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Deformation of rotational structures in 73Kr and 74Rb: Probing the
additivity principle at triaxial shapes
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Lifetimes have been deduced in the intermediate/high-spin range for the three known rotational bands in
73Kr and the T = 0 band in 74Rb using the residual Doppler shift method. This has enabled relative transition
quadrupole moments to be studied for the first time in triaxial nuclei as a function of spin. The data suggest
that the additivity principle for transition quadrupole moments is violated, a result that is in disagreement with
predictions from cranked Nilsson-Strutinsky and cranked relativistic mean-field theory calculations. The reasons
for the discrepancy are not understood but may indicate that important correlations are missing from the models.
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I. INTRODUCTION

Studies of nuclei in the N ∼ Z mass 70 region are of great
interest because of the rich variety of physical phenomena
that they display at both low and high spin, with shape
changes as a function of spin and shape coexistence being
just two recently studied examples [1,2]. It is well known
from Nilsson and Woods-Saxon calculations that large prolate
and oblate shell gaps, ∼2 MeV, exist for both neutrons and
protons at β2 ∼ +0.4 for particle numbers 38, 40 and at
β2 ∼ −0.3 for particle numbers 34, 36 [3]. This can lead to
large shape changes in nuclei in this region with the removal
or addition of only one or two nucleons. For example, 72Kr is
expected to have an oblate ground state [4,5] with a low-lying
prolate isomer [6], whereas in 74Kr the situation seems to
be reversed, with a prolate ground state [7] and a low-lying
oblate isomer [2,8,9]. Another phenomenon of great interest
in this region is proton-neutron pairing. Although the role of
the isovector proton-neutron pairing is well established in the
N ≈ Z nuclei, so far there are no definitive indications of the
presence of the isoscalar component of this pairing mode (see
Ref. [10] and references therein). 74Kr also provides the first
experimental evidence for the newly observed phenomenon

*Present address: Variable Energy Cyclotron Centre, Kolkata
700064, India.

of nontermination of rotational bands at I = Imax: here the
bands do not loose their collectivity and thus do not terminate
in a noncollective single-particle state at I = Imax [11]. This
feature is in complete contrast to what is observed for smooth
terminating bands in, for example, 62Zn [12] and 109Sb [13].

Detailed studies require lifetime measurements, because
such data will yield vital information on the influence that
single particle(s) have on the shape of the nucleus and its
evolution with spin, as well as providing important data to
aid the interpretation of the structure of the bands and their
properties. A further interesting feature is that if lifetime
measurements can be obtained for several bands in neighboring
nuclei from a single experiment, it will be possible to test
whether the additivity principle for quadrupole moments is
valid for triaxial or γ -soft nuclei in this mass region. This later
feature is a major goal of the current work.

The basic idea behind the principle of additivity is quite
simple: the value of the physical observable O(k) of the kth
configuration in question, with respect to the value of the same
observable for the “core” configuration, is defined by the sum
of effective contributions of particle and hole states by which
the “core” configuration differs from the kth configuration
[14–16]. The choice of “core” configuration is completely
arbitrary. The additivity of single-particle quantities means
that the polarizations due to different particles and/or holes
are to a large extent independent of one another. The additivity
principle for quadrupole moments has been confirmed so
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FIG. 1. Partial level schemes showing the bands of interest to the present study. The data were taken from Refs. [11,23,32], with a slight
modification to the 74Rb level scheme, which is discussed in Sec. III.

