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Superdeformed configurations #S, and in neighboring nucle®s, IS, 3%Cl, and P, are determined
within the Hartree-Fock approach with the Skyrme interaction. Energies, angular momenta, quadrupole mo-
ments, particle-emissio values, and relative alignments and quadrupole moments are calculated for a
number of superdeformed rotational bands in these nuclei. A new mechanism implying an existence of
signature-separated rotational bands, distinct from the well-known signature-split bands, is discussed and
associated with the time-odd channels of effective interactions.

PACS numbgs): 21.60.Jz, 27.36:t, 21.10.Re, 21.10.Ky

1. INTRODUCTION Numerous cluster structures in light nuclei can also be

50 interpreted as SD states, see R¢&L,27 for more details
For more than ten years the study of superdefor and a more exhaustive reference list. In particular, the 2:1:1

shapes in nuclei has consututgd. one of the main venues 'Heformed HO model predicts the SD shell closufi at
nuclear spectroscopy. Today it is well understood that an _ .
: - . particle numbers 2, 4, 10, 16, and 28, a sequence character-
increased stability of strongly elongated nuclei from the; . o .
. ized by an increased stability at large deformations, and also

guantum(shel) effects that manifest themselves, among oth- . ; S

. . L compatible with thex-cluster structures. This gives, for ex-

ers, through a lowering of the nucleonic level densities at 16
. "y : . ~ample, thea-a cluster ground state ofBe, or the®0-«
certain nucleon numbers. Within the anisotropic harmonic

. 0 .
oscillator (HO) model, such shell effects arise when the ra—CIUSter state ir°Ne. Prolonging the Sam;; sequence, one may
. - . xpect stable SD structures #iNe and®?S. Next, doubly-
tios among the three principal frequencies are equal to th

ratios of small integer numbers. The strongest shell closure?aglc SD states should appearat Z=28 (not to be con-

correspond to axially deformed nuclei with the semi-axis ra- used with the spherical shell closures at the same nucleon

tios 2:1:1 and 3:2:2, the axis ratios being simply related tonuir:biz*t iﬂ?v;/evt(ier,n t\ﬁfa:stﬁ 0:] thle |rr:icrer?sr|:g IOI?n Orf the
the oscillator frequencigdl]. spin-o eractio en the nucleonic nNumbers increase,

The HO model is of course only a poor approximation forthes'_3 values aresﬁs(,)lightly modified. This gives the doubly-
the majority of nuclei, for which the spin-orbit interactions Madic SD nucleus™Zn at the center of the experimentally

play a determining role. Yet as it happens, the nuclear meaf"oWn SDA=60 region. _ o

field obeys approximately a specific &) symmetry, usu- One can see that the SD states48 constitute a missing
ally referred to as a pseudospifror an early formulation of link between the known cluster SD states in very light nuclei,
the pseudospin symmetry see Ré&3]; the contemporary and the known SD states in thhe=60 region. On the one
formulation of the problem is based on the Dirac formalismhand, the first indications that the cluster SD state$®
according to the scheme proposed in Réfl and further ~may exist are provided by the measurements in‘fiee'%0
developed recently ifi5,6].) Taking into account this sym- breakup chann€l23], and by the'®0-%0 molecular reso-
metry allows one at the same time to take care of the strongances, as quoted in R¢R4]. Moreover, nuclei around®S
spin-orbit coupling, and profit from the simplicity of the HO were recently investigate®5,26 at the GAMMASPHERE
model. Indeed, basing on the pseudospin symmetry, and erand GASP detectors with fusion-evaporation reactions in-
ploying a realistic deformed mean field Hamiltonian, it wasduced by heavy ions. Another similar experiment will be
possible to predict7] (after the initial discovery of the SD proposed26] at the EUROBALL detector. Although no ex-
band in'>?Dy [8] but several years before the experiments inperimental results are available to date, we may expect a
other regions were donethe existence of the whole groups very active period of high-spin studies of light nuclei, with
of SD nuclei. Moreover, the predictions gave also the facfair chances of discovering multiple rotational structures. On
that the deformations of strongly elongated shapes may corthe other hand, several mean-field calculations, both non-
siderably deviate from the 2:1:1 HO rule; these deviationsself-consistenf27] and self-consistert28—31], as well as
are now confirmed through numerous experiments. Thehe a-cluster calculation§32,24], predict in®2S an existence
abundance scheme for the nuclear SD states at high angulaf the 2:1:1 deformed structures. It is not clear at the mo-
momenta is well established today in the so-calldd ment, what exactly is the relationship between the molecular
=190, A=150, A=130, and A=80 regions, see Refs. states(a pair of touching'®O nuclej, and the SD state&@
[9-12) for reviews; it includes also the recently discoveredcompact matter distributionpalthough both classes may cor-
SD states in thé =60 region[13—20, as well as a region of respond to the same axis ratios and deformations. Such
fission isomers iMA=240 nuclei, known already for a long strongly deformed states should coexist with numerous low-
time but at relatively low angular momenta. deformation states already known in this nucl¢@8]. In

0556-2813/2000/62)/04430414)/$15.00 61 044304-1 ©2000 The American Physical Society



H. MOLIQUE, J. DOBACZEWSKI, AND J. DUDEK PHYSICAL REVIEW (51 044304

fact, the latter ones are very well described by sdeshell  Here, we repeat similar tests #8S. At the spherical shape,
model[34]. with  M=306 we obtain the total energy ofE

One may expect a number of interesting physical phe= —270.000MeV. While a simple one-dimensional
nomena that can be studied in the hypothetical SD configucoordinate-space code gives=—270.876 MeV. At the
ration of %S, such as the shape coexistence, competitios ,=1MeV SD magic configuration of?S (see below, the
between various decay channels, proton neutron pairing ang =306 result for the total Routhian iR=E—7#(l,)
its deformation dependence, effects related to the time-odd — 261.453 MeV, whileM =1200 (N,=24 andN, = 15)
components of nuclear mean fields, as well as nucleargiyes R= —262.124 MeV. From these results we conclude
molecular and nuclear-cluster structures. Detailed propertieg,at the absolute energies of all nuclei presented in this paper
may be significantly influenced by the presence of intrudehould be shifted down, at all deformations and at all rota-
states originating from theNo=3, and evenNo=4 HO tjonal frequencies, by a constant of about 0.8 MeV, in order
shells. With a total number of nucleons strongly restrainedg sccount for the finite size of the HO basis used in the
(only 16 per one kind of particl¢one should expect a pro- calculations.
nounced variation of shapes from one single-particle \we have also performed the Hartree-Fock-Bogoliubov
(particle-holg configuration to another. o HFB) calculations in*2S, by using the4Fobp code(v1.79

In the prese_ng paper we aim at a theoretical descn{)tlon or the zero-rangédensity independenipairing interaction
the SD states if°S and in four neighboring nuclef’s, *!S,  in the particle-particle channel, and the Skyrme SLy4 force
%%CI, and*'P. We present predictions pertaining to detailedin the particle-hole channel. The strength of the pairing in-
spectroscopic information on excitation energies, spins, Moteraction has been adjusted to obtain the value of the average
ments of inertia, and quadrupole moments of the SD rotapaijring gap(at the spherical shapequal to the one obtained
tional bands. All these observables may, in the very neajiith the help of the three-point mass staggering expression
future, become available within the discrete—spectroscop%()l applied to experimental masses of nuclei adjacent to
measurements using large detector arrays; these observables
have already been obtained experimentally in the other |t tumns out that the static pairing correlations, calculated
groups of SD nuclei. within the HFB approximation for such a pairing strength,

