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A detailed study of known and new SD bands in Tb isotopes has been performed with the use of
the EUROBALL IV ~-ray array. The high-statistics data set has allowed the extension of known SD
bands at low and high spins by new 7-ray transitions. These transitions, as it turns out, correspond
to the rotational frequencies where the principal superdeformed gaps (Z=66, N=86) close giving
rise to up- or down-bending mechanisms. This enables to attribute the underlying theoretical
configurations with much higher confidence as compared to the previous identifications. Five new
SD bands have been discovered, three of them assigned to the '>Tb and the two others to the
151Th nuclei. Nuclear mean-field calculations have been used to interpret the structure of known
SD bands as well as of the new ones in terms of nucleonic configurations.

PACS numbers: 21.10.-k, 27.70.4+q, 21.10.Re, 23.20.Lv, 23.20.En

I. INTRODUCTION formation on the superdeformed nuclei the reader is re-
ferred to the reviews [2]. It is relatively easy to propose
the lowest-energy (1-particle)-(1-hole) excitations across

The phenomenon of nuclear superdeformation at high 1,6 big shell gaps leading to lowest-energy excited bands
spins has been studied intensively since 1986 when the [see the discussion below, and in particular the results in
first superdeformed band in the rare-earth nucleus '*>Dy  pjgg. (3) and (4)]. However, with increasing excitation
has been found, Ref.[l]. The single-particle orbital-  thereis a large increase in the number of possible particle-
structure of the nuclear superdeformed states has been 1o configurations that differ only little in terms of the
relatively simply identified in '*’Dy nucleus and in afew [, excitation energy. Moreover, many of these bands

of its direct neighbors for the yrast, and for a few low-  }have very similar dynamical moment J® vs. rotational
lying excited bands; for the early evolution of the in-



frequency, w, over the whole range of the w-axis where
the corresponding quantities are known experimentally,
and thus the identification of the corresponding bands
turns out to be ambigous.

One possible way out of difficulties related to the iden-
tification of the bands that are increasingly complicated
in their particle-hole structure can be proposed when
studying the typical single-particle routhian structure
around the big SD gaps. In particular, the SD magic
gaps are the largest at small rotational frequencies but
they close gradually with increasing cranking frequency.
It then follows that when the frequencies are sufficiently
large, various characteristic crossings among the single-
particle routhians take place that can be used to identify
the configurations. However, previous experimental data
were often not known sufficiently high in spin and the
comparison of the experimental band crossings with those
characteristic ones predicted by theory was not possible.

In this paper we present the data on the extended yrast
and excited SD bands and also new SD bands in the
151,152 Th nuclei. These data have been obtained in a 17-
day run experiment at EUROBALL IV, whose primary
goal is the search for discrete linking transitions from
the yrast SD band to normal deformed (ND) states in
151Th nucleus [3]. Consequently, a high statistic data
set was obtained. For the eight SD bands already known
in '®1Th, several new transitions have been observed at
the highest rotational frequencies and a precise determi-
nation of many ~-ray energies has been obtained. Five
new SD bands have been discovered, two of them have
been assigned to ®!Tb and three to 152Th.

Owing to the high-quality experimental data, in this
work we were able to identify several critical transitions
that indicate several new crossings between the bands
and consequently help to clarify a number of open ques-
tions related to the interpretation of those bands in terms
of the single-particle routhian structure.

Below we present the new experimental results and
the theoretical interpretation of the structure of the mea-
sured rotational SD bands based on the cranking mean-
field approach with the deformed Woods-Saxon potential
according to its *universal’ parametrisation, cf. Ref. [4]
and references therein. The procedure consists in calcu-
lating the 7(?)-moments of several hundreds of bands at
several deformation points from the vicinity of the av-
erage SD yrast equilibrium deformation. Next, in the
process of attributing the theoretically calculated bands
to the experimental ones, both the similarity of the corre-
sponding J(?) vs. rotational frequency w curves as well as
the theoretical excitation energies and the experimental
population intensities are taken into account as discussed
below in detail.

The present paper is organized as follows: An overview
of previous studies on the ®' Tb nucleus is given in Sect.
II. Some details related to the experimental set-up are
presented in Sect. IIT and the results, including some ex-
amples of the experimental spectra are presented in Sect.
IV (the corresponding Tables of the obtained transition

energies are given in the Appendix). The results from
calculations results and the comparison with experiment
are given in Sect. VL.