far only for the nuclei in the A ∼ 150 [15,17–19] and
A ∼ 130 [20,21] mass regions of superdeformation, which
are characterized by near-prolate deformation and negligible
pairing between like particles. No studies of the validity of the
principle of additivity have been reported for triaxial or γ -soft
nuclei. The data for the nuclei 73,74Kr and 74Rb allow, for the
first time, tests to be carried out on the validity of the additivity
principle for transition quadrupole moments in rotational
bands that are not axially prolate but are expected to possess
some degree of γ deformation and be γ soft (see Ref. [10]
(in particular, Figs. 2, 11, and 15) and references therein). For
example, the cranked Nilsson-Strutinsky (CNS) calculations
show that in the spin range 12–26h̄ the γ deformations of
the ground-state band in 74Kr, band 4 in 74Rb, and bands
2 and 3 in 73Kr change in the range (1◦ → 9◦), (−4◦ →
8◦), (−11◦ → 16◦), and (−2◦ → 17◦), respectively. Similar
changes in γ deformation have been seen in other assigned
configurations. These bands are observed to moderately high
spin, where pairing may be expected to play a minor role,
a further necessary condition for the additivity principle to
hold [14,15].

In the current work, the lifetimes for all three known bands
in 73Kr have been measured in the intermediate spin range
using thin targets and the residual Doppler shift technique [22].
They have also been determined for the strongest odd spin
T = 0 band in 74Rb (band 4 in Ref. [23]). The results for
the two nuclei are compared with both the cranked Nilsson-
Strutinsky (CNS) [24] and the cranked relativistic mean-field
(CRMF) [25] model calculations. These data also provide the
first opportunity to study the relative quadrupole moments
between bands in the neighboring nuclei 74Kr [11], 73Kr, 74Rb,
because data for 74Kr were measured in the same experiment.
Figure 1 shows the relevant partial level schemes for all of the
bands discussed in this manuscript.

II. EXPERIMENTAL METHOD AND ANALYSIS

The experiment was performed at the Argonne National
Laboratory using the ATLAS accelerator to produce a 40Ca
beam at 165 MeV. This beam was used to bombard a
350-µg/cm2 40Ca target that was flashed on both sides with
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150 µg/cm2 of gold to prevent oxidation. The reaction chan-
nels of interest were 40Ca(40Ca, α2pn)73Kr and 40Ca(40Ca,
αpn)74Rb. γ rays from the nuclei were detected using the
Gammasphere array [26], which consisted of 99 Compton
suppressed Ge detectors, and charged particle identification
was performed using the Microball array [27]. An event
was triggered on the condition of at least four of the high-
performance germanium detectors firing in prompt coinci-
dence. Information from the Microball array, consisting of
the energies and direction of the detected charged particles
and their identification, allowed for an offline event-by-event
reconstruction of the momenta of the residual nuclei [28,29],
thereby resulting in better energy resolution for the γ -ray
peaks.

Events coinciding with the detection of an α particle and
two protons were selected for the nucleus 73Kr, whereas for
74Rb events containing an α particle and a single proton were
used. Further attempts to enhance the channels of interest
using the total energy plane (TEP) method [30] did not
significantly improve the quality of the spectra, hence an
open TEP gate was used in the analysis to maximize statistics.
The events were sorted into five γ − γ matrices with γ rays
detected at any angle on the y axis and events detected at
angles of 35◦, 52◦, 90◦, 128◦, and 145◦ placed on the x axis,
respectively. Some of these are effective angles and result from
combining two rings of detectors in the Gammasphere array.

The lifetimes of the states in three bands in 73Kr and
one band in 74Rb were deduced using the residual Doppler
shift attenuation method [22]. This technique is useful for
measuring the lifetimes of high-spin levels that decay while
the nucleus is recoiling through the target. The events were
Doppler corrected so that the energies of the γ rays emitted
outside the target, i.e., γ transitions at the bottom of the
rotational bands, lined up for all the Gammasphere rings.
This defines the ratio Fout = βout/β0, where βout is the average
velocity of the recoiling nucleus outside the target and β0 is
the velocity that the residual nucleus was produced with at the
center of the 40Ca target. The γ transitions that were emitted
within the target, i.e., those transitions at the middle/top
of the rotational bands, present a ratio of F (τ ) = βτ/β0,
where βτ changes for each transition as a result of the
residual Doppler shift. By plotting the centroid energies of
the Doppler-corrected γ transitions versus the cosine of the
angles for the different Gammasphere rings one can obtain
�F from the slope of this line, which then determines the
final F (τ ), because F (τ ) = Fout + �F . Finally, F (τ ) versus
the spin of the state is plotted. These curves were subsequently
fitted using a code that models the slowing down of the nucleus
in the target and the thin Au backing layer to extract the best fit
quadrupole moments of the states in each band (see Ref. [11]
for details).