The paper is organized as follows. After briefly presentingyanish at the SD shapes. With an artificially increased
in Sec. ” the theoretical methods we use in this Study, in Se(\strength one may, of course, obtain nonzero pairing at the
Il we discuss the deformed-shell gaps and Coulomb effectgp pandheads, but the HFB static pairing correlations disap-
in 328, present a classification of the SD bandS, and descri%ar again very rap|d|y with increasing Spin_ Consequenﬂy,
the level CrOSSingS. Results of calculations for the SD bandﬁ‘]ese calculations show that the proton_proton and the
in %°S are presented in Sec. IV, and those¥8, *'S, **Cl,  neutron-neutron pairing correlations do not contribute very
and P in Sec. V. Finally, in Sec. VI we briefly discuss the strongly to the structure of the SD States3ﬁ$' and may
question of the stability of SD bands, and Sec. VII presentgossibly affect the results only through dynamic correlations.

our conclusions. The above remarks do not exclude the possibility that, in
the nuclei of interest here, strong proton-neutron pairing cor-
Il. THEORETICAL METHODS relations may take place. To the contrary, in analogy to a

, _ suggestion relevant in th&=60 region[20], also in3°S we

In this paper we use the cranking Hartree-Fd&})  may expect strong proton-neutron pairing correlations at
method with the Skyrme SLy4 interactig85]. The com-  phigh spins. An approach which would take all these pairing
plete gauge-invariar{36] terms- T—J? has been removed mechanisms simultaneously into account is fairly compli-
from the Skyrme functional in order to comply with the pro- cated, and no appropriate tools exist to date to carry out such
cedure of adjusting the parameters of this fof86]. We  a program. Moreover, the experimental information about
solve the self-consistent HF equations by using HEepb  the proton-neutron pairing correlations at high spins should
code(v1.75 [37,38, that employs the Cartesian HO basis. be considered as very limited today. Therefore the results
The basis used consists of the lowkbt 306 HO states with  presented below do not include the effect of the pairing in-
the oscillator frequencieshiw,=11.46MeV and fiw, teractions. This, as argued above, offers a reasonable ap-
=18.01 MeV These parameters correspond to including irproximation, and allows for a rapid overview of all available
the basis up tiN,= 14 andN, =9 HO quanta. As discussed lowest-energy configurations. Such an analysis should be
in Ref. [37], no further basis optimization is necessary, andconsidered as a sufficient first step towards a more complete
thus the same unique basis has been used for all calculatiofigture study, given the fact that experimental results on the
presented below. In the calculations, the conservation of pacorresponding high spin effects do not exist at present.
ity and signature symmetries has been assumed.

In Ref.[37] it was shown that by using a much larger HO
basis ofM = 1200, one obtains a perfect agreemmt to 18
kev) of the 152Dy binding energies with those calculated us-  In this section we discuss the deformed-shell gaps and the
ing the space-coordinate code of R&9]. At the same time, Coulomb effects, which give important properties of the cal-
the M=300 calculations were giving a systematic un-culated SD bands in nuclei aroufts. Then, a classification
derbinding of about 5 MeV which, however, was very of the SD bands and a description of the band crossings is
weakly dependent on the angular frequency or configuratiorpresented.

lll. SINGLE-PARTICLE STRUCTURES AT N=Z=16
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FIG. 1. Neutron single-particle Routhians in the magic SD con- FIG. 2. Same as Fig. 1, but for the proton single-particle
figuration of %S calculated within the HF theory for the Skyrme Routhians.
SLy4 interaction. Lines denoting the fo(arity, signaturecombi-

nations are solid €,+i), dot-dashed {,—i), dotted (—,+i), _ _ .
and dashed ,—i). Standard Nilsson labels are determined bygaps aiN=16 andZ=16 are occupied, and all those above

finding the dominating HO components of the HF wave functions atthe gaps are empty. .
low (left sed and high(right se} rotational frequencies. _ As a re_sult of the presence of those large gaps in the
single-particle®”S proton and neutron spectra, we refer to the

corresponding lowest-energy SD state as to the magic SD
configuration.

The ground state of th&?S nucleus, obtained within the A characteristic result visible from Figs. 1 and 2 is that
HF approach with the SLy4 force, corresponds to athe overall single-particle structure of the HF orbitals near
spherical-shape configuration that contains, on top of thehe Fermi level is remarkably simple. First of all, the depen-
closed*®O core, the s, and 5y, orbitals filled, both for  dence of the single-particle Routhians on the rotational fre-
the neutrons and protons. With an increase in the prolatquency is very regular, and there is only one clear-cut cross-
deformation, the negative-parity Nilsson orbitals originatinging caused by the down-sloping Routhiafg40]1/2(r
from the spherical®0 core stay occupietsee Fig. 2.21ain = —1i), originating from theN= 4 shell. Second, the density
Ref.[41] for a qualitative illustration The same is true for of levels appearing in the figures is very low as compared,
the positive-parity valence orbitals, except for the orbitale.g., to those in the mags=150 region of SD nuclei. The
[202]5/2 (the up-sloping extruder orbitalwhich originates negative parity states are represented only by Nye=3
from the spherical ds;, shell, and rapidly grows up in en- intruder orbitals[ 330]1/2(r = =i) below, and two intruder
ergy with increasing deformation. After this orbital is orbitals[321]3/2(r==i) above the Fermi level. Similarly,
crossed by thg¢330]1/2 orbital (the down-sloping intruder in the positive parity there are only two stafe&l1]1/2(r
orbital), which originates from the sphericaf1, shell, one ==*i) below, and two extruder statg202]5/2(r=*i)
obtains a largéabout 2.5 MeV gap that corresponds to a SD above the Fermi level. Signature splitting of the extruder
configuration in the’>S nucleus. Therefore, the SD states instates[202]5/2(r = =i) is very weak, because they carry
such a light system a&S, formally correspond to the 4p-4h high K=5/2 angular momentum projection, whereas split-
excitation with respect to the spherical ground state. ting between the intruder leve([s321]3/2(r = *i) is more

Our calculations presented in detail below indicate thafronounced. It becomes well visible at rotational frequgncies
the SD configurations have extremely large quadrupole de@f about 0.8 MeV. Below the Fermi level, orbitals
formations,3=0.7. Whether or not the 4p-4h configuration [ 33011/2(r==i) and[211]1/2(r = £i) haveK=1/2, hence
conserves its identity at such a large deformation, i.e., has 20th are strongly split.
large overlap with the spherical 4p-4h structure, is dictated
by the polarization effects. The corresponding analysis can,
in principle, be done in the framework of the configuration-  An important observation that follows from a comparison
mixing or generator-coordinate-method calculatiddd],  of Figs. 1 and 2 is that the neutron and proton Routhian
which are beyond the scope of the present study. spectra are almost identical, apart from a nearly constant

Figures 1 and 2 show the neutron and proton singleshift in energy that amounts to about 6 MeV. Such a constant
particle Routhians as functions of the cranking frequencyshift expresses the fact that despite a possibly nontrivial evo-
hw. One can see that over a very large range of the rotalution of the individual-nucleonic wave functions in terms of
tional frequencies, there exists an important gap in thehe rotational frequency, the corresponding Coulomb interac-
single-particle HF spectrum at the neutron and proton numtions average out to nearly a constant, and correspond to the
bersN=Z=16. By definition, in the underlying?S SD con-  Coulomb energy of a rotating but otherwibe-independent
figuration all the neutron and proton levels lying below thecharge distribution.

