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Signature splitting inversion and backbending in 80Rb
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High-spin states of 80Rb are studied via the fusion-evaporation reactions 65Cu + 19F, 66Zn + 18O, and 68Zn + 16O
with the beam energies of 75 MeV, 76 MeV, and 80 MeV, respectively. Twenty-three states with twenty-eight
γ transitions are added to the previously proposed level scheme, where the second negative-parity band is
significantly pushed up to spins of 22− and 15− and two sidebands are built on the known first negative-parity
band. Two successive band crossings with frequencies 0.51 MeV and 0.61 MeV in the α = 0 branch as well as
another one in the α = 1 branch of the second negative-parity band are observed. Signature inversions occur in the
positive-parity and first negative-parity bands at the spins of 11h̄ and 16h̄, respectively. The signature splitting is
seen obviously in the second negative-parity band, but the signature inversion is not observed. It is also found that
the structure of the two negative-parity bands is similar to that of its isotone 82Y. Signature inversion in the positive-
parity yrast band with configuration πg9/2 ⊗ νg9/2 in this nucleus is discussed using the projected shell model.
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I. INTRODUCTION

The character of the nuclei in the mass A = 80 region shows
a strong competition between the single-particle excitation
and collective rotation. Existing research results indicate that
nuclei with the neutron number less than 44 possess strong
collective rotations while those with the neutron number more
than 47 show obviously single-particle excitations. In the end
of last century, neutron-deficient odd-odd nuclei in the A =
80 mass region attracted so much attention that a great many
experimental research results have been achieved in nuclei,
e.g., 76Rb [1], 78Rb [2], 78Br [3], and 82Y [4], etc. Our present
experimental research object is focused on 80Rb, which has 43
neutrons and hence its structure is mainly characterized by the
collective rotation.

So far, in the neutron-deficient nucleus 80Rb high-spin states
have been studied via the reaction 51V(32S, 2pn) [5], and the
spins of the positive-parity yrast band and first negative-parity
band were extended to 25h̄ and 23h̄, respectively. Later, the
high-spin states of 80Rb were populated through the 55Mn(28Si,
2pn) reaction at 90 MeV and the quadrupole deformations
|β2| ≈ 0.3, which were predicted to be nearly oblate, of 13
levels and the lower limits for four levels in 80Rb were
determined experimentally [6]. In addition, the total Routhian
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surface (TRS) calculations carried out by Cardona et al. [6]
predict that for the positive-parity states with low frequencies,
the nucleus 80Rb is γ soft, with a quadrupole deformation
β2 ≈ 0.33. As the frequency increases, for example at h̄ω =
0.492 MeV, two minima become visible at γ = 19◦ and
γ = −30◦. The second minimum remains over the entire
range of frequencies measured in that experiment, i.e., for
spins greater than 9h̄, and evolves towards an oblate shape
as the frequency increases. The TRS calculations for the
negative-parity states of the π (p1/2 or p3/2 or f5/2) ⊗ νg9/2

configuration predict an oblate equilibrium shape with similar
deformation parameters over the entire range of measured
frequencies, i.e., above the I = 9− level. Our purpose of the
present study is to extend the levels to higher spins, especially
populate more side bands with lighter projectile and study
its structural features. The paper is arranged as follows: the
experiment details and results are given in Sec. II. We analyze
and discuss in Sec. III experimental results of the signature
splitting and inversion of the negative-parity band of 80Rb
as well as its neighboring isotones and isotopes. Theoretical
study of the positive-parity yrast band is presented in detail in
Sec. IV. Finally the work is summarized in Sec. V.

II. EXPERIMENT DETAILS AND RESULTS

High-spin states in 80Rb are populated via fusion-
evaporation reactions using the 75 MeV 19F, 76 MeV 18O,
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TABLE I. The DCO ratios of strong γ rays in 80Rb deduced from the present experiment.

