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The energy levels of the odd-odd nucleus *°T have been investigated by in-beam y -ray spectroscopic techniques.
Twenty seven new y transitions have been identified. The polarization analysis was carried out using the clover
detector as a Compton polarimeter. We have made definite parity assignments to six bands. Five of them were
in agreement with the previous assignments of parity, but one band for which the theoretical interpretation was
earlier reported with an assumed negative parity [Zheng et al., Phys. Rev. C 86, 014320 (2012)] was found to be
of positive parity. We have carried out the theoretical analysis of different bands using the particle rotor model
and the calculations of the total Routhian surface. The signature inversion observed in the yrast negative-parity
band has been understood as the change in the axis of rotation from the shortest to the intermediate axis of the
triaxial nucleus. Two positive-parity bands based on the particle configuration wh;,, ® vhyy,, have been found

to be good candidates for the chiral partner behavior.
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I. INTRODUCTION

Many nuclei in the mass region A ~ 130 have been studied
extensively for their nuclear structure properties, because of
the importance of the intruder orbit 4;/, for the valence
proton and neutron. These studies have revealed interesting
phenomena such as signature splitting, signature inversion,
chiral behavior, and decoupled bands. The examples are 55Cs
[1], s7La[2,3], s9Pr [4,5], and ¢; Pm [6] nuclei. In these nuclei,
the proton Fermi surface lies in the lower part of the 7/,
subshell, while the neutron Fermi surface lies in the middle or
upper part of the 111/, subshell. The yrast and yrare states are
built on the particle configuration whyi/, ® vhii2. However,
for the doubly odd nucleus, s3I, the proton Fermi level may
lie below the /1> subshell which raises the relative energy of
the why12 ® vhy/; configuration and allows the competition
from the other two quasiparticle configurations. Furthermore,
when the valence neutron starts to occupy the high-<2 orbitals
of the A/, subshell, the deformation-driving properties of
protons and neutrons become different. As a result, a given
nucleus may have either a prolate, an oblate, or a triaxial shape,
depending on the configuration. In this respect, the odd-odd
nucleus *1 is of interest.

Early investigations on '*°I were limited to low spin
states via the reactions 126Te(p, )01 [7], *"I(n, 2n)"?°1 [8],
and '?7I(y, n)'?°T [9]. There was an unpublished result [10]
based on an experiment performed using the heavy-ion fusion
reaction >*Sn(’Li, 51)'?°1. Although well-developed band
structures were reported, the theoretical results were tentative.
Later, an excited positive-parity band was theoretically ana-
lyzed and assigned the particle configuration wh12 @ vhyy)2
by Moon [11]. A partial level scheme was published by Li
et al. [12]. A recent publication by Zheng et al. [13] has
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confirmed the seven bands presented in Ref. [10] with the
addition of some new transitions. They have assigned the
particle configurations to various bands with the help of the
triaxial projected shell model and the cranked shell-model
calculations. In the absence of any experimental evidence,
their parity assignments to the states were tentative.

The work presented here describes the experimental find-
ings of the energy levels of '*I. We have used the same
heavy-ion reaction as in the earlier works [10,13]. Triple- and
double-y coincidences were recorded using 15 high-purity
germanium (HPGe) clover detectors. The advantage of using
the clover detector was the utilization of its four segments as a
Compton polarimeter for the polarization analysis. The posi-
tive (negative) value of the polarization asymmetry parameter
corresponds to the electric (magnetic) nature of the y rays.
Thus, the parity of the states was experimentally determined
for the first time. One of the bands, assumed to be of negative
parity by Zheng et al. [13] in their theoretical treatment, was
found to have a positive parity in our experimental investiga-
tion. In the entire decay scheme, our placement of y transitions
and the spins of the levels agreed to a large extent with the
earlier works [10,13]. However, some of the placements have
been changed because of newly found interlinking transitions.

Understanding the nuclear behavior, influenced by chang-
ing deformation with increasing angular momentum, can be
quite a challenge. The phenomenological particle rotor model
(PRM), which is based on the concept of valence particles
coupled to a rotating core, has been widely used in the mass
region 130 in the past [14]. The success of any such model-
dependent theoretical calculation largely depends on the input
parameters. The crucial parameters are the quadrupole defor-
mation (&;) and the triaxiality parameter (y) of the rotating
core nucleus. The total energy minimum in the contour plot of
the total Routhian surface (TRS) calculation gives a reliable
estimate of the deformation parameters (g;, ) of the core
nucleus. The quasiparticle energy diagrams provide an initial
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guess for the lowest occupied Nilsson orbits for the valence
particles, which are yet another important input to the PRM.
We have carried out the theoretical investigation of different
bands in the framework of TRS and PRM calculations.

The observed phenomenon of signature inversion in the
yrast band has been understood as the change in the axis
of rotation from the shortest to the intermediate axis of the
triaxial core nucleus, by following the arguments of Ikeda and
Aberg [15]. Interestingly, the same cause for the signature
inversion has been discussed for 55Cs nuclei by Gao et al. [16]
by using the triaxial projected shell model. Our assignment of
the valence particle configuration 7ds;; ® vhyi/; to this band
agreed with that of Zheng et al. [13], but was in contradiction
to that of Moon et al. [10].

We have proposed two excited positive-parity bands,
based on the particle configuration /2 ® vhiy, for the
candidature of chirality. Zheng et al. [13] assumed one of these
excited bands to have negative parity. They then theoretically
interpreted the same excited band to be the chiral partner of
the yrast negative-parity band above 157. Therefore, our result
on chirality for '*I is in marked contrast with theirs.

II. EXPERIMENT AND RESULTS

In the present experiment, high spin states of > were
populated using the reaction '*Sn(’Li, 57)'%I at the beam
energy of 50 MeV. The measurement was carried out at the
15UD Pelletron accelerator at the Inter-University Accelerator
Centre (IUAC), New Delhi, India. An isotopically enriched
(99.9%) self-supporting '2*Sn target of thickness 2.7 mg/cm?
was used so that most of the recoiling evaporation residues
stopped in the target itself. The y rays emitted in the reaction
were detected by the Indian National Gamma Array (INGA)
[17], consisting of 15 Compton suppressed HPGe clover
detectors arranged in five rings. Three detectors were placed
at 32°, two at 57°, four at 90°, two at 123°, and four at 148°
with respect to the beam direction. The triple-y coincidence
data were collected in the event-by-event mode, called the
list mode. For this purpose, a CAMAC-based multichannel
synchronization mode was utilized with an in-house software
CANDLE [18] on the Linux platform.

