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Abstract. The complex Excited Vampir approach was applied to the description of the recently identified
magnetic cascade of negative-parity states in the odd-odd 82Rb nucleus. Strong M1, AI = 1 transitions
as well as rather weak crossover B(E2) strengths are obtained in agreement with the available data. The
decrease of the B(M1) strengths with increasing spin is revealed by the calculations. A strong mixing of
differently deformed states at the highest calculated spins is responsible for the trend of the B(M1; Al = 1)

and B(E2; AI = 2) strengths.

PACS. 21.10.-k Properties of nuclei; nuclear energy levels — 21.60.-n Nuclear structure models and methods

—27.50.+e 59 < A <89

1 Introduction

The cascading sequences of magnetic dipole transitions es-
tablished in the proton-rich Pb isotopes are well described
within the framework of the Tilted Axis Cranking (TAC)
approach [1]. The TAC results indicate that the angular
momentum along the dipole bands is generated mainly by
a reorientation of few proton particles (holes) and neu-
tron holes (particles) in high-j orbitals into the direction
of the total angular momentum. The most important sig-
nature of such a magnetic rotational (or shears) band is
a sharp decrease in the B(M1) values with increasing an-
gular momentum. Shell model studies of shears bands in
light Pb nuclei [2] suggested that a certain polarizability
of the low-j core is important to stabilize these bands.
These type of bands were predicted to appear also in
the A = 140, A = 110, and A = 80 mass regions [3].
Studying the existence of magnetic rotational bands in
the odd-A Rb isotopes, Amita et al. [4] concluded that
shears mechanism seems to be valid in the Al = 1 bands,
although it is not the only mechanism responsible for the
generation of angular momentum, since they are situated
at the beginning of the transitional region between mag-
netic and conventional collective regions. It is worthwhile
to mention that our previous investigations concerning the
structure of odd-odd nuclei in the A = 70-80 mass region
within the Excited Vampir or Excited Fed Vampir varia-
tional approaches revealed the appearance of strong M1,
AI = 1 transitions at intermediate and high spins con-
necting the positive (negative) parity states of even- and
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odd-spin bands [5-7]. The longest sequence of strong M1
transitions was found to connect the states of one pair of
strongly deformed even- and odd-spin bands calculated in
8Rb [6].

Recent experimental results on high-spin states in
the nuclei ®Rb and ®Rb indicate the presence of regu-
lar magnetic dipole bands including strong M1 and rel-
atively weak FE2 transitions [8-10]. These bands have
been successfully described within the tilted axis crank-
ing model on the basis of the four-quasiparticle config-
uration ﬂ(fp)ﬂ(g§/2)u(g9/2). Shell model calculations as
well as relativistic mean-field descriptions for the shears
band mechanism in 3*Rb have been recently accom-
plished [10,11].

The aim of the present paper is to get a microscopic
description of the magnetic sequence of negative-parity
states along with the relatively weak E2 crossover tran-
sitions identified in 82Rb [8-10] using the compler Ex-
cited Vampir approach. Models based on the variational
approaches of the Vampir family have been successfully
applied for the description of a variety of nuclear-structure
phenomena in the A = 70-80 nuclei. Spectroscopic inves-
tigations of even-even and odd-odd systems demonstrated
that this mass region is very rich in nuclear-structure as-
pects. Coexistence of a variety of nuclear shapes from
weakly to largely deformed oblate and prolate configu-
rations has been found. The compler Excited Vampir ap-
proach is able to describe the oblate-prolate coexistence
and mixing, the variation of the deformation with mass
number, increasing spin, as well as excitation energy. As
we shall see these Vampir approaches, which allow the use
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of rather large model spaces and of general two-body inter-
actions, provide also a nice interpretation of the properties
of the sequences of strong dipole transitions found in the
odd-odd Rb nuclei. Our previous investigations on micro-
scopic aspects of coexistence phenomena in the A = 70-80
nuclei indicated the presence of a strong competition be-
tween particular configurations based on large and small
oblate and prolate quadrupole deformations. Furthermore,
it was demonstrated that the neutron and proton align-
ments with increasing angular momentum may occur si-
multaneously in these nuclei. On the other hand, the the-
oretical results suggest that certain properties of these
nuclei are extremely sensitive to small variations of par-
ticular parts of the effective Hamiltonian [7]. Thus, our
results indicate that the coexistence and mixing of differ-
ently deformed configurations depend on the strengths of
the neutron-proton 7' = 0 matrix elements involving nu-
cleons occupying the 0 f5/2(0f7/2) and Ogg /2 single-particle
orbits.