A. Deformed shell gaps

B. Coulomb effects and isospin symmetry
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On the one hand, degeneracy of neutron and proton (
Routhians is a manifestation of the charge independence of
the forces used. On the other hand, however, the pairs of p2132() Non-intruder states
nearly degenerate proton and neutron wave functions may be [3,2,1]3,2@ [2,0,2]5,2@ [2,0,2]5,2@
used to introduce an alternative representation in terms of the | === === == e e e mmnaa-- Fermi
isoscalar- and isovector-coupled wave functions. In such a [3=3=°]”2@ WJW@ DJJ]UZ@
case any arbitrary isospin-symmetric residual interaction is [3,3,0]1/2@
likely to introduce systematic differences in the spectra of \
the T=0 andT=1 states. This would allow one to test that
particular component of the forces against experiment—or, 3
conversely, from an existence of systematic discrepancies
between experiment and mean-field calculations—and it

Intruder states

would allow one to optimize the residual interactions. The

observed near-degeneracy of the corresponding proton and
neutron levels is in fact a prerequisite indication that in this 42 5 o o
mass region the isospin-symmetry effects could be very im- . *
portant. We will use the above observation as a guideline in ’
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w
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further analysis of the neutron/proton configurations®igs
and neighboring nuclei.
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C. Classification of SD bands

For the conserved parityy=*, and signaturet = *i,

guantum numbers, the space of single particle states is sepa- FIG. 3. Schematic diagram illustrating the single-particle neu-

rated into four parity/signature block§m,—ir ]=(++, tron or proton orbitalgtop), and the corresponding many-particle

+—,—+,——). By constructing a particle-hole excitation configurations(botton‘},_ relevant fo_r the description of SD bands in

we necessarily arrive at a rearrangement among the fours- The top part gives the Nilsson labels and signatures (

blocks of levels—one class of rearrangements always lead: *i), |n5|d9 the circles, of orbitals on both S|des_of the 16 or

ing to the occupation of all the lowest levelgthin each Z=16 Ferml level. Four Iapels on the left-hand side represent the

block. It turns out that such states form a majority among thdVo=3 intruder stategnegative parity, and four on the right-hand

low-lying bands studied here. Supposing that the Iowes?!de represent p05|t|vg-par|ty states. .In the bottom part, the full
circles stand for occupied, the open circles for empty states. Sym-

states in each of the blocks are occupied, one may describe s 3vp give numbersn or p of (neutron or protoh occupied

tEe Stan%ard W?y the many-parctilc;le COnrl:lgbL:ratliorllS bf?/' IVINGLruder states. Subscripts indicate whether the number of par-
the numbers of states occupied In eac ock. In this nOt‘aﬁcles in the positive-parity = +i orbitals is larger than that in

tion, the SD%*S magic configuration is given by tt6,4,4,4  _"_; oipitals. or vice versa.
occupation numbers, both for neutrons and protons, while
the ground-state configuration rea@s5,3,3. two—they will occupy the[330](r=+i) and [330]1/2(r
All configurations that are examined below are built by = —j) orbitals, and when three—they will occupy the

exciting particles from the four levels below, to the four [330]1/2(r= +i), [330]1/2(r= —i), and[321]3/2(r = +i)
levels above the neutron and/or proton Fermi energies at thgrbitals, etc. This rule reduces the number of available con-
SD Shape. The remaining orbitals below the Fermi |eve|3igurations from 19 to 9. Fina”y’ we reject two more con-
will always be occupied. Therefore, the single-particle neufigurations, as described below, and we are left with 7 con-
tron or proton active spaces are composed of 8 orb{tals figurations to be considered for neutrons and for protons.
intruders and 4 nonintrudershat contain 4 particles. This Although such a preselection of configurations may appear
leads toC3=70 possible many-body SD configurations for to be quite arbitrary, it is in fact based on the requirement
neutrons an@§= 70 SD configurations for protons. The fact that one wants to end up with a restricted set of low-energy
that among the bands studied in this article the lowest statesonfigurations only.
in each parity/signature block are always occupiether Figure 3 shows schematically the single-particle orbitals
cases, where necessary, will be explicitly mentioneduces (top), as well as all the particle-hole configuratioi®ttom
these numbers from 70 to 19 neutron or proton configuraeonsidered here. The same diagram is valid both for neutrons
tions necessary to control the low-energy rotational bandand protons. The four intruder states that are close to the
constructed within the discussed active spaces. Fermi energies are all characterized by the principal HO
Further, we use the observation that for both intruderquantum numbeNy= 3. Following the well-established no-
states,[330]1/2 and[321]3/2, ther =+i signature partners tation, we denote the neutron or proton intruder occupations
are always below the=—i partners(for all deformations by the symbol 8P, wheren or p are the numbers of the
and rotational frequencigs Hence, the intruder orbitals occupied neutron and proton intruder states, respectively.
should preferably be occupied in that order of increasing As illustrated in the figure, for the®or 3* configurations,
energy, i.e., when one particle occupies the negative-paritthere are four or zero particles, respectively, in the positive-
orbitals, it will occupy the[330]1/2(r = +i) orbital, when parity states, and hence, in our predefined phase space, these
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configurations are unique. For thé 8onfiguration, two par- J T T DRAARRRARRRY, T ]
ticles occupy the positive-parity states, and we restrict our ot @,f” \ rs:5.011/2- ]
considerations to only on@ut of thre@ occupation variant, =, A =i s i [esan/e-
. . . o _ T e, ]
namely, we require bpth particles to occupy the two.5|gna-g _10 b {21313}1?:1 /_;-;.:.:\‘ \ r202ls/2-
tures of the lower orbitgl211] 1/2. Hence, in the following, § [3.3.011/2- ~—— \{:.;ﬂz:»f ]
. . . . . . . ~~ .0, + ]
symbol F pertains to this particular configuration. Finally, if 5 -12F / --------- © S~a 3
one or three intruder states are occupied, i.e., in ther®® 2 (.8.0)1/2+ /" i "'\ (2tls/2- ]
] H H H _ [ [20.2]5/2+ i [2.0.2]5/2+
configurations, there are accordingly, three particles or one 4 -14 /§ .
particle in the positive-parity orbitals, and here an additional§ E';‘-:ﬂ;g; / ........... {g-g;}:ﬁ: ]
label is necessary. We distinguish the corresponding con'3 —16 | / """ e [eLl/2s ]
. . . . . . . [} [2.0.216/2~ [3.3.0]1/2+
figurations by introducing subscripts or —, i.e., by using <& . . . . . . . ) ]
symbols 3, 3%, 32, 3%, The subscripts correspond) in 00 04 08 12 16 20 24 =28
the 3 configurations, to the signature of the occupied 523 o Rotational Frequency [MeV]
[211]1/2(r = =i) orbital, and(ii) in the 3" configurations, to
the signature of the occupiefl202]5/2(r==i) orbital. FIG. 4. Same as Fig. 1, but for the HF solution with the33

Whenever symbols3or 3% without the subscripts are used, configuration.
they pertain to both such configurations. o ]

After having preselected the 7 neutron and proton con0mmon parity/signature blocks. Those crossings are par-
figurations, we have at our disposal 49 configurations of thdicularly interesting because they usually give rise to up-
whole nucleus, which we denote by®, and when neces- bending or bz_ick-benc_ilng structures, and are thu_s important
sary supplement by the signature subscripter —, as de- for the experimental identification of the underlying struc-
scribed above. For example, the magic SD configuration oftres- o .

