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Hartree-Fock-Bogoliubov description of quasiparticle excitations in the superdeformed wells
of 191,192Hg and 192,193Tl

P.-H. Heenen
Service de Physique Nucle´aire Théorique, U.L.B.-C.P.229, B-1050 Brussels, Belgium

R. V. F. Janssens
Argonne National Laboratory, Argonne, Illinois 60439

~Received 20 August 1997!

The properties of superdeformed bands in191,192Hg and 192,193Tl have been studied using the cranked
Hartree-Fock-Bogoliubov method with the Lipkin-Nogami prescription, the Skm* interaction, and a surface-
delta, density-dependent pairing force. In particular, quasiparticle excitations involving intruder orbitals are
analyzed in detail. Comparisons between data and calculations are performed forJ (2) moments, quadrupole
moments, spins, transition energies, and alignments.@S0556-2813~98!04601-9#

PACS number~s!: 21.10.Re, 21.60.Jz, 27.80.1w
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I. INTRODUCTION

Superdeformed~SD! rotational bands have by now bee
established in a number of regions of the periodic table ra
ing in mass fromA;60 to A;240. The most extensive se
of data are presently on hand for nuclei nearA;150 and
A;190. In both regions, a large number of nuclei have b
shown to exhibit band structures associated with the rota
of a prolate intrinsic state with a major-to-minor axis ratio
roughly 2:1 ~A;150! and 1.6:1~A;190!. Furthermore, in
many of these nuclei, a number of SD bands have been
ported; i.e., excitations above the yrast line have been s
ied in the second well. The rotational frequencies (\v) and,
hence, the angular momenta at which the bands are obse
in the two regions are quite different. In152Dy, the nucleus
often regarded as the ‘‘doubly magic’’ SD nucleus of t
A;150 region because of the presence of large shell gap
Z566 and N586 in the single-particle spectrum, the S
bands span transition energies from;650 to 1500 keV. In
contrast, theg-ray energies observed in192Hg (Z580,
N5112) extend from roughly 250 keV to 850 keV. Becau
of this difference in the frequencies involved, the behavior
the SD bands in the two regions and, in particular, the
havior of the dynamic moment of inertiaJ (2), are sensitive
to different physical processes. More precisely, the evolu
of theJ (2) moment with\v has been shown to be particu
larly sensitive to the occupation of specific high-N intruder
orbitals in theA;150 SD nuclei. The role of these orbitals
the A;190 region is less prominent because of pairing
fects at the lower frequencies involved.

This paper presents a theoretical study of SD band
192Hg and surrounding odd-even and odd-odd nuclei. It
cuses mainly on the description of bands associated
intruder (j 15/2 neutron andi 13/2 proton! quasiparticle excita-
tions. Experimentally, this type of configuration has be
assigned to a number of bands in the Hg and Tl isotopes.
J (2) moments of these bands exhibit noticeable chan
from nucleus to nucleus which represent a challenge
theory to understand. The method used here has been
sented in Refs.@1,2# and has been shown to reproduce w
570556-2813/98/57~1!/159~7!/$15.00
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good accuracy the SD band properties of even nuclei@2,3#. It
is based on the cranked Hartree-Fock-Bogoliubov~HFB! ap-
proach where the mean-field method is corrected by me
of the Lipkin-Nogami prescription@4–6# to restore approxi-
mately the correct particle number. The nucleon-nucleon
fective interaction used in the particle-hole channel is
Skyrme force within the Skm* parametrization@7–9#, and in
the pairing channel, a zero-range force with a surface-pea
density dependence@2# is used.

The approach followed hereafter is in many ways simi
to that used in experiments: From the results of the calc
tions, quantities such as the spin, parity, and excitation
ergy as well as the associated rotational frequencies,
J (2) moments, and the gain in alignment are extracted
each configuration being investigated. The paper focuses
on the 192Hg nucleus and presents results for the yrast
band as well as for several low-lying quasiparticle exci
tions. Subsequently, excitations involving intruder orbita
are probed in the odd-even191Hg and193Tl isotopes. Finally,
calculations are also presented for the odd-odd nucleus192Tl.