III. RESULTS

To produce the Doppler-shifted spectra it was necessary to
gate on in-band transitions for each of the matrices. For band 1
in 73Kr this was achieved by combining four single-gate spectra
produced by gating on the 249-, 393-, 611-, and 1223-keV
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FIG. 2. Partial spectra showing some of the transitions of interest
at effective angles of 35◦ and 145◦ for band 3 in 73Kr and band 4 in
74Rb. Details of the gates used to create the spectra are given in the
text.

transitions (gates on other transitions were not used as they
introduced too much contamination into the sum spectrum).
This was done for each of the angles described above, and
the Doppler-shifted energies were extracted from the summed
spectra. A similar procedure was carried out for bands 2 and
3, with gates of 144, 516, and 712 keV being used for band
2 and 744, 892, and 1085 keV for band 3, respectively. For
band 4 in 74Rb, the gates used were 304, 478, 520, and 824 keV.
Example partial spectra revealing the residual Doppler shifts
are shown in Fig. 2 for two of the bands under investigation.
The intensities of the 304- and 520-keV γ rays indicate that
the order of these two transitions in the T = 0 band (band 4)
in 74Rb should be reversed from that published by O’Leary
et al. [23].

Figure 3 shows the results of the total F (τ ) versus spin
curves for each of the bands along with the best-fit quadrupole
moment curve to the data. The dotted line represents the
constant shift (Fout = 0.891) for the decays that happen outside
the thin target. Because we could obtain spectra only by using
gates at the bottom of the bands of interest, feeding was
assumed to occur into each state for which lifetimes were
extracted. The amount of side-feeding was estimated from
the intensities of the observed γ rays and the feeding was
assumed to be via a rotational sequence of five transitions
with a quadrupole moment equal to that of the in-band decays.
Beyond that, the method of analysis used was similar to that
quoted in Refs. [11,31]. The decay of the nucleus was modeled
using the empirical relation given in Eq. (1) [31].

Qt (I ) = Q
top
t + δQt

√
I top − I . (1)

The “top” superscript indicates the highest state that was
observed experimentally within a given band for which a
centroid shift could be measured. From the current data this
corresponds to I top = 43/2−, 49/2−, 45/2+ for bands 1, 2,
and 3 in 73Kr, respectively, and to 23+ for the T = 0 band in
74Rb. δQt represents the variation of the Qt within a band.
The justification for employing the above procedure, rather
than using a constant quadrupole moment for the entire band,
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FIG. 3. (Color online) F (τ ) versus spin data for the three bands in
73Kr and band 4 in 74Rb. The dotted line represents the F (τ ) (=Fout)
value for decays that occur outside of the target. The solid lines show
the best fit to the data points using the parameters listed in the figure.
The dashed line for band 2 in 73Kr shows the result of the best fit
assuming a constant quadrupole moment, Q, of 2.55 eb for the whole
band.

can be seen in Fig. 3, panel 2, where band 2 in 73Kr has been
fitted assuming a constant Q of 2.55eb. This clearly does not
represent the data very well at high spin. Table I summarizes
the extracted quadrupole moments for the states in each band
studied in 73Kr and 74Rb using the procedure described above.