325 is denoted by 282, and the ground-state configuration _ In the present' study we separa'te the dlapatlc conflgura—
reads 83°. tions by proceeding as follows. If, in the positive-parity or-

A manifest symmetry between neutrons and protons imbitals, a pz_irticle “switches on and off” from th_e occupation
plies a manifest symmetry between the corresponding rotRf one orbital to anpther, we.force an occup_atlon of the state
tional bands. We have verified that those bands which arfat has a larger single-particle alignment, independently of
mirror images obtained from one another by replacing thévhether itis slightly higher or lower in energy. In the present
neutrons by the protons and vice versa lead to almost iderf@S€ this implies that we always force the particle into the
tical results. However, because of the larger spatial exter.2111/2 orbital and leave the extruder orbitg202]5/2
sions of intruder orbitals as compared to positive-parity or£MPY- Incidentally, by occupying the state that hasmaller

bitals, the(very smal) Coulomb shifts will always slightly ~alignment, at the end of a successful iteration sequence we
bring down thep>n configurations below those witip obtain a markedly different solution, with much smaller de-

<n. Consequently, in the following we consider only the formations, i.e., the fact that two configurations mix does not

3"3P configurations forp=n. Introducing these last argu- im_ply that both manifest all the same physical properties in
ments into our selection scheme, we end up with33®  this case.
configurations to be considered in the further analysis.

A rich collection of the experimental data on the back-
Up to now very few mean-field studies of high-spin states?®nding and up-bending phenomena that exist today in the
in 32S have been performed. In the pioneering work by Flo-

literature has been interpreted in terms of the theoretical

cardet al.[29], the SD configuration if?S (denoted byC;) singl_e-particle configurations fpllowed according to the di-
has been identified within a model which neglected the Spingibatlc scheme. Whether experimental bands exist that follow

isospin degrees of freedom and used a different interactio N %d'?gat'c sdchet;‘ne IS an open queSt'on’d‘?d llmz(;\)mb:'?uous
Results obtained in that work agree fairly well with our re- model depen en emonstrations are very difficult. On the-
sults obtained for the magic23? configuration. The same oretical grounds, this question cannot be settled within a

configuration has also been studied in two other recent workg‘e"’m'f'md approach. Therefore, our approach to follow di-

[30,31]. On the other hand, no studies of excited SD configu-f'ibatic configurations is dictated by the fact that a great ma-

rations in %25 exist to datelthey could not have been ob- jority of the high spin data has been interpreted accordingly.

tained in Ref[29] because of the assumed spin-isospin sym—ln case of need demonstrated by future experiments, our
metry). present results could immediately be used as a first step in

the band-band mixing calculations.

By examining the Routhian diagrams obtained self-
consistently at a fixed particle-hole configuration, as, e.g.,

In all calculations, we diabatically follow configurations, those shown in Figs. 1 and 2, one cannot predict crossings
i.e., we always occupy orbitals with given single-particle which may happen in some other configuration. This is es-
characteristics, irrespectively of whether they cross with thepecially true in3?S, where different configurations corre-
other orbitals or not. This is technically easy if crossingsspond to fairly different deformations, see Sec. IV B, and
involve orbitals of different parity/signature blocks, but spe-therefore, may involve significantly different ordering of or-
cial technique$38] must be used in self-consistent methods,bitals. As an example, in Figs. 4 and 5 we present neutron
to diabatically follow configurations which cross within the Routhians corresponding to the self-consistently calculated

D. Level crossings and the HF convergence
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FIG. 5. Same as Fig. 1, but for the HF solution with tHe33 > e
configuration. = 260 - ]
&
3'3% and 23! band ively. Since th f %)
-3~ and 3,37 bands, respectively. Since these configura- & 5 : :
tions produce deformations significantly smaller than that of < [ <>---<>3°3}
the magic SD configuration, theempty extruder orbitals 2 20 (b) ] H:?Z;
[202]5/2(r=+i) are here much lower in energy, and 5 st oot R
strongly mix with the(occupied [211]1/2(r = +i) orbitals. 8 sl » | N— X
In these configurations, the signature splitting is very large, [ “ﬁf&'&ﬁlﬁfw o—osjsj
and strongly depends on the actual configuration, see discus- [ o oo 38
sion in Sec. IV D. Therefore the order of Routhians in the -260 - oooM o —
31 3! configuration(Fig. 5) is entirely different from that in
the 33! configuration(Fig. 4) and leads to very strong S
mixing and level repulsion at and near the crossing fre- [ ' ' s e300
quency in the latter case. 20l (a) el |
We can easily identify the crossing regions by the simple P — Z;Z;
fact that the HF iterations are poorly convergent, or noncon- 250 | abpmeeeeentiat 1lomasial
vergent there[38]. This concerns only those methods of [T eyt e
solving the HF equations, which are based on successive -‘, e P-4
diagonalizations of the mean-field Hamiltonian. The gradient 260 - g . ‘_‘3232
method and the imaginary-time methjgtl], always arrive at [ s aa8S
- [ HF+SLy4 ||s-s535}
the smallest-energy solution, and do converge. However, the 'd,a' ey it
obtained solutions simply correspond to one of the infinitely -270 BT S S
many possible mixed-orbital solutions, with the same or very Angular momentum (h)
close energy, and consequently, those methods do not cure
the problem, but allow for not seeing it. FIG. 6. Energies of the HF bands #iS as functions of the

We have made every possible effort to achieve converangular momentum. A rigid-rotor reference energy of 0(05
gence of all configurations at all angular frequencies, how-" 1) MeV has been substracted to increase clarity of the plot. Full

ever, in several cases it turned out not to be possible. This @1d open symbols represent the positive<(+1) and negative-
the case, for example, for the 131 pand at fe parity (m=-—1) bands. Long-short-dashed, solid, dotted, and
J , +94

=1.0-1.4 MeV; the non-convergence here results in an ir-da.Shed lines CorreSpon.d 10 neu"mﬁ)(and proton (;) signatures

. - R . being equal to, respectivelyr{,r,)=(+,+), (+,—), (—,+), and
regular beh‘f’“"or of Routhians in Fig. 2. In the f°”°""'_”9’ we —,—). Note that for even numbers of protons and neutrons the
show energies and quadrupole moments corresponding to tIé%ssible total signatures arg==*1 andr,=*1; the latter should

nonconverged points a'F’”g with the W_eII-converged ON€Snot be confused with the single-nucleon signatures taking the pos-
however, we remove points corresponding to nonconvergegpe values of-i.

solutions from plots of other observables.