As stated above, the present work deals with quasipart
excitations and a word of caution may be on order. Fr
recent random phase approximation~RPA! calculations@10#,
it has been proposed that most, if not all, of the excited
bands in even-even nuclei of theA;190 region correspond
to collective, octupole vibrations. This type of excitation
not considered here and will be discussed in a forthcom
publication @11#. Also, methods based on effective intera
tions cannot be expected to reproduce all the details of
perimental results. In particular, level crossings are often
sensitive to the details of the method to be reproduced
systematic way. This is why the choice is made here to p
form comparisons for an extended set of bands with the h
that this approach will give insights into generic features a
improve the general understanding of the mechanism~s! lead-
ing to excitations in the SD well.

II. QUASIPARTICLE EXCITATIONS IN 192Hg

The calculations discussed hereafter can be regarded a
extension of those presented for the193Hg and 195Pb nuclei
159 © 1998 The American Physical Society
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160 57P.-H. HEENEN AND R. V. F. JANSSENS
in Ref. @9#. Table I summarizes the nuclei and the quasip
ticle excitations under discussion.

As mentioned above, the192Hg nucleus plays a specia
role for SD nuclei nearA;190. Thus, it is important to
confront calculations and experiment for this nucleus, es
cially if a systematic study of the region is being attempt
Experimentally, besides the yrast SD band, two excited
bands have been observed in experiments with Gam
sphere@12# and Eurogam@13#. For these two bands, the dy
namical moments of inertia exhibit a large peak~‘‘backbend
like’’ ! ~band 2! or a strong upbend~band 3! at frequencies
\v;0.3 MeV. Such pronounced irregularities inJ (2) are
not seen in any of the yrast SD bands of the even-even nu
of the region, with the exception of190Hg @14#. It is worth
noting that the ‘‘critical’’ frequency where the rise inJ (2)

starts differs slightly for the two bands.
The neutron quasiparticle diagram that had been obta

in Ref. @2# for the 192Hg yrast band is given on the right-han
side of Fig. 1. The quasiparticles are labeled by their do
nant Nilsson component in the HF basis and by an indexp or

TABLE I. Excitation energies~in MeV! of various one- and
two-quasiparticle~qp! bands, compared with their estimate as d
rived from the quasiparticle energies in192Hg. The comparison is
performed at\v50.3 MeV.

qp E* Deqp

191Hg 72 0. -
71 0.36 0.33

192Hg @642#3/2 @512#5/2 1.40 1.70
@642#3/2 72 1.10 1.15

71 72 1.20 1.10
192Tl 72 61 0.0 0.0

72 62 0.03 0.04
71 62 0.30 0.33

193Tl 62 0.0 -
61 0.04 0.03

FIG. 1. Neutron quasiparticle Routhians in192Hg for the yrast
band~right-hand panel! and the two-quasiparticle excitations whe
the @512#5/2(s52) orbital is coupled to either of the two signa
tures of the@642#3/2 orbital ~middle and left-hand panels!.
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h indicating whether this component lies above or below
Fermi level. Such a labeling, although approximate@15#, is
used as a guide to construct the excited bands. From Fig
it is clear ~i! that the energetically most favorable two
quasiparticle excitations are based on one quasiparticle o
particle type and another of the hole type, and~ii ! that exci-
tations based on one of the@642#3/2 signature partner orbit
als and on either aN57 or a @512#5/2 state are most likely
involved in the lowest excitations. These negative parity
bitals exhibit a crossing around\v50.1 MeV for both sig-
natures.