IV. DISCUSSION

The experimental and theoretical Qt values are compared
in Fig. 4. The calculations were performed earlier using the
CNS and CRMF approaches in Refs. [10,23,32]. Pairing was
neglected in both calculations. Comparison of the CRMF and
cranked relativistic Hartree-Bogoliubov (CRHB) calculations
[33] (see Fig. 4 of the current manuscript for 74Rb and
Figs. 2 and 11 in Ref. [10] for the results related to the bands
in 74Kr and 72Kr) indicates that the impact of pairing on the
transition quadrupole moment is less than 0.2 eb at medium
and high spins. The standard parametrization of the Nilsson
potential [34] was employed in the CNS calculations, whereas
the NL3 parametrization of the RMF Lagrangian was used in
the CRMF calculations [35]. The calculated configurations
are labeled by the number of g9/2 protons and neutrons,
as [p, n]. Furthermore, the configuration assignments for
observed bands at high spin in the nuclei of interest is based
on Refs. [10,23,32] and are shown in Fig. 5.

The above theoretical approaches have been successfully
used to describe the high-spin rotational structures in other
nuclei in this mass region [10,11,36,37]. Taking into account
that the experimental data are subject to a 10–15% systematic

TABLE I. Level energies, spins, and parities, γ -ray energies, F (τ )
values, and deduced quadrupole moments for rotational bands in 73Kr
and 74Rb assuming the functional form of Eq. (1).

Elevel keV Iπ
initial Eγ (keV) F (τ ) Qt (eb)

73Kr—band 1
2865 19

2

−
1034 0.891(7) 2.99(0.08)

4088 23
2

−
1223 0.894(7) 2.95(0.08)

5408 27
2

−
1320 0.901(7) 2.90(0.08)

6568 31
2

−
1160 0.903(4) 2.85(0.08)

7891 35
2

−
1323 0.909(7) 2.78(0.08)

9401 39
2

−
1510 0.931(4) 2.70(0.08)

11106 43
2

−
1705 0.957(4) 2.50(0.08)

73Kr—band 2
3382 21

2

−
1097 0.891(1) 3.26(0.08)

4645 25
2

−
1263 0.896(2) 3.21(0.08)

6027 29
2

−
1382 0.901(2) 3.16(0.08)

7330 33
2

−
1303 0.911(3) 3.10(0.08)

8741 37
2

−
1411 0.926(4) 3.03(0.08)

10356 41
2

−
1615 0.937(4) 2.95(0.08)

12099 45
2

−
1743 0.946(5) 2.85(0.08)

13967 49
2

−
1868 0.958(6) 2.60(0.08)

73Kr—band 3
4401 25

2

+
1246 0.891(2) 2.44(0.08)

5615 29
2

+
1214 0.891(2) 2.39(0.08)

6812 33
2

+
1197 0.893(2) 2.34(0.08)

8109 37
2

+
1297 0.904(3) 2.27(0.08)

9534 41
2

+
1425 0.918(3) 2.19(0.08)

11253 45
2

+
1719 0.947(3) 1.99(0.08)

74Rb—band 4
3137 11+ 824 0.893(5) 3.31(0.22)

4091 13+ 954 0.898(6) 3.28(0.22)

5216 15+ 1125 0.904(8) 3.24(0.22)

6517 17+ 1301 0.923(9) 3.20(0.22)

8006 19+ 1489 0.933(6) 3.15(0.22)

9654 21+ 1648 0.952(10) 3.09(0.22)

11411 23+ 1757 0.959(10) 2.94(0.22)

error in the absolute value of Qt (which is not included in the
experimental error bars in Fig. 3) because of the uncertainty in
the stopping powers, one can say that both the experimentally
deduced absolute values of Qt of the rotational bands in
73Kr and 74Rb and their evolution with spin are in reasonable
agreement with the calculations (see Fig. 4).

Because the experimental data on the lifetimes of high-spin
bands in 73,74Kr and 74Rb were obtained in the same experi-
ment, the relative transition quadrupole moments between the
different bands in these nuclei should not be affected by the
uncertainties in the stopping powers, because these uncertain-
ties are the same for all bands. This experimental fact has been
used earlier in the confirmation of the additivity principle in
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CRHB calculations at both low and high spin (dotted lines).

the study of quadrupole moments of superdeformed bands in
the A ∼ 150 [15,17–19] and A ∼ 130 [20,21] mass regions
for nuclei that are predominantly characterized by axially
symmetric near-prolate deformation. The data for the 73,74Kr
and 74Rb nuclei allow, for the first time, a similar test of
the additivity principle for transition quadrupole moments in
rotational bands that are not axially prolate but are expected to
possess some degree of γ deformation [10].

