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In this work, we investigate the properties of superdeformed identical bands A-t1&0 mass region by
microscopic calculations based on the new SLy4 parametrization of the Skyrme force and on a density-
dependent zero-range pairing interaction. Many experimental properties are correctly reproduced, with how-
ever some qualitative differences in the description of identical bd&i%56-28139)03306-3

PACS numbgs): 21.10.Re, 21.60.Ev, 21.60.Jz, 27.7Q.

I. INTRODUCTION wheren is the number of protons occupying tiN=6 in-
truder stategfrom thei,z, subshell andm is the number of

The first evidence of superdeform&sbD) rotational bands neutrons occupying thBl=7 intruder levels(from the 5.,
has been observed in tiie~ 150 mass regiofil]. A striking  subshell. As the dynamical moment of inertig® is very
feature is the existence in some nuclei of excited SD bandsensitive to the occupation of intruder orbitals, it has been
with transition energies equal to those of the yrast band of aonjectured that identical bands have the same intruder con-
neighboring nucleus within only one or two keV; e.g., figuration assignmerid]. The similarity between SD bands
in 15%Gd* and >*Tb or in ®*Tb* and %Dy [2]. These pairs is not only limited to transition energies and dynamical mo-
of identical bands thus have the same dynamical moments afient of inertia as identical bands also have comparable in-
inertia. Moreover, Nazarewicet al. [3] pointed out that the tensity patterns and quadrupole moments, though in the latter
averages of the transition energies in bands 2 and3®fy  case there are rather large experimental error bars.
are equal to the transition energies of the yrast band of Data show that the yrast band 2Dy is identical in
152Dy, with an accuracy of the order of one keV. In this caseterms of 7(?) moments of inertia to several other SD bands
also, these three bands have identical moments of inertia argtlonging to nuclei differing by one up to four nucleons.
are called identical. Many other cases of identical bands haveurthermore, because of the “magic character” of this
been found since these first discoveries. nucleus, we will use the yrast SD band BfDy as a refer-

Following these experimental findings, significant effortsence case against which we will compare properties of SD
have been made in order to understand the nature and tiands of neighboring nuclei such &2, the charge quad-
physical origin of this phenomenon, both experimentally andupole momeng,, and pairing energies. We will restrict this
theoretically. Cranked shell model calculations, based on aomparison to SD bands with the same occupancy of in-
Woods-Saxon potentigb], show that large shell gaps occur truder orbitals.
at Z=66 andN=86 for a quadrupole deformatiof, of The method used in this study has been presented in a
about 0.6. These large gaps are responsible for the formaticgeries of previous publications7—9]. It is based on the
at each angular momentum of pronounced secondary SEranked Hartree-Fock-BogoliubdiHFB) method with pair-
minima in the potential energy surfaces of this nucleus.  ing correlations treated dynamically by means of the Lipkin-

Therefore, it was natural to considé?Dy as a doubly Nogami prescription. This formalism has been applied to the
magic SD nucleus. Accordingly, most SD configurations instudy of the lowest SD bands df%Gd, %Tb, Dy, and
neighboring nuclei have been analyzed in terms of the singlé>?Dy [10]. Most results were obtained with a seniority pair-
particle spectrum of®?Dy at superdeformation. ing interaction. However, in°%Gd, an exploratory calcula-

It has also been shown that the behavior of SD bands ion with a density-dependent zero-range pairing interaction
strongly influenced by the number of nucleons occupyingshowed that such structure for the pairing field improves
high4, highN intruder orbital{6]. For this reason, it is now greatly the agreement of the dynamical moment of inertia
customary to label SD bands with the symbe6"»7™,  with experimental data. In the mean-field channel, the

Skyrme parametrization SKmwas used.
In the present paper, we study isotopes and isotones of
*Present address: National Accelerator Centre, Faure P.O. BoX’’Dy, focusing on the ground SD bands of these neighbor-
72, ZA-7131, South Africa. ing nuclei and on the bands identical t&’Dy lowest band.
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For this purpose, we use a parametrization of the Skyrme 120
effective force, SLy411], which has been recently derived i * « Gd(1 exp
with special emphasis on its isospin properties. In particular,
this interaction gives an improved description of nuclei far 10k

from stability as compared to previous Skyrme parametriza- | PO 4 G=1250
tions. Thus our study provides a test of this force in the - . » G=1350
regime of high rotational frequencies, a region for which I
Sly4 was nota priori intended. As in Ref[9], a density-
dependent zero-range interaction has been used in the
particle-particle channel.

