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The low-lying non-yrast states in 114 Te have been investigated using the Indian National Gamma
Array through the fusion-evaporation reaction 112 Sn(4 He, 2n) at a beam energy of 37 MeV. Eight new
γ-transitions have been placed in the level scheme to establish the quasi-γ band in this nucleus. Spin
and parity of several excited states have been assigned from the present spectroscopy measurements.
The comparison of experimental results on the observed bands with the Interacting Boson Model
(IBM) and Triaxial Projected Shell Model (TPSM) confirming the existence of the quasi-γ band
structure in the 114 Te nucleus.
I.

INTRODUCTION

A large number of collective and non-collective states
have been observed at lower excitation energies exhibiting a shape coexistence as being mainly caused by proton
2p-2h excitation along with the spherical ground states
across the Z = 50 shell closure. For deformed nuclei,
the nuclear shapes have traditionally been described in
terms of β and γ parameters, where the former specifies
the ellipsoidal quadrupole deformation and the latter the
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degree of axial asymmetry. The most common low-lying
collective excitation, namely γ-vibration has been extensively reported in several mass regions throughout the
nuclear chart over decades [1–4]. γ-bands are associated
with ellipsoidal oscillation of nuclear shape. This kind
of phenomenon is favourable when the potential energy
surfaces are found to be soft for both β and γ deformation parameters, ensuring that shape polarization can
take place.
In the last decade, several groups have tried to tackle
the question of whether the pure vibrational structure
can or cannot be observed in the nuclei in the Z ≈ 50
region. In this context, the work by Garret and Wood is
useful to understand the interplay between γ-soft and vi-
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brational character of the low-lying collective excitations
in these nuclei [5]. Consequently, the quasi-γ bands and
co-existence of different nuclear shapes associated with
intruder configuration at low angular momentum were
observed frequently in these nuclei [6–10]. Recently, a
γ-band built on the shape-coexisting intruder configuration is reported in Cd isotopes [11]. Well-developed
quasi-γ bands, built on the 2+
2 state, were reported in
even-even Xe and Ba isotopes, having both favoured and
unfavoured partners [4, 12]. The 120,122,124 Te nuclei were
reported to be soft-triaxial in nature [13] and hence, the
occurrence of quasi-γ bands is also expected in these nuclei. Consequently, the quasi-γ bands have been identified recently in heavier mass 124,126 Te isotopes, but,
without any in-band γ transitions [14]. However, the
quasi-γ bands have not been studied well in any of the
lighter mass Te isotopes. Only the favoured partner of
the quasi-γ band was reported tentatively in 118 Te [15].
As the excitation energy of the quasi-γ vibrational states
is sensitive to a different kind of critical point symmetry
[16–18], therefore, it is important to search for the quasiγ bands in Te isotopes systematically to investigate the
shape evolution of Te nuclei. With this motivation, an
attempt has been made to search for the quasi-γ band in
114
Te.
The low-lying non-yrast structure of neutron deficient
114
Te has not been studied extensively. Only a few experimental studies have been reported [19–21]. This nucleus
is shown to mimic the U(5) dynamical symmetry based
on the energy ratio, R4/2 of 2.09. However, the transition probabilities [B(E2)], extracted from the lifetime
measurement, are found in strong contradiction with the
same estimated by theoretical interacting boson model
(IBM) within the U(5) limit [22, 23]. In this context,
it is worth noting that, a reasonable description of the
yrast B(E2) values was reported recently from a largescale-shell-model study [24]. In order to elucidate the
underlying structure of 114 Te, an experiment was carried
out using α-beam, delivered by the K-130 cyclotron of
Variable Energy Cyclotron Centre, Kolkata.

II.

