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Signature splitting, shape evolution, and nearly degenerate bands in '®Ag
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High spin states in ' Ag have been studied via in-beam y spectroscopy techniques using the '**Ru(’Li, 3n)
reaction. The previously known level scheme has been extended, and a new band structure has been established.
The configurations have been tentatively assigned to all observed rotational bands. The signature splitting behavior
of the w g9/» ® vg7/» band has been discussed and interpreted as a change in shape from near-oblate to prolate. A
systematic study of the nearly degenerate negative-parity bands in the A ~ 110 mass region has been performed
and it is found that the yrast band in ' Ag and its side band show different behaviors with those expected from

a pair of chiral bands.
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High spin states of the odd-odd nuclei in the A ~ 110
mass region have been extensively studied in recent years.
In this mass region, the high-2 7 g9/, orbital drives the nuclei
towards negative y values, while the low-Q vhyy, orbital
drives the nuclei towards positive y values. The delicate
interplay of the high- 7 g9/, and low-2 vh, orbitals would
influence the overall shape of the nucleus and result in y-soft
or triaxial shapes. Indeed, several interesting phenomena based
on different deformations have been reported in this mass
region such as signature inversion [1], shape evolution and
coexistence [2], magnetic rotation [3], and chiral doublet
bands [4,5].

For the odd-odd nucleus '®Ag with Z = 47 and N = 61,
the proton Fermi level lies near the top of the gg/» subshell,
while the neutron Fermi level lies at the hy1/2, g7/2, ds)2,
or ds;, subshells. The different quasiparticle configurations
can drive '®Ag to form different shapes. Therefore, some
interesting phenomena based on different shapes are expected
to occur in '®® Ag. Furthermore, it should be noted that '%®Ag
has two protons more than '°°Rh and two neutrons more than
106 Ao 106Rh is usually regarded as the best known example
of chiral nucleus in the A ~ 100 mass region [6,7], whereas
the observed doublet bands in '“°Ag were interpreted as the
coexistence of triaxial and axial shapes [8]. It is still unclear
whether the nearly degenerate bands in '®Ag is associated
with the nuclear chirality or the shape coexistence.

Based on the above consideration, experiments were per-
formed to investigate structural features of the odd-odd nucleus
108 Ag via in-beam y spectroscopy techniques. Preliminary
result of the present work was published in Ref. [9].

The '"Ru(’Li, 3n) reaction at a beam energy of 33 MeV
was used to populate the high spin states in ' Ag. The target
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was an enriched '®Ru metallic foil of 2 mg/cm? thickness
with an evaporated 10 mg/cm? Pb backing. The beam was
provided by the HI-13 tandem accelerator of China Institute
of Atomic Energy (CIAE). Deexcitation y rays were detected
using an array of 12 BGO suppressed HPGE detectors and a
Clover detector. In this array, three HPGe detectors and the
Clover detector were located at 90°, six HPGe detectors were
located at 40° and three HPGe detectors were located at +65°
with respect to the beam direction. A total of 2 x 10%y-y
coincidence events were collected. In the off-line analysis,
the coincidence data were recalibrated to 0.5 keV/channel
and sorted into a 4096x4096 symmetrized matrix. To obtain
information on the multipole order of y rays, an asymmetric
DCO (directional correlation ratios of oriented states) matrix
was created by sorting the data from the detectors positioned
at ~ = 40° against the detectors at ~90° with respect to the
beam direction. For the present geometry, DCO ratio ~1.1
is expected for the stretched quadrupole transitions and ~0.6
for the pure stretched dipole ones by gating on the stretched
quadrupole transitions.

The level scheme of '®® Ag deduced from the present work is
shown in Fig. 1. Seven band-like structures were observed and
labeled 1-7 for the facility of discussions. This scheme was
established on the basis of coincidence relationships, relative
intensities and DCO ratios of the y rays. Examples of typical
gated y spectra are shown in Fig. 2. As shown in Fig. 1, the
level scheme is divided into two independent parts (positive-
and negative-parity structures). We discuss them separately
beginning with the positive-parity structures.