Figure 6 shows relative transition quadrupole moments
between the bands that differ by the occupation of one
single-particle orbital (see Fig. 5). The pairs of bands 74Kr(A)-
73Kr(1), 74Kr(B)-73Kr(2), and 74Kr(GSB)-73Kr(3) differ from
each other by the occupation of one νg9/2(α = −1/2) orbital.
It is expected that the relative transition quadrupole moments
of these bands will be approximately the same if the additivity
principle for transition quadrupole moments holds [15]. This
feature is seen in the CNS and CRMF calculations where the
�Qt values associated with the occupation of the νg9/2(α =
−1/2) orbital are around 0.2eb and do not show appreciable
dependence on the pairs of bands compared [see Figs. 6(a)–
6(c)]. Experimentally, the relative �Qt values of the pairs of
bands, which differ in the occupation of the νg9/2(α = −1/2)
orbital, show appreciable scattering from pair to pair and only
in the case of the 74Kr(GSB)-73Kr(3) pair [see Fig. 6(c)] are
they close to theoretical predictions. The relative �Qt values
of the other two pairs [see Figs. 5(a) and 5(b)] deviate from
the calculations by 0.2–0.4 eb and, in one case, even differ
by the sign. In the A ∼ 150 nuclei the additivity principle

FIG. 5. (Color online) Configuration assignments to high-spin
bands of 72,73,74Kr and 74Rb. Solid circles and open squares are used to
indicate occupied and unoccupied orbitals, respectively. The orbitals
are labeled with the main oscillator quantum, N , the signature α (in
parantheses) and as a subscript the position of the orbitals within the
N shell (for N = 4 states) and within the group of low-j orbitals for
the N = 3 shell. The orbitals below and above the depicted orbitals
are occupied and empty, respectively.

for quadrupole moments is fulfilled with somewhat better
precision [17,18,38] than in the current case.

In a similar way, the pairs of bands 74Rb(4)-73Kr(1),
74Rb(4)-73Kr(2), and 74Rb(4)-73Kr(3) differ in the occupa-
tion of the π33(α = −1/2), π33(α = +1/2), and πg9/2(α =
+1/2) orbitals, respectively (see Fig. 5). Figure 6 once
again shows that there is no consistent agreement between
calculations and experiment, and that the discrepancy between
experiment and theory can reach 0.4 eb (representing almost
15% of total transition quadrupole moment); a similar value to
that seen between the pairs of bands differing by the νg9/2(α =
−1/2) orbital. Thus, the present experimental results suggest
that the additivity principle for the transition quadrupole
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FIG. 6. Relative transition quadrupole moments �Qt as a func-
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the �Qt measures the effect of the additional particle.
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moments is violated in triaxially deformed rotational bands
of the A ∼ 70 mass region.

Clearly one would wish to investigate the possible reasons
for such a violation of the additivity principle for transition
quadrupole moments. Unfortunately, the measurements of
the Qt values in 73Kr and 74Rb do not extend up to the
highest observed spins where the unpaired picture is fully
justified: the present measurements mainly cover the spin
range where some pairing may be present. We note, however,
that calculations without pairing can describe reasonably well
both the alignment and the level energy minus a rigid rotor
reference energy, E − ERLD, curves at spin I � 15h̄ (see
Refs. [23,32]). This information, together with the above
discussed comparison of the CRMF and CRHB Qt values,
suggests that the like-particle pairing is of relatively minor
importance and therefore should not have a major impact on
the Qt values.

