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New oblate band in 196Hg with quenched Ml strength
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High-spin states in the nucleus Hg were populated in the reaction Os( Be,5n) at a beam
energy of 65 MeV. A regular rotational-like AI = 1 band has been observed up to an excitation
energy of E* 8.7 MeV and spin I 30h. This is the second observation of a band of this
character in a mercury isotope. The experimental results are compared with mean field calculations
and semiclassical estimates based on the Donau-Frauendorf formalism. The mercury bands show
significantly lower B(M1)/B(E2) branching ratios as compared with similar bands in light lead
nuclei. This difference may be more readily explained by a difference in single-particle structure
rather than by large differences in deformation between the lead and mercury configurations.

PACS number(s): 21.10.Re, 21.60.Cs, 21.60.Ev, 27.80.+w

Recently, discoveries of intense dipole bands persist-
ing up to high spins have been made in the mass 190
region. Such "oblate" structures have been observed in

Pb, Refs. [1—10] and recently in Hg [11].A
number of questions are associated with the structure of
these bands, in particular, with reference to their reg-
ular rotational-like or irregular patterns and with the
competition between Ml and crossover E2 transitions.
In the lead nuclei both regular and irregular cascades
have been observed, but so far the irregular bands ap-
pear only in the lightest isotopes and the regular bands
are more favored in the heavier isotopes. For only a few
cases, linking transitions have been established between
a dipole band and the known low-lying structures. The
dipole bands observed in the majority of the lead nu-
clei exhibit large B(Ml)/B(E2) branching ratios of the
order of 20p, ~~/es b2 [11]. Moreover, a lifetime measure-
ment for issPb has determined large B(Ml) strengths
of 0.5 to 4 Weisskopf units and modest B(E2) strengths
of 10 to 15 Weisskopf units [7]. Because of the large
experimental B(M1) values, the intrinsic configurations
of these bands must involve high-j orbitals which have
large magnetic moment components perpendicular to the
total angular momentum axis. The properties of the
bands suggest quasiparticle configurations built on high-
K vugh&&» vari&3&» or mh9y~i~3/2 structures. The bands in
the lead nuclei have generally been interpreted as weakly
collective, based on deformation aligned h9y2i$3/2 or h&&2
proton structures coupled to rotation-aligned i~3y2 neu-

tron holes. The measured B(Ml)/B(E2) ratios for the
recently discovered EI = 1 band in issHg [11] are sub-
stantially lower than for the lead isotopes leading to the
question of whether this implies a different intrinsic struc-
ture for such bands below the spherical Z = 82 shell gap,
or if deformation effects may play an important role. The
possibilities of either a reduced B(M1) strength due to
aligned hii~2 proton holes or increased B(E2) values re-
sulting from a larger P2 deformation are suggested in
Ref. [11].We report here a new AI = 1 band observed in
issHg, which, similarly to the previously observed band
in issHg, exhibits significantly smaller B(M1)/B(E2) ra-
tios compared with the lead isotopes. We conclude that
this difference may be accounted for by an intrinsic con-
figuration built on two deformation-aligned hs~z protons
coupled to rotation-aligned hiiyz proton and iisy2 neu-
tron hole states rather than by major differences in de-
formation.

The experiment was performed at the Lawrence Berke-
ley Laboratory 88-Inch Cyclotron facility. A 65-MeV
beam of Be was used to bombard a target consist-
ing of three thin self-supporting is20s foils of thickness
0.31 mg/cm~, 0.32 mg/cm2, and 0.36 mg/cm2. The p
rays emitted in the reactions were detected in the HERA
detector array, consisting of 20 Compton-suppressed Ge
detectors and a 4m inner calorimeter of 40 BGO detectors.
All Compton-suppressed threefold and higher-fold events
were recorded and the twofold events were recorded when

p rays were detected in at least four BGO elements in co-
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incidence with two Ge detectors. With these restrictions
a total of approximately 75 x 10 events were stored on
magnetic tape for subsequent off-line analysis.