Preliminary results of bands 1 and 2 have been reported in
Ref. [9]. Band 2 is directly based on the I™ = 6" isomer and
has been assigned to be the wg9/» ® vds;, configuration [9].
In Ref. [9], band 1 has been extended and reassigned as
the 789 ® vg7/2 and gy @ vg7/2(h11/2)2 configurations
below and above the backbending, respectively. Based on the
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FIG. 1. Level scheme of '® Ag deduced from the present work. Transition energies are given in keV, while the widths of the arrows indicate

their relative intensities.

configuration and spin-parity assignments given in Ref. [9],
we analyzed the characteristics of signature splitting in
band 1. The convention S(/) = E(I)— E(I — 1) —[E( +
)—E()+ E(I —1)— E(I — 2)]/2 was used to display the
signature splitting. The S(/) versus [ are plotted in Fig. 3 for
band 1 in '®Ag and the band with the same configuration in
106 Ao [10]. One can see from Fig. 3 that the pattern of signature
splitting for ' Ag and '®Ag are very similar. The signature
splitting is large at low spins. After the alignment of a pair
of hy1/, neutrons, the signature splitting reduces significantly,
then an anomalous signature splitting (signature inversion) can
be seen at high spins. The similar signature splitting behavior
has been observed in many nuclei in the rare-earth region
and interpreted as a change in shape from negative to zero or
slightly positive values of y [11]. The positive values of y is
able to cause signature inversion [12].

To gain a better understanding of the nuclear structure of
18 Ao total Routhian surface (TRS) cranking calculations
[13,14] were performed. Selected examples of TRSs for
892 ® vg7/2 configuration below and above the neutron
alignment are presented in Fig. 4. The energy contours are
at 200 keV intervals. As shown in Fig. 4, the TRS calculations
show aminimum with 8, = 0.11 and y = —48.8° atrotational
frequency hiw = 0.25 MeV (below the neutron alignment),
and this minimum is shifted toward 8, = 0.17 and y = 6.6°

at a rotational frequency of hw = 0.35 MeV (above the
neutron alignment). It means that band 1 in ' Ag undergoes
a shape change, which is induced by the aligned )
quasineutrons, from a near-oblate to prolate with increasing
rotational frequency. The change in y value from negative
to slightly positive might be the cause for the reduction of
the signature splitting and the observed signature inversion.
The total Routhians for band 1 are calculated using the TRS
deformations. The calculation results show that the signature
splittings (Ae’ = €] ¢ or — €faver) A€ 51 keV and —40 keV for
ho = 0.25MeV andhiw = 0.35 MeV, respectively. It indicates
that band 1 in '® Ag undergoes a signature inversion, which is
consistent with the experimental observations.

Band 3 is a weakly populated band, which is linked to
band 2 by four y rays. The extracted DCO values for these
linking transitions suggest that band 3 has the same parity
(positive-parity) as band 2. It is consistent with the pervious
parity assignment given in Ref. [15]. The vg7,» and vds),
orbitals have been occupied by bands 1 and 2, respectively.
Thus, we tentatively adopt the 7 g9,» ® vd3/, configuration for
band 3.

A particular interesting aspect of the present work is the
observation of three nearly degenerate negative-parity bands
(4, 5, and 6). Compared with the level scheme of Ref. [15],
band 4 has been extended up to I™ = 187, three in-band
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FIG. 2. Typical samples of y-ray coincidence spectra in ' Ag. The peaks labeled C indicate contaminations.

quadrupole transitions (602.6, 651.5, and 728.4 keV) were
added into band 5, and five new linking transitions (744.4,
839.4, 935.3, 1246.0, and 1445.9 keV) between bands 4 and
5 were identified. The present work has also confirmed the
previous spin-parity assignments of bands 4 and 5 [15]. Band
6 is a newly observed rotational band, which feeds into band 4
via four linking transitions with energies of 983.3, 1190.0,
1268.3, and 1490.0 keV. The placements of band 6 were
determined definitely according to these linking transitions,
which could be weakly seen in Figs. 2(a) and 2(c). The
DCO ratios of 1190.0 and 1268.3 keV transitions can be
extracted. The extracted DCO ratios for 1190.0 and 1268.3 keV
transitions are 0.60(12) and 0.89(23), respectively. It implies
that the 1190.0 keV transition have Al =1 M1/E2 or E1
character, and 1268.3 keV transition have an E2 multipolarity.
We do not adopt the E'1 character for the 1190.0 keV transition
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FIG. 3. S(I) = E(I)— E(I — 1) — [E(I + 1) — E(I)+ E(I —
1) — E(I —2)]/2 for band 4 in '®Ag (present work) compared to
the band with the same configuration in '%Ag.

because it would require an M2 multipolarity for the 1268.3
keV transition, which would be highly unfavourable. Thus, the
I = 127 is tentatively assigned for the lowest observed state
of band 6.