An interesting question is whether the isoscalar t = 0
neutron-proton pairing is involved in this violation of the
additivity principle. The negative-parity bands 1 and 2 in 73Kr
are primary suspects in that respect because they have unusual
band crossings taking place at ω ∼ 0.64 MeV/h̄ [32]. These
crossings were tentatively assigned as being due to a change
from the one-quasiparticle (1-qp) [ν(pf )] configuration to
the 3-qp [π (pf )g9/2 ⊗ ν(g9/2)] configuration rather than the
expected 1-qp [ν(pf )] to the 5-qp [π (g9/2)2 ⊗ ν(pf )(g9/2)2]
configuration, which involves the simultaneous alignment of
g9/2 proton and neutron pairs. An additional and more gradual
crossing takes place within these bands at ω ∼ 0.9 MeV/h̄. The
CNS and CRMF calculations suggest that after this crossing
the negative-parity bands are well described in the formalism
without pairing by the [3,3] configurations (this crossing is
even present in the CNS calculations for the [3,3] conf. (see
Fig. 7 in Ref. [32]), which suggests that it is not necessarily
due to pairing).

0.5 1 1.5
Rotational  frequency ω [MeV]

2

1

0

1

A
lig

nm
en

t
ι e

ff 
 [h

]

0.5 1 1.5

CRMF

73Kr(2)/74Kr(B)

73Kr(1)/74Kr(A)
73

Kr(3)/
74

Kr(gsb)

exp.

(a) (b)

FIG. 7. (Color online) (a) Experimental and (b) calculated ef-
fective alignments of the bands (configurations) that differ in the
occupation of the νg9/2(α = −1/2) orbital. The same combination of
the symbols and lines is used for experimental values (left panel) and
their theoretical counterparts (right panel).

It was speculated in Ref. [32] and later elaborated in
Ref. [39] that this transition from 1-qp to 3-qp configura-
tions involves t = 0 np pair scattering, thus providing an
explanation as to why the E2 transitions between these
configurations are not hindered. However, this interpretation
has been questioned in Ref. [10] by considering related
structures in 70Br and 72Kr. Moreover, the alignment features
of these bands in 73Kr are well described in the total Routhian
surface (TRS) formalism with only t = 1 like-particle pairing
(cf. Fig. 8 in Ref. [32] with Fig. 4 in Ref. [39]); although
contrary to experiment the band crossing at ω ∼ 0.9 MeV/h̄
is washed out in the calculations involving t = 0 np pairing.
In addition, it turns out that similar bands in 75Rb can be well
described without involving t = 0 np pairing [39]. Thus, from
our current understanding of the situation it is quite unlikely
that the violation of the additivity principle can be associated
with isoscalar t = 0 neutron-proton pairing.

Additional insight into the additivity of physical observ-
ables is provided by the analysis of the effective (relative)
alignments ieff of pairs of bands that differ in the occupation of
the same orbital, in our case, of the νg9/2(α = −1/2) orbital
(see Fig. 7). The effective alignment i

B,A
eff of the two bands

A and B is defined [40] as the difference in their spins at
the same rotational frequency ω: iA,B

eff (ω) = IB(ω) − IA(ω).
It depends on the alignment properties of the single-particle
orbital(s) by which the two bands differ and on the polarization
effects induced by the particle(s) in these orbital(s). It is
expected that the effective alignments of different pairs of
bands will be approximately the same if the additivity principle
for angular momentum alignments holds [16]. Indeed, in the
CRMF calculations these alignments are close to each other
within approximately 0.3h̄ [see Fig. 7(b)] at frequencies larger
than 1.0 MeV/h̄. Clearly, the scattering of experimental ieff

values is larger in the same frequency range [see Fig. 7(a)].
This indicates that the angular momenta are less additive
experimentally than the calculations suggest. This in turn
suggests that some correlations that act to destroy the additivity
principle are missing in model calculations. However, these
correlations are unlikely to be associated with np pairing,
because a similar large scattering of effective alignments
attributable to the same orbitals has been seen before in the
smooth terminating bands of the A ∼ 110 mass region in the
spin range where the nuclei are triaxial (see Ref. [40]). In these
latter bands the np pairing plays no role.