- ® G=1200

100~ .

90—
IIl. DETERMINATION OF THE PAIRING STRENGTHS r * “
- A

3P (EMev)

The behavior of the dynamical moment of inertia along a _
rotational band depends strongly on pairing correlations. As 80+ * 4
the rotational frequency increases, these correlations weaken, i * %
leading to an increase of the moment of inertia. Such a de- L *
crease of the pairing correlations puts a severe constraint on ‘ { ,
the pairing part of the interaction. The strengths must be 04 0.6 0.8
adjusted to account for the interplay between rotation and Fio (MeV)
pair correlations. The adjustment of the strength of the pair-
ing interaction to the dynamical moments of inertia of SD

bands thus provides a natural way to incorporate this cory FL5 * PAATIES OB of hetta oF B oAl Wb
straint in the interactiof7,9,10. Y 9

. for th iring int tion. Th i tal dat taken fi
In the A=150 mass region, no bands have been detecteé{Ef iﬁamng inieraction. The expenmental qata are taken from

at low spins. Pairing correlations are thus expected to be

weaker than in theA=190 region. However, they are re- y, pe directly related to pairing correlations. In the following,
sponsible for the low spin behavior of t8%Gd SD band, e will use the value of 1250 MeVfi? for both neutron
where the moment of inertia shows a rapiq d_ecrf—:-aséi@r _and proton pairing strengths.
between 200 and 300 keV. This rapid variation is absent in - 14 check that this value also satisfactorily reproduces data
Hartree-Fock calculations and is related to a crossing of tW@y hormal deformations, we have determined the one-neutron
neutron quasiparticlegb]. As in a previous analysis of this g and one-protor$, separation energies in the first well for
mass regioi10], we have studied the influence of the pair- isotopes and isotopnes arourf@Dy. The odd nuclei have
ing on the '%%Gd moment of inertia. The pairing interaction peen calculated with the same method as the one used for
is density-dependent and has a zero-range: rotating nuclei, i.e., the effects of the time odd terms and of
self-consistency due to the creation of a gp have been fully
taken into account. Our results are compared in Table | to the
experimental data and to the values obtained byléd@nd
Nix [12]. This table indicates that the accuracy of both the-
In definition (1), V, and p,, are two parameters am{F) oretical calculations is similar for the six isotopes studied in
is the total local single-particle density in coordinate space.this paper. A further check of the adjustment of the pairing
The value of the critical density, for which the pairing ~ strength has been done by calculating the moments of inertia
strength is equal to zero has been fixed to 0.16 ¥mvhich ~ of SD bands in théA =190 mass regiofil3]. The agreement
is the saturation density of nuclear matter for SLy4. Pairingwith the experimental data is quite good. In particular, the
is therefore mainly active on the nuclear surface. An energyncrease of the moment of inertia versus angular momentum
cutoff is introduced that limits the active single particle spacds very well reproduced without any further adjustment.
to an energy window of 5 MeV above and below the Fermi
energy. lll. THE NUCLEUS Dy
In Fig. 1, the experimental data are compared to the dy- ) " 15
namical moments of inertia obtained with three different The ap Routhians® of the "Dy yrast SD band are
strengths for the pairing interaction. In all calculations, theShown on Fig. 2 as a function dfw. All the gp excited
dynamical moment of inertia is overestimated. On the othePands studied in this paper are based on these diagrams. The
hand, at low frequencies, the rapid decrease of the moment
of inertia is better reproduced by the intermediate pairing ; C
strength. The agreement with the data is very similar to thgParation energidsighy).