EXPERIMENTAL DETAILS

The excited states in 114 Te were populated through
the fusion-evaporation reaction 112 Sn(4 He, 2n)114 Te at a
beam energy of 37 MeV delivered by the K-130 cyclotron
accelerator of the Variable Energy Cyclotron Centre,
Kolkata. A self-supporting isotopically-enriched (99.6%)
112
Sn foil of effective thickness 4.5 mg/cm2 was used as
a target [25]. The de-excited γ-rays were detected by
the Indian National Gamma Array (INGA), stationed at
the Variable Energy Cyclotron Centre, Kolkata comprising of seven Compton-suppressed HPGe clover detectors
and one LEPS (Low Energy Photon Spectrometer) detector [26]. These detectors were arranged at different
angles (θ) with respect to the beam direction; four clover
detectors at θ = 90◦ (2 in-plane and 2 out-of-plane), two

clover detectors at θ = 125◦ , one clover detector at θ
= 40◦ and the LEPS detector at θ = 40◦ . The energy
and efficiency calibrations have been performed using the
133
Ba and 152 Eu radioactive sources placed at the target
position of the INGA set up.
The pulse processing and data acquisition system was
based on PIXIE-16 12-bit 250 MHz digitizer modules
manufactured by XIA LLC and running on firmware
conceptualized by UGC-DAE CSR, Kolkata Centre [27].
Time stamped list mode data was acquired with event
trigger generated from coincidence firing of at least two
Compton suppressed clover detectors. Around 1.5 × 108
such events were acquired during the experiment. The
data was processed into spectra, γγ matrices and γγγ
cube using the IUCPIX [27, 28] package, developed at
UGC-DAE CSR, Kolkata Centre, and analysed using
RADWARE [29] and INGASORT [30] packages.
III.

DATA ANALYSIS PROCEDURES

The spin of an excited nuclear state can be determined
from the multipolarity of the γ-ray. The multipolarities
of the γ-ray transitions were determined from the angular
correlation analysis using the method of directional correlation from the oriented states (DCO) ratio [31]. For
the DCO ratio analysis, an asymmetric matrix was constructed using the coincidence events registered in the
detectors placed at angles 125◦ and 90◦ with respect to
the beam axis. The DCO ratio of the γ-ray transition
(γ1 ) at angle θ1 = 125◦ gated by the transition of known
multipolarity (γ2 ) at angle θ2 = 90◦ is defined as,
RDCO =

Iγ1 at θ1 , gated by γ2 at θ2
Iγ1 at θ2 , gated by γ2 at θ1

(1)

For the same multipolarity of the stretched transitions
γ1 and γ2 , the value of RDCO is close to unity. The value
of RDCO for the transitions γ1 and γ2 with different multipolarities depends on the detector angles (θ1 and θ2 )
and the mixing ratios (δ) associated with the transitions.
The validity of the measured RDCO values were checked
with the known transitions in 114 Te [21] and have been
compared with the theoretical values calculated using the
code ANGCOR [32]. In the present geometry, the calculated value of RDCO [32] for a pure dipole(quadrupole)
transition gated by a stretched quadrupole(dipole) transition is 0.70(1.50). Measured experimental values for the
pure dipole (936.2 keV, 7− → 6+ , E1) and quadrupole
(774.8 keV, 4+ → 2+ , E2) transitions of 114 Te are, 0.70
(0.08) and 1.60 (0.18), respectively, in good agreement
with the calculated values [32]. The width of the substate population (σ/J) required for the RDCO calculation
is assumed to be of 0.37 for the present experiment.
Definite parities of the excited states have been designated from the linear polarization asymmetry ratio
(∆asym ), extracted from the parallel and perpendicular scattering of the γ photons inside the detector
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FIG. 1. The asymmetry correction factor a(Eγ ) at different
gamma ray energies from 152 Eu source. The solid line corresponds to a linear fit of the data.
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FIG. 3. Partial level scheme of 114 Te, deduced from this work.
Newly identified γ-rays/levels are marked in red (gray) colour.
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FIG. 2. The perpendicular (black dashed line) and parallel (red solid line) components of the two γ rays in 114 Sb,
obtained from the linear polarization analysis in the present
work. The 309.2 keV transition (right) is known as magnetic
type transition whereas the 1184.9 keV transition (left) is an
electric type transition. The perpendicular component was
shifted in energy for clarity.