In Ref. [15], bands 4 and 5 have been assigned as
the T892 Vh][/z and T892 Vh][/z(g7/2)2 configurations,
respectively. Similar structures as bands 4 and 5 were
also systematically observed in neighboring *%!%Tc [16,17],
104.106Rh [18,19], and '°Ag [8,10]. As mentioned in above,
it is of particular interest to study the mechanism for the
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FIG. 4. TRS calculations for the wg9/» ® vg7/, configuration in
108 Ag at rotational frequencies of 0.25 MeV and 0.35 MeV.
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FIG. 5. (Color online) Excitation energies (a), the energy staggering parameter S(/) = [E(l) — E(I — 1)]/21 (b), experimental
alignments (c), the kinematic moments of inertia (d), and experimental B(M 1)/ B(E?2) ratios (e) as a function of spin for the nearly degenerate
bands in *1%T¢ [16,17], '*1%Rh [18,19], ' Ag [8,10], and '®Ag (present work).

occurrence of the nearly degenerate bands in ' Ag. In order to
discuss and compare the observed degenerate bands in '®Ag
together with those in *%'%T¢ [16,17], 19+1%Rh [18,19], and
106Ag [8,10], the excitation energies, the energy staggering
parameter S(/) =[E(l)— E(I — 1)]/21, the experimental
alignments (i, ), the kinematic moments of inertia (MOI) and
the B(M1)/B(E?2) ratios for these bands are plotted in Fig. 5
as a function of spin. As shown in Fig. 5, doublet bands
in !%Rh have small energy differences (~300 keV), smooth
variation S(7), almost identical i,,, MOI, and B(M1)/B(E2)
ratios within the observed spin interval. These properties of
the doublet bands in '“Rh agree well with the expected
chiral criteria [7], which provides a good example of chirality.
The nearly degenerate bands in *®'%Tc and '“Rh also show
consistent behaviors with those expected from chiral doublet
bands. However, the values of S(I), i, and MOI for the
doublet bands in % Ag are quite different within the observed
spin interval. These experimental observations show marked
differences from the systematics expected of chiral doublet
bands. The doublet bands were interpreted to have the identical
single-particle configurations but corresponded to different
shapes in Ref. [8]. Asshown in Fig. 5, all observed properties of
108 Ag have a very similar behavior to those of ' Ag. It imply
that the doublet bands in '®Ag and '“Ag have a common
origin, i.e., the same single-particle configurations but different
shapes.

TRS calculations for the wg9/» ® Vi1, configuration in
18 Ao are shown in Fig. 6 for two rotational frequencies
0.25 MeV and 0.35 MeV. The deformation parameters 8, =

0.16, y = 3.4° and B, = 0.16, y = 0.1° are obtained from the
present calculation corresponding toiw = 0.25 and 0.35 MeV,
respectively. It indicates that the 7 g9/> ® vhyy/, configuration
in %Ag have a nearly axially symmetric shape, which is
not suitable for the construction of chiral doublet bands.
Both empirical systematics and TRS calculations indicate that
bands 4 and 5 in '®Ag would not be a pair of chiral bands.
As shown in Fig. 5, new observed band 6 in '®Ag has
the large alignment and the high excitation energy compared
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FIG. 6. TRS calculations for the 7 g9/» ® vh,;,, configuration in
108 Ag at rotational frequencies of 0.25 and 0.35 MeV.
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with the yrast band, which indicates that band 6 is likely to
be built on the four-quasiparticle configuration. We tentatively
assigned g9/» ® vhy1/2(87)2, d5/2)2 configuration to band 6.
Bands with the same configuration have already been reported
in the neighboring odd-odd nuclei 1081101 [20] and 106Ag [10].
This provides further support for the present configuration
assignment of band 6.

During the preparation of the present manuscript, another
work [21] was published and which suggest that the doublet
bands (labeled 4 and 5 in the present work) in ' Ag originate
from two different quasiparticle structures.

In summary, high spin states in '®®Ag have been studied
via the '™Ru(’Li, 3n) reaction at the beam energy of 33 MeV.
The previous reported level scheme has been confirmed and
extended, and a new band structure has been established. The
configurations have been tentatively assigned to all observed
rotational bands. The signature inversion was observed in the

PHYSICAL REVIEW C 88, 037301 (2013)

7 89/2 ® vg7/2 band and this phenomenon was interpreted as a
change in shape from near-oblate to prolate. A systematic study
of the nearly degenerate negative-parity bands in the A ~ 110
mass region has been performed and it is found that the yrast
band in ' Ag and its side band show different behaviors with
those expected from a pair of chiral bands.
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