Since most of our predictions concerning the structure
of even-even and odd-odd nuclei in this mass region have
been confirmed experimentally, we thought it worthwhile
to apply the same methods to get a microscopic descrip-
tion of the properties of the identified magnetic cascade
in the 3Rb nucleus. We shall briefly describe the com-
plex Excited Vampir variational procedure and define the
effective Hamiltonian in the next section. In sect. 3 we
shall discuss the results on magnetic band structures in
the 82Rb nucleus. Finally, we shall present some conclu-
sions in sect. 4.

2 Theoretical framework

We calculated negative-parity states up to spin 18~ in
82Rb. First, the Vampir solutions, representing the opti-
mal mean-field description of the yrast states by single
symmetry-projected Hartree-Fock-Bogoliubov (HFB) de-
terminants, were obtained. Then, the Excited Vampir ap-
proach was used to construct additional excited states by
independent variational calculations. Finally, for each con-
sidered spin the residual interaction between the various
orthogonal configurations was diagonalized.

We define the model space and the effective Hamil-
tonian as in our earlier calculations for nuclei in the
A = 70-80 mass region [7]: a “°Ca core is used and the
valence space consists out of the 1p; /2, 1p3/2, 0f5/2, 0f7/2,
1ds/2 and Ogg 2 oscillator orbits for both protons and neu-
trons. For the corresponding single-particle energies we
take (in units of the oscillator energy hw = 41.2A71/3)
0.040, —0.270, 0.300, —0.560, 0.157 and 0.029 for the
proton, and —0.070, —0.332, 0.130, —0.690, 0.079 and
—0.043 for the neutron levels, respectively. The effective
two-body interaction is a renormalized nuclear matter G-
matrix based on the Bonn One-Boson-Exchange poten-
tial (Bonn A). The G-matrix is modified by three short-
range (0.707 fm) Gaussians for the isospin T' = 1 proton-
proton, neutron-neutron and neutron-proton matrix ele-
ments with strengths of —40, —30, and —35 MeV, respec-
tively. The isoscalar spin 0 and 1 particle-particle matrix

elements are enhanced by an additional Gaussian with
the same range and the strength of —180MeV. In addi-
tion, the interaction contains monopole shifts of —325 keV
(—375keV) for all the diagonal isospin 7' = 0 matrix el-
ements of the form (0gg/20f; IT = 0|C¥\Ogg/20f;IT =0)
with 0f denoting either the 0f5/, or the 0f7 /o orbit, and
~500keV for (1pldso; IT = 0|G|1pldse; IT = 0), where
1p denotes either the 1p,/, or the 1ps/, orbit. The corre-
sponding Hamiltonian is denoted by H; (Hz) in the fol-
lowing.

3 Results and discussion

Since particular properties of the A = 70-80 nuclei de-
pend sensitively on the strengths of the above-mentioned
monopole shifts involving neutrons and protons occupying
the 0f and Ogg/o orbitals two types of calculations have
been performed using either —325keV (Hamiltonian H;)
or —375keV (Hamiltonian Hs).

Using the Hamiltonian H; the negative-parity states
up to spin 18~ have been calculated including in the many-
nucleon basis the lowest 8 up to 18 Excited Vampir config-
urations depending on the level density specific for each
considered spin. Different types of structures have been
obtained: states dominated by spherical configurations, al-
most pure oblate-deformed states, states based on a strong
mixing of configurations characterized by smaller or larger
quadrupole deformation in the intrinsic system.
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Fig. 1. The theoretical spectrum of ¥?Rb for negative-parity
states calculated within the complex Excited Vampir approx-
imation using the H; Hamiltonian is compared to the experi-
mental results [10].
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Table 1. The amount of mixing for some states of *Rb presented in figs. 1 and 2.
H1 H2
m-band m™-band m-band