medium [33–35]. The measured value of ∆asym provides
a qualitative idea about the electric or magnetic nature
of the transitions. The ∆asym value for a γ-transition has
been deduced using the relation:

∆asym =

a(Eγ )N⊥ − Nk
,
a(Eγ )N⊥ + Nk

(2)

where, Nk and N⊥ are the counts for the actual
Compton-scattered γ rays in the planes parallel and perpendicular to the reaction plane, respectively. Correction
due to the asymmetry in the array and the response of the
N
clover segments, defined by a(Eγ ) = N⊥k , was estimated
using unpolarised 152 Eu source. The energy dependence
of the parameter a(Eγ ) is obtained using the expression
a(Eγ ) = a + b(Eγ ). The fitting, shown in Fig. 1, gives
the values of the constants as a = 1.000(3) and b(Eγ )
∼ 10−6 . A positive value of ∆asym indicates an electric
(E) type transition, whereas, a negative value indicates
a magnetic (M ) type transition. The low energy cut-off
for the polarization measurement in the present work was

about 200 keV. The validity of this method has been confirmed from the known transitions of energy 1184.9-keV
and 309.2-keV in 114 Sb (Fig. 2) which was also produced
in the same experiment [36, 37].

IV.

EXPERIMENTAL RESULTS

Low-lying level scheme of 114 Te (up to Ex ≈ 4 MeV)
has been updated in the present work by placing eight
new γ-transitions as shown in Fig. 3. Energy levels were
grouped into three bands I - III. The experimental results obtained in the present work were summarized in
Table I. Measured relative intensities of the γ rays from
the single-gated spectra were normalized for the 708.7keV transition. Relevant energy gated γγ spectra in support of the present placements were presented in Figs. 46. These spectra show the previously reported γ-rays in
114
Te [19–21] along with the newly observed γ-rays.

A.

Band I

Band-I, earlier reported up to I π = 8+ at 3089 keV
[20, 21, 23], is a positive parity band built on the ground
state configuration. All the previously reported transitions of this band have been identified in the present
work. Spin and parity of the states have been adopted
from Ref. [20, 23] after verification from the present spectroscopic results.
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FIG. 4. Spectrum to show the γ rays observed in coincidence with the 708.7 keV γ transition in 114 Te. Newly observed γ rays
are shown in red (gray) color. γ rays, those are marked here but not included in FIG. 3, are already reported in Ref. [20].

TABLE I. Initial states (Ei ) and Energies of γ-rays (Eγ ), Relative Intensity (Iγ ), DCO ratios (RDCO ), linear polarization
asymmetry (∆asym ), mixing ratio (δ) and Deduced multipolarity (Eλ/M λ) of the γ-transitions in 114 Te.
Ei (keV)
708.7
1348.2
1391.2
1483.5
1794.7

2026.9

2217.2
2450.1
2645.1
2694.7
3084.7
3088.4
3504.5
3909.7
a
b
c
d
e
f

Eγ (keV)a
708.7
639.5
682.3
1391.2
774.8
310.9
403.1
1086.1
543.3
635.5
1318.3
733.7
655.3
967.0
618.1
1162.1
1210.7
1303.7
634.6
871.2
859.5
1287.0
825.0

Iγ b
100.0(5.2)
0.33(0.05)
9.28(0.94)
0.12(0.03)
84.67(8.64)
1.00(0.11)
0.80(0.08)
4.11(0.42)
1.56(0.17)
7.17(0.72)
0.85(0.10)
74.24(7.56)
3.93(0.40)
0.56(0.10)
4.11(0.42)
0.57(0.07)
0.43(0.1)
0.25(0.04)
2.14(0.26)
33.52(3.41)
0.27(0.04)
0.40(0.15)
0.95(0.11)