Ei
a Eγ

b Egate
γ

c Iπ
i

d Iπ
f

e RDCO
f Ei

a Eγ
b Egate

γ
c Iπ

i
d Iπ

f
e RDCO

f

(keV) (keV) (keV) (keV) (keV) (keV)

1542 418 472 (10+) (9+) 0.95 6137 1294 175 (17−) (15−) 1.20
2027 485 472 (11+) (10+) 0.87 7544 1407 175 (19−) (17−) 1.03
3152 472 472 (13+) (12+) 0.80 9038 1494 175 (21−) (19−) 0.80
2027 903 472 (11+) (9+) 2.26 644 246 175 (6−) (4−) 1.08
3152 1125 472 (13+) (11+) 2.09 884 240 175 (7−) (6−) 0.50
4446 1294 472 (15+) (13+) 2.41 1205 561 175 (8−) (9−) 1.08
5907 1461 472 (17+) (15+) 2.28 1999 794 175 (10−) (8−) 1.63
7554 1647 472 (19+) (17+) 1.95 2999 1000 175 (12−) (10−) 1.33
9329 1775 472 (21+) (19+) 2.06 4185 1186 175 (14−) (12−) 1.59
652 156 890 (8+) 6+ 0.98 5547 1362 175 (16−) (14−) 1.35
2680 1138 890 (12+) (11+) 0.96 765 268 175 (6−) (5−) 0.61
4033 1353 890 (14+) (12+) 1.04 765 367 175 (6−) (4−) 0.99
472 96 175 4(+) 3+ 0.94 765 346 175 (6−) (4−) 1.03
2709 160 175 (3−) 2(−) 0.95 1411 646 175 (8−) (13−) 1.24
418 84 175 (4−) (3−) 0.52 2260 849 175 (10−) (14−) 1.26
496 78 175 (5−) (4−) 0.63 3269 1009 175 (12−) (14−) 1.70
398 63 175 (4−) (3−) 0.60 4355 1086 175 (14−) (15−) 1.67
486 88 175 (5−) (4−) 0.50 581 183 175 (5−) (4−) 0.52
884 398 175 (7−) (5−) 0.94 1066 485 175 (7−) (5−) 0.92
1592 708 175 (9−) (7−) 1.08 1066 580 175 (7−) (5−) 1.28
2507 915 175 (11−) (9−) 1.33 1849 784 175 (9−) (7−) 1.33
3599 1092 175 (13−) (11−) 1.68 2787 938 175 (11−) (9−) 1.47
4843 1244 175 (15−) (13−) 1.26 3906 1119 175 (13−) (11−) 1.46

aEnergy of the initial state.
bTransition energy.
cEnergy of the gating transition used for the determination of the DCO ratio.
dSpin and parity of the initial state.
eSpin and parity of the final state.
fDCO ratio.

and 80 MeV 16O beams (the intensities of these three
beams are all I ∼ 1 pnA) provided by the HI-13 Tandem
accelerator at China Institute of Atomic Energy (CIAE)
and Tandem accelerator at Japan Atomic Energy Research
Institute (JAERI), respectively, and the beam energy is chosen
on the basis of cross-section calculations and excitation
function measurements. The γ -γ coincidence and directional
correlation of oriented nuclei (DCO) ratios are measured by
two detector arrays consisting of 10 (efficiencies 25% to
35%) and 12 (efficiencies 40% to 60%) Compton-suppressed
HPGe-BGO detectors at CIAE and JAERI, respectively. Each
detector has an energy resolution of about 2 keV for 1332.5
keV γ ray. Energy and relative efficiency calibrations of the
detector are performed using standard sources such as 60Co
and 152Eu mounted at the target position. In this experiment,
the isotopically enriched 65Cu, 66Zn, and 68Zn targets are all
self-supporting thin targets, which are rolled into thickness of
0.56 mg/cm2, 0.62 mg/cm2, and 0.57 mg/cm2, respectively.
The targets consist of a stack of two foils, which can increase
the yield as well as avoid the deterioration of γ -ray energy
resolution caused by Doppler effect in the thick target. These
detectors are placed at ±30◦, ±60◦, and ±90◦ relative to
the beam direction. Events are collected, in an event-by-event
mode, when at least two Compton-suppressed Ge detectors