I™ [R] o-mixing p-mixing o-mixing p-mixing o-mixing p-mixing
57 98% 98%
6~ 99% 83(12)%
7 98% 97%
8~ 99% 97%
9~ 99% 94% 96(3)%
10~ 99% 95% 12(8)(4)% 57(4)(4)%
11~ 97% 3% 87(6)% 90(7)%
127 21(7)(3)% 60(7)% 23(10)(7)(3) 47(4)% 4% 59(15)(13)%
137 95% 23(11)(4)(3)% 50(4)% 11% 66(19)%
14~ 88(9)% 30(8)(7)(4)% 18(11)(5)(3)(3)% 6% 56(27)(3)%
15~ 29% 66% 44(9)(8)% 27(3)(3)% 5(3)% 62(21)%
16~ 3% 83(5)(4)% 33% 23(30)(7)%
17~ 9(6)% 63(8)(6)% 7(7)(5)(4)% 68(3)%
18~ 12% 59(16)(6)% 8% 54(23)(3)%

Searching for AI = 1 cascades of states con-
nected by strong B(M1) transitions as well as significant
B(E2,AI = 2) strengths, like the one identified experi-
mentally, we linked the states in bands. In fig. 1 we present
the calculated lowest few states which are based on spher-
ical configurations, as well as the lowest collective band
which was found to have oblate character (o-band).

The excited even- and odd-spin negative-parity states
are characterized by a high level density for spins above
117. The most probable candidate for the experimental
“magnetic sequence of states” are the states linked in
the band labeled m-band in fig. 1. Up to spin 11~ the
states of this band are dominated by a single prolate-
deformed configuration as is illustrated in table 1. This ta-
ble presents the amount of mixing of differently deformed
symmetry-projected configurations underlying the struc-
ture of the discussed states representing at least 3% in
amplitude. The higher-spin states of this band display a
variable mixing involving besides the main configuration
other prolate- or oblate-deformed ones characterized by
moderate or small quadrupole deformation in the intrin-
sic system.

The B(E2;I — I — 2) values for the calculated bands
presented in fig. 1 as well as the available data are given
in table 2. As effective charges e, = 1.25 and e,, = 0.25
have been used. Since the 127, 157, 17~ and 18~ states
of the m-band are strongly mixed, each state is decaying
by at least two significant F2, AI = 2 branches. The frag-
mentation of the B(E2) strengths explains the irregular

Table 2. B(E2;1 — I — 2) values (in ¢*fm*) for some states
of the nucleus 3?Rb presented in figs. 1 and 2.

H1 H2
I™ [n]  Exp o- m- o- m*- m-
band band band band band

7 868 815

8~ 1232 668

9~ 666 896 562 824

10~ 897 828

11~ 610 826 516 828 840
12~ 238 490 196
13~ 384113, 545 807 424 273 583
14~ 5111193 473 101 487
15~ >110 534 634 436 205 618
16~ 628 349
17~ 428 191 330 302
18~ 277 66

behaviour of the B(FE2) values connecting the AI = 2
states inside the m-band. In addition, part of the feed-
ing of the states belonging to the m-band is produced
by significant M1 and E2 transitions from the decay of
some states closely lying in energy with respect to the ones
building the band as is the case for the 157, 17~ and 18~
states presented on the left side of the m-band in fig. 1.
The strength for the secondary E2 branch feeding the 135
state amounts to B(E2; 155 — 13;) = 155 e2fm®, while
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Table 3. B(M1;I — I — 1) values (in u%) for some states of
the nucleus 3Rb presented in figs. 1 and 2.

H1 H2

I™ [h] Exp m-band m*-band m-band
7 2.03 1.66

8~ 1.43 1.36

9~ 2.03 2.09

10~ 1.00 1.00 0.48
11 1.50 1.99 1.13
127 1.247937 0.35 0.35 0.45
137 0.777929 1.21 0.86 0.86
14~ 0.747922 0.55 0.06 0.46
15~ >0.11 0.62 0.26 1.04
16~ 0.52 0.40
17- 0.87 0.07
18~ 0.63 0.33

the main E2 branch feeding the 157 state is B(E2; 175 —
155) = 414 e*fm*. This picture corresponds to the struc-
ture of the wave functions illustrated in table 1, which
reveals a smaller contribution of the projected configura-
tion dominating the structure of the states linked in the
m-band with increasing spin. In fact the main component
of the states presented on the left side of the band is an
oblate-deformed configuration representing almost 70% of
the total wave function.

In table 3 the results concerning the strengths of
the M1 transitions inside the m-band together with the
experimental available information are presented. Here
the free values for the g-factors have been used. Sig-
nificant strengths have been obtained for the secondary
M1 branches indicated in fig. 1: B(M1;15; — 145) =
0.35u%,, B(M1;16; — 155) = 0.24u%, B(M1;18; —
175) = 0.294%;, but only B(M1;17; — 167) = 0.03u3,
for the closely lying states 17; and 16} .