Ji π
2+
(0)+c
2+
2+
4+
3+
3+
3+
4+
4+
4+
6+
5+
5+
6+
6+
(4+ )
(4+ )
7+
8+
8+
8+
9+

Jf π
0+
2+
2+
0+
2+
4+
2+
2+
4+
2+
2+
4+
3+
4+
4+
4+
4+
2+
5+
6+
6+
6+
7+

RDCO
1.00(0.08)f
0.94(0.45)d
0.96(0.11)d
0.98(0.11)d
0.63(0.08)d
0.56(0.08)d
0.82(0.10)d
0.83(0.11)d
1.00(0.11)e
0.99(0.16)d
0.98(0.11)d
0.97(0.11)d
0.58(0.12)d
0.98(0.11)d
0.96(0.16)d

∆asym
+0.12(0.01)

δ

−0.07 (0.03)

2.5

+0.13(0.01)
3.0
+0.01(0.04)
−0.11 (0.09)
+0.14 (0.02)

0.29
2.2

+0.12(0.01)
+0.05( 0.04)
−3.8
+0.23(0.07)
+0.44(0.21)

0.91(0.27)d
0.88(0.12)f
0.98(0.11)d
0.93(0.14)e

+0.06 (0.03)
+0.12(0.01)
+0.07(0.06)

0.91(0.14)d

+0.11(0.06)

Eλ/M λ
E2
(E 2)
M 1+E 2
E2
M 1+E 2
M 1+E 2
M 1+E 2
M 1+E 2
E2
E2
E2
E2
M 1+E 2
E2
E2
(M 1+E 2)
(E 2)
E2
E2
E2
(E 2)
E2

Uncertainty in γ-ray energy is ± (0.3-0.5) keV.
Intensities of γ-rays are normalized to 708.7 keV transition, with Iγ = 100. Intensity uncertainties does include the errors due the
uncertainty in efficiency correction.
From Ref. [37].
DCO ratios are obtained from 708.7 keV stretched quadrupole (E 2) transition.
DCO ratios are obtained from 618.1 keV stretched quadrupole (E 2) transition.
DCO ratios are obtained from 774.8 keV stretched quadrupole (E 2) transition.

B.

Band II

A sequence of two γ-rays marked as band 5 in Ref. [20],
was reported up to E(6+ ) = 2644 keV with tentative spin
and parity assignment. This sequence, which is found

to decay to the ground state band via 682.3 (∆I = 0)
and 1391.2 (∆I = 2) keV γ-rays, has been extended further up to E8+ = 3504.5 keV by placing a 859.5 keV
γ-ray. Three new ∆I = 2 γ transitions, viz., 1318.3
+
+
+
+
+
(4+
2 → 21 ), 1162.1 (62 → 41 ) and 1287.0 (82 → 61 )
keV have been placed in the level scheme. Energy gated
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FIG. 6. Prompt γγ coincidence spectra gated by (a) 639.5
keV, (b) 1210.7 keV, and (c) 1303.7 keV transitions.
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A state at 1794.7 keV, decaying mainly to the I = 2
state at 708.7 keV via 1086.1 keV γ-transition, was reported with a tentative spin/parity I π = (2+ ) assignment from the β + decay study of the 114 I [37, 38]. Apart
from this strongest decay branch, this state was reported
to decay via another three branches via 310.7, 403.0 and
1793.4 keV γ-transitions [37, 38]. Three (viz. 310.9, 403.1
and 1086.1 keV) out of these four decay paths have also
been identified in the present work (FIG. 5). The experimental DCO ratio of these three transitions supports
present I π = 3+ assignment for this state. According to
the present spin/parity assignment, the multipolarity of
the 1795 keV transition becomes ∆I = 3, which may be
one of the causes for non-observation of this transition
in this study. The available branching ratio of the 1795
keV state also indicates a very low intensity (Iγ ≈ 0.4) of
this transition, which is again beyond the present detection limit. A sequence of three γ-transitions, viz. 655.3,
634.6 and 825.0 keV (marked as Band-III), has been established above this 1794.7 keV state on the basis of γγ
coincidence study. The 708.7 and 655.3 keV energy gated
spectra have been shown in favour of the present placement (FIG. 4, 5). Spin and parity of all the states belonging to this sequence have been assigned firmly on
the basis of angular correlation and linear polarization
results, as listed in TABLE I.
D.