V - -
VP:_(]-_PO')<1_ )5(|’1_r2)- 1)

TABLE I. One neutron(three left columngs and one proton

agreement obtained in our previous wddd]. As in this 15 15 15 151 15
case, the moment of inertia obtained in a pure HF calculatiorll\lUICIeUS Dy Dy Oy i Dy
is flat and does not show a rapid variation at low frequenciesrhis work 8.82 6.90 9.24 3.85 5.42
One should however note that the plot of the experimentagxperiment 9.59 7.11 9.31 3.13 5.80

moment of inertia has a shoulder aroufié equal to 500 \gller and Nix 9.60 7.41 9.52 3.62 5.46
keV that is not present in our calculation and does not seem
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FIG. 3. Single particle Routhians df?Dy calculated with the

FIG. 2. Quasiparticle Routhians dPDy calculated with the Skyrme interaction SLyf11].

Skyrme interaction SLy411].

o _ to Dy will in principle require the population of the
quasiparticles are labeled by a lettetparticle) or h (hole),  [651]1/2 or the[642]5/2 orbitals for isotopes with less neu-
which indicates whether their main component in the HFons and 0f402]5/2 or [514]9/2 for 5Dy,
basis has an energy above or below the Fermi level. The ordering of th¢651]1/2 and[642]5/2 neutron levels
~ The lowest proton gp orbitals correspond to tNe=6 s strongly dependent on deformation and is predicted differ-
intruder states. It is usually considered that the lowest an@nﬂy in 1°Dy by various models. ThEs51]1/2 level is pre-
first excited bands of>'Tb are built on these 1qp excitations gicted to be above thgs42]5/2 level by mean-field calcula-
with respect tolszD)l’é These gp become of the hole-type in tions based on Nilssof6] and Woods-Saxof6] potentials
the lowest band of°®Gd. For both nuclei, bands va:th the and by our previous HFB calculation using the Skm* inter-
same number of intruders as the ground SD band®@y  action. Both orderings are obtained in a recent RMF calcu-
will be excited bands. One can also construct a 2qp protofation, depending on the effective Lagrang{ds].

excited band in**%Gd with a singleN=6 orbital, which has The configurations that have been calculated in the
the same number of intruders as th&Tb ground band. present work are summarized in Table II.
The lowest neutron gp has an intrudeés 7 orbital as its The experimental7® moment of inertia of the!>Dy

main component. For all frequencies, this gp has a veryrast band has a smooth behavior. It is well reproduced by
small excitation energy. One can therefore expect that thgur calculation. However, the magnitude 8f% is overesti-
lowest bands in®'Dy and **®Dy will have different numbers mated. This seems to be a general feature of Skyrme param-
of neutron intruders thad®Dy. Above an excitation energy etrizations and of fully microscopic studies, whose origin has
of 1.0 MeV, several ap have similar behaviors and will leadnot been understood up to n(ﬁmﬁ] As we shall see, most of

to configurations with properties similar to téDy lowest  our calculations overestimate moments of inertia compared
band. to the data, the overestimation being the largestfdy. A

The particle Routhians in the HF basi$ are shown on  renormalization by a factor 0.9 applied to all our results
Fig. 3 as a function of w. Large gaps are obtained above thewould yield a good overall agreement.
proton number 66 and the neutron number 86, makiipy
a doubly magic nucleus in its SD state.

On the basis of calculations neglecting pairing correla-
tions, rotational bands identical to the lowest band"8Dy The dynamical moment of inertia of yrast bands is shown
have been predicted in isotones BfDy to be constructed in Fig. 4 for isotopes and isotones 6¥Dy. As a function of
by depopulation of th¢301]1/2 level. However, since pair- the number of neutrons, a change in trends is visible on the
ing correlations push the corresponding qp energy to a valuexperimental data. It reflects the behavior of the second and
of the order of 2 MeV, excitations based on other qp’s seenthird N=7 intruder orbitals, which are strongly down-
to be more favorable. For neutrons, the lowest excitatiorsloping as a function of the rotational frequency. Therefore
corresponds to the intruder orbif@70]1/2. Bands identical as neutrons are added, the slope®Bf) decreases and be-

