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Abstract

Excited states of the %3 Hg nucleus have been investigated by the reaction *°Nd
(*¥Ca,5n) at a beam energy of 213 MeV. The level scheme has been extended up to
10.7 MeV. Three different level pattern regions have been identified. A lower region
with rotational bands, an intermediate region with single-particle character and an
upper region with sequences of dipole transitions. The nature and the corresponding
miclear shape in these regions are discussed and compared with similar phenomena
in the neighbouring nuclei.

1 Introduction

The low-lying level scheme of *Hg isotope is well-known from previous ex-
periments [1-7]. It consists mainly of sequences of E2 transitions interpreted
as rotational bands built on various rotation-aligned quasi-neutron configura-
tions [2]. Furthermore, the phenomenon of superdeformation has been recently



observed m this isotope [3]. Finally, recent mvestigations show that the level
pattern of this isotope at higher excitation energies reveals a different be-
haviour from the collective rotation [6].

Recently, intense dipole bands were reported in the neighbouring Pb iso-
topes [8-19] as well as in '®?Hg [20] and in '®Hg [21] consisting of dipole transi-
tions, suggested as M1, with regular and irregular sequences. Weak crossover
quadrupole transitions are observed to compete with the M1 transitions in
some dipole bands in Pb isotopes and m all bands in Hg isotopes. The band-
head excitation energy of these structures, still unknown in most of the cases,
is expected to be a moderate one (4-6 MeV). Large B(M1)/B(E2) ratios are a
common feature in the levels of dipole bands. However, larger B(M1)/B(E2)
ratios are measured in the Pb nuclei (10—40u?/(eb)?) than in the Hg nu-
clei (2—64%/(eb)?), a difference rendered to different intrinsic structures [21]
in these isotopes. The interpretation of all dipole bands is based on high-K
configurations involving hg/, and i3/, proton orbitals coupled to the neutron
configurations of lower angular momenta. All these bands are suggested to
emanate from a triaxial near-oblate nucleus rotating weakly collectively.

In ¥'Hg [22] a prolate deformed nuclear shape has been invoked for the inter-
pretation of an irregular y-ray sequence. rhyy/z, vijs/2 and vhg/; high-J orbital-
s change the nuclear shape from oblate collective towards the non-collective
prolate. The 7hy,/; orbital lies below the Z=80 proton gap and hence is en-
ergetically favoured from the 7hg/, and 7iy3/, excitations used in the dipole
bands.

Here, we give evidence for three different level pattern regions existing in **Hg.
The previously known lower region with rotational bands, an intermediate
region with single-particle character and an upper region with three dipole
bands. The most important contribution of this work is perhaps the fact that
we managed to precisely determine the excitation energy of all these regions
and, by relating them to different nuclear shapes, we can deduce the regions
of excitation energy where the nucleus changes its shape. The various y-ray
sequences in these regions are compared with the similar sequences i the
neighbouring Pb and Hg isotopes.

2 Experimental Procedure

The *°Nd (**Ca,5n) '"*Hg reaction, at beam energy E(*®*Ca) = 213 MeV, was
used to populate high-spin states of > Hg by means of the 20 MV tandem Van
de Graafft accelerator at the NSF at Daresbury (UK). The target consisted of
two stacked self-supporting foils of isotopically enriched "°Nd of thickness 500
pg/cm?. The EUROGAM detector array [23] was used to detect coincidences
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between 7-rays from the reaction. Approximately 10° coincident events, of
unsuppressed fold five or higher, were wllected. From these events several
two-dimensional 4096 x4096 channel matrices were built. One of them was
symmetrized and used to investigate the coincidence relationships between
the y-rays. A second matrix was built to establish the directional correlations
of the y-rays I(158°—90°)/1(90° —158°), where I(#;-0,) is the intensity of y-rays
recorded by a detector at angle #; while gated on a detector at angle 8, (DCO
ratio). The rest of matrices were especially built from triples or quadruples to
“filter” the regions of the level scheme at high excitations.

3 Results and discussion

In Fig. 1 a partial level scheme shows the deexcitation paths of **Hg as
established in this work. From the low-lying level scheme we included only
the part that is in coincidence with the levels observed at higher excitations.
Furhter information for the low-lying level scheme are given in ref. [1-7]. Here,
we note that this part consists of several rotational bands and the shape of
the nucleus is oblate.