2

Ix (h)

spectrum of 708.7 keV has been presented in Figs. 4 in
favour of present placement. Spin and parity of all the
states belonging to this band have been assigned on the
basis of present spectroscopic results. Both the ∆I = 0
transitions, viz., 543.3 and 682.3 keV, were found to have
significant E 2 admixture as estimated from the mixing
ratio extracted from the present DCO ratio (Table I).
C.

3

0

FIG. 5. Prompt γγ coincidence spectra gated by 655.3-keV
transition. The 1795 keV (red marked) transition was reported in Refs. [37, 38], but not observed in the present work.
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Other non-yrast states

Apart from the above mentioned groups of states
(Bands I-III), two more excited states at 1348.2 and

0
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FIG. 7. (a) The experimental excitation energies of the band
I, band-II and band-III, respectively with spin. (b) Projection
of total angular momentum on the rotation axis (Ix ) of the
band-I, band-II and band-III plotted with spin.

2694.7 keV have also been observed in this work related
to the present interest. These two states were reported
earlier in the β + decay study of the 114 I [38]. The 1348.2
(2694.7) keV state with I π = (0+ ) (I π = (4+ )) was found
to decay to the 708.7 (1483.5/1391.2) keV state(s) via
639.5 (1210.7/1303.7) keV γ-transition(s). Energy gated
spectra of 639.5, 1210.7 and 1303.7 keV γ-transitions have
been shown in FIG. 6, to confirm these placements. The
DCO ratios of 639.5 and 1303.7 keV γ-transitions are indicating the quadrupole nature of these transitions.

V.

DISCUSSION

Low-lying structure of 114 Te mainly consists of three
sequences of E 2 transitions. Apart from the strongly
populated ground state band (I), two more band structures were established in the present work. The excitation energy and the projection of the total angular
momentum on the rotation axis (Ix ) of these bands are
plotted with spin, as shown in Figs. 7(a) and 7(b). The
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FIG. 8. Calculated odd-even energy staggering S(I) plotted
against spin (I) for 114 Te. Values for 118 Xe are taken from
literature [41, 42].

excitation energy and Ix versus spin plots show similar
slopes for the ground-state band (Band I) and the other
two bands (Band II and Band III), indicates that the dynamic moment of inertia of these bands is nearly equal.
Coupling of a phonon excitation with a rotational configuration can give rise to similar moment of inertia [39, 40].
Therefore, similar characteristics for all the three bands
are indicating that the band-II and band-III correspond
to the quasi-γ-vibrational structure. The properties of
∆I = 0 transitions, as pointed out in Refs. [4, 12], are
also found consistent in the present case. The E 2 frac+
+
+
tion of 2+
1 → 22 and 41 → 42 ∆I = 0 transitions are
found decreasing with increasing spin. The odd-even energy staggering [S(I)] [17, 18] plotted as a function of
spin also shows a similar pattern when compared with
the quasi-γ band of 118 Xe (as shown in Fig. 8) with minimum at even spin indicating the band structure observed
in 114 Te is of quasi-γ vibrational in nature. However, the
absolute values of staggering are small in the present case
compared to 118 Xe [17, 41, 42]. The calculated value of
Es /E(2+
1 ) is -0.13 which indicates a γ-soft nature for
the nucleus [43].
The experimental results have been discussed below
in the light of both Interacting Boson Model (IBM) and
Triaxial Projected Shell Model (TPSM) calculations.