A. Energies

IV. SUPERDEFORMED BANDS IN 32 . . . :
In Fig. 6 are plotted the HF energies as functions of spin

In this section we present results for the energies of théor the 30 SD bands calculated #S. As it is often done in
rotational bands, and discuss other effects and observabldbge cranking approach, we identify the average projection of
i.e., shape evolution with spin and shape coexistencghe angular momentum on the cranking agig) with the
signature-related degeneracies, dynamical moments, artdtal angular momentum of the system, i.e., welsetl,).
relative alignments. (Within a more refined approximation some authors identify
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-254

[(1+1) with{l y>2 [41], which results in a standafdpproxi-
mate correction|=(l,)—3#; however, this is not imple-
mented in the figures presented belpw.

All the bands have been obtained within the cranking HF
formalism, with the rotational frequencies that starthas
=0.4 MeV and increase in steps of 0.2 MeV. For each band,
the calculations were carried out up to the highest rotational
frequencies that did not induce any sudden configuration
change(except for the 83° and P3* configurations calcu-
lated up toh w=4 MeV). Since almost all bands are crossed B2 T T e 14 16 18 20
at high rotational frequencies by the bands involving the Angular momentum (h)
down-sloping 440]1/2(r = —i) orbital, cf. Figs. 1 and 2, and
Ref. [30], such Configuration Changes are in many cases in- FIG. 7. Same as in Flg 6, but for the yrast region of energies.
evitable. On the one hand, introducing an upper limit of the o
frequencies of some calculated bands reflects a deficiency 'Y UP to the angular momentum 6f-9% and excitation
the method since the discussed crossings are in general tfBEr9Y OfE,=~14.5MeV. At[~9-10i, the one-intruder

. . l -
physical ones. On the other hand, however, the correspon&p.nf'gl“'_l_rgt'onsb 3 d becomet yrast ;raﬁlgazrrlawvrgglton of
ing experimental results are expected to deviate from reg gPins. 1Nese bands are Next Crossety e VIEV Dy WO

. — l . . .
larity at the vicinity of the calculated limiting » values and Ubands withr = +1, the 33" configurations, which are yrast

are likely to manifest, e.g., an up- or even a back-bendini\? to aboutl=154. At this point [E,~25MeV) the yrast

) ; S ine has the structure of the magi¢3 SD configuration.
behavior Fhere, thus offerlng a possibility of valuable tests o hen extrapolated to zero spin, the magic SD configuration
the crossing frquenue; anyway. corresponds to the excitation energyEf=14 MeV.

Let us remark in passing that within the HO model, when The spin(energy range of up tol ~6%(~10 MeV) can
two protons a|21d two neutrons in the H@401/2 states are very well described by thed shell-model calculations
added to the*’S SD configuration, one obtains the magic

) S [34], and in the rest of this article we will focus on the higher
hyperdeformed HO configuration i#fAr. Structures based spin states[Some collective bands in the low spiener
on the[440]1/2(r=—i) orbitals are abundant if*S, how- P ] b 9y

b table with tt ity-breaki for-
ever, they should rather be attributed to the hyperdeformer nge may be unstable with respect to parity-breaking defor

k . o . ations[30]; we do not study those effects either.
configurations, and are not studied in the present article.

Bands shown in Fig. 6 have been separated into four
groups, plotted in four panels. Figuregap-6(d) show the
3"3P bands withp=n, p=n+1, p=n+2, andp=n+3, Using the same symbols as those introduced in Fig. 6, in
respectively. Parities of bands are equal to the products dfig. 8 are plotted the proton quadrupole moments, in the
parities of the proton and neutron configurations, izes  form of trajectories of points on th@,,—Q,, plane, corre-
(—1)"*P in our case, and are denoted by fult£ +1) and sponding to consecutive values of the rotational frequency.
open (m=-—1) symbols. Various forms of the symbols In order to visualize the fact that values @, are always
(circles, squares, ejcdistinguish different values of. In much smaller than those f,, (small nonaxiality, the lines
order to further differentiate between various configurationsgorresponding toy=*15° and y=*=30°, where tany)
we have to introduce a convention relating the line styles=Q,,/Qyq, are also shown in the figure.
with the signatures of neutron and proton subsystemand From Fig. 8 it is clearly seen that bands calculated in the
r,. Hence, long-short-dashed, solid, dotted, and dashed linggesent study represent fairly distinct regions of deformation.
denote ¢,,r,)=(+,+), (+,-), (=,+), and(—,—) signa-  In order to better visualize the magnitude of the deformation,
tures, respectively. Of course the total signaturef each one can use the simplest first-order formuldl], B
band is always equal to=r,Xxr . = \/%QZO/(Ze(rZ)), relating the proton axial quadrupole

Since we are mostly interested in the low energy configumoment with the standard deformation paramgteFor the
rations, in Fig. 7 we show a blow-up of the near-yrast region3232 configuration this giveg=Q,,/(2.5% b)=0.7. Since
of energies, for a selection of bands being closest to the yrastt the same time the axial hexadecapole moment is fairly
band. Atl =(Iy>—%ﬁ=6ﬁ (with the standard spin correction small, Q,,;=0.06eb? the first-order formula should be a
of 34 here subtractédwe obtain in the 33° band the total good estimate of the exact result, corresponding to the defor-
energy of E=—261.651 MeV, which gives the calculated mations of an equivalent sharp-edge uniform charge distri-
excitation energy ofg,(I=6%)=8.349MeV, ridiculously bution that has all multipole moments equal to the ones cal-
close to the experimental energy, 8.346 M3,34], of the  culated microscopically.

6 yrast state ir?2S. Of course, an agreement on this level It follows that the ground-state band® reaches quad-
of precision is to a large extent accidental, however, it givegsupole deformationg of the order of 0.16, the intermediate-
us confidence that a correct configuration is being followedieformation configurations '3* correspond to=0.45,
at low excitation energies. while the strongest deformed band33 has 8=0.8. (The

At low spins, the yrast line is first built upon the ground- latter band carries, howeve,;~=0.54b? and thus the

state 33° configuration whose energy increases very regusimple one-parameter formula f@rcan be less precise here.

-256

|

N
[4al
[+

l)«)dg} i |
-260
! HF+SLy4 ||»-—e3ls}

Energy - 0.05I(I+1) (MeV)

B. Quadrupole moments
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FIG. 8. Proton quadrupole moments of the HF bands?®,
shown in the form of points on th@,,— Q45 plane. Since the varia-
tion of the multipole moments in function of the rotational fre-

PHYSICAL REVIEW (51 044304

shown in Figs. &) and d), form usual pairs of signature-
partner bands differing by signatures of odd nucleons. The
signature splitting of these partner-bands closely follows the
signature splitting of the corresponding positive-parity
single-particle Routhians, see Figs. 1 and 2. Indeed, in bands
3931 or 3'3?, for example, the odd neutrons or protons,
respectively, occupy orbita[202]5/2(r = =i). These orbit-

als show almost no signature splitting, and hence almost no
signature splitting is also seen in Fig(bp (circles and
squares Similarly, in bands 33% and 34, the signature-
split [211]1/2(r=*i) orbitals are occupied, and this gives
similarly signature-split pairs of bandsliamonds and tri-
angles. The same pattern is repeated for t8%8and 334
pairs of bands in Fig. @l). [Incidentally, not always both
signature partners cannot always be followed up to the same
spin; for example, the ®* band continues to a higher spin
than its partner band®3’ , because for the former band, the
deformation significantly changes at high rotational frequen-
cies, see Fig. @).]