fire in coincidence. A total of 2.0 × 108 and 3.0 × 108 double-
or higher-fold coincidence events are accumulated in each
experiment at CIAE by using the first two reactions and
JAERI, respectively. A two-dimensional γ -γ coincidence
matrix is established with experimental data of the reactions
65Cu + 19F and 66Zn + 18O. After accurate gain matching for
the experimental data acquired at JAERI, we construct the
γ -γ coincidence matrix and DCO ratio matrix. To obtain the
DCO ratios of the γ rays, the data are sorted offline into an
angle-related Eγ -Eγ matrix by placing the events recorded
in the detectors at 90◦ on the x axis, whereas the events
recorded in the detectors at ±30◦ angles are on the y axis.
The DCO ratio matrix is used to assign the multipolarity of
the γ transition, then to help assign the spin of the relevant
level. The DCO ratios deduced for strong γ rays in 80Rb are
listed in Table I. The γ -γ coincidence data are analyzed with
the RADWARE software package [7] based on a Linux-PC
system. After gating on the previously known γ transitions,
besides the known γ transitions we have identified more than
30 γ transitions, which belong to this nuclide. As an example,
the sum coincidence spectrum gated on the 268, 367, and
646 keV γ rays is shown in Fig. 1. Gated spectra are produced
for each of the γ -rays assigned to 80Rb. Selected coincidence
spectrum obtained by gating on the 472-keV transition is
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FIG. 1. Sum coincidence spectrum of γ rays produced by gating
on the lines of 268, 367, and 646 keV. The spectrum is from the
experiment of 68Zn(16O, 1p3n)80Rb reaction done in JAERI.

shown in Fig. 2(a), where the transitions in positive-parity
yrast band are clearly seen, and spectra obtained by gating
on the 915- and 244-keV transitions are shown in Figs. 2(b)
and 2(c), respectively, where most of the discovered γ rays
in negative-parity bands are shown. Twenty-three states with
twenty-eight γ transitions are added to the previously proposed
level scheme, as shown in Fig. 3. Compared to previous
works [5,6], the present experiment increases by 4h̄ the even
spin sequences (α = 0) of both the positive-parity yrast
and first negative-parity bands and establishes some sideband
transitions. Two E2 transition strings are observed sitting on
the 11− and 13− levels of the first negative-parity band. And
the present work pushes the spin of the second negative-parity
band from 12− to 22− (α = 0) and from 11− to 15− (α = 1).
The γ ray above the 6+ level cannot be observed from the
prompt coincidence spectrum gated on the γ ray below 6+
level because the 6+ state is an isomer, so the relative intensities
of the γ rays cannot be given consistently. In addition, the
relative intensities of the γ rays cannot also be derived from
the total-projection spectrum because of the interference from
other reaction channels.

Tandel et al. [5] assumed the configuration of the first
negative-parity band of 80Rb to be (πf5/2 ⊗ νg9/2), a two-
quasiparticle (qp) state in which the first backbending with
frequency 0.63 MeV is due to the alignment of a pair of g9/2

protons and the second backbending due to a pair of g9/2

neutrons. Shown in Fig. 4 is the experimental alignments of
the second negative-parity bands in 80Rb and its neighboring
isotone 82Y [4], in which the Harris parameters used for
reference, taken from Ref. [5], are J0 = 21h̄2MeV−1 and J1 =
0h̄4MeV−3. Two successive band crossings with frequencies
0.51 and 0.61 MeV in 80Rb are deduced from this figure.
The first band crossing is very close to that in 82Y, the
difference is only 0.02 keV. The high similarity of their
alignment patterns indicates that the 80Rb and 82Y have the
similar configurations for the second negative-parity band. As
the configuration π [f5/2 + p1/2] ⊗ νg9/2 has been assigned to
82Y, one may conclude that the backbending of 80Rb in the

frequency 0.51 MeV is formed by the uncoupling alignment
of a pair of g9/2 protons.