A new band structure is observed in Hg showing the
characteristics of a AI = 1 rotational band with a mod-
erate, almost spin-independent, signature splitting. The
band is strongly populated with an intensity of approx-
imately 19%%up of the 2+ ~ 0+ transition in this nucleus.
The quality of the data is illustrated by the coincidence-
gated spectra shown in Fig. 1, with the partial level
scheme for the band as an inset. The level scheme is
based on the coincidence and energy relations of the p-ray
transitions which are consistent with stretched AI = 1
and crossover AI = 2 transitions. The decay out of the
band proceeds mainly into the I = 19 and I = 21
states of the "ABCE" structure (see Ref. [12] for de-
tails of the previously known level scheme) but it is frag-
mented into several decay paths. We have therefore not
been able to establish firm linking transitions to the pre-
viously known states, but we have tentatively assigned
a 1405-keV line as a linking transition from the lowest
observed level in the band to the previously mentioned
I = 21 state (not shown in the level scheme). Thus we
have assigned an excitation energy of E' & 6.4 MeV and
a tentative lowest level spin of I & 22h to this new band

structure. The 1405-keV transition only carries about
20% of the total band intensity, and although we have
found other transitions depopulating the band we have
not been able to place them. However, the coincidence
relations show that the depopulation of the band starts
above the assigned bandhead, accounting for the miss-
ing intensity below spin I = (24h). Based on a theo-
retical configuration assignment, the band is tentatively
assigned positive parity (see below).

Information on the multipolarity was obtained for a
few transitions from directional correlation orientation
(DCO) ratios. In an E~ E~ co-rrelation matrix, p rays
detected in the Ge detectors at angles 37', 152', and
154' relative to the beam were sorted versus those de-
tected in the 79 and 103' angle detectors. By gat-
ing on known quadrupole transitions the DCO ratios
R = I~(~ 90', 30')/I~(~ 30', ~ 90') could be ob-
tained. Here the I~( 30', 90') is the intensity in the
79' and 103' detectors when gating on the 37', 152,
and 154' detectors, etc. A ratio, B, close to 1 is ex-
pected for stretched quadrupole transitions whereas a
pure stretched dipole transition is expected to have R
close to 0.5. Due to severe contamination in the spectra
and relatively low statistics the DCO ratios could only be
obtained accurately for three dipole transitions (157, 178,
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FIG. 1. Gamma-ray spectra in coincidence with the 178.4-keV (a) and the 288.l-keV (b) transitions belonging to the AI = 1
band in Hg. The peaks marked with a "+" represent transitions from the decay within the previously established level
scheme [12] and a "g" marks a transition connected to the decay out of the band into the previously known states. Peaks
at 1007.0 keV and 1405.0 keV are present outside the scale in the figure and are tentatively assigned to the decay out of the
band. Of those, the 1405-keV transition is tentatively assigned as a direct linking transition between the bandhead and the
previously observed 21 state [12]. The 509.0-keV transition was also observed in Ref. [12]. The two lowest energy peaks are
due to the Hg ~ rays. The partial level scheme obtained in the present work is shown in the upper right inset. The p-ray
transitions are labeled by their energy in keV. The widths of the arrows represent the intensities of the transitions (the white
parts are corrections due to the expected internal conversion). The transitions thought to depopulate the band are not shown
and account for the missing intensity in the band below I = (24).
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FIG. 2. Experimental Routhians for the AI = 1 band (cir-
cles) and the "AB" (diamonds) and "ABCE" (squares) bands
in Hg. A rigid-rotor reference with Jo = 45h /Mev has
been subtracted.