The data were initially sorted using the computer program
LAMPS [19]. The energy calibration (0.5 keV per channel) of
the list mode data was done using a radioactive source '>?Eu.
The background subtracted data were then utilized to generate
different types of 4k x 4k matrices. Each of these matrices
were used to extract different experimental results. For exam-
ple, one matrix was E, vs E,, in which each of the two axes
corresponded to the energy of the coincident y rays measured
by any two clover detectors in the add-back mode [20]. In
this mode, much of the Compton background was reduced by
appropriately adding the events corresponding to the Compton
scattering to the events corresponding to the photopeak. The
symmetrized matrix was generated by making the two energy
axes equivalent. From this matrix, the projected spectra with
the individual y-energy gate were generated. The projected
spectrum with the full-energy gate, called the total projected
spectrum, was also generated for the visual examination of the
y-ray intensities. Of all the residues, '2°T was most dominantly
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FIG. 1. Total projected y-ray spectrum. The labeled y transitions
belong to '?°I. The y peaks of 415 and 659 keV belonging to other
intensely populated residues are also marked.

populated. This is evident from the total projected spectrum
shown in Fig. 1, in which most of the intense, labeled y
transitions belong to '?°I. To obtain the directional correlation
ratio (DCO), an asymmetric E, vs E, matrix was constructed
from the coincidence data with y-ray energies from detectors
at 32° and 148° on one axis and those from 90° on the other
axis. Two asymmetric matrices for parallel and perpendicular
scattering of the y ray were prepared for the polarization
analysis. In such a matrix, one axis corresponded to scattered
y ray and other axis to the coincident y ray detected by
the remaining clovers in the add-back mode. The data were
analyzed using the computer program RADWARE [21,22].

We discuss below the construction of the level scheme, the
determination of the spins of the energy states by the analysis
of the DCO, and the assignment of the parity by polarization
measurements. The experimental results are summarized in
Table I.

A. Level scheme

The level scheme of '*°I (Fig. 2), deduced in the present
work, was based on the y-ray coincidence and intensity
relationships. To illustrate the placement of new y transitions
in the decay scheme, we present here examples of the projected
spectra, shown in Figs. 3 and 4. In these spectra, the new y
peaks (shown in red) and some intense y transitions belonging
to '2°T have been labeled. However, some close-by intense
peaks have not been labeled to maintain the clarity of these
figures. Also, there are unlabeled peaks belonging to '*6I
which were known earlier [10,13] and have not been further
studied by us. A few small contaminant peaks belonging to
the neighboring nuclei are also present in the spectra. These
projected spectra were generated by putting the double-y gates
on the triple-y coincidence data. To enhance the intensity of the
peaks in the projected spectra, we have added a few projected
spectra. Our notation for the double-y gate is y 1/y2, where y 1
and y2 denote the energy, in keV, of the gates corresponding
to the two y transitions.

Figure 3(a) shows the sum of the projected spectra of
375/410, 469/252, and 252/727. This spectrum shows the
presence of the two coincident y transitions of energies 258
and 1081 keV. These two new y transitions have been placed
in Band 5.
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TABLE I. Energy, intensity (normalized to intensity of the 122.2-keV transition), gate for the DCO, DCO ratio, experimental asymmetry
(A), mixing ratio, multipolarity, initial and final state spin of the transitions of 1261, deduced from the present work, are listed. The error in E,
is £0.5 keV. The errors for the other quantities are statistical and mentioned in brackets.

Energy (E,) Intensity (1) Gating DCO ratio Asymmetry Mixing ratio Multipolarity Assigned
transition (keV) (A) (8) ST = J7
51.8 127 — 117
66.6 39(14) 122 0.57(3) 0.16(3) M1/E2 7 — 6~
79.9 17(5) 699 0.82(4) 0.25(3) M1/E2 10" — 9T
105.6 80(19) 122 0.65(1) 0.25(1) M1/E2 8 — 7
115.1 94 734 1.27(2) 0.23(1) E2/M3 6~ — 4~
122.2 100 734 1.31(2) 0.24(3) E2/M3 4= — 27
135.8 9 — 8~
137.0 217 — 20~
149.5 5(1) 22T — 21°F
151.8 0.8(2) 137 - 12-
157.8 2.8(6) 9 — 8§~
165.2 2.4(5) 11- — 10~
173.3 12(3) 720 0.92(6) E2 8 — 6~
176.7 177 — 167
184.7 1.8(4) 177 — 16~
208.1 1.3(3) 18 — 17F
211.6 2.4(5) 13 — 12+
216.7 2.6(6) 177 — 16~
219.7 877 0.70(4) 0.14(3) M1/E2 127 — 117
220.0 33(7) 666 1.22(6) 0.23(3) M1/E2 157 — 14%
252.3 102) 877 0.68(7) 0.10(6) M1/E2 147 — 13*
258.4 0.6(2) 169 — 15
273.0 22(5) 122 0.49(1) —0.01(1) 0.09(2) M1/E2 8 — 77
2754 10(2) 787 0.70(6) 0.14(5) MI1/E2 137 — 12+
299.6 3.6(8) 12t — 117
300.5 237 — 227
303.6 11(2) 367 0.99(2) 0.02(2) MI1/E2 147 — 13*
3249 90(20) 734 0.47(1) —0.04(1) —0.06(1) M1/E2 9" — 8~
327.8 2.8(6) 169 — 15F
339.2 16(4) 720 0.48(1) —0.06(1) —0.05(2) M1/E2 11 — 10~
350.6 1.0(3) 894 0.59(4) 0.04(4) M1/E2 187 — 17
356.2 7(2) 772 1.48(6) 0.05(2) 0.13(3) E1/M2 10t — 9~
366.9 18(4) 523 1.74(8) —0.03(1) 0.02(3) M1/E2 137 — 12+
374.5 5(1) 765 0.38(2) —0.18(3) M1/E2 149 — 13
381.9 11t — 11"
384.8 2.7(6) 854 0.48(4) —0.07(4) M1/E2 16~ — 15°
387.0 3.1(7) 200 — 19°
387.1 275 0.82(6) 0.00(4) MI1/E2 167 — 15*
390.5 17(4) 523 1.71(11) —0.05(1) 0.04(3) M1/E2 167 — 15*
394.9 21(4) 325 0.50(1) —0.03(2) —0.05(1) M1/E2 100 - 9~
399.6 19(4) 670 1.20(8) 0.25(3) MI1/E2 11t — 10"
399.6 1085 0.78(6) —0.07(5) M1/E2 157 — 14%
410.2 3.6(8) 751 0.54(2) —0.19(2) M1/E2 159 — 14
410.8 9+ — 8
415.1 2.3(5) 187 — 17+
420.2 2.4(5) 751 0.57(3) —0.16(3) M1/E2 16 — 15
425.6 15(3) 734 0.45(2) —0.09(1) —0.09(2) M1/E2 127 - 11~
429.1 137 — 12~
430.9 1.6(3) 9" — 7°
437.1 9(2) 854 0.37(1) —0.07(1) —0.19(2) MI1/E2 14 — 13~
4427 3.9(8) 1091 0.73(6) 0.14(4) MI1/E2 20" — 197
468.6 159 — 14*
481.2 19t — 18*
482.9 18" — 17F
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TABLE 1. (Continued.)