There may be a band crossing with frequency 0.54 MeV
in the α = 1 branch of the second negative-parity band,
it is slightly higher than that in the α = 0 branch of this
band. It is difficult for us to define the nature of these band
crossings in the absence of experimental information, such
as lifetime and g-factor measurements as well as relevant
theoretical calculations. However, the possible explanation
can be presented in comparison to that of its isotone 82Y as
mentioned above, the adjacent nucleus 79Kr [8] and the first
negative-parity band of 80Rb. Tandel et al. [5] and Paul et al. [4]
have tentatively assigned the configuration π [f5/2 + p1/2] ⊗
νg9/2 or πf5/2 ⊗ νg9/2 to the second negative-parity band. This
configuration for two-quasiparticle states means that a g9/2

neutron pair cannot be a part of the four-quasiparticle band,
since the first neutron crossing is blocked. The isotone nucleus
79Kr (N = 43) has the similar oblate ground state deformation
and the first neutron crossing is also blocked, therefore it is
able to compare to that in 80Rb. The first band crossing at
0.55 MeV and the second up-bend at frequency 0.75 MeV
in the negative-parity band in 79Kr has been attributed to
the alignments of a pair of g9/2 protons and a pair of g9/2

neutrons, which is consistent with that of total Routhian surface
calculations in 79Kr [8], the latter indicated that the first band
crossing occurs at frequency 0.5 MeV due to a pair of g9/2

proton alignment and the second crossing above 0.6 MeV is
attributed to a pair of g9/2 neutron alignment. The similarity
in the crossing frequencies (0.51 and 0.61 MeV of 80Rb) and
the nature of interaction of the quasiparticle bands in 79Kr and
80Rb, can suggest that the first and second band crossings in the
second negative-parity band of 80Rb result from the alignments
of a πg9/2 and a νg9/2 pair, respectively.

III. SIGNATURE SPLITTING AND INVERSION

The signature splitting and inversion are best visualized
by plotting the experimental quantity [E(I ) − E(I − 1)]/2I
as a function of the spin I of the initial state. The plot of
[E(I ) − E(I − 1)]/2I vs I for the positive-parity yrast band
observed in the present work is similar to that of Tandel
et al. [5]. There are obvious signature splitting and inversion
in this band, where the energy difference E(I ) − E(I − 1)
of odd-spin states is higher in the low-spin region while
the energy difference of even-spin states is higher after the
signature inverts at the spin I = 11h̄ and the magnitude of the
signature splitting increases with spin.

In this section, we discuss mainly the signature splitting
and inversion of the negative-parity bands of 80Rb as well
as its neighboring N = 43 odd-odd isotones 78Br [3] and
82Y [4] and odd-odd isotopes 78Rb [2] and 76Rb [1]. Plotted
as functions of spin I in Figs. 5(a)–5(c) are the energy
differences [E(I ) − E(I − 1)]/2I of the first negative-parity
bands of 78Br [3], 80Rb, and 82Y [4], respectively. One sees
from Fig. 5(a) that the signature splitting exists in this band
and the signature inversion occurs at the spin I = 13. It
is also noted in Fig. 5 that the features of the quantity
[E(I ) − E(I − 1)]/2I are quite similar among these three
nuclei. The energy difference E(I ) − E(I − 1) of the odd-spin
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FIG. 2. Spectra of γ rays gated on (a) 472 keV, (b) 915 keV, and (c) 244 keV transitions, respectively. The γ rays marked with an asterisk
are contaminations originated from reaction products 77,79,80Kr and 77Br. The spectra are from the experiment of 68Zn(16O, 1p3n)80Rb reaction
done in JAERI.

states is larger than that of even-spin states for low-spin
states, but this pattern reverses so that the energy difference
E(I ) − E(I − 1) in even-spin states is larger than that of
odd-spin states after 78Br and 80Rb exhibit the signature
inversions at spin 13h̄ and 16h̄, respectively. It can also be
seen from Fig. 5 that, with the proton number increasing, the
signature inversion happens to delay. The signature inversion
in 82Y can not be observed even up to the spin state I = 18.
The patterns of the signature splitting and inversion of the first
negative-parity band of 78Br and 80Rb are similar to that of
their positive-parity yrast bands.