D. Signature-separation sensitive to the time-odd channels

A different situation takes place in configurations where
both a neutron and a proton occupy unbalanced-signature
states. In particular, four near-yrast33 configurations,
shown in Figs. ) and 7, group into two nearly degenerate
pairs of bands having the same signature. Indeed,rthe
=+1 bands, 33 and 331, are very close to one an-
other, with the latter one lying slightly lower in energy, in
accordance with the sign of the small signature splitting of
the highK [202]5/2(r = =i) orbitals. Note that the sudden
deviation from regular behavior, seen in the latter band at
hw=1.0-1.4MeV, is due to a poor HF convergence related
to strong mixing of orbitals, see discussion in Sec. Il D.

The second pair of degenerat&33 bands corresponds to
the signaturer=—1, and is composed of the!3! and
313! configurations, that are the mirror partners of one an-
other in terms of the isospin. Therefore, irrespectively of the
small signature splitting of th¢202]5/2(r = i) orbitals,
these bands are almost perfectly degenerate. Again, due to
the interactions between orbitals, lat 10 andl =144 one
observes small irregularities reflecting poor HF convergence.

A remarkable feature obtained in the HF calculations is

quency turns out to be regular, the corresponding points form tragna fact that the pair of bands just mentioned, with— 1

jectories. Arrows indicate directions of increasitig. Note a large
difference in scale between tl@@,, and Q,, axes. The scales were
adapted to the large differences betwd€&y and |Q,,. The
straight lines corresponding tp=*15° and toy==*=30° have
been drawn to facilitate reading the degree of nonaxiality of th

corresponding solutions.

Results presented in Fig. 8 show a clear correlation of qua
rupole moments and numbers of intruder states occupied in
given configuration; we discuss this question in more detaiE

in Sec. V.

C. Signature splitting

€

lies about 2 MeV above the= +1 pair. As opposed to the
standard signature splitting effect, we may call these bands
the signature-separated bands. Such a separation could not
have been obtained in a phenomenological cranking model,
i.e., one using the Woods-Saxon or Nilsson potentials, be-
cause there the single-particle degeneracies immediately im-

oPIy degeneracies of bands in many-body systems. Indeed, by

%utting one neutron and one proton into weakly split and
oninteractind 202]5/2(r = = i) pair of orbitals, one should
ave obtained all the four!3! bands strongly degenerate.
Note that the separation of the= —1 andr=+1 pairs of
bands cannot be due to the deformation effect, because de-
formations of the four bands are very similar, see Fig).8

In Figs. 6 and 7, there are several pairs of nearly degen- Strong separation of pairs of signature-degenerate bands

erate bands. First of all, all the=n+1 andp=n+3 bands

results[42,43 from the self-consistent effects related to the
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time-odd componentg36] in the HF mean fields. Odd par- <

ticles induce the time-odd mean fields in odd and odd-odd é 10 [ % | | | ' oo 3%
nuclei, and similarly, odd particles in signature-unbalanced g R . 2g o—o3%!
states induce the time-odd mean fields for certain configura- > 8 F A\ %, ™. HF+SLy4 |>==3%
tions of even-even nuclei. In particular, when a neutron is % SNg, o—o8)3?
put into the[ 202]5/2(r = +i) orbital, it creates, through the % T | :::2222
strong neutron-proton interaction which is inherent to any E sl 1 |e-—a3ls?
effective nuclear force, e.g., to the Skyrme force, a strong E —a3l3}
attractive component in the proton mean-field corresponding 8§ 2r 1 "‘"3}3}
to the same, i.er,=+i symmetry. Therefore, when the pro- g . . . . i
ton occupying th¢ 202]5/2(r = +1i) orbital is put into such a g % 0.8 1.2 1.6 20 2.4

A Rotational frequency (MeV)

mean field, the total energy is significantly lowered. Of
course, exactly the same mechanism applies for two particles
occupying the[202]5/2(r = —i) orbitals. The proton mean
field, generated by thg202]5/2(r = +i) neutron, does not
influence the states of the=—i symmetry, and therefore,
adding then th¢202]5/2(r = —i) proton does not influence erties of the effective interaction in the time-odd channel.
the total energy. Hence, here the —1 bands are not af- Quantitatively, in the restricted set of orbitals considered in
fected by the time-odd interactiong.e., the interactions 32S, the time-odd interaction amounts to an attractive force
which give the time-odd mean fields through the HF averagwhich acts between protons and neutrons occupytimg
ing), while ther=+1 bands are significantly affected, and sameorbitals, i.e., orbitals having the same quantum num-
acquire an additional binding. bers. Therefore, the discussed interaction channel has several
Obviously, the magnitude of the separation between théeatures of thef=0 pairing interaction, although obviously
r=—1 andr=+1 bands crucially depends on the interac-the effects discussed here are not related to any collective
tion strengths in time-odd channels. Unfortunately, the coupairing channels, but rather pertain to interactions in the
pling constants corresponding to these chanf@8$are not  particle-hole channel.
restricted by typical ground-state observali@sasses, radii,
etc), which serve as experimental benchmarks with respect E. Dynamical moments and relative alignments
to which the force parameters are adjusted. Therefore, high
spin effects, like the aforementioneer —1 vsr=+1 sepa-

FIG. 9. Dynamical momentst? of the HF bands irF’S as
functions of the rotational frequency. The figure shows results for
near-yrast bands selected in Fig. 7.

A mixing of two common-symmetry orbitals that ap-

: . - roach each other at the Fermi energy creates nonconverged
ration, that are manifestly sensitive to these unexplored chany, . . . .
F solutions for certain values dfw as discussed in Sec.

.”e's of the intera(?tipn, could provide an extremely importantm D, and introduces large errors in the observables calcu-
information pertaining to basic properties of nuclear effec—late(’j in this article except, perhaps, for energies and multi-

tive forces. Note that ir?S, the structure of the yrast line . .