IV. THE YRAST SD BANDS
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TABLE Il. Quasiparticle configurations studied in this paper. The last two columns give the calculated
and experimentdl25,21,26,19,2hkquadrupole moments obtained around: 50
Nucleus(band Configuration E* (MeV) Q% (eh) Q5 (eb)
15Dy(1) w6472 - 17.5 17.5°9%
Spy(1) [770]1/2+ 1 - 16.8 16.9°9%
151py(2) [642]5/2+ ~* (n) 1.25 17.0 18.2°34
S1py(4) [651]1/2+ ~* (n) 1.20 16.9 17.5%7
5Py(1) [761]3/2— "1 (n) - 17.5 16.8-0.6
153Dy (2,3) [402]5/2*1 (n) 0.40 17.2 16.60.5
154Dy(1) [402]5/22 (n) - 17.4 16.9-0.6
150Gd(1) [651]3/272 (p) - 16.1 17.0°33
150G5d(2) [651]3/2-1[301]1/2° (p) 0.43 16.9 17.4°55
150Gd(5) [301]1/22 (p) 2.59 18.5 16.81.2
151Tp(1) [651]3/27 1 (p) - 16.7 16.8"3¢
1ITp(2) [301]1/271 (p) 0.43 17.8 18.46
come negative. Theoretically this trend is rather well repro-
duced, except for>Dy. Let us note that thé>'Dy band is PEUO,);FEL: VaValL (4)

not correctly described by the HF approximation or with a

seniority pairing[5,10].

To analyze the behavior of the theoretical moment of in-

ertia of 15Dy, let us recall how a gp excited stafi) is
constructed from the Bogoliubov vacuy@):

[K)=a|0), 2
and that the wave functiofK) is optimized for each excita-
tion. In particular, the vacuuniO) is different and self-
consistent for each excited state and therefore does not ¢

respond to an even integer number of neutrons. Only th&°
n_

one-quasiparticle density matrix of the odd nucleus is co
strained in order to have the mean right number of particle
It can be written as

(K) —

P4 (0)

pa,ﬂ_ [VZ,KVB,K_ Ua,KUZ,K]i

)

where the density matrixo(a",)ﬂ corresponds to the self-
consistent vacuunD):

Similar equations were used in R¢fL7] to decompose
the angular momentum into core and gqp contributions. Table
Il gives the occupations at 30and 6@ of the N=7 neu-
tron orbitals in the Dy isotopes yrast bands. The particle

numbers of the"*!Dy vacuum are different at the two spins.
However, in both cases, the result of the gqp excitation is
similar: the firstN=7 orbital is fully populated whereas the
second is empty. At 60 the vacuum is close to that of
OE’ZDy, as one would expect in a situation of weak pairing
rrelations that are close to the HF limit.
The structure of the yrast state is different inDy. At
Jow spins, the vacuum on which the excitation is constructed
has a structure rather similar to that 6¥Dy. The second
N=7 orbital is depopulated and the moment of inertia has a
value close to the one obtained H'Dy. At high spins, the
mean number of neutrons in the vacuum is close to 87; the
secondN=7 orbital is already largely depopulated in this
vacuum while pairing correlations are responsible for a sig-
nificant population of the levels above thie=86 gap. Since
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TABLE lll. The mean number of neutrons in the self-consistent V. BANDS WITH SIMILAR NUMBER OF INTRUDERS

vacuum(second columnfor Dy isotopes. The last three columns . . .. .
give the occupations of the=7 intruder orbitals in the vacuum Bands with moments of inertia identical to the one of

and(for odd isotopeksin the qp state. The upper lines correspond to 15Dy have been found irt*%Gd (band 5, **'Tb (band 2,

an angular of 36 and the lower lines to 60 *IDy (bands 2 and ¥ ***Dy (bands 2 and 3 and **Dy
(yrast bandl They have all been assignedr&*v72 configu-
Nucleus Vacuum N=7] N=7; N=7, ration. The calculated bands are compared with data in Fig.
" 5. The values of the moments of inertia of the neutron bands
Dy(1) 84.6 0.3-1.0 0.3-0.0 0.0 atfw equal to 0.6 MeV are given in Table IV.
85.8 1.0 1.6-0.1 0.0~0.1
15Dy(1) 86 0.8 0.8 0.0 A. Neutron bands
86 1.0 1.0 0.0 151py. Experimentally, the bands labeled 2 and 4 in this
nucleus have moments of inertia identical to the yrast SD
153Dy (1) 87.6 0.8-1.0 0.84-0.04 0.0 band of Dy [18]. The y-ray energies of band 2 are close to