Energy (E,) Intensity (1) Gating DCO ratio Asymmetry Mixing ratio Multipolarity Assigned
transition (keV) (A) %) Jr—=J }’
490.1 2.7(6) 252 0.72(3) —0.12(3) M1/E2 17t - 16
494.7 2.8(6) 252 1.72(10) E2 137 — 11°F
509.6 177 — 16~
5233 5(1) E2 15t - 13+
526.6 5(1) 16= — 15~
527.6 220 1.31(9) E2 14t — 12%
530.5 4(1) 21t — 20*
531.1 8 — 8§
531.4 157 — 14~
550.6 1.6(3) 157 — 14~
554.3 1.1(2) 16= — 15~
566.4 19t — 18+
568.7 7(2) 100 — 9~
571.9 11(2) 1006 1.11(7) 0.12(8) E2 19~ — 17~
577.9 13t — 12%
578.9 2.8(6) 711 0.52(6) —0.04(5) M1/E2 157 — 14~
601.6 12(3) 275 0.88(5) —0.02(2) 0.20(4) M1/E2 12 — 11"
608.9 391 0.89(3) 0.09(2) MI1/E2 177 — 167
609.8 197 — 18~
609.8 167 — 14+
617.6 28(6) 325 0.50(1) —0.07(1) —0.21(3) 9t —» 9~
637.0 0.8(2) 8 — 77
644.4 7(2) 122 1.94(4) 0.10(2) M1/E2 100 - 9
647.3 6(1) 117 — 107F
651.5 2.0(4) 275 1.51(9) E2 157 — 137
666.2 9(2) 122 0.69(3) 0.13(5) E2 13* — 11"
666.4 9~ — 8~
668.7 127 — 11~
670.3 28(6) 699 0.87(2) 0.09(2) E2 14T — 12+
679.5 2.04) 22t — 207
684.1 3.3(7) 572 0.49(2) —0.07(3) M1/E2 200 — 19-
698.1 10" — 9~
699.0 50(11) 618 0.87(3) E2 12t — 10"
704.1 10(2) 765 1.55(9) 0.09(3) M1/E2 137 — 127
711.1 7(2) 572 1.03(6) 0.17(3) E2 177 — 15~
719.6 29(6) 765 0.89(3) 0.11(1) E2 100 — 8~
726.6 9(2) 273 1.59(8) E2 100 — 8~
726.8 (16%) — 14+
733.9 36(8) 854 0.92(3) 0.13(1) E2 11 - 9~
739.0 3.0(7) 572 0.93(7) E2 177 — 15°
750.9 5(1) 765 0.78(6) 0.19(4) E1/M2 13 — 12
758.2 4.009) 325 0.53(1) E2 127 — 10~
764.5 17(4) 720 0.88(3) 0.06(1) E2 127 — 10~
772.2 9(2) 122 0.66(3) —0.03(6) E2 9" — 7°
775.7 6(1) 115 0.41(5) 0.17(6) —0.03(6) E1/M2 9t — 8-
781.5 3.1(7) 11T — 10"
786.6 3.7(8) 252 1.55(10) E2 167 — 14*
799.5 0.9(2) 227 — 21°
802.0 100 — 8~
815.0 2.6(6) 252 0.70(7) 0.06(2) —0.12(6) E1/M2 137 — 12~
816.7 157 — 14~
821.5 3.5(7) 572 0.95(5) 0.14(12) E2 217 — 19°
822.6 16t — 15*
830.1 164 — 14
834.6 10(2) 220 0.89(6) 0.09(4) E1/M2 11T — 10-
844.6 9(2) 854 0.56(5) 0.00(4) M1/E2 157 — 14~
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TABLE 1. (Continued.)

Energy (E,) Intensity (1) Gating DCO ratio Asymmetry Mixing ratio Multipolarity Assigned
transition (keV) (A) %) JT — Jj’}
854.1 27(6) 734 0.90(3) 0.11(2) E2 137 — 11~
860.0 3.7(8) 18~ — 16~
865.8 12(3) 14 — 127
867.5 5(1) 273 1.48(17) E2 127 — 10
877.2 1.9(4) 275 0.71(7) E2 17t — 157
883.8 2.1(5) 17t — 167F
888.7 6(1) 325 0.54(1) E2 14~ — 12~
894.2 4.109) 854 0.95(11) E2 177 — 157
904.9 2.5(5) 787 0.96(9) E2 187 — 167
910.6 1.0(2) 220 0.86(15) 0.07(8) E1/M2 11t — 10~
916.0 4.6(9) 854 0.79(8) E2 16— — 14~
923.7 1.4(3) 20t — 18+
942.4 8(2) 122 1.69(5) 0.04(1) 0.19(2) E1/M2 9t — 8-
960.0 1.9(4) 197 — 17-
960.0 20" — 18*
963.5 5(1) 999 0.89(9) E2 19t - 17
968.5 11(2) 854 0.92(4) E2 15— — 13~
973.1 2.7(6) 391 1.67(24) E2 21T — 19*
978.4 1.2(3) 157 — 13~
981.6 9% — 17F
995.6 1.94) 200 — 18~
999.2 7(1) 670 0.83(6) E2 17t — 15%
1000.2 4= — 12~
1006.3 3.4(7) 157 — 13~
1007.7 127 — 10
1042.5 167 — 14
1072.5 2.6(6) 160 — 14~
1081.2 1.2(3) (17%) — (1619)
1084.5 5(1) 720 1.59(10) 0.07(3) 0.09(3) E1/M2 117 — 10~
1091.4 5(1) 18t — 167
1100.2 2.5(5) 237 — 21°
1104.8 2.5(5) 160 — 14
1131.9 3.0(6) 14~ — 12~
1253.7 157 — 13~

Figure 3(b) shows the sum of the projected spectra of
758/273 and 889/273. The new transition of energy 802 keV
interlinking Band 1 and Band 2 was identified.

The identification and placement of the weak y transitions
566, 578, 960, and 982 keV belonging to Band 6 were done
by creating many combinations of sum spectra. One example
of such spectra is shown in Fig. 3(c). The gates were 400/387,
252/905, and 252/387.