) ; . ~. pole moments. Indeed, in many cases of nonconverging so-
dramatically depends on the strength of the interaction in .. d h iational ch  th .
these channels, because tH88bands become yrast mostly utions, due to the variational character of the HF equations,

' the total energies are almost correct, namely, they can be

due to the time-odd interaction. smoothly followed through the crossing region. However
By looking at similar quartets of bands, e.g., those corre- y 9 g region. '

: 3 3 ; : . errors in the total spins can be much larger, because the
sponding to _the% and 33° configurations, Flg_s.(&) an_d .nonconverged solutions correspond to almost-random mix-

flires of two interacting orbitals that are very close in energy
Put may significantly differ in spin. Then, neither the relative
S:Iignments, nor, especially, the dynamical moments, can be
o ) , moothly followed along the crossing region. Therefore, in
the splitting of the §3% and 3913? configurations, however, o figures presented in this section, we removed all points
the centroid of these two configurations lies visibly below o resnonding to the nonconverged solutions; the absence of
thse Eerfectly degenerate pair of mirror partne@é and  gome points was compensated for by drawing straight lines
333Z. Hence, within the[211]1/2(r=*1i) orbitals, the petween points corresponding to the converged solutions.
time'odd intel’action iS Significantly Weaker. Fina”y, there In F|g 9 are reported the dynamica' momenﬁz)
seems to be no such nondiagonal interaction between theq|/de, calculated for the near-yrast bands’#. One can
[211]1/2(r = %i) and[202]5/2(r = *i) orbitals, because the gee that bands with the same intruder contents present very
degeneracy pattern of thé®* orbitals is completely differ- similar behavior, as far as the dynamical moments are con-
ent. Indeed, the standard, weakly split, two signature pairgerned. It appears clearly from the figure that bands based on
appear, the lower one composed of the33 and 335  the 3L and/or ¥ configurations have in generéspecially
configurations, and the higher one composed of thé®3  at high rotational frequencigsnuch lower dynamical mo-
and 3 3% configurations, in accordance with the sign of thements than the magic?3? SD band. The bands based on
signature splitting of thg211]1/2(r = i) orbitals. higher numbers of occupied intruder stafest shown in the

Results presented in this section indicate that the properlfigure), have higher values qff?), along with a larger dis-
selected high-spin structures in a SD nucleus reflect the propance from the yrast line.

the time-odd channels depends on the structure of the und
lying orbitals. The signature splitting of thg211]1/2(r
==*1i) orbitals obscures the picture a little because it give
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FIG. 10. Relative alignmentsl of the HF bands if%S as func- e 378°
tions of the rotational frequency, calculated with respect to the SD 2 w—s3"3
magic band in*’S. The figure shows results for near-yrast bands 042 |
selected in Fig. 7. I

243 |

In Fig. 10 are drawn the relative alignments) 244
=|(band)- | (SDF32band, of near-yrast bands itfS calcu- I
lated with respect to the magic?3 band in the same 2 4 6 8 10 12 14 16 18 20
nucleus. One can see that again the results obtained for vari- Angular momentum ¢h)

ous bands depend mainly on the numbers of occupied in-

truder states. It is very difficult for the nucleus to build up ~ FIG. 11. Energies of the HF bands¥8 and™S as functions of
spin, when few intruder orbitals are occupied, and thereford® angular momentum. A rigid-rotor reference energy of 05
one observes a lowering of the relative alignments for thes@ 1) MeV has been subtracted to increase clarity of the plot. Full
bands. One may discuss these questions more clearly by iﬁpd open symbols represent the positive=(+ 1) and negative-

troduci th lati I ts of bands i iahbori parity (w=—1) bands. Long-short-dashed and solid lines denote
ro uc_:lng e regwe alignments or bands In neig Ormgsignaturesr:ﬂ andr=—i, respectively. Configurations'8 and
nuclei, presented in Sec. V.

3%* correspond to the highest negative-parity particles promoted to
All the calculated features of SD bands 5 seem to the next-to-lowest available intruder states. F&f 3the first point

reflect in a very direct way the crucial role played by the corresponds tdw=0.6 MeV.
intruder orbitals. Such an observation may, therefore, simi-
larly as in other SD regions, serve as a guideline in theoret-
ical analyses, as well as in experimental investigations of!
properties of SD bands in the=30 mass region. st

truder state, but in the next-to-lowest available intruder
ate.
In Figs. 11 and 12 we show energies of the calculated HF
V. SUPERDEFORMED BANDS IN ONE-PARTICLE bands inS, *'S, *%Cl, and*. One can observe that the
AND ONE-HOLE NEIGHBORS OF 3% mirror nuclei ha_lve extre_mely similar SD spectra. Bands in
the A= 33 nuclei form pairs of degenerate signature partners,
In order to analyze polarization effects induced by indi-while those corresponding to the signature partnersAin
vidual particle or hole orbitals irf’S, we have also per- =31 are strongly split, in accordance with the characteristic
formed the HF calculations for the four neighboring nuclei: features of the corresponding single-particle Routhians, Figs.
*s, 313, %%Cl, and*'P. Among them, there are two pairs of 1 and 2. Note that the ground state bands in&ke33 nuclei
mirror nuclei, **S-**Cl, and*'s*'P. For each of these nuclei correspond to nonintruder particle states, and similarly, those
we have calculated four bands, corresponding to either thg, the A= 31 nuclei correspond to holes in nonintruder orbit-
four lowest available particle stat¢s A=33), or the four i
Qéghess')[savallable hole states A=31). In other words, in The HF calculations give the energies of rotational bands
oo Cl the neutron or proton is added to the magi®3  on the absolute scale. Therefore, in order to estimate the
S configuration, in thg321]3/2(r=*i) and[202]5/2(r  availableQ-value windows for particle emissions, one may
== I) orbitals, which giVES the neutron or proton configura-simp|y ComparQat a given value of the angular momentum
tions: 3, 32, 33, and $*. Here, we denote by an asterisk the energies shown in Figs. 6, 11, and 12. Since the rigid-
the configuration in which a particle is added not to the low-rotor reference energies are the same at fixed spins, one can
est available intruder state, but to the next-to-lowest availdirectly compare the values given in the figures. For ex-

able intruder state. Similarly, if'S and3!P the neutron or ample, for3!S the yrast energy at=12% is about —244
proton is removed from the magic3® %S configuration, MeV, which shows that none of th&S bands shown in Fig.
from the [330]1/2(r=+i) and [211]1/2(r=*i) orbitals, 6, except for the 83* and @3 configurations, can emit a
which gives the neutron or proton configurationé;,332_, zero-angular-momentum neutron to the SD states'$

31, and 3*. Again, we denote by an asterisk the configura-Similarly, for 3'P the corresponding yrast energy-i249.5
tion in which a particle remains not in the lowest availableMeV, which opens up the proton emission channel from sev-
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FIG. 12. Same as in Fig. 11, but for tA&Cl and** nucle FIG. 13. Same as in Fig. 11, but for the dynamical moments

eral other bands, but not those from the near-yrast bandg(z)'
shown in Fig. 7.

Let us emphasize that the angular momentiincarried  observables, calculated for given orbitals, but also include
away by an emitted particle, dramatically influences the concomplete polarization effects. It is known that in the 8D
sideredQ values in nuclei around?S, especially at high =150 nuclei, the single-particle alignmerit], and charge
spins. Since after subtracting the rigid-rotor reference, thguadrupole momentf45,46], constitute additive quantities
energies of bands are fairly fl&figs. 6, 11, and 1J)2one can  with respect to adding and subtracting particles from the
very simply estimate th@ values at giverl and| values to  magic SD configurations of®Dy. An analogous observa-
be by an amount of2Il +1(1+1)]x0.05MeV larger than tion is also confirmed by calculations in the 3B-60 nuclei
those at =0. For instance, dt=204, and with the angular- [31,47,48. In the present paper we have verified the additiv-
momentum transfdr=2#% (or 3#), the additional energies in
a daughter nucleus are 4(@8r 6.6 MeV. Consequently, the 1 . . . .
protons emitted through the high angular-momentieny.,
No=3) orbitals are among the most likely candidates for the
band-to-band emission mechanism. From the results pre-
sented in the figures one may precisely estimateQGhalue
windows for particles carrying out any given amount of the
angular momentum from any given band.