II. !'TB NUCLEUS : AN OVERVIEW

The level scheme of !Tb has been determined to
very high spins and excitation energies [5]. The theore-
tical interpretation of its decay pattern associated with
the normal- (as opposed to super) - deformation indi-
cates a gradual transition from a nearly spherical- to
an oblate-shape, the calculated oblate deformation in-
creasing slowly with excitation energy and spin from
B ~ —0.05 up to § ~ —0.20 [5].

The corresponding non-collective transitions are slower
as compared to the two other groups of transitions seen
typically in the nuclei in this mass range: the col-
lective rotational bands associated with the moderate
quadrupole deformation but characterised, according to
the calculations, by a relatively strong triaxiality, and the
superdeformed transitions.

The nucleus %1 Tb has been one of the first nuclei in the
A~ 150 mass region in which many SD bands involving
proton- and neutron-holes in the SD gaps Z = 66 and
N = 86 have been observed [6, 7]. Moreover the first
observation of identical superdeformed bands was made
in this nucleus ([8]).In the following we concentrate on
the SD bands, their properties and interpretation.

III. EXPERIMENTAL CONDITIONS

The Terbium isotopes were produced via the '30Te
(?TAl, xn) reaction at the beam energy of 155 MeV.
A stack of two self-supporting 139Te, each ~ 500 ug
cm ™2 thick was used with the 27 Al beam provided by the
Vivitron accelerator of the Institut de Recherches Sub-
atomiques of Strasbourg, France. The v-ray decays of
the residual nuclei were measured using the Euroball IV
array which consisted of 30 tapered detectors (forward
quadrant), 26 clover detectors (around 90°) and 15 clus-
ter detectors (backward angles). Associated to an inner
ball of BGO detectors (210 crystals), they formed a de-
vice of 164 groups of ’equivalent’ detectors in terms of
solid angle and efficiency - allowing to measure the mul-
tiplicity and the sum energy of y-rays emitted in a nuclear
reaction.

A coincidence fold selection of at least 6 unsuppressed
(4 suppressed) Ge detectors and of at least 10 BGO
ball elements firing was required for selecting high-
multiplicity events. The relative yields of the main evap-
oration channels 5n, 6n and 7n are 13%, 77% and 10%
respectively. After Compton suppression a total yield
of 8.7x10° four-fold and higher-fold events was obtained,
leading to a mean multiplicity value of 5. In the analysis
of the data set a nonspiked database [9] has been used.
The search for new SD bands in Tb isotopes was carried



out using an automatic search code [10] which requires
three of four gates to be satisfied before identifying reg-
ular sequences of y-ray transitions.

IV. RESULTS

In the present data set, due to the very high statistics
and an improved peak-to-background ratio, a total of 15
SD bands has been observed. Apart from the eight bands
previously assigned to !> Tb and two SD bands assigned
to 152Tb, [11], five new SD bands were clearly identified.

The search for new SD structures in these Tb nuclei
turned out to be a delicate task since several factors con-
tributed to technical and/or practical difficulties:

e The overall weak population of the SD bands;

e Competition with low-lying SD bands that are
therefore populated with stronger relative intensity;

e The presence, within one single nucleus, of many
SD bands with similar 7@ behaviour and overlap-
ping over long stretches of rotational frequencies;

e The presence of some SD bands with no regular
behaviour of their 7() moments.

It then follows that considerable efforts were necessary
for the extension of experimental knowledge of well es-
tablished SD bands up to the highest observable frequen-
cies, especially in the feeding region close to the fission
limit.

A careful, complementary analysis has been performed
using a new background subtraction method [12]. By
using background spectra very representative of those in
coincidence with SD bands we succeeded in keeping max-
imum statistics in SD peaks.

The v-ray transition energies of the ten SD bands, la-
belled from 1 to 10 in the > Tb case, and 1 to 5 in that
of 152Th, are listed in Tables III, IV V and VI in the
Appendix. The new SD bands are labelled 9 and 10 and
1 to 3 in ®'Tb and '52Tb, respectively. The new ~-ray
energies observed in this experiment and also the ener-
gies of all the band members already known in 191:152Th
nuclei are included in the Tables.

The spectra of the new SD bands are displayed in
Fig. 1. The highest energy parts of the 151 Tb(1-8) bands,
where the new transitions are clearly seen, are presented
in Fig. 2.

V. CALCULATIONS AND COMPARISON
WITH EXPERIMENT

Structures of all SD bands in 1%%'%2Th nuclei have
been analyzed using the Woods-Saxon Cranking ap-
proach with the 'universal’ parameter set, (see Ref. [4],
and references therein). Detailed calculations show that
the equilibrium deformations depend somewhat on the

particle-hole configuration of the particular SD band in
question. With increasing rotational frequency, most of
the nuclei shrink i.e. the corresponding quadrupole defor-
mation B, decreases. A slight modification in the hexade-
capole deformation (4 accompanies this evolution, but
these are essentially all the systematic shape changes that
are induced by rotation. In particular the triaxiality pa-
rameter 7y remains close to zero for most of the bands
in the nuclei that are close neighbors of the SD doubly-
magic 52Dy nucleus.