Figure 3(d)-3(f) are the examples of the y transitions
belonging to Band 7. In Fig. 3(d), the gates were 220/884,
220/391, and 391/884. This spectrum identified the presence
of new transitions 884 and 208 keV, placed above 16*. How-
ever, the placement of the 208-keV transition was tentative
because of its weak intensity. Similarly, the weak 177-keV
transition was identified by gating on 220/823, as shown in
Fig. 3(e). Another projected spectrum, with the sum of double
gates 220/367, 220/699, 304/699, and 304/367, was created
to identify the new y transitions of energies 177, 823, 884, and
1043 keV [Fig. 3()].

There were inconsistencies in the placement of some y
transitions in Band 4 in the earlier two references [10,13].
Our data analysis agreed with the placement of the 572-keV y
transition done by Zheng et al. [13]. However, their claim of
the 684-keV transition being in coincidence with the 822-keV
transition did not agree with our data. We found these two
transitions to decay to the same level 197, as was proposed
by Moon et al. [10]. A set of projected spectra was generated
by taking two simultaneous gates on the y transitions. The
examples of the sum of the projected spectra are shown in
Fig. 4. Figure 4(a) shows the sum spectrum of 572/185,
185/1132, 572/889, and 185/889. Similarly Fig. 4(b) is for
572/889 and 572/1073, and Fig. 4(c) is for 734/854 and
739/854. The new y transitions 217, 551, 554, 579, 1105, and
1254 keV and a new spin-state 16~ in Band 4 were identified.

The relative intensities of the y transitions were determined
using the most intense y peak of energy 122 keV as the
reference, by assuming its intensity to be 100. Two independent
gates of energies 115 and 122 keV were put in the double
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FIG. 2. (Color online) Level scheme of '*I. The energies of the transitions are shown in keV. The new y transitions are marked in red.

coincidence data. From the two projected spectra, the ratio of
the efficiency-corrected intensities for a particular y transition
was found to have a nearly constant value of 0.94 for many
intense transitions. Thus the intensity of the 115-keV transition
was determined to be 94. The same procedure was applied
for finding the intensities of the other y transitions with
lower-lying transitions as gates. Table I shows the results.

B. Spin

The multipolarity and the mixing ratio of the y transitions
were deduced from the DCO ratio. In the most effective
approach for finding the DCO ratios, one of the coincident
detectors should be close to & = 0° or 180° and the other close
to & = 90°. For the same reason, ¢ should be close to 0° or
180° [23]. Accordingly, we constructed an asymmetric matrix
with one axis corresponding to the detectors at § = 90° and
the other axis corresponding to the detectors at & = 32° and
148° and ¢ = 0° and 180°. Here, 6 is the angle subtended by
the detector with the beam direction and ¢ is the angle between
the two planes opened by each detector and the beam axis. The
experimental DCO ratios were calculated using Eq. (1) [24]:

1;; (gate}))
1} (gate)

where Igf(gategj‘_) is the intensity of y, detected at 6;, in

coincidence with y; detected at 6;, for i, j =1, 2;i # j.

The experimentally determined values of the DCO ratios
were compared with the theoretical curves to determine the
multipolarity of the transition. Assuming that the nature of
transitions is pure and stretched, the DCO ratios are expected
to be close to 1.0 for a quadrupole transition and 0.5 for a dipole
transition, when the gate is set on a quadrupole transition.

In the case of gating on a dipole transition, DCO ratios of
approximately 1.5 for a stretched quadrupole (L = 2, Al = 2)

(1)

Rpco =

transition and of 1.0 for a stretched dipole (L =1, Al = 1)
transition are expected, where I and L are the spin of the state
and the multipolarity of the transition, respectively.

The theoretical prescription of DCO ratios was given
by Krane et al. [23]. According to this theory, the nuclei
produced in the heavy-ion reaction are aligned in their angular
momentum, and the alignment parameter o measures the
degree of alignment. Two coincident y rays in a cascade,
emitted by these nuclei and detected at different angles, show
a definite pattern in their intensity ratios. The DCO ratio not
only depends on the nature of the decaying transitions but also
on the mixing ratio § of both the transitions in the cascade. If the
lowest multipolarity of a particular transition is E2, the mixing
of M3 is normally very small and § = 0 may be assumed. In
our calculations, the value of the alignment parameter o/ was
assumed to be 0.3. The theoretical DCO curves were plotted as
a function of tan~!§ for different values of the unknown spin
I. By comparing the experimental values of Rpco with the
theoretical DCO plots, the unknown spin I was determined.
For the ambiguous cases, when the theoretical curve matched
with the experimental value of Rpco at two different values of
8, another decay path involving the same unknown spin state
was analyzed. A consistent matching, through both the decay
paths, was invariably found for the lower value of §. In any
case, the value of unknown spin / was finally decided such that
its value did not decrease with increasing excitation energy.

Figures 5(a), 5(b), and 5(c) were the typical examples
involving the 1085- and 776-keV transitions which interlinked
two different bands. Such transitions played an important role
in establishing the spins of the entire Band 6 and Band 7,
in agreement with the earlier [10,13] tentative assignment.
Moreover, these figures are the representatives of a three-level
decay and a four-level decay, each with one unknown value of
spin I. The hatched region represents the experimental value
of the DCO with its error. The error was estimated from the
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FIG. 3. (Color online) Examples of the projected spectra obtained
using double-y gates on the triple-y coincidence data. The labeled
y-transitions belong to '?°I. Peaks marked in red are new transitions
observed in the present study. The detailed description is given in the
text.

uncertainty obtained in the areas of the y peaks. In Fig. 5(a),
the curves corresponding to / =11 and I = 10 matched
the experimental Rpco at the low and the high & values,
respectively. On the other hand, when a different sequence
of y transitions was utilized, as shown in Fig. 5(b), I = 11
was the only choice. The state decaying via the 776-keV
transition was found to be / = 9, as shown in Fig. 5(c). Thus
the multipolarities of both the 1085- and 776-keV transitions
were confirmed to be dipole. Similar analysis was done for
the other intense cascades of y transitions and the results are
summarized in Table 1.