Looking at the partial level scheme in Fig. 1 we can clearly identify three
different regions:

e a lower region governed by bands of E2 transitions and extending up to
approximately 4.5 MeV. Rotational bands govern the low-lying level scheme
of all neighbouring Hg isotopes [2];

e an intermediate region of complicated level pattern extending up to ap-
proximately 7.0 MeV. A similar sequence has been reported m '°! Hg [22];

e an upper region with three dipole bands, extending up to approximately
10.0 MeV. Dipole bands have also been reported in ?Hg [20], 6 Hg [21] as
well as in Pb [8-19] isotopes.

The lLimits of these regions can not be strictly defined since there is a certain
overlapping between them, e.g. in the case of the deexcitation out of dipole
bands 1 and 2 the complicated level pattern holds down to 2.0 MeV (see
Fig. 1). This indicates that the various phenomena generating these regions
can coexist.
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Fig. 1 : Partial level scheme of **Hg obtained in the present work. The width
of the arrows represents the intensity of the v-rays. Excitation and y-ray en-

ergies are in keV. Transitions, spins and parities in brackets are not firmly
established.
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In Total Routhian Surface (TRS) calculations performed for Hg isotopes the p-
resence of high-Q proton orbitals in the configurations proposed for the dipolc
bands drives the nucleus to a triaxial near-oblate, weakly collective shape
(y=—=175°) [4,21]. On the other hand, the single-particle structure in '*'Hg
has been connected to a shape change towards a prolate non-collective shape
(y=—120°) [22]. Based on the similarities of the intermediate and upper re-
gions of the "*Hg isotope to the single-particle structure in '®'Hg and the
dipole bands m the neighbouring isotopes, respectively, we can suggest simi-
lar shape changes for these regions in '**Hg. Hence, we propose a shape change
from collective oblate in the lower region towards non-collective prolate in the
intermediate region and triaxal near-oblate in the upper region. This scenario
is in accordance with the theoretical calculations reported in [24] for *Hg, but
valid also for all neighbouring Hg isotopes. Indeed, these calculations predict
a successive shape change from oblate collective (y=—65°) towards prolate
non-collective (y=-120°) and triaxial weakly collective (y=—80°), before the
prolate (y=0°) superdeformed ninimum becomes yrast.

In order to search for possible configurations for the interpretation of the three
dipole bands in the upper region we can compare the B(M1)/B(E2) ratios we
measured experimentally for the levels of the dipole bands with theoretically
calculated B(M1)/B(E2) ratios for various possible configurations in *Hg.
The experimentally measured B(M1)/B(E2) ratios were found to vary between
2 and 4 p?/(eb)?. The model used in the theoretical calculations was the
one introduced by Doénau and Frauendorf [25]. Both experimental points and
theoretical cnrves are plotted m Fig. 2(i) for dipole bands 1 and 2 and
Fig. 2(ii) for dipole band 3.

The theoretical calculations of the B(M1)/B(E2) ratios have been carried out
for four configurations. Based on the general conclusions of the previous works
tackling the dipole bands in the neighbouring Hg [20,21] and Pb [8-19] isotopes,
we choose high-K proton configurations coupled to high-J neutron orbitals.
More specifically, we choose two deformation-aligned hg/, and i3/, proton or-
bitals coupled to aligned i3/ neutrons. In '“?Hg, four-neutron configurations
have been successfully used in the interpretation of the dipole bands in this
isotope [20]. It is therefore reasonable to use one more neutron in the corre-
sponding configurations in *3Hg. Moreover, we need five neutrons in order to
reproduce high angular momenta which characterize the states of the dipole
bands. Thus, two of the four configurations (those labelled as a and c in Fig. 2)
used in the calculations are 7 hgjy i13/2 @ v "?3/2 and 7 hg,.z ® v iy, Fully
aligned nucleons have been assumed in all calculations, i.e. K=11 and K=8
for the mixed 7(hg/; 1;3/2) and the pure n(hg/z) proton configurations. respec-
tively, and 1,=22.5% for the five neutrons. A quadrupole moment ) = ~4.06¢)
(an oblate 3 = 0.136 deformation) has been used. The collective gyromapu: tic
factor was taken equal to gp = Z/A = 0.415. while for the mixed und pure
proton configurations the values g=0.96 [26] and g=0.78 [19] were us~d
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Fig. 2 : Experimental B(M1)/B(E2) values for some of the levels in dipole
bands 1 (squares), 2 (diamonds) and 3 (circles). Solid lines represent theoret-
ical calculations for various configurations (a, b, ¢ and d represent the config-
u.rations s h9/2 i13/2 ® v Z.'153/2, s }19/2 i]g/g 111—12/2 ® v ill;B/‘Z’ s h?’/.z ® v i?3/2,