In the following calculations, we used the shapes and
shape evolution for the even-even nuclei as tabulated in
Ref. [13]. A typical average deformation corresponding
to the '®2Dy nucleus has been selected for the routhian
diagrams in Figs. (3) and (4) that will be used as the
reference when discussing the particle-hole excitations a-
nalysed below.

We use the usual notation related to the occupation of
the special, intruder orbitals, i.e. those characterised by
N = 6 for the protons and N = 7 for the neutrons. For
instance, configuration corresponding to the occupation
of two proton-intruder levels and three neutron-intruder
levels will be denoted 72v3. For the detailed reference
related to the single-particle routhians, the Nilsson labels
shown in Figs. (3) and (4) will be used.

According to the so-far unexplained 'moment-of-inertia
anomaly’ discussed in Ref. [14], the J(®) moments cal-
culated using the Woods-Saxon mean-field potential are
on the average ~10% larger than the experimental val-
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FIG. 1: Triple-gated spectra showing the new excited SD
bands in the nuclei **'Tb and '5Tb.
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FIG. 2: The highest energy part of double and triple-
gated spectra showing the new «-ray transitions observed in
51T (1-8). The new transitions are labelled by their energy.

ues (here we address the unambigous conclusions based
on the comparison of the regular curves, i.e. not the
ones possibly ’contaminated’ by the band crossings).
The self-consistent Hartree-Fock results produce a simi-
lar anomaly, with the deviations that are slightly smaller,
7-8 %. Since this systematic deviation applies in a simi-
lar fashion to all the bands studied, it has been suggested
[14] to introduce a reduction factor f = 0.9; the corre-
sponding common renormalisation applied to all the cal-
culated moments facilitates the legibility of comparisons
(illustrations) and has been applied also below.

A. Proton Configurations

A quadrupole moment of 17.2 eb, [15], has been at-
tributed to the ®'Tb yrast SD band. This measure-
ment confirms clearly the superdeformed character of the
underlying nuclear configuration. According to the ac-
cepted interpretation, its structure is based on the 76372
configuration in terms of high-N intruder orbitals. The
corresponding explicit Nilsson labels can be read from
Fig. (3): for the protons they are 7 [6601/2)4—-+1/2, and
7]6513/2)q—_1/2. Similarly, the neutron intruder labels
can be read from Fig. (4): they are v [7701/2)4—+1/2-.

The labels 2, 3 and 4 associated with the first three
excited bands reflect the decreasing relative population
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FIG. 3: Single-proton energy levels obtained with the Woods-
Saxon potential as functions of rotational frequency for de-
formation parameters characteristic of the yrast SD band in
152Dy and its closest neighbors. We use the standard nota-
tion for the parity, w, and for the signature exponent . In
particular, the solid lines represent the orbitals with (7, @) =
(—,—1/2); the dotted lines those with (m,a) = (—,+1/2);
the short-dashed lines those with (m,a) = (+,+1/2); the
long-dashed lines those with (m,a) = (+,—1/2). Deforma-
tion parameters: 82 = 0.61, 84 = 0.11.
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FIG. 4: Single-neutron energy levels obtained with the
Woods-Saxon potential as functions of rotational frequency;
for further details see caption Fig. (3).

intensity. The interpretation of the related configura-
tions accepted by several authors is that of the lowest-
lying proton particle-hole excitations (cf. e.g. [14] and
references quoted therein). Here the structures of bands
151Th(2-4) have been re-analyzed taking into account a
more complete experimental information.

The experimental and theoretical dynamical moments
J @ of the SD-bands (1-4) are plotted in Fig. (5) as func-
tions of rotational frequency. As this work has allowed
the identification of new y-ray transitions at very high
frequencies and a higher precision in the measurement
of the SD v-ray transition-energies with weak intensities,
we were able to extract accurate values of dynamical mo-
ments and to observe their behaviour approaching closer



to the fission limit. Modifications in the smooth varia-
tion of 7 at very high w should reflect the crossings of
the bands predicted by theory. These crossings appear at
the frequencies corresponding to the closing up the magic
gaps at the highest frequency limit as discussed above.
Observation of such effects in the experiment imposes
new constraints on the possible particle-hole configura-
tions underlying the description of those SD bands