C. Parity

The parity of the energy states was determined by the
polarization measurement. The polarization of a y transition,
definedas P = A/ Q,isrelated to the experimental asymmetry
A and the polarization sensitivity Q of the polarimeter. The
functional dependence of Q on the energy of the photon, E,,

PHYSICAL REVIEW C 88, 054306 (2013)

i Q (@)
00 5|8 ﬁ”éé & 5 “ho
o i mm.m.mmMmmm 40
= S R O
2200 o e =
o Ya
o
a
100+ T o
2| o5
0

250 500 750 1000 1250
Ey (keV)

FIG. 4. (Color online) The projected spectra obtained by the
double-y gates on the triple-y coincidence data. The labeled y-
transitions belong to '%I. The new y transitions, marked in red,
connect Band 4 with other bands. The details have been discussed in
the text.

and the finite size of the detector has been discussed by Schmid
et al. [25]. An extensive study characterizing the various
aspects of the clover detectors has been described by Duchéne
et al. [26]. A typical measurement of Q, in the energy range
of 386 to 1368 keV for the type of the clover detector used in
the INGA, was performed by Palit ez al. [27]. For a Compton
polarimeter, the experimental asymmetry A is defined as
A= M, )
aN| + N
where N (V) is the number of detected y rays undergoing
the Compton scattering parallel (perpendicular) to the reaction
plane. The reaction plane is defined as the plane containing
the incident beam direction and the outgoing y ray. The
parameter @ is a measure of asymmetry in the response of
the perpendicular and the parallel crystals and is defined as

N (unpolarized)
a= ————————

N (unpolarized)” )

Often it is possible to distinguish between the electric and
the magnetic type of transitions from the measured value of A.
In a clover detector, one of the segments acts as a scatterer and
the other segments act as an analyzer, constituting a Compton
polarimeter. In our experimental setup, the detector at 90° was
found to be the most suitable as a Compton polarimeter. In
this detector, when one of the coincident y rays was incident
on any of its segments and underwent Compton scattering
in the segment parallel (perpendicular) to the reaction plane,
the event was recorded as N (N,). The other coincident
y ray was detected in any of the other clover detectors of
the array. To extract the polarization asymmetry A from our
data, two asymmetric matrices, corresponding to the parallel
and perpendicular scattering, were created. They were called
parallel and perpendicular matrices. These matrices were then
utilized to generate the projected spectra with gates on the
strong transitions of '2°I. The intensity of a particular y
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FIG. 5. (Color online) Theoretical DCO curves as a function
of tan~'8 for the coincident y transitions: (a) 1085 and 720 keV,
(b) 1085 and 395 keV, and (c) 115 and 776 keV. The hatched region
indicates the experimental value of the DCO.

peak obtained from the parallel and perpendicular matrices
yielded Ny and N, respectively. The value of the asymmetry
parameter a was obtained from the radioactive source '>>Eu
in the energy range of 0.25 to 1.4 MeV. Roughly a constant
value of @ >~ 1 was found. Figure 6 shows the experimental
asymmetry (A) for many y transitions in the level scheme.
The statistical quality of the spectra was not good. Therefore,
the values of A were obtained only for those transitions
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FIG. 6. Plot of experimental asymmetry (A) for different y
transitions measured in the present experiment.

whose gates were clean and intense. Moreover, because of
the low counts corresponding to Compton scattering events at
the low energy, our analysis was restricted to the minimum
energy of 273 keV. The positive and negative values of
A correspond to pure stretched electric and pure stretched
magnetic transitions, respectively [28], while the opposite
is true for the pure nonstretched transitions. The same sign
convention is applicable for the mixed transitions, if the value
of the mixing ratio is low. However, for the large mixing
the sign may be opposite. Our parity assignment for most of the
transitions was found to be consistent with the sign of A for the
stretched transitions with low mixing ratio. Typical examples
were the M 1/ E2 transitions, 325, 339, and 426 keV, belonging
to Band 3 (see Table I). In fact, the 618-keV transition decaying
from 97 to 9~ was the only transition found to be nonstretched.
It is worth noting that we found low mixing ratios by the DCO
analysis as well as by the polarization analysis for most of the
observed transitions.

From the sign of A (Table I) and from the DCO analysis,
the multipolarity of both the 1085- and 776-keV transitions
was found to be predominantly of E1 character. Since these
were the interband transitions, they played a crucial role in
establishing the parity of Band 6 and Band 7. Both these bands
were found to have positive parity. While our assignment of the
positive parity to Band 7 agreed with that of Zheng et al. [13],
the assignment of positive parity to Band 6 did not. Our assign-
ment of positive parity to this band was further confirmed using
the data on the 815-keV y ray, which was another E 1 transition
connecting Band 3 to Band 6. The parity of Band 5 was
tentatively assigned to be positive, because the values of A for
the interlinking transitions could not be determined accurately.

III. THEORETICAL CALCULATIONS

We have theoretically studied the observed properties of
different bands on the basis of the total Routhian surface [29,
30] and the PRM calculations [31,32].

A. Total Routhian surface calculation

The general features of rotating nuclei can be understood
with the Nilsson-Strutinsky prescription, in which the shell
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effects and the pairing are added to the liquid-drop energy.
We used the computer code ULTIMATE CRANKER [33,34] for
the TRS calculation. The calculation is based on the cranking
model, wherein the nucleus is assumed to be a rigid body
rotating around the principal axis. For a rigid body, the moment
of inertia is largest for the rotation around the shortest axis, and
hence, the rotation around this axis is energetically favored.
The quadrupole deformation parameter &, and the triaxiality
parameter y were defined in the Lund convention [30]. In this
convention, &; is positive and the sign of triaxiality parameter
y defines the axis of rotation. The positive and negative
values of y correspond to the rotation around the shortest and
the intermediate axis, respectively. The energy minimization
was done with respect to the &4 parameter. The pairing gap
parameters for protons and neutrons were chosen as A, =
1.1 MeV and A, = 1.0 MeV. All the other input parameters
were kept at their default values.

B. Particle rotor model calculation

The PRM for the two quasiparticles, one each for the
valence proton and neutron, was utilized. The computer
code was procured from Ragnarsson [35]. The important
inputs to the program were the single-particle orbits for the
quasiparticles, the deformation parameters of the core (e,
&4, v), and the moment of inertia parameters. The variable
moment of inertia parameters were defined as A0O [=1/(2Jp)]
and Stiff [=1/(2J)] in the Harris expansion, 3y = Jy + Jiw?,
where w is the rotational frequency. The values of J, and J; for
the neighboring even-even nucleus '*®Xe, taken from the table
of Mariscotti et al. [36], were tried out first. However, the
best results were obtained by the least-square fit of the Harris
expansion to the yrast negative-parity band of '*°I itself. The
values thus obtained were Jy = 22.4 MeV~!'%2% and J;, =
36.6 MeV > hi*. These values were utilized for the calculations
for other excited bands as well. In the hydrodynamical model,
also called the irrotational flow (IRF) model, the moment of
inertia J; is defined as

S = 33sin? (y + 37k), )

where k = 1, 2, and 3 correspond to the three principal axes.
The IRF moment of inertia is the largest for the intermediate
axis. Therefore the rotation occurs around the intermedi-
ate axis, in contrast to the rigid-body rotation around the
shortest axis. To have the correct correspondence between
the TRS and PRM calculations, the sign of y was made
opposite in the definition of 3 [Eq. (4)]. This interchanged the
labels of the shortest and intermediate axes. The new y with
the interchanged sign was called y reversed. Similarly, the
negative value of y that resulted from the TRS calculation
was used with the positive sign in PRM. In other words,
the positive and negative values of y (Lund convention) in
the TRS calculation were used as y reversed and positive,
respectively, in the PRM. The correspondence in the sign of y,
as mentioned here, has been discussed in detail by Hamamoto
and Mottelson [37] and Ikeda and Aberg [15]. Henceforth,
to maintain the clarity, we discuss our results in the Lund
convention only.
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IV. RESULTS AND DISCUSSIONS
A. Band 3