They concluded that though the ground band can be explained well in terms of the U(5) limit of IBM, it fails to
explain the trend of the B(E2) values.
Here, the yrast band of 114 Te is known up to the 8+
state. Though this band can be easily described by the
U(5) model, we found that the quasi-γ vibrational band
predicted by this model shows strong staggering in disagreement with experimental data. For this reason, we
decided to use a more general IBM-1 Hamiltonian. Since
the number of bosons is not too large and the ground
band is easily described by the U(5) limit of the Hamiltonian, we considered a Hamiltonian which has an additional quadrupole-quadrupole interaction consistent with
the O(6) limit. A similar Hamiltonian was used by McCutchan et al [17] in their study on Ba, Xe and Ce isotopes. The two parameter Hamiltonian they used was


ζ
χ
χ
H = C (1 − ζ)nd −
(3)
Q ·Q
4NB
where
˜0
nd = (d† d)
˜ 2 − χ(d† d)
˜2
Qχ = (d† s̃)2 + (s† d)

(4)

written in terms of the d boson creation and annihilation
operators [46]. The two parameters are C and ζ and NB
is the number of bosons. the parameter χ was not taken
as free. In the U(5) limit, the second term is absent. In
the O(6) limit, χ = 0 and the first term does not occur.
Saxena et al. have also used a similar Hamiltonian for
IBM-2 [13] to describe heavier Te isotopes where they
have varied the value of χ. In accordance with O(6)
symmetry, we chose χ as zero and treated the coefficients
of the other two terms as free parameters. We fitted the
excitation energies by minimizing the sum of errors in
energy prediction to extract the parameters. However,
our results were not very satisfactory. We then decided
to extend our Hamiltonian by adding another term,
√
˜1
(5)
L = 10(d† d)
so that our Hamiltonian can be written as

A.

Interacting Boson Model approximation

Nuclei in the neighbourhood of Z = 50 shell closure
are known to be anharmonic vibrators and hence, are
expected to be close to the U(5) limit of the interacting
boson model (IBM). For example Van Ruyven et al. [15]
found that excited states in 118,120 Te can be very well
understood in terms of IBM. Ground bands of Sn nuclei
have been described by U(5) symmetry [44].
However, there is evidence that significant departure
from the U(5) symmetry is also possible in some of the
nuclei in this region. Cd nuclei with Z = 48 are can
be described by a U(5) as well as a non-U(5) Hamiltonian [45]. Möller et al. [23] have studied the excited states
and the electromagnetic transition probabilities in 114 Te.

H = ǫnd + a1 (L · L) + a2 (Q · Q)

(6)

The parameters obtained after fitting are ǫ = 0.497
MeV, a1 = 0.02548 MeV, and a2 = 0.042 MeV. The rms
deviation for fourteen excited states is 117.63 keV. The
result of the three parameter fitting is shown in Figure
9. As one can see, the agreement is reasonably good.
The coefficient of the quadrupole-quadrupole interaction
term is of typical magnitude and has a significant effect
on the staggering in the quasi-γ vibrational band. Hence,
we may conclude that this nucleus falls between the U(5)
and the O(6) symmetries. Furthermore, we see that the
ratio of the excitation energy values of the first 4+ state
to the first 2+ state has the value 2.09. Similarly, the
ratio of the energy of the quasi-γ bandhead to that of
the first 2+ state is 1.96. These values, along with the
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FIG. 9. Comparison of experimental and the calculated band energies using IBM formalism in 114 Te. The level energy associated
with the states are given in keV.
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FIG. 10. Theoretical band diagram for 114 Te. The labels
(K, #) characterize the states, with K denoting the K quantum number and # the number of quasiparticles. For example, (0,0), (2,0), and (4,0) correspond to the K = 0 ground-,
K = 2 γ-, and K = 4 γ γ-band, respectively, projected from
the 0-qp state. (1,2n), (3,2n), (1,2p), (3,2p), (2,4), and (4,4)
correspond, respectively, to the projected 2-neutron-aligned
state, 2-proton-aligned state, 2-neutron-plus-2-proton aligned
state, with different K quantum numbers.

results of the calculation, indicate that the nucleus 114 Te
lies between the vibrator and the E(5) critical point of
the Casten symmetry triangle [16] on the arm connecting
the U(5) and the O(6) dynamical symmetries.