Generally speaking, the self-consistent creation of qu
particles modifies the quasiparticle diagram of Fig. 1 sign
cantly. Within the BCS approximation, the energy of thei th
quasiparticle is given byA(e i2lt)

21D i
2, and all levels are

shifted by a readjustment of the Fermi levellt to recover the
right number of particles. A second change is caused by
reduction of the pairing correlations due to the creation
quasiparticles. The pairing matrix elementsD i are reduced in
a way which depends on the statei . The main consequenc
of this reduction is a compression of the quasiparticle sp
trum. A more subtle effect is related to the breaking of tim
reversal invariance when the excitation involves a quasip
ticle without its signature partner. The time odd terms of t
Skyrme functional@16–18# are then different from zero an
remove the degeneracy between signature partners. T
terms affect the single-particle mean-field energiese i , and it
has been noticed in previous works@3,8,9,19# that the effect
is the largest for the signature partners of the quasiparti
which are being created. With current parametrizations
Skyrme forces, their mean-field energies come closer to
Fermi energy and consequently, the energy of the co
sponding quasiparticle is lowered.

All these effects are illustrated in the two other panels
Fig. 1, for the case of the creation of two quasiparticles c
responding to the negative signature of the@512#5/2 level
coupled to either of the two signatures of the@642#3/2 or-
bital. The quasiparticle energies given in the figure are th
of the vacua determined self-consistently for each tw
quasiparticle state. Both spectra are clearly compressed
respect to the calculations for the yrast configuration~right-
hand side, Fig. 1!, reflecting the decrease of the pairing co
relations. However, the ordering of the levels is not modifi
significantly. The most noticeable difference concerns
signature partners of the quasiparticle excitations: Their
ergies are reduced by more than 0.5 MeV. The image in
negative sea of the quasiparticles having an energy lo
than 500 keV has also been added to Fig. 1. The interact
between quasiparticles are clearly much more complica
than in the case of the192Hg yrast SD band, leading, fo
example, to different patterns for the alignmentj 15/2 quasi-
particles.

The calculatedJ (2) moments are presented as a functi
of \v in the right panel of Fig. 2 for the yrast configuratio
and most of the two-quasiparticle excitations that have b
considered in the present work. The available experime
data are given for comparison~left panel!. From this figure,
it is clear that the effects discussed above, i.e., the chang
the quasiparticle energies brought about by the creation
quasiparticle excitations, can have a rather dramatic imp
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57 161HARTREE-FOCK-BOGOLIUBOV DESCRIPTION OF . . .
on theJ (2) moment: Sharp rises and ‘‘backbend’’-like fe
tures appear at certain frequencies.

The trend with\v of the calculatedJ (2) moment for the
192Hg yrast SD band reproduces the general behavior
played by the data; i.e., there is a smooth rise over mos
the range in frequency. The calculations also predict a s
den decrease for\v.0.38 MeV. This decrease may also b
present in the data, although this observation is based so
on the last data point which has only been assigned te
tively @12#. The present calculated result has already b
discussed in Ref.@2# where it was shown that the smooth ri
in theJ (2) moment is due to changes in the pairing stren
brought about mostly by the gradual alignment ofj 15/2 neu-
trons. The sudden drop at the highest frequencies oc
when this alignment has been completed.

Table I provides the excitation energies computed for
two-quasiparticle excitations under consideration. For e
band, these energies are obtained from the difference
tween the total energy of the band and the total energy of
lowest SD band of the nucleus. These calculations are
formed at a fixed frequency\v50.3 MeV. From this table it
is clear that the lowest excitation energy corresponds t
band based on the negative signature of the@761#3/2 orbital
coupled to the@642#3/2 orbital. The excitation involving the
two signatures of thisN57 orbital (7172 in Table I! lies at
nearly the same energy, while those involving the@642#3/2
and the@512#5/2 orbitals are located 300 keV higher. Th
J (2) moment of inertia of the band associated with the t
signatures of theN57 neutron orbital~not shown in Fig. 2!
is calculated to be flat as a function of\v and is, thus,
unlikely to be associated with bands 2 and 3 in192Hg.