Shown in Figs. 6(a)–6(c) are the quantities [E(I ) − E(I −
1)]/2I , as functions of spin I , of the first negative-parity bands

of 80Rb, 78Rb, and 76Rb, respectively. It can be seen from
Fig. 6 that for the Z = 37 odd-odd isotopes the magnitude of
signature splitting doesn’t change much with the increasing
of the neutron number at lower spin states. But the signature
splitting pattern of 80Rb is different from that of 78Rb and 76Rb,
that is, the energy difference E(I ) − E(I − 1) of odd-spin
states of 80Rb is larger than that of even-spin states in the
low-spin region. After passing the signature inversion point
16h̄ state, the level energy difference E(I ) − E(I − 1) of
even-spin states of all these three nuclei is larger than that
of odd-spin states and the splitting increases gradually with
the spin at higher-spin states. The reason behind the presence
of this different pattern in 80Rb with its isotopes is still an
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FIG. 3. A partial level scheme of 80Rb
proposed in the present work. The transition
energies are given in keV. It should be noted
that the 6+ state is a μs isomer, and therefore
the transitions feeding this state do not have
a prompt coincidence with those below it.

open question. Some of the earlier works [9–11] have been
done by Liu et al. in A ∼ 130 and A ∼ 160 mass region. They
reassigned the spins in some nuclei, which are not according
with the systematics.

There may exist a reversal in phase of signature splitting
pattern between the spins 7h̄ and 8h̄ in 80Rb, 78Br, 78Rb,
and 76Rb. The signature inversion in this mass region has
been discussed based on the particle plus rotor approach
[3,12], which attributes the inversion to a change from the

excitation modes involving both the quasiparticle alignment
and collective rotation at low spins to involving only the
rotation at high spins. The inversion should occur after the
highest value available from the intrinsic motion of two
quasiparticles in the odd-odd nucleus has been reached. Tandel
et al. [5] has assigned the configuration πf5/2 ⊗ νg9/2 to
the first negative-parity band and a similar configuration to
the second negative-parity band, the highest value 7h̄ can be
obtained from those configurations, above which the rotational
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FIG. 4. Experimental alignments of the second negative-parity
bands in 80Rb and its neighboring isotone 82Y.

band can be generated by collective motion. Therefore, the
inversion at about 7h̄ can be understood by means of two
fully aligned quasiparticles with the πf5/2 ⊗ νg9/2 and similar
configurations connected with collective motion of a system.
For the signature inversion that occurs at spin 16h̄ in the first
negative-parity band, Tandel et al. [5] has given an explanation
by means of that in 79Rb [13] the α = 0 signature partner is
favored below 15h̄, which remains in an oblate shape with a
large negative value of γ approaching −60◦ while the α = 1
component would be driven towards the prolate axis with
γ = 0◦ or a small triaxial deformation with a positive γ value.

Among the isotones of 80Rb only in 82Y the second
negative-parity rotational band has been observed, so that the
signature splitting of that band of only these two isotones is
shown in Fig. 7, which looks quite similar and is also similar to
their positive-parity yrast band and first negative-parity band
except for a small difference in low-spin states. That there is
signature difference in the low-spin state 6− may rely on the
complexity of depopulated γ transitions in low-spin states. In
well-defined collective rotation bands, the energy of each level
follows the regularity of I (I + 1), but the low-spin states may
not follow this rule well, they still do not really feed into this
collective rotation band. So far, no signature inversions have
been observed in second negative-parity rotational bands in
these two nuclei.