In order to investigate the influence of the monopole
shifts as well as the the possible appearance of other “mag-
netic structures” we accomplished a second type of calcu-
lations using the H, Hamiltonian and increasing drasti-
cally the dimension of the Excited Vampir basis for each
investigated spin. The results presented in fig. 2 have been
obtained using at least 30 symmetry projected configura-
tions for the states of spin higher than 97. Besides the
analogue of the m-band obtained using the H; Hamilto-
nian a new band (m*-band) characterized by few signifi-
cant M1 transitions and relatively weak B(E2) strengths
at intermediate spins was found as is illustrated in fig. 2.

Comparing the structure of the m-band states ob-
tained using the two types of calculations we can see from
table 1 that the mixing manifested by the states with
spin higher than 11~ is much stronger for the second se-
ries of calculations involving many more Excited Vampir
configurations. The mixing is even stronger for the m*-
band starting with spin 127. The agreement of the cal-
culated B(E2, AI = 2) values characterizing the m-band
with the available data is rather good, while for the m™*-
band weaker strengths have been obtained. Again, due to

SZRb
o-band m*-band m-band
18;
T 18
|
|
°r 1
18, 170
. I
17, X
1, 165
— \
s | 16, f 145 44 15,
15; ! .
" R 1 o | 14
16) 15, , t
13, ! .
1 i | T 7 313
> 15] ! 17; 133} |14, 1 1%
> Y 13; L]
E ! f ? - 4 o1
ol 4y ! 10,
P az J 15; N
5 13 " 1 P 9%
=
2 12d | . 10,
S . ! 1 1
43
11; s
.| f
4 7
9, T 3
" bt
51
_svl
o N
|—6“
Exp Th

Fig. 2. The same as in fig. 1, but for the H> Hamiltonian.

the high density of states obtained for spins I™ > 127,
each state is decaying and also fed by many significant
B(E2,AI = 2) branches. This aspect is illustrated for
the highest calculated spins presenting in fig. 2 an alter-
native way to continue the m-band above spin 16~. For
the states plotted on the left side of the m-band we ob-
tained B(E2;17g — 155 ) =214 e2fm*, and B(E2;18; —
164 ) = 143 e2fm®. For this competing branch the calcu-
lated M1 strengths are B(M1;17; — 165) = 0.75u%;,
and B(M1;18; — 175) = 0.15u%,. A competing E2 feed-
ing for the 11~ and 12~ states of the m*-band is repre-
sented by the states plotted on the left side of the band.

The spectroscopic quadrupole moments of the states
building the m-sequences presented in figs. 1 and 2 are
given in table 4. The corresponding values reveal the
strong mixing of configurations having different oblate and
prolate deformations in the intrinsec system underlying
the structure of the high-spin states belonging to these
bands. The trend manifested in the Q3 values for the
highest calculated spins corroborated with the behaviour
of the B(FE2, AT = 2) values inside the m-band as well
as the structure of the corresponding wave functions pre-
sented in table 1 for both types of calculations suggests
the decrease of deformation with increasing spin.

The results presented in table 3 for the B(M1, AI =1)
strengths characterizing the m-band show a reasonable
agreement with the available data. For the second type
of calculations one obtains the required decrease of the
B(M1) values with increasing spin up to the highest cal-
culated members included in the m-band. The calculated
transition strengths indicate at intermediate spins a stag-
gering difficult to compare with the present available data
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Table 4. Spectroscopic quadrupole moments Q37 (in efm?) of
some states of 32Rb presented in figs. 1 and 2.

H1 H2
I™ [R)] m-band m*-band m-band
5”7 —64.02 —60.11
6~ —66.11 —52.57
- —65.16 —62.39
8~ —68.36 —62.86
9- —67.42 —59.30 —67.15
10~ —67.28 —63.39 —35.39
11~ —63.19 —54.69 —64.68
127 —26.57 —1.24 —58.23
137 —63.63 —4.66 —48.84
14~ —67.43 5.18 —51.62
15~ —26.80 10.82 —45.50
16~ —65.59 —22.05
17~ —37.80 —37.60
18~ —36.58 —37.63
.1 82Rb
s b neutrons — open symbols A Aspin contribution

W orbital contribution

protons — full symbols

M1 reduced matrix elements (I— I-1)

Fig. 3. The M1 reduced matrix elements (in relative units)
for I — I — 1 transitions connecting the states of the m-band
calculated using the H; Hamiltonian.

due to the somewhat large experimental errors. The level
spacings are also more regular than the ones obtained
in the first calculations indicating the importance of in-
creasing the dimension of the Excited Vampir basis. The
m™*-band which is very regular up to spin 14~ cannot be
continued above spin 15~ with the same type of structure.