Band !5'Tb(1). The experimental results for the
yrast band, '°'Tb(1), indicate that the J(® moments
show a regular decrease with frequency up to the high-
est observed values of hw ~ 0.8 MeV with, nevertheless,
some fluctuations at the end of the band. The theore-
tical results for 7 moments based on the 76372 in-
truder configuration indicate a strong discontinuity at a
very high rotational frequency (fiw ~ 0.80 MeV) caused
by the interaction between the 7(3011/2),—_1/2 and
m|7701/2)q=_1 /2 orbitals, visible from Fig. (3). Un-
fortunately, no higher frequencies than hw = 0.8 MeV
have been observed, suggesting either a possible close-
ness of the fission limit or that the strong crossing of the
bands does indeed take place at the predicted frequency
in which case an extra loss of population intensity could
be expected. This is because in such a case the closeness
of the two crossing bands implies a competition in terms
of a given feeding flux that is in such a case splitted into
two, with half the intensity each.
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FIG. 5: Experimental and calculated dynamical moments
J@ (h? MeV™!) as functions of rotational frequency (MeV)
for the proton excited SD bands in '*'Tb. The underlying
particle-hole configurations are displayed in Table I.

Band '5'Tb(2). The measured intensity of the first
excited SD band, %' Tb(2), relative to the yrast band
s ~ 29(3)%. This strongly suggests that at the high
spin window where this band is populated it corresponds

most likely to the second excited routhian. From inspec-
tion of Figs. (3-4) it follows that there are several pos-
sible candidate - configurations possible. In Ref. [14] it
has been proposed that the underlying structure corre-
sponds to the 7 [3011/2),—_1/2 proton hole in the yrast
SD band of '52Dy. In that case, according to Fig. (3)
no manifestation of the crossing between the above men-
tionned orbitals 7 [3011/2)q—_1/2 and 7[7701/2)4—_1/2
is expected.

Band '®'Tb(3). This band is populated with a
relative intensity of 24(2)%, a value very close to the
one for band %1Th(2). This similarity suggests that
the two bands could be signature partners, provided
that the underlying single-particle routhian-partners
do not manifest any dramatic signature splitting.
Concerning the J(®) moment of '5'Tb(3) with the
suggested 76*(|6513/2)q=11/2) 'v7* configuration [14]
a smooth rise is clearly identified above fw ~ 0.65 MeV;
this pattern is explained by the expected crossing just
mentioned [cf. also Fig. (3)].

Band 151Tb(4). Band 4 relative intensity is 13(2)%

In Ref. [14] it has been shown that experimental re-
sults for bands 2 and 4 agree well with configurations
based on exciting either of the signature partners of
the m|3011/2),—41/2 orbitals into the 7 |6511/2)q— 41 /2.
However, the new data allow extending the observed fre-
quency range for band ' Th(4) and therefore to iden-
tify the well pronounced down-sloping in 72’ moment,
at low and high rotational frequencies, which was not
reproduced with previous calculations. Taking into ac-
count that the intensity of band 4 is about half the
one of band 2, a new configuration assignment is pro-
posed based on the excitation of the 7 [301 3/2)q—41 /2 or-
bital into the 7[6513/2),—41/2 one and the excitation of
the v[4111/2),—_, /2 orbital into the v|7613/2)a=11/2
one. The characteristic down-sloping of the theoretical
J® moments with increasing frequency, at fw ~ 0.75
MeV is caused by the crossing of the neutron orbitals
v|7613/2)a11/2 and v5213/2) =11/ Similarly, the
strong down-sloping of dynamical moments with decreas-
ing frequency is caused by the emptied down-bending
v |4111/2),—_1 > neutron orbital [for details of the con-
figurations cf. Table I]. Another interpretation is also
proposed below when discussing band 6 configuration.

B. Neutron Configurations

The experimental results for bands 51 Tb(5-8) indi-
cating a strong correlation with the yrast sequence of
the isotope '3°Tb have been related to neutron particle-
hole excitations [14]. The previous calculations indicate
that several neutron particle-hole excitations give a very
similar dependence of the dynamical moments as func-
tion of rotational frequency. These are excitations from
the v [7701/2),—41/2 orbital to either of the v [4025/2),
v]5213/2) or v|5149/2) orbitals. Therefore only the



TABLE I: Configurations of all SD bands in **'Tb deduced from [14] and this work.

SD Bands Excitation Configuration Similarity

1 yrast 63 @ v7?