From the right-hand side of Fig. 2 it can be seen that
two-quasiparticle excitation involving the negative signatu
of the @512#5/2 and the positive signature of the@642#3/2
orbitals exhibits a peak in theJ (2) moment around
\v50.32 MeV. In contrast, no such peak is seen for
excitation based on the same@512#5/2 orbital with the nega-
tive signature of the@642#3/2 orbital, at least in the range o
frequency covered by the experiments~\v<0.45 MeV!.

FIG. 2. Comparison between the experimentalJ (2) moments of
inertia ~left panel! for the three SD bands of192Hg @12# and the
moments calculated for the various configurations indicated in
figure ~right panel!.
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However, this difference in behavior is directly related to
small difference in the position of the quasiparticle leve
~Fig. 1!, which may well be within the uncertainties of th
method. Again, this observation illustrates how difficult it
in a nonparametric approach like the one used here to ob
crossings at the right frequencies or even to deduce the
havior of an excited band by simply examining the quasip
ticle diagram of the unperturbed vacuum. On the other ha
these excited SD bands probably provide the opportunity
investigate the effect of the time odd terms of Skyrme forc
and to improve on their otherwise poorly determined para
etrization.

Despite these reservations, it is gratifying to find exci
tions which result inJ (2) moments displaying variation
with frequency resembling closely those seen in the data.
example, the@512#5/2(s52)* @642#3/2(s51) configura-
tion and, perhaps, the@512#5/2(s51)* @642#3/2(s51) one
reproduce the data for band 2, while the@761#3/2(s52)*
@642#3/2(s52) or the @512#5/2(s52)* @642#3/2(s52)
configuration exhibit similarities with band 3. We note th
the first of these two configurations exhibits a rise inJ (2)

starting at higher\v than the other, a feature which ha
similarities with the data. A more definite configuration a
signment to either of the known SD bands is, however,
possible at this time as it would require more detailed exp
mental data, i.e., data points at higher frequencies and/or
discovery of additional bands. More importantly, as the t
possible configurations for band 2 result in sequences w
odd and even spins, respectively, an experimental determ
tion of these quantum numbers would be very useful.

III. INTRUDER CONFIGURATIONS IN 191Hg, 193Tl,
AND 192Tl

Besides the quasiparticle excitation energies, Table I a
presents the excitation energies as calculated from the
siparticle energies of the192Hg yrast SD band~right panel,
Fig. 1!. For 192Hg, this energy is equal to the sum of th
energies of the quasiparticles created on the192Hg vacuum.
For one-quasiparticle bands, the excitation energy is gi
by the difference between the energy of the quasipart
corresponding to a given band and the energy correspon
to the lowest SD band in the same nucleus. The calculat
are performed at a rotational frequency of 0.3 MeV. Th
approach has two main deficiencies. First, it does not t
into account any self-consistency effects, in particular
change in particle number and in deformation due to
creation of quasiparticles. Second, it is also an ambigu
procedure, because of the inclusion of correlations beyon
mean-field approach in the Lipkin-Nogami prescription. A
discussed in Ref.@1# by Gall et al., the quasiparticle energie
are no longer uniquely defined: Thel2^DN̂2& term may be
split in different ways between the mean field and the pair
field. The following prescription was used here:

h→h2l2~122r!, D→D22l2k, ~1!

which is particularly stable numerically. In this equation,r is
the one-body density andk the pairing tensor.

The quasiparticle energies are perturbed by terms of
order ofl2 times a factor lower than 1. The order of ma
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162 57P.-H. HEENEN AND R. V. F. JANSSENS
nitude of l2 is between 100 and 300 keV. These terms
rather small, but they are state dependent. As a result,
excitation energies of two-quasiparticle excited states ca
principle not be derived from unperturbed quasiparticle
ergies. On the other hand, the excitation energies in odd
odd-odd nuclei are obtained from differences between q
siparticle energies. This leads to the near cancellation of
terms introduced by the Lipkin-Nogami prescription. Hen
taking these reservations into account, the results show
Table I can still be taken as fairly accurate estimates of
location of the one- and two-quasiparticle states in the
and odd-odd isotopes under discussion.