and 257 keV) and one crossover quadrupole transition
(547 keV). The DCO ratios for the dipole transitions were
all within B = 0.50 + 0.15 and for the 547-keV crossover
transition the DCO ratio was found to be 1.16 + 0.14. As
a check, the DCO ratios for the stronger E2 transitions
in the previously known level scheme were measured and
found to be close to 1. Thus, the DCO ratios confirm the
assigned level scheme of stretched dipole and crossover
quadrupole transitions. In Fig. 2 the Routhians of the
two signatures of the new AI = 1 band are plotted in
comparison with those of the previously known [12] "AB"
and "ABCE" bands. We have chosen a rigid-rotor Har-
ris reference with Jo = 45h2/MeV which roughly repro-
duces the rotational pattern of the "AB" configuration.
The AI = 1 band is most favored by rotation and does
indeed cross the low-lying yrast structures at M —0.30
MeV. The signature splitting is moderate, around 80—90
keV. It is interesting to note how the signature splitting
of the band seems to be almost independent of the ro-
tational frequency, not increasing with frequency as ex-
pected from the normal Coriolis mixing. The high spin
of the apparent bandhead and the strongly downsloping
character of the band relative to the AB configuration in
the Routhian plot also suggest that aligned high-j struc-
tures are involved in the intrinsic con6guration.

We have extracted B(Ml)/B(E2) ratios for some of
the states in the AI = 1 band, assuming the E2/Ml
mixing ratios for the EI = 1 transitions are negligi-
ble. The B(M1)/B(E2) ratios are shown in Fig. 3 to-
gether with theoretical estimates based on the Donau-
Frauendorf formalism [13] (solid lines). Similarly to what
was found for the AI = 1 band in iMHg [11]the observed
values are significantly smaller than the ones measured
in the lead isotopes. We therefore investigated whether
this could be understood as a difference in the proton
structure between the Pb and Hg nuclei. For the the-
oretical estimates we have chosen configurations based
on deformation-aligned high-0 iis/2 and hs/2 protons
coupled to rotation-aligned iis/q neutron holes and/or
hqqg~ proton holes, which approach the Fermi surface at
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FIG. 3. Experimental B(Ml; I —+ I —I)/B(E2; I ~ I —2)
values for the AI = 1 band in Hg. The solid lines are model
predictions based on the semiclassical Donau-Prauendorf for-
malism (see text) for the vrhgy2iq3yq ISI v(ii3y2) config-
uration (a), the vrh9/2 v(ii3y2) configuration (b), the

vrhqg2ii3yq(hii~2) v(ii3~q) configuration (c), and the
7rhg&2(hiiy2) S v(ii3g2) configuration (d).

moderate oblate deformation. A quadrupole moment,
Q = 3.6 eb, corresponding to the deformation parame-
ters of the most favored oblate high-K minimum in the
total Routhian surface calculations (see below) was used
in the calculation shown in Fig. 3. The gyromagnetic
factors were taken as 0 7gschmjdg of the correspond-
ing spherical state for the iq3g2 proton and from em-
pirical values for nuclei in this mass region [14] for the
other orbitals. For the rotational gyromagnetic factor,
gR, the value Z/A = 0.408 was used. It was also as-
sumed that the hgyq and iq3g2 protons are strongly cou-
pled to the core and the proton hii/2 and neutron ii3/2
holes are rotation aligned. In the figure calculated val-
ues based on the ~hgg2iq3g2 (3 vi&&&2 configuration are

labeled by a and the 7rhs2/2 viis/z configuration is la-

beled by b. Calculated values obtained by coupling these
configurations to aligned hii&z proton hole states are la-

beled by c and d, respectively. The calculated values for
the vrh&&2hii/2 I3 viis/2 configuration (labeled d) are in
the best agreement with the experimental values for the
issHg AI = 1 band. Furthermore, the estimate for the
vrhggqiq3g2 (3 viz&&2 configuration follows well the larger

B(M1)/B(E2) ratios measured in the lead nuclei. The
results suggest that there is indeed a difference in the
proton structure between the Pb and Hg nuclei involv-
ing a different high-K proton configuration (h2s&2) and
aligned h~j g2 proton orbitals.

