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Abstract | AECE] VED

Superdeformed bands for the mass-190 region are described by the Pro- APR 10 1997 .
jected Shell Model. Even-even, odd mass and odd-odd nuclei are equally 0 S T l
well described. Good agreement with available data for all isotopes studied is
obtained. Our calculation of electromagnetic properties and pairing correla- o
tions provides an understanding of the observed gradual increase of dynamical
moments of inertia with angular momentum observed in many bands in this
mass region. ' :

In the superdeformed (SD) mass-190 region, data show that both kinematical (%)) and
dynamical (J®) moments of inertia (Mol) for many SD bands exhibit a gradual increase
as a function of increasing rotational frequency, with a more pronounced increase in J®.
The usual explanation using the cranking model is that this behavior is caused by a gradual
rotation alignment of pairs from high-j intruder orbitals [1]. Although the role played by
high-j intruders for many phenomena in a normally deformed system is well understood,
it is not obvious that such knowledge translates simply to the SD case for at least two
reasons: (1) At the static level, high-j intruder orbitals are no longer of unique parity at
larger deformation as they are in the normally deformed case (2,3]. (2) At the dynamical
level, the larger quadrupole moment for a SD band implies more mixing among different
configurations through the two-body hamiltonian, which includes explicitly a quadrupole-
quadrupole term. This mixing will reduce the influence from any particular orbital.

In order to further understand the issues raised above, we have performed calculations us-
ing the projected shell model. The calculations that we describe provide a full description of
the SD spectrum, electromagnetic properties, and pairing properties. We shall demonstrate
that all the observed quantities are reproduced by this calculation, and that a gradually
decreasing pairing caused by the Coriolis Antipairing (CAP) effect aciing on both low and
high-; orbitals is responsible for the observed smooth increase of the Mol.

Our theoretical analysis for SD nuclei is based on the Projected Shell Model (PSM)
[4], which has been generalized from its description of normally deformed systems [5]. The
configuration space and the interaction strengths in the Hamiltonian used for the description
of the SD mass-190 region are given in Ref. [2].

In Fig. 1, we compare calculated transition energies E,, and dynamical Mol J(®) with the
available measurements for yrast SD bands in even—even 88-1%Hg isotopes. The agreement
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E(I) - E(I - 2) (MeV); b) Dynamical Mol defined by

FIG. 1. Comparison of calculations with experimental data for even—even 188-196fg

v-ray energies defined by E,(I)

TOI) = 4/[Ex(I) = Ex(I - 2)] (®MeV™?).
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with data is extremely good, with even the sensitive dynamical Mol being reproduced well.
The Mol rises gradually with angular momentum for all nuclei in this mass region; however,
the rate of increase (slope of J(?)) varies from nucleus to nucleus. The calculations reproduce
these variations well without adjustment of parameters, indicating the potential of the model
to give a quantitative description of SD nuclei. The differences in slope arise from the
variation of effective interaction strengths and band crossing spin for different nuclei, which
is a common occurrence in normally deformed bands [6,7]. It is clear that extension of data
in known SD nuclei by even a few spin uniis, or observation of SD states in Hg isotopes 2
neutron numbers larger or smaller than presently known, could provide strong tests of these
calculations. We predict a backbending at I = 48% in %Hg,

Generally, we predict a gradually decreasing 7 ® for the highest spins. The whole pattern
forms a smooth bump with the maximum at about I = 42k. At this spin the SD ground-
state band (g-band) crosses, simultaneously, a 2-qp proton band and a 2-qp neutron band.
After the crossing, the 2-qp proton band is lower in energy and thus has larger weight in the
yrast band for I > 42. We note that changing the quadrupole pairing will shift the band
crossing, thereby shifting the peak in the J® curve. If the quadrupole pairing employed
in Fig. 1 is decreased (increased) by 30%, the J(®) peak for Hg is shifted to I = 38h
(I = 46h), but the E. values are displaced by only a few keV. Thus, the location of the
maximum in J® is sensitive to the quadrupole pairing strength, but our other results do
not depend significantly on this parameter. In particular, the quadrupole pairing force is
not found to be responsible for the gradual increase behavior of J{?), as claimed in Ref. 8].

The angular momenta for experimental states in Fig. 1 are those proposed by the corre-
sponding experimentalists, but only for 1*2%Hg are these measured quantities. For 19%19¢g
the agreement with data is excellent, with the experimental and theoretical E, values vir-
tually indistinguishable on the scale of the plot. This provides strong theoretical support
for recently-measured spin values in these nuclei. This indicates also that the present model
could be a powerful tool to predict unknown spins for SD nuclei.