Triaxial Projected Shell Model Calculation

Multi-quasiparticle TPSM approach has been developed and it has been shown to provide a consistent description of yrast, γ (K = 2) and γγ (K = 4) bands
in transitional nuclei [40, 47, 48]. In this method, the
three-dimensional projection technique is employed to
project out the good angular-momentum states from
product states built upon quasiparticle configurations
of triaxially deformed Nilsson+BCS model. The shell
model Hamiltonian is then diagonalized in this angularmomentum projected basis. The TPSM space includes
multi-quasiparticle states; hence, is capable of describing
near-yrast band structures at high-spins.
The TPSM basis employed in this study consists of
0-quasiparticle vacuum, two-proton, two-neutron, and
four-quasiparticle configurations [49]. The quasiparticle
basis chosen is adequate to describe high-spin states up
to angular momentum I ∼ 20. In the present analysis,
we shall, therefore, restrict our discussion with this spin
regime.
As in the earlier TPSM calculations, we use the pairing
plus quadrupole-quadrupole Hamiltonian [50]
X
1 X †
Ĥ = Ĥ0 − χ
Q̂µ Q̂µ − GM P̂ † P̂ − GQ
P̂µ† P̂µ , (7)
2 µ
µ
where Ĥ0 is the spherical single-particle Hamiltonian,
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FIG. 11. Comparison of experimental and the calculated band energies using TPSM formalism in
associated with the states are given in keV.

which contains a proper spin-orbit force [51]. χ is the
strength of the quadrupole-quadrupole force related in
a self-consistent way to deformation of the quasiparticle
basis and GM and GQ are the strengths of the monopole
and quadrupole pairing terms, respectively. The configuration space employed corresponds to three principal oscillator shells ν[3, 4, 5] and π[2, 3, 4]. The pairing
strengths have been parametrized in terms of two constants G1 and G2 . In this work, we choose G1 = 21.14
MeV and G2 = 13.86 MeV; with these pairing strengths
we approximately reproduce the experimental odd-even
mass differences in this region. The quadrupole pairing
strength GQ is assumed to be proportional to GM , and
the proportionality constant was set to 0.18. These interaction strengths are consistent with those used earlier
for the same mass region [52–54].
TPSM calculations proceed in several stages. In the
first stage, the deformed basis space is constructed by
solving the triaxially-deformed Nilsson potential. In the
present work, the axial deformation parameter ǫ = 0.150
adopted from the Ref. [55]. The non-axial deformation
parameter ǫ′ = 0.09 has been chosen so that the behavior
of the γ band is properly described.
In the second step, the good angular-momentum states
are obtained from the deformed basis by employing the
three-dimensional angular-momentum projection technique. The projected bands obtained from 0-, 2-, and
4-quasiparticle states close to the Fermi surface are dis-