Band 3 was found to be the most intense negative-parity
band. Being the yrast band, its valence particle configu-
ration was initially guessed by inspecting the position of
the Fermi level in the Nilsson energy level diagram at
moderate deformation. The valence proton was likely to
occupy the positive-parity orbit below the /1y, subshell and
the valence neutron in the negative-parity orbit A1;,,. The
band exhibited the signature splitting, as shown in Fig. 11,
inwhichthe AE(=[E(I)— E(I — D] —-[EU+1)—E{)+
E(I —1)— E( —2)]/2) is plotted as a function of I. The
signature inversion was observed at the spin 137. Above the
inversion point, the values of A E for the even spins were found
to be lower than those for the odd spins.

From the theoretical viewpoint, both the cranked shell
model [38,39] and TRS [40,41] calculations have suggested
the y-soft core with respect to the triaxiality parameter y
for nuclei in the mass region ~130. We performed the TRS
calculation for the valence proton in the positive-parity Nilsson
orbit and the valence neutron in the negative-parity orbit. The
contour plots were generated for all the spin values to find
the deformation parameters (g5, €4, and y) corresponding to
the energy minimum. The roughly constant values of g, ~
0.15 and |y| ~ 45° were found in the entire range of spins.
However, the sign of y was found to be positive at low spins
and negative at high spins. In the intermediate spin range,
there was fluctuation in the value and the sign of y. Figures 7
and 8 show typical contour plots for the negative-parity yrast
states at the low rotational frequency (low spin) and at the high

€, sin(y+ 30°)

0 0.1 0.2 0.3
€, cos(y+ 30°)

FIG. 7. (Color online) Contour plot of TRS calculations for the
yrast band at the rotational frequency Zw = 0.16 MeV. The energy
difference between the two adjacent contours is 0.2 MeV. The black
dot, corresponding to the minimum energy, is at &, =~ 0.15, g4 =~
0.016, and y ~ +55°.
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FIG. 8. (Color online) Contour plot of the TRS calculation for the
yrast band at the rotational frequency fiw = 0.33 MeV. The energy
difference between the two adjacent contours is 0.2 MeV. The black
dot, corresponding to the minimum energy, is at & =~ 0.15, g4 =~
0.016, and y >~ —38°.

rotational frequency (high spin), respectively. The minimum
energy (represented by a dot) corresponds to the deformation
parameter values &, ~ 0.15, g4 ~ 0.016, and y ~ 4 55° in
Fig. 7 and &, ~ 0.15, ¢4 ~ 0.016, and y ~ —38° in Fig. 8.
There is a difference of 0.2 MeV between the minimum energy
(shown as a dot) and the next enclosed contour. The energy
difference between the two adjacent contours is also 0.2 MeV.
The quasiparticle Routhian diagrams (Figs. 9 and 10) were
generated at the deformation parameter values e, >~ 0.15, g4 =~
0.016, and y ~ 55°. From the position of different orbits at
the low rotational frequency, the valence particle configuration
at the bandhead could be guessed. The lowest negative-parity
quasineutron orbit was found to be /1 ,. For the quasiproton
(Fig. 9), the lowest orbit (dotted line) was found to have a
major component of g7, in the wavefunction, while ds,, was
the next available orbit (solid line). Therefore, the valence
particle configuration of the yrast band should have been
g7/2 ® vhiy 2, as suggested by Moon et al. [10]. However,
we assigned the proton configuration as ds;, based on further
theoretical analysis, described below.

We performed a set of PRM calculations to explain the
observed signature splitting and signature inversion. The
choice of the proton valence orbital was either ds;» or g7,
or a mixture of the two, while the valence neutron occupied
the &y orbital. The calculations were tried for all the positive
and negative values of the deformation parameter y ranging
from 0° to 50° with the fixed values of &, ~ 0.15 and &4 ~
0.016. However, For the entire range of spins, below and
above the signature inversion, the values of the deformation
parameters (&;, &4, and y) were kept constant. None of these
calculations could reproduce the experimental observation of
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e’ (MeV)

FIG. 9. (Color online) Quasiproton Routhians as a function of
rotational frequency at the deformation values g, >~ 0.15, g4 >~ 0.016,
and y = + 55°. These values correspond to the minimum in the TRS
plot for the low spins (Fig. 7). Various curves are marked according
to their parity and signature: solid (4, +1/2), dotted (+, —1/2),
dash-dotted (—, + 1/2), and dashed (—, —1/2).

signature splitting and signature inversion. The satisfactory
results were obtained by using the high value of y and changing
its sign from positive to negative at the inversion spin 137. The
final values of y was chosen to be +45° and —45° below
and above the signature inversion, respectively, while keeping
the constant values of &, ~ 0.15 and &4 ~ 0.016. This choice
was consistent with the TRS results (Figs. 7 and 8). This
essentially meant that the values of the deformation parameters
(€2, ¥), used in PRM below the signature inversion, were
approximately the same as those obtained through TRS at the
minimum energy point in Fig. 7. Similarly, above the signature

T o 007
ho (MeV)

FIG. 10. (Color online) Quasineutron Routhians as a function of
rotational frequency at the deformation values g, >~ 0.15, g4 >~ 0.016,
and y = + 55°. These values correspond to the minimum in the TRS
plot for the low spins (Fig. 7). Various curves are marked according
to their parity and signature: solid (4, + 1/2), dotted (+, —1/2),
dash-dotted (—, + 1/2), and dashed (—, —1/2).
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FIG. 11. (Color online) Plot of AE vs I for Band 3 showing
the signature splitting and signature inversion. The theoretical plot
(in red) is for the valence particle configuration wds;, ® vhi;,,. The
dotted curve is the theoretical result for the valence particle config-
uration 7 g7/ ® vhyy,, showing a disagreement with the experiment.
The details are discussed in the text.