The orbital and spin contribution to the B(M1; Al =
1) strengths of the m-bands for the two types of calcula-
tions are presented in figs. 3 and 4. Both types of proton
contributions (orbital and spin) are determined by rear-
rangements of the particles occupying the Ogg/p orbital.
The neutron contribution is determined essentially by par-
ticles occupying the 1pz,5 and 1p; /o orbitals. It should be
mentioned that the smaller contributions for the decay of
the even-spin states are mainly produced by cancellations
among these type of matrix elements. On the proton side
the variations observed in both orbital and spin contribu-
tions are determined only by the particles occupying the
go,2 orbital. The results presented in figs. 3 and 4 indicate
that all three types of contributions are decreasing for the
highest calculated spins. A similar behaviour is manifested
in fig. 5 for the m*-band.

82Rb

neutrons — open symbols
protons — full symbols

A A spin contribution
B orbital contribution

M1 reduced matrix elements (I— I-1)

Fig. 4. The same as in fig. 3 for the H> Hamiltonian.

L S2Rp

4 neutrons — open symbols
protons — full symbols

A A spin contribution
W orbital contribution

M1 reduced matrix elements (I— I-1)

Fig. 5. The same as in fig. 4 for the calculated states of the
m™-band.

The occupation of the neutron orbitals contributing to
the M1 matrix elements is almost constant for both 1p; /o
(around 0.6 particles) and 1ps/p (around 2.5 particles)
spherical states for m-bands as well as for m*-bands. The
occupation of the neutron gg,, orbital is almost constant
around 7.8 particles. Concerning the proton gg /5 orbital a
variation in between 3.1 and 3.8 particles is obtained for
the m-bands, while for band m*-band the occupation is
varying in between 4.2 for spin 10~ and 4.5 for the 15~
state.

The analysis of the mixing of different configurations
with increasing spin and the variation of the neutron and
proton contributions to the total M1 strength for differ-
ent spins indicates that besides the main component of
the wave function other smaller components influence the
decreasing trend with increasing spin for the calculated
B(M1) values presented in table 3.

In figs. 6 and 7 we present the alignment plot for the m-
band using the H; Hamiltonian and for the m*-band and
m-band for Hs, respectively. Both types of calculations
indicate strong alignment for the gg,o protons, but slow
and weak alignment for the g9/, neutrons.

In fig. 8 we present the angular-momentum contribu-
tion of the particles occupying the g9/, orbital as per-
centage of the total spin for the calculations using the
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Fig. 6. The alignment plot for the m-band calculated in 3?Rb
using the H; Hamiltonian.
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Fig. 7. The alignment plot for some of the calculated bands
in ®2Rb using the H2 Hamiltonian.

Hy Hamiltonian. The plot illustrates the decrease of the
contribution from protons occupying the gg /o orbital with
increasing spin.

More experimental information is required in order es-
tablish the characteristic features of the possible magnetic
bands predicted to appear in the A = 80 nuclei in order
to improve the effective interaction and to distinguish be-

tween different types of magnetic cascades appearing in
odd-odd and odd Rb isotopes.
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Fig. 8. The percentage contribution of the particles occupying
the gg/o orbital to the total angular momentum for selected
states in ®*Rb calculated using the H> Hamiltonian.

4 Conclusions

The complex Excited Vampir approach was applied to the
description of the recently discovered magnetic cascade of
negative-parity states in 82Rb. Strong M1 AI = 1 tran-
sitions as well as rather weak E2 crossover transitions
connecting negative-parity states have been obtained in
reasonable agreement with the available data. The main
property of the magnetic rotational bands is the decrease
of the B(M1) strength with increasing spin. This can be
explained by the increased mixing of configurations un-
derlying the structure of the states building the bands.
Consequently, very large many-nucleon model spaces are
required in order to determine the structure of the cor-
responding wave functions. An improved effective interac-
tion could be determined if more experimental information
were available. Extensive calculations for #Rb nucleus will
be accomplished in order to complete the Excited Vampir
description of the mechanism responsible for the magnetic
rotation in this mass region.
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