In order to investigate the possibility of significant dif-
ferences in deformation between the observed LI = 1
structures in the lead and mercury isotopes we have
performed total Routhian surface (TRS) calculations
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for Hg and a few Pb nuclei. The TRS calculations
are based [15,16] on a deformed Woods-Saxon poten-
tial and the Strutinsky shell-correction formalism with
a monopole-pairing interaction. In the calculations the
total Routhian of the nucleus is minimized with respect
to the deformation parameters P2, P4, and p at difFer-
ent rotational frequencies and for difFerent configurations.
Following the description in Ref. [17] the minima in the
lowest TRS's of ssHg were assigned to the relevant quasi-
particle configurations. According to the TRS calcula-
tions, the ground state of s Hg is predicted to be weakly
deformed oblate with deformation parameters (P2, p, P4)

(0.12, —63', —0.031). The first quasiparticle align-
ments (iisI2 quasineutrons) are predicted to occur at
4u = 0.15 MeV followed by alignments of hiifq quasipro-
tons. The aligned vi~~&z and ~h»&2 configurations tend
to drive the nuclear shape towards slightly increased Pq
values and increased negative p values leading to triaxial
shapes at high rotational frequencies but this will have
only a limited effect on the quadrupole moment. The
high-K xhsfsiisyq configuration coupled to the aligned

xh11/2 and vi 3/2 hole configurations is predicted to re-

sult in a minimum at (P2, p, P4) = (0.135, —75', —0.028).
This configuration, but without aligned h11/2 quasipro-
tons, has been predicted to be favored in the neighboring
lead isotopes, e.g. ,

s7 ssPb [5,6), producing a collective
oblate minimum with a deformation of P2 = 0.11—0.12.
However, in the present calculations for Hg a mini-
mum based on the ~hg/2 high-K configuration coupled to
the previously mentioned aligned vrhiz&2 and vi&z&z hole
configurations is the most favored. This near-collective
oblate minimum has deformation parameters (Pq, p, P4)
= (0.139, —72', —0.035). As mentioned above the slightly
triaxial shape is induced by the rotation-aligned quasi-
particles. This result is consistent with the calculated
B(M1)/B(E2) values discussed above. It should be
noted that there is a considerable inherent uncertainty
in the TRS calculations when many quasiparticles are
involved and the calculated detailed deformations should
be taken with care. However, it is clear that within the
framework of the present TRS calculations only small dif-
ferences in deformation are expected between the favored

near-collective oblate configurations in the Pb and Hg nu-
clei. These small difFerences in deformation could explain
only a very small fraction of the differences in the ob-
served B(Ml)/B(E2) ratios. Based on our TRS results
and the semiclassical calculations of the B(M1)/B(E2)
ratios we must therefore conclude that the most prob-
able cause for the smaller B(M1)/B(E2) ratios in the
Hg nuclei is a structural difFerence due to a coupling of
aligned h11/2 proton hole states to a high-K hg/2 proton
configuration.

Experimentally, the AI = 1 band is found to be very
favored by the rotation, supporting the theoretical inter-
pretation of a substantial component of rotation-aligned
structures in the configuration. Also the tentative spin
of the lowest observed state (22h) is in agreement with
the assigned configuration, vrh9/2h11/2 (3 ~ 13/2

In summary, we have observed a high-spin AI = 1
band in Hg. TRS calculations predict a favored mini-
mum built from high-0 hg~&2 protons and rotation-aligned

proton h11/2 and neutron i13/2 hole configurations at
near-collective oblate shape. Theoretical estimates of the
B(M1)/B(E2) ratios assuming the above configuration
and deformation parameters reproduce well the experi-
mental B(Ml)/B(E2) values as well as those observed
for the lead nuclei, with the aligned xhiz&z configura-
tion absent and the high-K component of the configura-
tion exchanged to vrhsIqiisI2 for the higher-Z Pb nuclei.
This means that the lower B(M1)/B(E2) ratios in Hg
and issHg may well be explained by a different single-
particle structure and that deformation eEects, for which
no strong evidence is found in the TRS calculations, may
not be important.
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