86.7 1.0-064 0115026 0.01-051 the 3/4 point transition energies of tH&’Dy SD band while
those of band 4 are very close to midpoint. Band 2 has been
184Dy(1) 88 0.96 0.96 0.07 interpreted as based on one of {&2]5/2 orbitals, with a
88 1.0 1.0 0.05 still undetected signature partner. On the basis of the WS
level scheme of Ref5], an excitation involving thg411]1/2
orbital has been assigned to band 4.
The gp scheme of Fig. 2 indicates that flég2]5/2 exci-
ions are indeed favorable. On the other hand[41id]1/2

at this high spin, none of these intruder orbitals still have dat

bure (_:haracter, pairing c_orre!atio_ns I_ead tola complicated OGrbital lies at a rather high excitation energy and an excita-
cupation scheme. The situation is different'ifiDy because o of the [651]1/2 orbital seems more plausible. The mo-
the number of particles in the vacuum is higher so that thenent of inertia that we obtain for band 2 differs from that of
first two N=7 orbitals are more bound and fully occupied. 1525y py 1 or 2 percent for 6 transitions; the similarity is
The origin of the discrepancy found ity is not easy sjightly better for band 4, although the agreement between
to ascertain. Small modifications in the order of levels WOU|d‘[he theoretical bands is not as good asin experiment_ Around
affect the population of the levels that we have obtained withe0%, band 2 is excited by 600 keV with respect to the yrast
the SLy4 Skyrme parametrization. In particular, the fre-SD band. Its signature partner has an excitation energy of
guency at which we obtain a change of configuration is1300 keV while that of band 4 is 1200 keV.
closely related to the position of the thild=7 intruder In our results, the transition energies of band 2 are 3/4 of
level. a point of the®Dy ones over 4 transitions only with a mean
Our Dy result confirms the influence of intruder orbit- deviation of 3 keV. Band 4 energies are midpoint with the
als on the dynamical moment of inertia. The values found asame mean deviation over 7 transitions. Experimentally, the
low and high frequencies are close to the ones of the isotopasean deviation is 1.7 keV.
with the same number of intruderS Dy and *>Dy, respec- The experimental quadrupole moments of bands 2 and 4,
tively. determined by lifetime measuremerits9], are larger than
For isotones, the evolution with the proton number of thethat of the lowest band of>®Dy. Our calculation does not
moments of inertia is mostly related to the decrease of pairreproduce this result: the quadrupole moments give in Table

ing correlations when approaching the=66 gap. Il for bands 2 and 4 being closer to the lowest bands of
1o ¢ 110 10 - 110 -
s “ipy2) [ - ® “byy g “py(2) o Dy(3)
100 }O:... 2=66 100 } o Z=66 100 :_ Z=66 100 } Z=66
[ [ ] [ N r
wio N | %F .\ 90'—‘\ 90\
E L O, - R L
o~ sf A 80 | ° 8 F b OO0
= . © : I ! FIG. 5. Dynamical moments of inertia of SD
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TABLE IV. Dynamical moments of inertia arourfdw~ 0.6 MeV of the SD bands which are experimen-
tally identical to 5Dy.

Nucleus

152Dy

*Dy(2)

Dy(4)

153Dy

154Dy 150Gd(5)

Moment of inertia

91.8

90.1

91.8

88.9 90.0 90.0

BIpy than of 1°Dy. These differences between the experi-
mental quadrupole moments have been taken as evidence for 15054 T construct a band i¥°Gd with the same num-

the occupation of §411]1/2 orbital in the excited'>Dy

effect. At present, it seems difficult to reconcile all the ex-

perimental data within a single theoretical scenario.

153y, The bands labeled 2 and 3 in this nucleus are iden
tical to the yrast band of°Dy [20]. Based on the absence of

a visible band interaction on the experiment&?) moment
of inertia, configurations involving thg402]5/2+ orbitals
have been suggested as the most probable ones.