and 7 hj, hiy), @ v ily, respectively).

The B(M1)/B(E2) values for configurations a and c are rather large compared
to the experimentally deduced values (see Fig. 2). In order to quench them,
hyy/; proton holes can be used. Such excitations have already been applied
to the configurations of the dipole bands in **Hg [20] and *Hg [21]. Thus,
in two of the four configurations (those labelled as b and d in Fig. 2) two
fully aligned hy,;, proton holes (i,=10%) have been used stead of two l13/2
neutrons. The corresponding configurations are 7 hgyy 11372 @ = hl_]"}z R v i?3/2
and 7 hy, @ 7w hi%, © v i}y, The quenching in the case of configuration
b is not enough to bring the values close to the experimental points, while for
configuration d the quenching reproduces the experimental values successfully.
Hence, we suggest the latter configuration (d) as possible for the interpretation
of the three dipole bands. This configuration is similar to the configurations
used in the dipole bands of '*?Hg [20] and *Hg [21], but different from those
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used in the Pb nuclei [8-19] which do not involve rotation-aligned proton holes.
This indicates that the dipole bands have a different intrinsic structure in Hg
isotopes from those i the Pb nuclei. Contribution of ps/, neutrons i the case
of dipole bands 1 and 2 is possible (because these structures have a negative
parity) although since this orbital adds little alignment it has been considered
as negligible in the calculations of the B(M1)/B(E2) ratio.

The difference of the B(M1)/B(E2) ratios for the dipole bands in '*Hg and
Pb isotopes could be also attributed to different deformation effects. Howev-
er, TRS calculations performed for *Hg in ref. [4] predict weakly-deformed
oblate shapes similar to the ones reported in Pb nuclei. The similarity between
the nuclear shapes of these isotopes can only account for a small fraction of
the difference in the experimental B(M1)/B(E2) ratios. Hence, we conclude
that the one order of magnitude difference m the B(M1)/B(E2) ratios can
only be accounted for by different intrinsic configurations.

In the few cases where the excitation energy of the dipole bands has been
experimentally determined larger excitation energies were found in the Hg
isotopes [20, present work] than i the Pb isotopes [8,15,17]. The use of hy;/y
proton holes in the configurations of the Hg isotopes could qualitatively explain
this difference. Indeed, in Pb isotopes the high-K hy/; and i3/, proton orbitals
are occupied from proton excitations originating from the s/, orbital (see
Fig. 3). Since more energy is needed to excite protons from the hy;/, orbital
in the high-K orbitals than from the s,;, orbital, we expect the configurations
involving hyy,, proton holes in Hg to appear at higher excitation energies.

4 Conclusions

In summary, the level scheme in ®*Hg has been extended up to 10.7 MeV
excitation energy. Three different regions (lower, intermediate and upper) were
clearly identified. Comparison with similar situations in neighbouring isotopes
and the theoretical predictions for the shape change in the Hg isotopes lead us
to propose a shape change from collective oblate in the lower region towards
non-collective prolate in the intermediate region and triaxal near-oblate in the
upper region. The successive shape changes proposed for this isotope render it
one of the most “y-soft” nuclei in this atomic-mass region. The configurations
proposed for the three dipole bands in the upper region, as well as for the dipole
bands in the neighbouring Hg isotopes, are different from those suggested for
the dipole bands in the neighbouring Pb isotopes, since they involve aligned
hy;/2 protons holes. This indicates different intrinsic structures in Hg and
Pb nuclei, while the possibility of different deformations in these isotopes is
minimized by TRS calculations.
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Fig. 3 : Proton orbitals mvolved i the configurations of the dipole bands in
Hg and Pb isotopes.
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