2 proton 76%(13011/2)0z1/2) "' @ VT 152Dy yrast
3 proton 76%(16513/2)q—t1/2)" " R VT’ 152Dy yrast
4 proton 76%(13011/2) g y1/2) 7" 152Dy yrast

neutron v7?(|4111/2)0=—1/2) " (|7613/2)0=11/2) T

5 neutron 76° @ 7' (|4025/2)q=t1/2) " 150Th yrast
6 neutron 76° @ v7(|4025/2) 0 —1/2) " 150Th yrast
7 neutron 76° @ v7' (1521 3/2)a=—1/2)"" 150Th yrast
8 neutron 76° @ 7' ([5213/2)q=t1/2) " 150Th yrast
9 neutron 76° @ v7'(15149/2) 0 —1/2) ! 150Th yrast
10 neutron 76° @ v7'(15149/2) g t1/2) " 159Tb yrast
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FIG. 6: Experimental and calculated dynamical moments
J® (h* MeV~!) as functions of rotational frequency (MeV')
for the neutron excitated SD bands in *'Tb.

more likely explanations have been proposed [cf. Table
1.

Bands '%'Tb(5,6). The intensities of bands 5
and 6 relative to the yrast SD band are 13(3)% and
14(3)%, respectively. Concerning the .7(®) moments of
the 151 Th(5,6) signature partner bands their previously
observed degeneracy ceases at very high frequencies as a
strongly marked upbend alters the smooth behaviour of
J® for one component (Fig. 6). Calculations based on
an excitation from the v |7701/2),—11/5 orbital to the
v|4025/2)—+1/2 orbital and for deformation parame-
ters B2=0.59, $4=0.11 agree comparably well with the
experimental data for bands 5 and 6 (Fig. 6). Band 5
corresponds to a neutron excitation from the v |7701/2)

state to the the v|4025/2),—1/2 orbital while band 6
involves the signature partner of the last orbital. This
component interacts strongly with the v [6337/2)a—_1/2
and v |6423/2),—_; /> orbitals at frequencies hw > 0.75
MeV. Thus, those new data have allowed to fix (in the
frame of these calculations) the configurations associated
to bands %1 Th(5,6).

The case of band 4 with two down-bending 7
structures at low (Aw ~ 0.4 MeV) and high (fiw ~ 0.7
MeV) frequencies can be related to the two up-bending
J@  structures (the lowest being expected and the
highest clearly seen) of band 6. This may reflect an
accidental degeneracy in excitation energy, supported
by the fact that those two bands have similar intensities
leading to similar excitation energy. Moreover, making
the assumption that those two bands interact at a spin
of 63.5h (based on the calculations made in Ref. [16]),
their different J(? behaviour means that they also
interact again at the spin 31.5A, which is in good agree-
ment with the rotational frequencies where the up- and
down-bendings occur. On this hypothesis, we should be
able to observe cross-over gamma-rays at the interaction
points. Unfortunately, the two possible crossings occur
at the very bottom and top of both bands hindering
the chance to see any transitions of band 6 in band 4
spectrum, and vice versa. In addition, the interband
transitions for the high frequency crossing would be
very weak as they are located in the SD bands feeding
region. At low frequency these lines are drowned in the
spectrum by a high density of intense normal-deformed
transitions. In conclusion with the present statistics,
there is no way to confirm experimentally the hypoth-
esis of a double SD band crossing between bands 4 and 6.

Bands '5'Tb(7,8). The J?) moments for
bands 7 and 8 do not exhibit marked discontinu-
ities except the presence of weak oscillations above
hw ~ 0.65 MeV. Among the remaining neutron con-
figurations mentionned above, we have associated the
v[521]3/2(a +1/2) to these bands as in Ref.[14]



but at different deformation parameters (82=0.61 and
B4=0.11). The comparison of calculated results obtained
for the v |7701/2)q—41/2 = v [5213/2)q—+1/2 excitation
with experimental ones is presented in Fig. 6. A
pronounced upbend is expected at Aw ~ 0.8 MeV, but
not observed in these data as the last experimental
point corresponds to fw < 0.79 MeV. The measured
relative intensity of bands 7 and 8, 10(3) and 10(2)%
respectively, agree with a configuration assignment of
signature partners with no sizeable signature splitting.