The most recent experimental data on SD bands base
intruder j 15/2 neutrons and/ori 13/2 protons can be found in
@20# for 191Hg, in @21# for 193Tl, and @22# for 192Tl. The
assignment of a specific intruder quasiparticle excitation
band seen in an experiment relies primarily on the beha
of the dynamical moment of inertia as a function of the
tational frequency@23#. Indeed, it is expected@2# ~i! that the
population of intruder states will lead to a larger decrease
pairing correlations than is the case when only normal pa
orbitals are involved and~ii ! that this will result in a flatter
moment of inertia.

Figure 3 compares theJ (2) moments for bands 1 and 4 o
191Hg with the calculations for one-quasiparticle configu
tions based on the two signatures of thej 15/2 orbital. The
general trend with frequency seen in the data is well rep
duced; i.e., the unfavored signature partner has a lowerJ (2)

moment than the favored one. The agreement with the da
destroyed at the lowest frequencies by a neutron quasip
cle crossing. The unfavored, positive signature band is
calculated to be located;300 keV above its partner~Table
I!. This feature may account for the experimental observa
that the latter band is fed with an intensity which is only 10
that of thej 15/2 favored partner.

As can be seen in Table I, the unfavoredi 13/2 one-
quasiparticle proton excitation in193Tl is calculated to be a
essentially the same excitation energy as its signature p
ner, in agreement with the experimental observations tha~i!
the transition energies in band 1 are intermediate to the
ergies in band 2 over a large range in frequency, that~ii !
levels in the two bands are linked by M1 transitions, and t

FIG. 3. Comparison between theJ (2) moments of inertia mea
sured for bands 1 and 4 in191Hg @20# and those calculated for th
one-quasiparticle excitations based on the favored~full line! and
unfavored~dashed line! signatures of thej 15/2 orbital.
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~iii ! the two bands are fed with approximately the sa
g-ray intensity. The calculatedJ (2) moments reproduce th
general trend with\v very well, including the presence of
small degree of signature splitting at the higher frequenc
~Fig. 4.!. The more pronounced rise in theJ (2) moment seen
in this nucleus, when compared to191Hg, is related to the
pairing correlations which are larger for neutrons than
protons. In particular, thej 15/2 neutrons are active in this
case.

BandsA andB in 192Tl have been proposed as signatu
partner bands for reasons identical to those just described
193Tl. However, in this case theJ (2) moments of inertia
were found to exhibit little variation with\v. As can be seen
in Fig. 5 and Table I, the calculations reproduce the data v
well for the two-quasiparticle configurations where the
vored signature of thej 15/2 neutron orbital is coupled to the
two signatures of thei 13/2 proton orbital. Not only are the
variations of theJ (2) moments with frequency small, but th
difference between the values of the moments for the
signature partners is reproduced as well. The rise of theJ (2)

moment at the lowest frequencies is due to the same neu
quasiparticle crossing as in191Hg.

FIG. 4. Calculated dynamic moments of inertia as a function
frequency for the one-quasiparticlei 13/2 proton excitations in193Tl
compared to the data for bands 1 and 2 in this nucleus@21#.

FIG. 5. J (2) moments of inertia as a function of frequency f
bandsA andB of 192Tl @22# compared with calculations where th
favored j 15/2 neutron quasiparticle is coupled to the two signatu
of the i 13/2 proton orbital.
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57 163HARTREE-FOCK-BOGOLIUBOV DESCRIPTION OF . . .
The quadrupole moments calculated at\v50.3 MeV are
compared in Table II with experimental data, when the la
are available. For the sake of completeness, moment
other nuclei (190,194Hg, 194,196Pb! calculated within the same
framework with the same interactions have been adde
Table II. As can be seen from the table, the agreement
tween experiment and theory is satisfactory, especially w
one considers that the errors quoted in Table II are du
statistics only; i.e., an additional systematic error~;15%!
should be added to most measured moments because o
certainties in the calculation of the stopping powers inher
to the experimental technique, i.e., the Doppler shift atte
ation method~DSAM! technique.