IV. THEORETICAL STUDY OF POSITIVE-PARITY
YRAST BAND

In this work, to study the underlying mechanism of
signature inversion in the positive-parity yrast band in mass
A ∼ 80 region, we apply the projected shell model (PSM)
to the representative nucleus 80Rb. The theoretical model
is described in detail in Ref. [14]; here we focus on the
application of the PSM to 80Rb. Prior to the present work,
there has been a lack of information concerning the mechanism
of the signature inversion about the positive-parity yrast
band in this nucleus. The signature inversion phenomenon
in 74Br, 76,78Rb, and 80,82Y has been studied in detail via the
projected shell model (PSM) approach [15], where the basis
deformation ε2 is separately fixed for each nucleus. However,
the calculations in Ref. [15] fail to reproduce the signature
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FIG. 5. Comparison of signature splitting and inversion for the
first negative-parity bands of 78Br, 80Rb, and 82Y.

inversion observed at low spins in these nuclei, which suggests
that one may need to consider other mechanisms that could
cause the inversion.

In the present work, the spin-orbit force parameters, κ
and μ, appearing in the Nilsson potential are taken from
the compilation in Ref. [16], which is a modified version
of that given in Ref. [17] that has been fitted to the latest
experimental data then. The parameters in Ref. [16] are
supposed to be applicable over a sufficiently wide range of
shells. The values of κ and μ are different for different major
shells (N dependent). About ten years ago, based on available
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FIG. 6. Similar to Fig. 5, but for the first negative-parity bands of
80Rb, 78Rb, and 76Rb.

experimental data then, a new set of Nilsson parameters was
proposed by Sun et al. [18] for proton-rich nuclei with proton
(neutron) numbers 28 � P (N ) � 40. Considering that the
nucleus studied in the present work has a neutron number 43,
we believe that this set of parameters is not very suitable for
the nucleus 80Rb, although the Nilsson parameter set proposed
by Zhang et al. [16] was deduced for A ≈ 120 − 140. The
pairing gaps are calculated using the four-point formula [19],
where the binding energies of the relevant nuclei, B, are
taken from Ref. [20], and experimental data are adopted if
only they can be supplied. We obtain 
p = 1.215 MeV and

n = 1.1025 MeV. In the present calculations, we carefully
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FIG. 7. Similar to Fig. 5, but for the second negative-parity bands
in 80Rb and 82Y.

choose the monopole pairing strength GM for each type
of nucleons, which approximately reproduce the observed
odd-even mass difference in the mass region (i.e., the pairing
gaps 
n and 
p deduced from the BCS calculations reproduce
the above mentioned 
n and 
p, respectively). Finally, the
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FIG. 8. Transition energies of the positive-parity yrast band of
80Rb as a function of the spin I of the initial state. The energy
difference E(I ) − E(I − 1) is compared between the theoretical
predictions (open circles) and experiment data (solid circles) of our
present work.
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FIG. 9. TRS plots in the (β2, γ ) polar coordinate system for the positive-parity states in 80Rb with signature α = 0 at h̄ω = 0.0 (upper left),
0.2 (upper right), 0.4 (lower left), and 0.6 MeV (lower right) corresponding to I ∼ (0 − 15)h̄. A prolate (oblate) shape corresponds to a
triaxiality of γ = 0◦(–60◦). The black dot represents the overall minimum in each panel. The contour lines are separated by 200 keV.