The illustrations of the dynamical moments 8, 3!S,
33Cl, and®*P, shown in Figs. 13 and 14, indicate an extreme
similarity of the results in mirror nuclei. This suggests that
several among the SD bands in the mirror nuclei arotfsd
might manifest the “identical band” phenomenon. Compar-
ing these results with those in the magic SD bané8 Fig.

9, one sees that particles in the intru@@21]3/2 orbitals and
extruder [202]5/2 orbitals, respectively add and subtract
1#2/MeV (at high spin with respect to the magic core.
Variations of 72, which correspond to the intruder and non-
intruder hole states, are of the similar order.

By calculating differences between one-body observables,
like the angular momentum or quadrupole moment, deter-
mined in33S, 31, €I, and®!P, and in®2S, one can identify Y Ty ey Y
basic single-particle properties of all important orbitals " Rotational frequehcy MeV)
around the SD*?S magic-core configuration. These differ-

ences correspond not only to the bare average values of the FIG. 14. Same as in Fig. 13, but for tR¥CI and 3P nuclei.
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FIG. 15. Relative alignmentsl of the HF bands IS, 31S, FIG. 16. Same as in Fig. 15, but for the relative proton quadru-
33C|, and 3!P as functions of the rotational frequency, calculatedPOle momMentsiQz.
with respect to the SD magic band 6 (see Fig. 11 for conven-
tions used for symbols and line§he Nilsson labels of particlép) The relative proton quadrupole moments of orbitals
or hole (h) orbitals, which make the difference between the givenaround the magidN=Z=16 SD gap are fairly constant in
band and the magic band S, are indicated on the right-hand function of the rotational frequency. Values corresponding to
side. intruder orbitals are usually much larger than those corre-

sponding to positive-parity orbitals. Hence, one can easily
ity of alignments and quadrupole moments between the Siynderstand the origin of groups &S bands having signifi-
bands in32S, and in33S, 31S, 33Cl, and 3'P. Tests of this cantly different quadrupole moments, see Sec. IVB. As far
principle in other nuclei aroun#S are left for a future pub- @S the polarlzatlon effects alqne are concerned, the extruder
lication. particle orbitalq 202]5/2(r = £i) carry almost the same ef-

In Figs. 15 and 16 we present the obtained relative alignfeCt as the intruder hole-orbita830]1/2(r = =i). Needless
ments 5| and proton quadrupole momensg,,, respec- 0 say, these are 2the main orbitals which are at the origin of
tively. Since the relative alignments pertain to the total anthe SD shapes if’s.
gular momentum, the effects of neutron and proton orbitals,
obtained in theN=16 andZ=16 nuclei, respectively, are
almost identical. For relative proton quadrupole moments,
the effects of neutrons and protons are different, because
neutrons contribute only through the polarization effects, It is often possible to discuss the stability of the SD con-
while for protons one also has the bare direct contribution. Irfigurations with the help of the total energy surfaces obtained
Figs. 15 and 16 we also indicate by which particle- or hole-with the Strutinsky or constrained HF methods. According to
orbital differ the bands IS, 3!S, 3CI, and*'P form the  such a representation, high barrier surrounding a potential
magic SD band ir??S. minimum are usually interpreted as a sign of a large stability

One can see that the relative alignments generated byf a given nucleus against, e.g., fission or shape transitions.
various orbitals differ considerably. Therefore, the relative  Strictly speaking, the physical solutions obtained with the
alignments may serve as distinct fingerprints of orbitals inHF method correspond to a discrete set of local minima of
SD nuclei around®’S. In particular, the second intruder, the HF functional. Using the language of the simple de-
hole-orbital [330]1/2(r = —i), gives rather large negative formed shell-model: the HF minima obtained WS are
relative alignment, while the positive-parity, hole-orbital strongly separated in terms of the quadrupole moment
[211]1/2(r=+1i), gives a rather constant alignment of abouttreated as a measure of the deformation. By using the con-
— 174, and hence may be at the origin of yet another class oétrained HF approach we could in principle always connect
identical (hypothetical bands in this region. those isolated points thus obtaining potential barriers analo-

VI. STABILITY OF THE SD CONFIGURATIONS
AROUND %5
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gous to the ones obtained within the Strutinsky methodthe 32S nucleus, together with the role of the close-lying
However, the physical interpretation of the results should bentruder orbitals, are analyzed and discussed.

different depending on whether very many or only very few  The calculated proton and neutron single-particle spectra
intermediate configurations are available for a given physical, 325 tyrn out to be nearly identical, apart from an approxi-
system. When many solutions are densely distributed alonﬁwately constant shift of about 6 MeV. As a consequence,

the deformation axis, the physical system is likely to underg(.)several rotational bands in nuclei aroutt® are predicted to

a sequence of trans_itions between th? states that differ IBroduce an “identical band” effect, and the corresponding
deformation only a little, and the Strutinsky as well as HFresuIts are discussed in some deta'il

results can be interpreted as physically analogous. Such a The oroperty of additivity expressed. e in terms of
situation takes place, e.g., in the SD nuclei in #4150 and e property IVILy €xpres » €8, 1N 1 :
multipole moments, which was discovered originally in

A=190 mass regions. . S ; 23
In nuclei from the vicinity of3?S, the occupying or not Qfawer §3D IHUdT", IS c%nﬂrmf(.ad to h?"_’ also _Tor the ,%_'
occupying of just two intruder orbitals makes a significant T @nd”Cl nuclei. In these five nuclei, detailed predictions

difference in terms of the quadrupole moments of the resultf€latéd to the dynamical moments and relative alignments
ing HF solutions. As a consequence, the potential energ@'® als_o |Ilustra_ted. Similarities _and dlfferences_ b_etwee_r_1
surface(PES representatioiisee Fig. 6 of Ref[27] and Fig. ~ Properties of various bands are discussed and criteria facili-
8 of Ref.[28] for the PES in®%S) is most likely not the best tating an identification of some characteristic excited con-
way of getting the information about the stability of the SD figurations and single-particle orbitals are formulated.
configurations with respect to a decay into any other shape It is pointed out that the time-reversal symmetry-breaking
configuration. Indeed, the decay will be in general hinderedn the self-consistent HF mean-field can manifest itself
by a difference in configurations between the initial and thethrough a strong separation between the bands that in a stan-
final states. Such a difference remains totally invisible from,dard Nilsson approach must appear as nearly degenerate. Al-
e.g., theE vs Q,y sequence of constrained Her HFB)  though a precise numerical estimate of such a separation de-
solutions, which all correspond to a different mixing of pends on the parametrization of the Skyrme interaction, our
merely two configurations. calculations indicate that a relatively large, nearly 2 MeV
The above remarks apply independently of the following,separation is possible. The origin of the underlying mecha-
more general observation: the barrier pictures may becomeism, and the configurations that may produce such strong an
often strongly misleading because the barrier extensioneffect, are discussed.
(shapesdo not carry any direct physical relation to the be-
havior of the object studied. A useful physical meaning can
be attributed to those objects ord§ter having introduced a ACKNOWLEDGMENTS
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