In general the changes in the calculated quadrupole
ments with respect to192Hg are rather small. Furthermore
the same orbital leads to a change of the same order of m
nitude in different nuclei. Recently, it has been proposed
quadrupole moments of SD bands in nuclei of theA;150
region can be computed from the individual contributions
orbitals ~additivity principle! calculated with reference to
152Dy @24#. The calculations are supported by the latest d
on moments for SD bands in Gd and Dy isotopes@25,26#. At
first sight, this principle may appear to work also for t
nuclei investigated here. For instance, the calculated cha
in the quadrupole moment~of 1.4 e b! between the192Hg
and 194Pb yrast SD configurations is the sum of increme
from 192Hg to the twoi 13/2 configurations in193Tl ~0.9 and
0.5 e b, respectively!. However, there appears to be no ge
eral additivity rule in theA;190 region. For example, th
two-quasiparticle configurations involving the favored sign
ture of thej 15/2 neutron orbital with either of the two signa
tures of thei 13/2 proton orbital in192Tl have the same defor
mation ~close to that of 192Hg!, although the one-
quasiparticle proton orbitals lead to large differences
193Tl. Clearly, the situation is more complicated than in S

TABLE II. Electric quadrupole moments of zero-, one- and tw
quasiparticle bands~units: eb!. The calculated values are taken
\v50.3 MeV. The latest published data are given for comparis
As most of these data have been obtained with the DSAM te
nique ~except those of Ref.@30#!, a 15% systematic error due t
uncertainties in the calculation of the stopping powers should
added to the statistical errors quoted in the table.

qp Qcalc Qexpt Ref.

190Hg 18.4 17.7(61.2
1.0) @27#

191Hg 72 18.0 18(63) @28#

71 18.0
192Hg 18.6 17.7(60.8) @29#

@642#3/2 @512#5/2 18.3 19.5(61.5) @13#

@642#3/2 72 18.0
71 72 17.9

194Hg 18.6 17.7(60.4) @29#
192Tl 72 61 18.5

72 62 18.6
71 62 19.0

193Tl 62 19.5
61 19.1

194Pb 20.0 18.8(61.1) @30#
196Pb 19.7 18.3(63.0) @31#
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bands nearA;150. Pairing plays a much larger role in th
A;190 region and this affects the quadrupole moments
well.

To complete the comparison between theoretical and
perimental moments of inertia,g-ray transition energies hav
also been computed. To this end, the effect on the ang
momentum of theK value of the bands has been prope
taken into account. The resultingg-ray energies come within
5 keV of the experimental transitions for both bands in193Tl.
In this case, the calculations confirm the spin assignment
the bands proposed in Ref.@21# on the basis of the usual fi
of an Harris expansion to theJ (2)(\v) data. The agreemen
between the calculations for thej 15/2 one-quasiparticle con
figurations and the data for bands 1 and 4 in191Hg is of the
same quality at least for the transitions with\v.0.23 MeV.
At the lowest frequencies, the neutron quasiparticle cross
alluded to above results in larger deviations between the
and the calculations. The lowest experimental transit
~280.9 keV! in band 4 is calculated to link states with spin
33/2 and 29/2, while the 310.9 keVg ray at the bottom of
band 1 is predicted to correspond to the 39/2→35/2 transi-
tion. These values are 2 units larger than those deduce
Ref. @20# from the measured intensity profiles for the dec
out of the SD bands and the decay into the yrast states. In
case of192Tl, the agreement between theory and experim
is similar to that achieved in193Tl only for the transition
energies. Again, the calculations suggest that the spins
duced from the experimental data in Ref.@22# have to be
increased by 2 units in both bands.