inversion, the deformation parameters were roughly the same
as those obtained through TRS at the minimum energy point
in Fig. 8. At the inversion point, the rotational motion of the
core nucleus was viewed as the change in the axis of rotation
from the shortest axis to the intermediate axis. Although
the rotation around the shortest axis cannot be realized for
the hydrodynamical moment of inertia used in PRM, such a
rotation is possible at the low spins, because the collective
contribution to the total angular momentum is small [15].
The values of the deformation parameters (¢, and y) that
we inferred from the TRS calculation differed significantly
from the arbitrary choice made by Zheng et al. [13]. The
Nilsson proton configuration was a mixture of many orbitals
with ds/; as the predominant component (Table II). Figure 11
shows a comparison between the theoretical results and the
experimental results. Although the behavior of the signature
splitting and inversion was reproduced, the extent of splitting
was larger than the experimental observation. The dotted line
shows the result of the PRM with the same deformation
parameter (&7, £4, and y) values, but with the proton occupying
another Nilsson orbit which was predominantly g7,,. It is
evident from the figure that there was a complete mismatch
with the experimental curve. We thus assigned this band
the valence particle configuration wds;» ® vhi2. Another
argument in favor of our assignment was the restoration of
normal signature splitting above the signature inversion. From
the point of view of the cranking picture, the even spin
corresponds to the signature quantum number « = 0. For the
favored states, o = 1/2[(—1)/""1/2 4 (—1)~271/2]. This implies
that for the particle configuration wds;,, ® vhii2 (j1 = 5/2,
J» = 11/2), the normal signature splitting was observed above
the signature inversion. Zheng et al. [13] have also assigned
the same configuration by utilizing a different theoretical
approach.

The ratio of the reduced transition probabilities
B(M1)/B(E?2)is often used to understand the nature of a band
[42]. For nuclei with a triaxial shape, K is not a good quantum
number. Hence, the numerical values calculated for Band 3
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in the framework of the rotational model were approximate.
Nevertheless, it was possible to estimate an effective value of
the g factor for the fixed quadrupole deformation, which was
indicative of the particle configuration 7ds;, ® vhiy ;.

From the observed intensity of the y transitions, the ratio
B(M1)/B(E2) was estimated as

BM1;I — 1 —1) 0697 [E,(I - I —2)°
B(E2ZI —1-2) x» [E,(—1-1P

1 1y
X —- | =2 |, 5
(1—{—82)[622}2 ©®)
where A is the ratio of the intensities of E2 and M 1 transitions,
ie, I, - 1-2)/I,1 — 1—1), and E, is the energy
of the y transition measured in MeV. The mixing ratio §
was assumed to be zero, because the calculated values of

B(M1)/B(E?2) were not sensitive to the exact value of §. For
the rotational model [42—44], the following expressions,

3
BML;I - 1—-1)= 4_//“%\7(;%(1(<1K10|I — 1K) (6)
n

5
B(E2;] —> [ —2) = FeZle(Mzou —2K)?, (7
T

were combined to yield the theoretical ratio
8G%, (2I—-1)
50 (I-1+K)

=1 [px
“U—1- K)[esz]' ®)

BML,I — I —1)
B(E2;1 — I —2)

The transition quadrupole moment is defined as

cos(y + 30°)

= , 9
0 = 0 08 30° €)
3
O = Ze(roA'Y e, (10)
VS5
where rp~ 1.2 fm. The parameter G g is defined as
Gikx = K(gett — &r)» (11)

where g is the effective g factor of the two quasiparticles
and gg (=Z/A = 0.42) is the rotational g factor.

The important ingredient in the calculation was the value
of K, which did not have a unique value. The value of
K was determined by considering only the dominant com-
ponent in the Nilsson wavefunction (Table II). Following
the Gallagher-Moszkowski rule [45], the value of K was
obtained from the parallel coupling of K; = 3/2and K, = 9/2,
ie., K=K; + K, =3/249/2 = 6. For our calculation, we
considered the energy states below the signature inversion and
above the bandhead spin 8. Three energy states 107, 11,
and 12~ were utilized to determine the ratio B(M1)/B(E?2)
from the intensities of the decaying transitions [Eq. (5)]. The
values of B(M1)/B(E2) were then substituted in Eq. (8) and
an average value of G%{ &/ Q? was determined. This value was
0.23. Independently, Q? = 0.42 ¢*b? was determined by using
Egs. (9) and (10) for the deformation parameters, ¢, = 0.15
and y = +45° The final values were Ggxx = 0.38 and
gett = 0.48.
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FIG. 12. (Color online) Plot of excitation energy vs. spin for Band
6 and Band 7 indicating the near degeneracy of the levels. Theoretical
curves, based on the PRM, are also shown.

After the above analysis, a comparison with the coupled
two-quasiparticle g factor was needed. The values of the
single-particle g factor were g-(g7/2) = 0.677, g(ds;) =
1.582 and g,(h11/2) = —0.243. These values were obtained
from the reduced (0.7 times) free-particle g factors, i.e.,
the reduced Schmidt values. The coupled g factors for
the two quasiparticles were g(mwds;, ® vhiin) =0.63 and
g(mg1/2 ® vhyy2) = 0.18. Interestingly, even with approxi-
mations used in the entire calculation, the value of g.; was
close to g(irds;» ® vhiy,2). This further confirmed the particle
configuration to be wds;, ® vhyy),.

B. Bands 6 and 7

Two positive-parity bands were observed in our experi-
mental data. The observed bandhead spin of Band 7 was 107,
located at ~1.3 MeV above the ground state. As suggested
by Zheng et al. [13], the valence particle configuration
whip ® vhy, was our best choice after inspecting the
quasiparticle Routhians diagrams (Figs. 9 and 10). Band 6 and
Band 7 were found to have similar characters, although Band
6 was much less in intensity than Band 7. In both the bands,
the M1 transitions were found to be stronger than the E2
crossover transitions. Some weak interlinking transitions were
observed that connected the low spin states of the two bands.
Our theoretical interpretation of Band 6 with positive parity
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FIG. 13. (Color online) A comparison of the kinematic moment

of inertia IV for Bands 6 and Band 7 with the theoretical results of

the PRM calculations. The deformation parameter values used in the
calculations were &, = 0.15 and y = —30°.

was completely different from the work by Zheng et al. [13]
because of their assumption of the negative parity for this band.
To investigate if these two bands were the candidates
for the chiral partners, we plotted their energy vs spin in
Fig. 12. The two identical looking plots strongly suggest
the possibility of them being the chiral partners. The PRM
calculation was performed using the particle configuration
whi12 ® vhiij>. The moment of inertia parameters used were
Jo =22.4MeV~'7% and J; = 36.6 MeV>7i*, as before. The
deformation parameters (¢, and y) were varied. The values
finally chosen were &, = 0.15 and y = —30°, after comparing
the experimental and theoretical energies for Band 7. Also, the
difference between the experimental energies of the same spin-
states of Band 6 and Band 7 was compared with that of the cal-
culated energy eigenvalues of first two eigenstates. The results
of the PRM calculations are superimposed in Fig. 12 along with
the experimental values. Although the theoretical values are
consistently higher than the experimental values, the overall
pattern of the curves is similar. When the kinematic moment of
inertia, 3 = %(%)_lfzz MeV~!, was plotted as a function
of spin (Fig. 13), the difference among the curves was promi-
nent below 167. However, above 167 the difference became
small, indicating the probable emergence of chiral behavior.
A triaxial nucleus may exhibit the chiral behavior if the
three angular momenta, corresponding to each of the neutron,
the proton, and the collective rotation, are oriented along the
three principal axes. This was indeed observed in our PRM

TABLE II. Summary of the PRM calculations.