Bands '*'Tb(9,10). The two new '*'Tb(9,10)
bands are the less populated with relative intensities of
8(2) and 7(2)%, respectively. They are characterized by
a J® moment (Fig. 6) similar to those of bands hav-
ing the 763v7! high-N intruder configurations: 1°Gd(3),
150Th(1), 151Th(5,6,7, 8). The ~-ray transition ener-
gies of ®1'Th(9,10) bands resemble those of a signature-
partner pair. The corresponding similarity is remark-
ably well maintained over the full observed frequency
range. The similarity between the 7(» moments in
150Th(1) and in '%1Th(9,10) suggest that the intruder
neutron Routhian v |7701/2),—41/2 is not occupied in
the related configurations and that the corresponding
neutron particle-hole excitation involves a low-lying or-
bital with a small 7@ contribution. Theoretical pre-
dictions favour the neutron excitation v |770 1/2),—1/2
— [514 9/2)q—41/2; according to this, at high rota-
tional frequencies (fw > 0.6 MeV), the crossing of the
v|514 9/2)o—_1/2 and v |521 3/2),—_1 5 is followed by
that of the l/|514 9/2)a=+1/2 and I/|521 3/2)a=+1/2
(Fig.4). Taking into account the similarity between
the calculated curves and the experimental ones, the
76 VT (|T70 1/2)a=11/2) "1 (|514  9/2)q——1,2)*" and
7627|770 1/2)g=11/2) 7" (1514 9/2) g—11/2) " configu-
rations have been assigned to bands 9 and 10, respec-
tively.

C. New excited SD bands in *?Tb

Three new SD bands were clearly identified and as-
signed to 1°2Tb. Bands 1 and 2, with -ray energies very
close to those of the strongly populated 1 Tbh(1) band
were not easily observed. The ~-ray transition energies
of bands 1 to 5 are listed in Table VI. The intensity of
152Th yrast SD band relative to the 5n channel have been
measured to be 1.6%. In Table VI, the bands intensity
are given in percent of the intensity of the yrast band.

The corresponding experimental 7(» moments are
plotted in Fig. 7 as a functions of rotational frequency.
In contrast to already known '®2Tb(4,5) bands with 7 (2)
moments having a regular behaviour, the 72 moments
of ¥2Th(1,2,3) bands display significant irregularities
and therefore comparison with the similar possibly ex-
isting in the literature J(? forms of behavior was not
easy.

Band '52Tb(1). In this analysis the 763273 high-N

intruder configuration has been assigned to *2Th(1) as
the most probable one and we propose it as the yrast
SD band in *2Th. To reinforce this statement, the band
152Th(1) has actually the highest intensity of all bands
found in this nucleus. The comparison between theoreti-
cal results and experimental ones for 152Th(1,2,3) bands
is illustrated in Fig. 8.
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FIG. 7: Experimental dynamical moments J® (h? MeV 1)
as a function of rotational frequency [MeV] for the SD bands
1527p(2), 1%2Dy(2), *°Tb(3) and > Th(1).

Band 52Tb(2). The y-ray energies of »?Th(2)
band are very close to the energies of the »?Dy(2) band
over a large part of the observed energy range. Their
J® moments show the same steeply uprising slope be-
low fw =~ 0.55 MeV (Fig. 7). Above this frequency, all
the bands in question (**2Th(2), !52Dy(2) and 150Tb(3);
manifest the slope similar to that of ' Th(1). The J(
moment of 1°0Th(3) presents similar features, especially
a pronounced increase in 7 below hw & 0.50 MeV.

In Ref. [20] the w6%77%(]3011/2))~1v7? configuration
has been assigned to %2Dy(2) as the most likely inter-
pretation. The increase in J®) below hw = 0.5 MeV
MeV has been attributed to the crossing between the
7 |7701/2) and 7 |3301/2) orbitals. For the 59Th(3)
band the 76%v72 high-N intruder configuration has
been proposed, coupled to a hole in either the |6545/2)
or g651 1/2) neutron orbitals [17]. The sharp rise of
J? at hw ~ 0.45 MeV was associated to a N=7
quasineutron paired band crossing. Our experiment
results for band 2 agree rather well with calculation for a
configuration based on two excitations, one neutron from
the v[4025/2),—41/2 orbital into the v[5213/2)4—11/2
state and a proton from the 7(3011/2),—_1/5 orbital
into the 7(5301/2)4—_1 /2. The neutron excitation has a
relatively low-cost in energy due to a high-density level
of orbitals. The discontinuity in J® observed above
hw ~ 0.7 MeV result from the crossing of the 77! and
™ |530 1/2)a:_1/2 Orbitals.

Band !52Tb(3). According to our calculations,



TABLE II: Configurations of SD bands in '*Tb deduced from [14] and this work.

