, where the bandhead of théand reaches its h'gheSt_reduce the axial deformation of the system by pulling in

energy value there is no mixing, that is, the bandhead igqnfigyrations that display greater triaxialitfhis is consis-
100% in (10,4 ® (14,10 —(24,14. Note that this is also (et with the notion that claims pairing drives a system to-
when u reaches its largest value. o ~_wards a spherical shapelhe quadrupole-quadrupole inter-
In the third region, the experimental situation is very Simi- action drives the proton and neutron systems towards prolate
lar to that of the first region. However there are some imporshapes if the oscillator shell is less than half full, towards
tant differences. . oblate shapes if the respective shell is more than half full,
(i) The ground state for th&’2Yb nucleus is almost 100% anq to largeg values at maximum asymmetry for shells
(12,0®(24,0—(36,0 with a small admixture 0f12,0  \yhich are roughly half full. In addition to the quadrupole-
®(16,10—(28,10, a configuration that plays an impor- guadrupole(y) and the pairing strengti§,. andG,) which
tant, but not dominant role in thg and K™=0; bandhead change very smoothly as a function of mass, the “fine-
configurations. They band shows the greatest amount of tyning” of the energies of the nonyrast band states required
mixing with the G but with the largest percentage the use of the other four parametexs a, b, anda,, which
(=62%) in the triaxial irrep(4,10 ® (16,10 — (20, 20. were sufficient to determine the correct behavior of the states
(i) In the case of "*Hf, the protons and the neutrons in under consideration and differences in energies of the nuclei
the normal parity states fill more than half the shell. Thiswith equivalent configurations. The latter applies to the cases
means that the SB) quantum numbers for the leading pro- of 153Nd, 1%%sm and®‘Dy, %% r (see Table)l The equiva-
ton (0, 12 and neutron(8, 18 irreps havek <u, which  |ence of their corresponding $8) configurations is a result
correspond to oblate intrinsic shapes and as a result thef the fact that the current version of the model focuses only
SU3) quantum numbers for the leading irr¢®, 30 also  on the particles in the normal parity orbits. The nuclei with
have N <. In this case, based on the fact tha# 0 (for  the same S(B) leading irreps(see Table ) differ by the
oblate in contrast with prolate shapesand u must be in-  number of particles in the unique parity states of the Nilsson
terchanged in making a determinationkobands and thelt  scheme. With the interaction strengths given in Table IIl, the
content, that is, the “new” rule for oblate configurations istheoretical spectra of the nuclei considered are in good
the same as the “old” prolate rule but with th&,x)  agreement with one anothésystematic changes in interac-
—(u,\) interchanged. Hence, one would anticipate that thaion strengths as a function of massd with the experimen-
ground state and the bandhead of theand share the same tal data, not only for bandhead configurations that we fo-
SU(3) structure, and this is in fact what happens. But onecused on here, but also for the excited states within those
must also recognize that the shapes are now oblate rathbands. As an example, the low lying spectra for the nucleus
than prolate and this changes the excitation spectra, depen®Gd is presented in Fig. 3.
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o5 EXp. Th. Exp. Th. Exp. Th. obtaining the correct results is the combination of proton and
R neutron representations that enter the bases states. T8¢ SU
2t 1906d g —8§ 1 coupled representations that emerge from this analysis yield
= 15l AP % information about the deformation of each system’s collec-
s == ==z tive states. The truncation scheme that is used is also gov-
Z T e_— 3*;+E = o erned _by symmetry principles and traqks th_e onset of a de-
g 05l o — K"=02 form:_itlon_ trough in the qoupled configuration space. Th.e
w e r e K=2 i Hamiltonian of the model includes terms that are not invari-
ol gj: = i ants of SY3) and therefore split and mix the resultant eigen-
K" = o vectors. The single particle terms and the pairing interactions

play an important role in determining the distribution of
FIG. 3. Experimental and calculated low-lying energy spectrum€igenstates across the allowed (SlJconfigurations. The

for 160Gd. four parameters that are used for fine tuning the spectra per-

mit not only a very good reproduction of the experimental

data, but also give predictions as to the position of states that

The four parameters given in Table Il that were fit to have not yet been experimentally identified in this region
obtain a correct reproduction of the energies of the states y P y gion.

under consideration are quite important and must be COﬂSid(fOféC?\ll(‘:ObSaCr?glsc ;;te\;,%n?tsgotﬂa?fotfhﬁ}ﬁgle\ﬁ \?v(i)t?:itll’no?hg;e
ered in conjunction with the S3) representations in deter- ’

mining the shapes of the various nuclei. For example, depands, follows from an evaluation of the primary S}Jcon-

pending upon the sign and magnitude @, which tent of the colleqtive states. .The latter is closely_linked to
determines the strength of the third order invari@at of nuclea_r deformat|p|[9]. In par.tlcular, gprgf)ei deSC”E‘_'OQ of
SU(3) in the Hamiltonian, one can add to or subtract l‘romCOIIECIIVe properties of the first eXC't.GK:i =2 and K™=0;

the deformation of the system by favoring or not favoring states must t_ake Into account the_ mixing of differentHU
triaxial configurations. The parametermrimarily tracks the irreps which is driven by the Ham_lltonlan. .
behavior of the 2bandhead. The strength of the quadrupole- The theory can be used o predlct.the onset of deformapon
quadrupole interaction, which enters directly with the coeffi-" the ground state and the low-lying, nonyrast collective

cient y, is enhanced or moderated depending upon the sigRands as a f“”C“O’? of mass .”.”mbef- The success of this

and magnitude o since apart from an additivie? part that study_suggests that its appllcablllty_ to othgy multiplets, as

alters the effective moment of inertia of the system, the Sec(_:ontalned in the boson reprgsentatlons of tk(é;@) algebra

ond order invarianC, of SU3) is just QQ. [25], ;hould be explored. This study aI;o regfflrms _that pseu-
dospin zero neutron and proton configurations with a rela-

tively few pseudo-SKB) irreps with largest deformation€,

V. CONCLUSIONS valueg suffice to obtain reasonable agreement with known

Algebraic models have emerged as a result of attempts tgxperimental energies of low-lying yrast and nonyrast band

reproduce experimental observations with simple calcula-States in deformed nucleggee; Fig. 3 The theqry simulta-
tions. In the evolution of the S@) model, and later the neously tracks changes within the bands and in the bandhead

pseudo-S(B) model, one of the main motivations was to configurations themselves across a series of nuclei that differ

achieve a good description of deformed nuclei using a smaﬁrom one another by an-particle-like (two proton plus two
eutron clusters.

but realistic configuration space. In the present study thé
configuration spaces are certainly small compared with typi-
cal ones that are used in shell-model calculations based on

m-scheme configurations; nevertheless, they contain the Support from the U.S. National Science Foundation,

main features of the observed complex behavior of the lowGrant No. PHY-0140300, and the Southeastern Universities
lying, nonyrast collective bands. This is a result of the mi-Research Association is gratefully acknowledged. The au-
croscopic basis of the theory and the fact that it correctlythors are grateful to Dr. S. L. Drenska for the help in the

takes into account the distribution of particles among theempirical investigation of the behavior of the nonyrast band-
single-particle levels of the valence shell. Very important toheads.
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