Comparisons of our results with data for odd-mass nuclei are shown in Fig. 2, where we
take the recent SD measurements for ***Pb and '3T1 as representative examples for odd-N
and odd-P nuclei, respectively. In the left part of Fig. 2, the calculated J for the [761]3
band in 193Pb starts at a higher value, deceases rapidly until I = 16#, and finally increases
again at I = 36%. Thus, J® is observed to be approximately constant for the spin region
I = 16 — 36A, but predict that it should increase at higher spins. One observes also that for
the signature partner bands 1 and 2, our calculation predicts a larger 7 for band 1 until
I = 36k, as found in the data. After that spin, J(* for band 2 has a larger value. Very
good agreement with data for the E,’s is obtained, particularly for higher spins, and the
signature splitting between the partners is also reproduced. Thus, our calculations support
the present spin assignment.

The right part of Fig. 2 shows our results, together with data, for the [642}2 band of
'3T1. The present data stop at the point where the theoretical J® curve turns downward
at I = 44h. Again, extension of the data to higher spins will test our prediction. For the
E.’s, there is good overall agreement between data and calculations, with the right phase
and amplitude in the splitting of signature partners.

Fig. 3 compares the same data [9] with two sets of calculations. A nearly constant J(?) is
observed in the measured spin interval. In the left part of Fig. 3, we performed a calculation
by using the configuration proposed in Ref. [9], v[761]2 + 7[642]2. However, we obtained
3 decreasing J(?). The other configuration, #{642]3 + 7[642]2, reproduces the data much
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FIG. 2. Comparison of calculations with experimental data for 1%3Pb (left part), and for 193T1

(right part).
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better, with excellent agreement in J@ up to I = 32k — see the right part of Fig. 3. (The
deviation beyond that spin isdue to the absence of 4-qp states in our odd-odd calculations.)
A better agreement in E., for the latter configuration is also observed.

Since our wavefunctions are eigenfunctions of angular momentum, we can calculate un-
ambiguously the transition quadrupole moment @, g-factor, and pairing gaps (A, and A,),
as a function of angular momentum. These quantities are defined in Ref. {10]. In Fig. 4
we show the theoretical values of these quantities for the SD yrast band in %4Hg. Rather
constant @; (Fig. 4a) is found up to I &~ 24, with a value of 16.8 eb that is comparable to
the measured average @; of 17.2 £ 2.0 eb. Above that spin, the theoretical values are grad-
ually and smoothly quenched because of gradual alignment processes that lead to a small
reduction of collectivity. Therefore, this calculation indicates that stretching in deformation
is negligible for the range of measured angular momenta in the **Hg yrast band.

The calculated g-factors are presented in Fig. 4b. There are as yet no experimental
data available for comparison. These quantities are sensitive to the alignment of individual
nucleon pairs. Proton and nesiron g-factors are plotted separately, as is their sum. We
observe a rather constant, small, and negative value for neutrons. The behavior of the total
g-factor is governed by that of the protons, which shows a gradual increase with angular
momentum in the range I = 24 — 44h. At I = 445, the total g-factor reaches Z/A = 0.41
and saturates thereafter. The g-factors suggest that the rotation alignment of high-; orbitals
enhances the Mol, but the aligmment contribution seems insufficient to cause the pronounced
increase in the Mol seen in Fig. 1 for *Hg. In particular, this cannot easily explain the
increase in the Mol before I =24k, where the high-j pair alignment is small.

We show calculated pairing gaps in Fig. 4c. Note that the quantities displayed are not
BCS gaps; they are computed from the many-body wavefunctions, which incorporate dy-
namical effects in the pair field [10]. We observe steady quenching of proton and neutron
pairing with increasing spin across the entire spin range. This smooth decrease of A corre-

sponds to a collective CAP effect that enhances the Mol with increasing angular momentum.
A somewhat steeper decrease in the gap is found for protons in the range I = 24 —44%. This
additional contribution comes from the increasing importance of high-j pair alignment, in

accord with discussions given above.
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Thus we conclude that the gradual increase of the Mol for SD bands in the mass-190
region is due to smooth quenching of pairing correlations by the CAP effect, which receives
contributions from all orbitals and only becomes dominated by gradual rotation alignment of
high-j particles at higher spins. In previous discussions [1,8], the gradual rotation alignment
of quasiparticles from high-j orbitals was stressed, but the important average contribution
of all orbitals through the CAP effect has not been emphasized. This observation is implicit
in previous studies where it was noticed [1] that treatment of the collective motion in a
cranking model with shell-correction calculations could have difficulties for a quantitative
description of the Mol of a SD band.

In conclusion, the Projected Shell model has been used to provide the first comprehensive
theoretical description of the SD bands in the mass-190 region that simultaneously describes
all observables, including the angular momentum. The increase of the Mol is caused by a
smooth decrease of the pairing correlation within the nucleus due to a combination of the
CAP effect and rotation alignment of high-j pairs, with no evidence of deformation stretch-
ing. These conclusions are supported by calculations of transition quadrupole moments,
g-factors, and pairing gaps. We notice in this connection the recently observed relative
transition quadrupole moments for SD bands in 32Ce and *!Ce [11], indicating a negligi-
ble polarization effect induced by the high-j particles. Finally, these calculations provide a
variety of predictions that could be tested by extension of existing SD data to somewhat
higher spins and to other nuclei in this region, and by measurement of g-factors.
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