quadrupole pairing strength GQ is assumed to be proportional
to the monopole strength, GQ = 0.16GM . In this work, the
quadrupole deformation parameter is taken as ε2 = −0.2832
from Ref. [6] as we believe that this value is more valid since it
is deduced from the experimental data. It should be pointed out

here that the relationship between the deformation parameters
ε2 and β2 is the same as that in Ref. [21]. If the first term
is adopted only, then ε2 = −0.2832 equals approximately to
β2 − 0.3. The hexadecapole deformation parameter ε4 = 0.067
is taken from the compilation of Möller et al. [20]. In
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our calculations, the configuration space is constructed by
selecting the qp states close to the Fermi energy in the N
= 4 (N = 4) major shell for neutrons (protons), i.e., all
orbitals of the g9/2 subshell and the K = 5/2 orbital of the
d5/2 subshell (the K = 3/2, 5/2, 7/2, 9/2 orbitals of the
g9/2 subshell) are selected, and forming multi-qp states from
them. Comparison of the experimentally observed signature
inversion in the positive-parity yrast levels of 80Rb with the
prediction of the PSM is given in Fig. 8. The experimental
data are taken from our present work. Because of the absence
of experimental datum for the 7+ level, the experimental
transition energies between levels 8+ and 7+ and between
levels 7+ and 6+ are not given in Fig. 8. As can be seen from
Fig. 8, the agreement between the calculation and experiment
is quite satisfactory above I ≈ 9h̄. The energy splitting at
higher spins is well reproduced, indicating that the important
influence on the yrast band from the low-K components of
the g9/2 valance neutrons and protons are correctly accounted
for by the configuration mixing. However, the calculation does
not reproduce the signature inversion observed at low spin in
80Rb.

To analyze the deformation for the positive-parity state of
this nucleus in detail, total Routhian surface (TRS) calculations
are carried out by means of the pairing-deformation-frequency
self-consistent cranked shell model [22,23]. Samples of TRS
with signature α = 0 are presented in Fig. 9 in the polar
coordinate plane (β2, γ ) at specific rotational frequencies
h̄ω = 0.0, 0.2, 0.4, and 0.6 MeV corresponding to I ∼
(0 − 15)h̄, and the energy difference between neighboring
contours is 200 keV. According to our TRS calculations, at
a low rotational frequency, this nucleus is predicted to be very
γ soft. This is not surprising at all because our wide survey
of various regions of the nuclear periodic table shows that the
signature inversion phenomenon only occurs in soft nuclei.
With increasing frequency, the nucleus becomes slightly more
rigid. In TRS calculations, at rotational frequency h̄ω =
0.0 MeV, which corresponds to ground state 1+ in 80Rb,
the quadrupole deformation parameter is at β2 = 0.218 and
γ = − 60.791◦, which indicates it is a deformed nucleus
with oblate shape. When the h̄ω increases, this absolute
minimum persists up to highest rotational frequency at h̄ω =
1.0 MeV corresponding to I ∼ 22h̄ calculated in the present
work.

V. SUMMARY

The high-spin states of 80Rb are studied by using
65Cu + 19F, 66Zn + 18O, and 68Zn + 16O reactions. Twenty-
three states with twenty-eight γ transitions are assigned to
80Rb. In the present work, we increase by 4h̄ the levels in
the α = 0 sequences of both the positive-parity yrast and
first negative-parity bands. In addition, two sideband transition
strings are built on the first negative-parity band. Furthermore,
we extend the spins to 22h̄ and 15h̄ respectively in the second
negative-parity band in which two consecutive band crossings
with frequencies of 0.51 and 0.61 MeV at the α = 0 branch as
well as another one with frequency of 0.54 MeV at the α = 1
branch are observed. The signature splitting exists in all three
bands, of which the positive-parity and first negative-parity
bands show signature inversions at 11h̄ and 16h̄, respectively.

We also make a comparison of the patterns of signature
splitting and inversion in 80Rb with that of its neighboring
isotones and isotopes. It is found that in the first negative-
parity bands, with regard to the three isotones 78Br, 80Rb, and
82Y, the signature inversions delay with the increase of proton
number; the signature splitting pattern of this band in 80Rb
is different from that of its neighboring isotopes 78Rb and
76Rb. The signature splitting patterns of the second negative-
parity band and the positive-parity/negative-parity yrast bands
in 80Rb are similar each other and also similar to that of the
second negative-parity band in 82Y.

Finally, the signature inversion occurred in positive-parity
yrast band is theoretically studied in the framework of the
projected shell model.
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