SD Bands Excitation Configuration Similarity
1 yrast 6 @ vT?
2 proton 76°(13011/2)a=—1/2)" " (15301/2)q—1/2)"" 152Dy (2)
neutron v7?(|4025/2)0—11/2) "1 (1521 3/2)qy1/2) !
3 neutron 76° ® v7*(|4025/2) 0 —1/2) " (|7613/2)g=—1/2) T 150 yrast
neutron 76° @ v7°(|4025/2)a=y1/2) " 151Th yrast
5 neutron 76° ® v7°(|4025/2) q=—1/2) " 151Th yrast

band 152Th(3) is suggested to be based on a neutron
excitation from the v|4025/2),—_1/2 orbital into the
v|7613/2)q=_1/2 one. The discontinuity observed at
Fiw = 0.6 MeV in the 7(?) moment is caused by the inter-
action between non intruder orbitals v[4025/2)q—_1/2
and v |64:2 3/2)01271/2'

Bands 152Tb(4,5).

These two signature partner bands have already been
observed in this nucleus with 7(*) moments very sim-
ilar to that of 15!Tb(1) [11]. With the observa-
tion of new ~-ray transitions in the feeding region,
this similarity is maintained up to the highest ob-
served rotational frequency. These experimental results
agree rather well with calculations for the configuration
76°07%(|4025/2) q=11/2)"" (Fig. 8). Table II summarizes
the configuration assignments for various SD bands ob-
served in 52Tb isotopes.
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FIG. 8: Experimental and calculated dynamical moments
J@ (h? MeV~!)as functions of rotational frequency (MeV')
for the SD bands in 32Tb.

VI. CONCLUSIONS

An extensive study of SD bands in !®L:152Tb iso-
topes has been performed, allowing the re-interpretation
of nucleonic configuration assignments on the basis of
comparison between experimental results and Universal-
Parametrisation Woods-Saxon mean-field calculations.
Five new SD bands have been discovered, raising the
number of known bands to ten and five, in %'Tb and
152Th isotopes, respectively. Among those, two bands
[1*1Tb(4) and '®2Th(2)] have been interpreted as a two
particle-hole excitations (one neutron plus one proton) in
order to reproduce their dynamical moments of inertia.

In the present experiment the experimental data were
obtained during the 17 day run with the EUROBALL IV
array. The obtained high quality spectra allowed to find
the transitions whose presence made it possible to elim-
inate a number of competing single-nucleonic configura-
tions and at the same time propose nearly unambigous
interpretation in terms of the others. Our experiment
shows clearly that the high-precision experimental data
are crucial for determining the underlying single-particle
structure and cross-testing the microscopic nuclear high-
spin theories in an efficient way. This is because the
numerous crossings among the single-particle routhians
that appear at the very high frequency limit where the
superdeformed magic gaps finally close - offer a (com-
plicated but often unique and powerful) scheme of up-
and or down-bending structures that distinguish clearly
among the numerous bands whose dynamical moments
otherwise behave in a very regular manner.

The results obtained here indicate that the most pow-
erful present day detection arrays are at the limit of the
detection capacities needed to perform the conclusive nu-
clear high-spin structure determination. It becomes clear
that with an increase of the detection efficiency by about
a factor of 4 (cf. AGATA and GRETA), a few days run-
ning time experiments of the type performed here will
become of extreme importance in the future with the
beam-time limitations becoming prohibitively scarce.
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VII. APPENDIX

In this Appendix we have summarized the experimen-
tal results obtained so far on the superdeformed bands in
15L152Th nuclei. These results, in the form of the tran-
sition energies are given in Tables III-VL.



TABLE III: Transition energies (keV) and statistical uncer-
tainties for the SD bands in 5! Tb. The symbol * indicates
new transitions or old ones with an enhanced precision. The
band intensities are given in percent of the intensity of the
yrast band. The error bars include the statistical fluctuations
and the dispersion of the band intensity along the SD band

plateau.

Band 1 Band 2 Band 3 Band 4
100(2)% 29(3)% 24(3)% 13(2)%

556.2(2)"

601.1(3)

646.2(2)

691.4(1) 681.2(3)
737.0(1) 726.9(3) 691.7(3)*
768.6(1) 782.9(1) 773.5(3) 755.9(3)*
810.8(1) 828.4(2) 820.5(3) 815.6(4)
853.9(1) 874.6(1) 867.8(3) 865.3(3)
897.7(1) 921.4(1) 915.6(3) 913.4(3)
942.6(1) 968.2(2) 963.9(3) 960.7(3)
988.2(1) 1015.4(1) 1012.8(3) 1008.5(3)
1034.7(1) 1063.0(1) 1061.8(3) 1056.0(3)
1081.8(1) 1110.7(2) 1111.1(3) 1104.0(3)
1129.8(1) 1158.7(2) 1160.3(3) 1151.9(3)
1178.5(1) 1206.9(2) 1209.8(3) 1200.3(3)
1227.9(1) 1255.0(2) 1259.4(3) 1248.5(3)
1278.0(1) 1303.3(2) 1309.0(3) 1296.9(3)
1328.4(1) 1351.4(1) 1358.7(3) 1345.4(3)
1379.5(1) 1399.8(2) 1408.2(3) 1394.3(3)
1431.1(1) 1448.2(2) 1457.7(3) 1443.3(3)
1483.3(1) 1496.3(2) 1506.6(3) 1494.6(4)*
1535.5(2) 1544.1(3)* 1555.8(4)* (1559(2))*
1589.1(4)* 1594.2(1.0)" 1604.3(1.0)"