A possible scenario for the band crossing observed at
ω ∼ 0.9 MeVh̄ in the negative-parity bands 1 and 2 in 73Kr,
which is visible in the effective alignment plots shown in
Fig. 7(a), and the structure of these bands in the ω = 0.62–
0.9 MeV/h̄ frequency range, can be suggested from the analysis
of the configurations involved and the relevant single-particle
Routhians. The structure of the single-particle 33 orbital
in which the hole is created (see Fig. 5) is different at
ω ∼ 0.64–0.9 MeV/h̄ (emerging from the [310]1/2 Nillson
state) and at ω � 0.9 MeV/h̄ (emerging from the [312]3/2
Nilsson state), leading to an observed crossing. This also
suggests that at medium spin, corresponding to the frequencies
ω = 0.64–0.9 MeV/h̄, the configurations of the observed
bands in terms of occupation of high-j intruder orbitals are
the same as at high spin.
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The following facts support this interpretation. First,
the band crossing at ω ∼ 0.9 MeV/h̄ is not seen in the
73Kr(3)/74Kr(gsb) pair; the 33(±1/2) orbitals are occupied
in both these bands. Thus, the ieff curve for this pair is due
to the alignment of the single νg9/2(α = −1/2) orbital. On
the contrary, this crossing is seen in the 73Kr(1)/74Kr(A) and
73Kr(2)/74Kr(B) pairs, the 33(α = −1/2) and 33(α = +1/2)
orbitals are not occupied in the bands forming the first
and second pairs, respectively (see Fig. 5). The effective
alignments of these pairs of bands reflect the alignment of the
single νg9/2(α = −1/2) orbital at ω � 0.9 MeV/h̄. However,
at frequencies ∼0.64–0.9 MeV/h̄, they are shifted up by
approximately 1h̄ compared with the expected alignment of
the single νg9/2(α = −1/2) orbital [which is similar to that
observed in the 73Kr(3)/74Kr(gsb) pair]. This difference is due
to the fact that the compared bands in this frequency range
differ by the alignment of two additional low-j N = 3 orbitals.

For that scenario to hold, it is necessary that this crossing
is active in the 73Kr(1,2) bands but not present in the
74Kr(A,B) bands. In the calculations, the deformations of the
74Kr(A,B) bands are larger than those for bands 1 and 2 in
73Kr. This increase in deformation is due to the presence
of an additional g9/2 neutron. The crossing of the [310]1/2
and [312]3/2 orbitals takes place at lower frequency with
increasing deformation. If the deformation of the 74Kr(A,B)
bands is sufficiently large, the crossing of the above mentioned
orbitals will occur below the experimentally observed lower
frequency range in these bands. The detailed theoretical
description of this process requires very accurate reproduction
of the single-particle energies for the participating N = 3
orbitals; this is not achievable without additional optimization
of the Nilsson potential or the RMF Lagrangian.

The absence of the holes in the 33 orbitals in the structure
of the 74,75Rb bands provides a possible explanation as to why

they are well described within the standard models containing
only like-particle pairing [23,39]. This is contrary to the case
of the negative-parity bands in 73Kr that most likely requires a
very precise description of the single-particle energies of the
32 and 33 orbitals.

V. SUMMARY

In summary, lifetimes have been obtained for high-spin
rotational bands of 73Kr and 74Rb. These have allowed tran-
sition quadrupole moments to be deduced. Relative transition
quadrupole moments were studied for the first time both as a
function of spin and for triaxial shapes. The data indicate that
the additivity of transition quadrupole moments is violated.
This is contrary to theoretical results that show that even for
triaxial shapes the additivity of transition quadrupole moments
is reasonably well fullfilled. The nature of this contradiction is
not fully understood, although it is not excluded that important
correlations are missing in the models.
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