Looking to Fig. 3, several neutron orbitals lie just above
the 1>Dy Fermi level, thd402]5/2+ orbitals being the most

B. Proton bands

- ) / ¢ 'Y ber of proton intruders as in th€?Dy yrast band, one must
bands[19], this orbital having a strong deformation driving promote two protons above tH&Gd Fermi level. At the HF

level of approximation, this can be done by an excitation of
the two[301]1/2 orbitals to the twd651]3/2 ones. Band 5
has been interpreted in this wi33]. Experimentally, its last
6 transition energies are identical to that of the ground SD

band of 15Dy. At low spins, a backbend dtw~0.5 MeV
destroys this similarity. It has been interpreted as the align-

ment of a pair ofN=6 intruder proton$23].
When these two qp are excited, pairing correlations van-

probable ones. The bands based on these orbitals have & even at the Lipkin-Nogami approximation. We therefore
excitation energy of 600 keV at high spins with respect to thedo not reproduce the backbend in i€ moment of inertia
yrast SD band. In Fig. 5, we show the corresponding moof band 5, as can be seen in Fig. 5. At high frequencies, the
ments of inertia. They are remarkably similar, althoughmoment of inertia of this band is lower than that'sfDy by
smaller than that of'>Dy, in contrast with experiment. 1 or 2 percent, the similarity being slightly less good than in
Above 5@, the transition energies in these bands are close tthe experimental data. In our calculation, band 5 he8.5

the 1/4 and 3/4 point of thé>Dy energies, respectively, as MeV above the yrast line at &0 This unrealistically high

in the experimental data, with however a larger mean deviaenergy may be partly due to the lack of pairing correlations

tion of 2.5 keV.

The quadrupole moments that we obtain are very similar

for the three bands and close to tf¥Dy value, while ex-
perimentally[21] the three'>®Dy bands seem less deformed bital to a[651]3/2 one. It lies~1.3 MeV above the yrast

than the!>Dy lowest band.
1%4py. Since the first intruder orbital above tNe=86 gap
is predicted to be very excited for valuesfoh smaller than

0.7 MeV, the same number of intruder orbitals should befiw~0.5 MeV.

present in the'®Dy yrast SD band and if®?Dy. The data
[22] indicates that indeed the only band knowniDy is
identical to 1*Dy. Unexpectedly, thé>Dy transition ener-
gies lie close to the 3/4 point of th€?Dy. Theoretically, the
transition energies are identical for the same spins with aation is shown in Fig. 5. Its7() moment of inertia is in
good agreement with the experimental data. The discontinu-

mean deviation of 2 keV.

at our level of approximation.

A band with the same number of intruders as #i&rb

ground SD band can be obtained by exciting8a1]1/2 or-

band, and is a candidate for the band labeled 2, experimen-
tally identical to the yrast SD band dP*Tb. In our calcula-
tion, as shown in Fig. 6, these bands are only identical above

BITh. The nucleus®®Tb has one proton less than the
doubly magic nucleus®Dy and exhibits an excited SD band
(band 2 that is identical to the'®?Dy yrast band[2]. A
candidate for band 2 built on t§&01]1/2* proton gp exci-
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§ F o o0 ‘e, 0 i .. FIG. 6. Dynamical moments of inertia of SD
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ity obtained in the7?) moment of inertia atiw~0.55 is  this band and its identity with>’Dy was related to the pseu-
related to a near collapse of the proton pairing correlationsdospin model. It is worthwhile to note that we obtain similar
These nearly vanishing pairing correlations may explain theproperties with a band based on {f&51]1/2 orbital.
unrealistically large excitation energy of 1.4 MeV that we It is hard to draw definite conclusions from quadrupole
obtain for this excited band. The use of the Lipkin-Nogamimoments. The values that we obtain are very often close to
prescription is indeed less justified in the weak pairing re-experiment, or within the error bars. A positive result is the

gime of the excited band than in the description of the yrasgood agreement fol>Dy, much better than in previous cal-
band. culations. Excited bands that permit one to test the properties