114

Te. The level energies

played in Fig. 10 so-called band diagram, which are the
diagonal matrix elements before band mixing. The projection from the 0-quasiparticle configuration gives rise
to band structures with K = 0, 2, 4, corresponding to the
ground-, γ- and γγ-band. The calculated band-head energies of the γ- and γγ-bands are about 1.2452 MeV and
2.7252 MeV, respectively, above the ground state.
In the third and the final stage, the projected basis are
used to diagonalize the shell model Hamiltonian, Eq. (7).
The band energies, obtained after diagonalization, are
shown in Fig. 11 with the available experimental data.
It is evident from the figure that TPSM results are in
excellent agreement with the known experimental energies. In Fig. 11, the calculations slightly overestimate
the bandhead energy of the γγ-band, and we hope that
this well-developed band will be populated in future experimental studies. The first quasiparticle (h11/2 2 ) two
neutron alignment is predicted around I = 8, and the
transition to a four quasi-particle ν(h11/2 )2 π(g9/2 )2 band
is expected to occur around I = 14.
In order to understand the importance of the γ degree of freedom in the description of the triaxial shape in
114
Te, the staggering parameter, defined as,
S(I) =

[E(I) − E(I − 1)] − [E(I − 1) − E(I − 2)]
(8)
E(2+
1)

is plotted for the quasi-γ band in Fig. 12 with vacuum
configuration only and with all the quasiparticle configu-
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FIG. 13. Probabilities of the projected configurations in the
yrast-, 1st-, and 2nd-excited bands.

rations. In the same figure, we also provide results of
the IBM approach which in good agreement with experimental data. It is evident from Fig. 12 that the
phase of the staggering of the quasi-γ band with vacuum configuration only and with the inclusion of the
quasiparticle excitations is opposite to each other. The
phase with the vacuum configuration only has odd-spin
states lower than the even-spin states and corresponds
to Davydov-Filippov or γ-rigid motion [56]. The inclusion of the quasiparticle excitations is shown to reverse
the staggering phase with even-spin states lower than the
odd-spin states as in the limiting case of Wilet-Jean or
γ-soft motion [2]. Therefore, the inclusion of the quasiparticle excitations transforms the motion from γ-rigid
to γ-soft. The phase and the magnitude of the staggering after the inclusion of the quasiparticle excitations is
in good agreement with the corresponding experimental
numbers and, therefore, it can state that the 114 Te nucleus is γ-soft. The TPSM results further indicate that
the above spin I = 8, the staggering amplitudes become
smaller, and the reason for this is due to a considerable
mixing of the two-quasiparticle configurations with the
quasi-γ band at higher spins. In order to probe the mixing, the probabilities of various projected configurations
are plotted in Fig. 13 for the yrast, the 1st-, and the
2nd-excited bands. The yrast band up to I = 6 is dominated by the 0-quasiparticle configuration with (0,0) i.e.,
K = 0, and above this spin the 2-neutron-aligned band
[(1, 2n)] is the dominant configuration. Above I = 14,
the yrast band is primarily composed of 4-quasiparticle
configurations [(2, 2n2p)]. The 1st-excited band has the
dominant K = 2 0-quasiparticle configuration [(2, 0)] until I = 6 and, therefore, is the γ-band. However, above

I = 6, the 1st-excited band has two-quasiparticle dominant component [(1, 2p)]. The 2nd excited band has a
dominant K = 4 0-quasiparticle configuration [(4, 0)],
referred to as γγ-band, up to I = 6. Above this spin
value, mixed structures are obtained. The (1,2n), (3,2n),
(1,2p) and (3,2p) state from the two-quasiparticle configuration seems to become important along with some
four-quasiparticle configurations.

VI.

SUMMARY

Excited states of 114 Te were populated by means of
light-ion induced fusion evaporation reaction 112 Sn(4 He,
2n)114 Te at 37 MeV beam energy. Several new γtransitions were placed in the level scheme of 114 Te, based
on the γ - γ coincidence and relative intensity measurements. The spin and parity of the levels were assigned
on the basis of angular correlation and polarisation asymmetry measurements. Theoretical calculations under the
framework of the Triaxial Projected Shell Model and Interacting Boson Model were performed in order to interpret the experimental results. Both the model calculations were found in well-agreement with the experimental
results, thereby, confirming the existence of the quasi-γ
band structure in the 114 Te nucleus. Further, systematic experimental investigation of low-lying states are required in order to understand the shape evolution in Te
isotopes.
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