Taking the experimental data on the192Hg yrast SD band
as a reference, Fischeret al. @22# showed that the alignment
of bandsA andB in 192Tl correspond with great accuracy t
the sum of the alignments of the favoredj 15/2 band~band 1!
in 191Hg and the two i 13/2 signature partner excitation
~bands 1 and 2! in 193Tl. This is shown in the left panel o
Fig. 6. It was concluded from this exercise that the conc
of alignment additivity may be applicable to SD bands in t
A5190 region. The alignments calculated with the pres
approach for the same bands are presented in the right-
panel of Fig. 6. Since self-consistency effects due to the
ation of quasiparticles are taken into account, this appro
is equivalent to that adopted in the analysis of the exp
mental data. The trends with frequency exhibited by
alignments follow closely those seen in the data. The diff
ence of 2 units between experiment and theory for the ali
ments in191Hg and 192Tl reflects the 2\ difference between
calculated and assigned spins discussed above. In Fig. 6
alignments calculated for192Tl from the sum of the191Hg
and 193Tl contributions are also given. They follow the sam
trend with frequency as the ones calculated directly, but
~1–2!\ higher. Thus, in the calculation, the additivity ru
does not apply with the same degree of accuracy than see
the data. A calculation of the alignments directly from t
creation of quasiparticles appropriate for the191Hg and
192,193Tl excitations on the192Hg yrast SD vacuum~an ap-
proach often followed in cranking calculations@32#, and
similar to that used above to obtain the energies presente
the last column of Table I! does not result in a satisfactor
agreement with the data. This finding illustrates that se
consistency may restore, at least partially, additivity.
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IV. CONCLUSIONS

In this paper, SD bands based on quasiparticle excitat
created in the192Hg vacuum have been studied using t
cranked HFB method with the Lipkin-Nogami prescriptio
the Skm* interaction, and a surface-delta, density-depend
pairing force. This method, which had earlier been found
be successful in the description of selected SD bands in
A;150 andA;190 mass regions, has been shown here
provide a satisfactory understanding of the main feature
experimental data in191,192Hg and 192,193Tl.

In this method, quasiparticle excitations, which are trea
fully self-consistently, affect significantly the vacuum o

FIG. 6. Comparison between experimental~left-hand panel! and
calculated~right-hand panel! alignments for the favoredj 15/2 neu-
tron excitation~band 1! in 191Hg, the two signatures of thei 13/2

proton excitation~bands 1 and 2! in 193Tl, and the favoredj 15/2

neutron quasiparticle coupled to the two signatures of thei 13/2 pro-
ton orbital in 192Tl ~bandsA and B!. The figure also presents th
test of the additivity of alignments where the alignments in192Tl are
computed from the contributions in191Hg and 193Tl. This test is
performed for the experimental data as well as for the calculat
and is shown by the dashed lines. The left-hand panel with
experimental data is taken from Ref.@22#.
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hy
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which they are created. As a result, simple predictions of
J (2) moments of inertia based solely on the192Hg yrast
band are found to be inaccurate. In particular, the upbe
and backbends seen in the excited SD bands of192Hg would
not appear in our calculations without full self-consistenc
These calculations are also needed for accurate prediction
the other quantities examined here such as the quasipa
energies, the quadrupole moments and the alignments.

The present work shows a clear need for progress into
directions. The discussions above illustrate the difficulty
reproduce systematically the properties of SD bands star
from effective interactions which have not been specifica
designed for this purpose. In particular, quasiparticle cro
ings are too sensitive to small shifts of level energies a
may lead to crossing frequencies which are rather far aw
from the experimental observations and/or to peaks in
dynamical moment of inertia which are not present in t
data. This great sensitivity provides the opportunity to i
prove the adjustments of Skyrme interactions. For exam
the time odd terms generated by the breaking of time rev
sal invariance are not constrained by the data used to fit
force. As was shown in the quasiparticle diagrams, th
terms can have a large impact on the excitation energy of
states, even in the absence of rotation. Comparisons betw
data and calculations should help in the tuning of the int
action. On the experimental side, the firm assignment
spins and parities to the SD levels as well as the determ
tion of the excitation energy for as many SD bands as p
sible is needed to distinguish readily between possible c
figuration assignments.
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