of specific orbitals yield less satisfactory results. Since the
quadrupole moments of the three bands'ifDy and of the
band in'%2Dy have been determined in the same experiment,
The overall agreement between our calculations and exene can put a higher degree of confidence on the relative
periment appears satisfactory. Although, compared to HFvalues between the bands. Our results support the differences
the effect of pairing correlations is generally small, the intro-found between the yrast bands, but there may be some dis-
duction of these correlations allows in some cases a bettérepancies concerning the excited bands. Bands 2 and 4 have
reproduction of data as, for instance, the behavior of thdéhe same quadrupole moment in our calculations, smaller
151Dy moment of inertia as a function of rotational fre- than the yrast>Dy, while experimentally, band 2 is signifi-
guency. On the other hand, pairing does not substantially‘an“y more deformed and the deformatlon of band 4.an.d of
modify some general conclusions that have been drawn pre- Dy yrast band are close. Such a discrepancy may indicate
viously on the basis of pure mean-field calculations. Thethat the SLy4 interaction does not always give the right or-
polarization effects induced by most orbitals remain smaldering of single-particle orbits. We have indeed based our
and the effects of neutron intruders are larger than that ofalculations on the energetically most favored configurations

proton intruders. However, observed bands differ less thaAnd identified the bands on this basis. This has led us to
calculated bands, even if the latter exhibit very similar pat-make assignments for bands 2 and 4 different from the most

terns for their dynamical moments of inertia. usual ones. Unfortunately, bands based on other gp’s are too
The limitations of our treatment of pairing correlations by excited to be calculated. Let US'f|na”y note that there does
means of the Lipkin-Nogami prescription is manifest in thenot seem to be a strong correlation between the value of the

VI. DISCUSSION AND CONCLUSION

calculation of bands of*'Dy, Dy, and *%%Gd. It is a well- quadrupole moments and the behavior of the moments of
known fact that this prescription is not well suited to very Inertia. _
weak pairing regimessee for instancé28]). A difficult but There has been a recent analysis of quadrupole moments

tractable way to go beyond this approximation would consis@f A=150 SD bands within the HF approximatid@7].
in the projection on good partic|e number of the wave funC_Satulaet al. have shown that the Charge moments calculated
tions obtained with the Lipkin-Nogami method. It has indeedWwith respect to**’Dy for many bands in different nuclei can
been explored by Magierskit al.[28] who have shown that Pe accurately expressed in terms of single-particle contribu-
such projection gives a much better approximation of theions. The quadrupole moments that we give in Table Il do
energy obtained by a variation after projection method. It ishot display the same regular behavior. For instance, the ad-
interesting to note that an approximate variation after projecdition of the reductions of quadrupole moments obtained in
tion calculation of the yrast SD band 8Dy has very re- bands2and 3 ot*Dy is larger than the calculated reduction
cently been performed by Anguianet al. [29] with the in *Dy. The few other casefGd and Th bands for in-
Gogny force. They find that the moments of inertia calcu-Stancg that can serve as a test of the additivity rule seem also
lated in this mass region with this force and either the HF oito indicate that this rule becomes less accurate when pairing
the HFB method overestimate the experimental data by aforrelations are introduced.
amount similar to what we have calculated. On the other To conclude on the phenomenon of identical bands, our
hand, an approximate variation after projection has correctetpsults are similar to those obtained by Szyskaand Naza-
this problem and leads to moments of inertia much closer téewicz[30] in a simple mean-field model. For some orbitals,
the data. a cancellation of contributions to the moments of inertia oc-
In several cases, our calculations agree with experimerftur in mean-field methods even when pairing correlations are
for the relative position of gamma-ray energies betweerincluded. However, itis not clear that there exists a “heroic”
152Dy and other nuclei, over a number of transitions that isexplanation of identity of SD bands based on some symme-
large enough not to be fortuitous. However there exist alsd'y of the mean field.
strong disagreements, like 74Dy where data are difficult
to interpret. An interesting case is band 48Dy, where the
theoretical identity of mid gamma-ray energies is much bet-
ter than average, although not as good as in the data. In the The authors thank B. Haas and R.V.F. Janssens for inter-
experimental paper, a configuratipfl1]1/2 was assigned to esting discussions.
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