Band label £2, &4 y Dominant particle Nilsson single-particle wavefunction
configuration

Band 1 015, 0 +450 872 ® Vh11/2 Proton: 0.58 g7/2(K = 3/2) + 0.51 g7/2(K = 1/2) + 0.48 d5/2(K = 1/2)
Neutron: 0.7 hy12(K =7/2) + 0.50 hy12(K =3/2)

Band 2 015, 0 —45° 7Td5/2 ® Vl’lll/z Proton: 0.62 d5/2(K = 3/2) + 0.41 g7/2(K = 5/2) + 0.39 d3/2(K = 1/2)
Neutron: 0.70 hll/Z(K = 7/2) + 0.50 h]l/z(K = 3/2)

Band 3 015, 0.016 +450 7Td5/2 ® Vh11/2 Proton: 0.75 d5/2(K = 3/2) + 0.40 g7/2(K = 3/2) + 0.31 d3/2(K = 1/2)
Neutron: 0.86 h]]/z(K = 9/2) -+ 0.38 h]]/z(K = 5/2)

Band 6,7 015, 0 —30° ﬂh”/z ® l)h]]/z Proton: 0.76 h|]/2(K = 1/2) + 0.55 ]’l|]/2(K = 3/2)

Neutron: 0.97 hyy (K = 9/2)
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FIG. 14. A comparison of the experimental and the theoretical 802 10 127
energy levels of Band 1. The deformation parameters used in the -
calculations are &, = 0.15 and y = +45°. The levels calculated using 802 —_— 9 .
the modified values of the Harris parameters (see text) are on the 10
extreme right. g ]

calculations. The average value of the square of the component
of the angular momentum was found to be maximum for the
proton along the x axis, the neutron along the z axis, and the
collective rotation along the y axis. These values are listed in
Table III for the high spin states 18" and 207, as examples.
The labels x, y, and z refer to the shortest, the intermediate,
and the longest principal axis, respectively. The notations p, n,
and R correspond to proton, neutron, and collective rotation,
respectively.

C. Bands 1 and 2

In these two bands, only the even-spin states connected
with E2 transitions were observed. The reason might be the
presence of large decoupling, which causes the odd-spin states
to be pushed up sufficiently high in energy and hence they are
not observed in heavy-ion fusion reactions. Such bands are
called decoupled bands. We performed the PRM calculation
with the valence proton predominantly occupying the g7/, orbit
or the ds, orbit and the valence neutron occupying the /1y,
orbit. The same values of the moment of inertia parameter
were used as given earlier. The value of the deformation
parameter &, = 0.15 was kept constant, but y was varied.
We obtained satisfactory results, in particular the decoupling
behavior, only for y =~ +45°. The positive value of y was
used for Band 1 and the negative value for Band 2 (Figs. 14
and 15). The experimental values of the energy of the states in
Band 2 were higher than those of Band 1 but the decoupling

Expt. Theory

FIG. 15. A comparison of the experimental and the theoretical
energy levels of Band 2. The deformation parameters used in the
calculations are &, = 0.15 and y = —45°.

behavior was the same. The Nilsson orbits are listed in Table II.
Although the decoupling behavior was brought out in our
calculation for both the bands, the energy of the states did not
match well. In Figs. 14 and 15 the theoretical results (denoted
by “Theory”) are compared with the experimental results
(denoted by “Expt.”). Further improvement was obtained
by modifying only the moment of inertia parameters, but
the decoupling behavior remained the same. For instance,
using the parameter values Jo =25.1 MeV~'7%? and J, =
7.3 MeV—1* and keeping all the other inputs to the PRM
the same, a much better match of the theoretical results to
the experimental energies was obtained. This may be seen by
comparing the energy levels of Band 1, denoted by Expt., with
Theory (modified) in Fig. 14. These modified parameter values
were obtained by fitting the experimental energies of Band 1
itself to the Harris expansion.

D. Band 4

This band, lying high in energy, was well connected to
Band 3. We inferred this band to be built on the four-

TABLE III. Expectation values of the proton, the neutron, and the rotational angular momenta in unit of 7%, along the three principal axes,

obtained through PRM calculations.

Spin (p2) (p2) (p?) (n?) (n2) (n?) (R2) (R2) (R2)
18* (Band 7) 29 5 2 5 8 19 22 254 8
18+ (Band 6) 29 5 2 5 8 19 24 261 7
20" (Band 7) 29 5 2 5 8 19 25 333 8
20" (Band 6) 29 5 2 5 8 19 27 337 8
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quasiparticle configuration. Furthermore, the quasiparticle
Routhian diagrams (Figs. 9 and 10) indicated the occurrence
of the alignment of two quasineutrons at a rotational frequency
lower than that for the two quasiprotons. Therefore we
conjectured that two aligned neutrons were involved for this
band. However, the identification of all four quasiparticles
needs further investigation. There were indications for the
existence of decoupling-like behavior. For instance, the energy
difference between the states 217 and 20/ was much smaller
than that between the states 207 and 19%. Further theoretical
analyses are needed to completely characterize this band.

V. CONCLUSION

We have experimentally identified 27 new y transitions in
seven bands of '?°T and established its decay scheme up to a
spin of about 237. We have made definite parity assignments
to six bands by the polarization measurement. To one of these
bands (Band 6), we have assigned positive parity in contrast
to the earlier report [13]. Therefore, Band 6 has become a
positive-parity band instead of being a negative-parity band.
The parity of one band (Band 5) is still tentative and needs to
be measured experimentally.

With the confirmed assignment of spin and parity to
different bands, we have investigated their properties theo-
retically. We have utilized two theoretical models, viz., the

PHYSICAL REVIEW C 88, 054306 (2013)

cranking model for TRS calculations and the PRM. The triaxial
deformation has played a very important role in our theoretical
analysis. The occurrence of the signature inversion in the
yrast negative-parity band was linked to the change in the
axis of rotation from the shortest axis to the intermediate axis
of the triaxially deformed rotating nucleus. Some evidence
was found for the existence of chirality in two positive-
parity bands. This needs to be confirmed by measuring their
electromagnetic transition probabilities. Two other negative-
parity bands showed the features of decoupling behavior.
Another negative-parity band, lying high in excitation energy,
was probably a four-quasiparticle band, whose properties need
to be investigated theoretically.
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