1642.6(1.0)*
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TABLE IV: Similar to that in Table III but for Bands 5-8.

Band 5 Band 6 Band 7 Band 8
13(3)% 14(3)% 10(3)% 10(2)%
709.8(3) 790.6(3) 754.3(4)
760.6(3) 838.5(3) 806.5(4) 831.8(3)"
810.9(3) 889.1(3) 857.0(4) 882.4(3)
862.3(3) 940.5(3) 908.2(4) 933.7(3)
913.7(3) 991.9(3) 959.6(4) 985.4(3)
965.6(3) 1044.5(3) 1011.3(4) 1037.7(3)
1018.5(3) 1097.1(3) 1063.5(4) 1089.7(3)
1071.0(3) 1150.1(3) 1116.0(4) 1142.0(3)
1123.4(3) 1203.0(3) 1168.8(4) 1195.0(3)
1176.2(3) 1256.4(3) 1222.2(4) 1248.4(3)
1229.8(3) 1309.9(3) 1275.2(4) 1301.5(4)
1282.4(3) 1363.5(3) 1328.1(4) 1355.1(3)
1337.1(3) 1417.3(1.0) 1381.9(4) 1408.9(4)
1391.2(3) 1469.6(4) 1435.7(4)* 1463.5(4
1445.5(4) 1519.6(1.0)* 1489.2(4)* 1517.6(4)*
1499.6(4) 1558.8(1.1)* (1545.3(1.0))*
1553.6(5)*

TABLE V: Similar to that in Table III, but for Bands 9-10.

1548(2

Band 9 Band 10
8(2)% 7(2)%
824.4(5)
873.9(3)
924.2(4)
975.7(3)
1026.6(3) 1001.6(4)
1077.8(4) 1051.2(4)
1130.3(3) 1102.9(4)
1181.4(4) 1155.2(5)
1233.7(4) 1207.4(4)
1285.6(4) 1259.8(4)
1338.4(4) 1312.0(4)
1391.9(4) 1363.4(5)
1444.2(5) 1416.5(4)
1497.3(6) 1469.1(5)
(2)
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TABLE VI: Transition energies (keV) and statistical uncer-
tainties for the SD bands in '52Tb. The symbol * indicates
new transitions or old ones with an enhanced precision. The
band intensities are given relatively to the 5n reaction channel
population. The error bars include the statistical fluctuations
and the dispersion of the band intensity along the SD band

plateau.

Band 1 Band 2 Band 3 Band 4 Band 5
1.6% 1.2% 0.6% 0.6% 0.5%
779.5(3)* 801.0(3)
821.4(3)* 843.6(3)
865.4(5)* 887.5(3)
927.5(5) 908.7(3) 931.9(3)
966.5(5) 953.6(4) 977.7(3)
962.8(3) 1007.0(5) 980.9(3) 999.3(4) 1023.1(3)
1015.2(3) 1047.2(3) 1030.4(3) 1045.2(3)* 1070.3(3)
1068.1(3) 1089.3(3) 1082.2(3) 1093.1(3)* 1118.4(3)
1120.6(3) 1132.5(3) 1134.1(3) 1141.1(5) 1166.8(3)"
1174.5(3) 1180.5(3) 1184.7(3) 1190.6(4)*  1215.4(3)
1227.8(3) 1230.0(3) 1242.8(3)  1240.1(4) 1265.7(3)*
1280.0(3) 1280.9(3) 1293.9(3) 1290.9(3) 1316.4(3)*
1330.8(3) 1332.7(3) 1345.0(3) 1341.7(4) 1366.4(3)
1382.7(3) 1391.0(5) 1397.3(3) 1392.7(4)* 1419.5(4)*
1429.0(6) 1444.5(1.0) 1439.0(1.0) 1443.6(5)" 1470.7(1.0)"

1482.0(1.0) 1498.0(1.0) 1496.3(1.0)*

15340(1.0)
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