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The excited states in the transitional nucleus 131Xe have been populated by using α-induced
fusion-evaporation reaction and the de-exciting γ rays were detected with the Compton suppressed
clover detector setup of the Indian National Gamma Array (INGA) coupled to digital data ac-
quisition system. The existing level structure of 131Xe has been significantly extended with the
observation and placement of 72 new γ-ray transitions. The use of light-ion (α) beam helped to
identify several new band structures in 131Xe with different quasi-particle (qp) configurations. The
multipolarities of the observed γ rays have been determined on the basis of DCO ratio and polar-
ization asymmetry measurements. The yrast negative parity band has been confirmed upto 35/2−

spin and the highly non-yrast signature partner of this band has been identified for the first time.
The positive-parity band, based on the 3/2+ ground state, has been extended up to 23/2+ with the
observation of a signature inversion, that signifies a pair of particle alignment around the spin of
15/2 ~. A dipole band, consisting of M1 transitions has been identified and assigned a 5-qp configu-
ration. A new band structure built on a 3-qp 23/2+ state has been observed with a large signature
splitting. A comparison in the isotopic and isotonic chains reveals the transitional nature of the
N = 77 nuclei. Total Routhian surface (TRS) calculations have been performed to understand the
structure of 131Xe associated with different configurations.

I. INTRODUCTION

The transitional nuclei in mass 130 region, above the
Z = 50 proton shell closure and below the N = 82 neu-
tron shell closure, provide rich variety of single particle
and collective structures and their coexistence [1–3]. The
vibrational bands, signifying mostly the spherical struc-
tures, are more prominent in nuclei near the N = 82
shell closure, while the rotational bands, signifying the
deformed structures, appear with several numbers of neu-
tron holes below N = 82. Similar situation arises for nu-
clei with proton number close to or away from the Z = 50
shell closure. The nuclei with a few numbers of neutron
holes and proton particles with respect to the N = 82
and Z = 50 shell closures are the transitional ones in
this region. The structure of these transitional nuclei de-
pends largely on the shape driving effect of the orbitals
which are occupied by the odd nucleon. Most of the even-
even nuclei in this transitional region are known to depict
softness with respect to γ deformation [4]. It is, there-
fore, possible that the addition of an extra nucleon in
different orbitals near the Fermi surface drives the struc-
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ture of an odd-A nucleus in different shapes depending
on the shape driving effect of the involved orbital. In
this context, it is very interesting to study the different
band structures of odd-A nuclei in the transitional region
which will provide important information on the shape
driving effect of different orbitals. Such effect of some of
the neutron orbitals have been reported in the nuclei in
A ∼ 130 region from the observation of different rota-
tional band structures [5, 6]. Moreover, both proton and
neutron Fermi levels of the nuclei in this mass region lie
within the same major shell that is Z, N = 50−82 shell.
Hence, protons (as particles) and neutrons (as holes) can
occupy different (e.g low-Ω and high-Ω) components of
the same, high-j, h11/2 orbital. Therefore, different po-
larizing effects of these components, as well as different
phenomena arising due to particle-hole combination, may
be manifested in the level structure of the same nucleus.
This can be investigated by studying various quasiparti-
cle (qp) excitations in nuclei of this region. The involve-
ment of the unique-parity, high-j h11/2 orbital plays key
role in generating high spin states and is also responsi-
ble for the presence of low-lying, long-lived isomers in
these nuclei with band structures built on it. Various
theoretical interpretations have been applied to explain
the different aspects of the level structures of nuclei in
transitional region, such as, Strutinsky mean-field meth-
ods [7], Interacting Boson Model [8, 9], Pair Truncated
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Shell Model [10], Large Scale Shell Model [11, 12] ap-
proaches, etc..

The Xe (Z = 54) isotopes, with four proton parti-
cles beyond Z = 50 core and neutrons between the sub-
shell closure N = 64 and the magic closed shell N = 82,
are suitable candidates to study the various interesting
features of transitional nuclei. In particular, the odd-A
Xe isotopes are of interest to understand the coupling of
the odd neutron to the rotational structure of the corre-
sponding even-even core and various other possible multi-
qp configurations involving valence neutrons. Odd-A Xe
isotopes, with neutron number away from the N = 82
shell closure, have been studied up to considerable high
spin demonstrating various shapes and structures. Rota-
tional bands with large transition quadrupole moments
have been observed in 125Xe [13] at high spins. Recently,
rotational band on a three quasineutron isomer and ro-
tational alignment of a pair of neutron in h11/2 have

been observed in 127Xe [14, 15]. The band structures
in 129Xe [16] have demonstrated triaxial shapes. On the
other hand, a dipole band, observed at high spin in the
N = 69 isotope 123Xe [17], was proposed to have an inter-
mediate character of Magnetic Rotation (MR) and col-
lective rotation, which could be explained by tilted axis
configuration involving h11/2 proton particles and h11/2

neutron holes. As the neutron Fermi surface increases,
such MR bands are expected to be more favourable as
the high-Ω components of the h11/2 orbital are energeti-
cally more accessible to the odd-neutrons. However, such
bands could not be seen in 125,129Xe. This could be
either due to the fact that the particular configuration
for which MR bands are expected have not been popu-
lated or because the shapes of these nuclei are not near
spherical, which is a required condition for an MR band
to observe. For even heavier isotopes of Xe, close to
the N = 82, though near-spherical shapes are expected,
the high spin spectroscopic information is very limited.
Therefore, in order to understand the various coupling
schemes and to investigate the systematics of the differ-
ent multi-quasiparticle configurations in the Xe isotopes
of transitional region, it is necessary to have detailed
spectroscopic information of both yrast and non-yrast
states involving multi-qp excitations in the heavier Xe
isotopes. It is, however, difficult to populate the excited
states up to very high spin in the higher mass Xe isotopes
with the available stable target and heavy-ion projectile
combinations. Therefore, we have employed light-ion (α)
induced reaction to populate the excited states in 131Xe
to investigate its excited states.

The level structures of 131Xe was first studied using of-
fline decay spectroscopy technique [18, 19] and Coulomb
excitation measurements [20]. These results are mostly
limited to the low-spin levels. Angular correlation mea-
surements were also performed for a few states of 131Xe
in Ref. [21] to assign the spin and parity of some of
these states. The in-beam measurements of the high spin
states of 131Xe, were first carried out using (α, 3n) [22]
and (α, n) [3] reactions with a few Ge(Li) detectors,

where, one- and three-qp states at low spins were unam-
biguously identified. Detailed spectroscopic information
could not be obtained in these studies, mainly due to
the limitation in the detection system. Recently, excited
states in 131Xe at higher spins have been reported by
Kaya et.al [12], using two independent reactions, namely,
multinucleon transfer reaction involving 136Xe beam and
124Sn(11B, p3n) fusion-evaporation reaction. The yrast
negative parity band, built on the 11/2− isomer in 131Xe
was extended in this work up to 4.9 MeV of excitation
and up to tentatively assigned spin of 35/2 ~, with the
placement of three new γ transitions. No other band
structures could be identified in this work. The spin and
parity of some of the states were also could not be firmly
assigned due to the lack of statistics.
In the present work, the yrast and non-yrast structures

of 131Xe have been investigated using α-induced fusion-
evaporation reaction. The large cross section (∼ 1 b)
of the three-neutron evaporation channel of α-induced
fusion reaction allows us to carry out a detailed spec-
troscopy of various band structures of 131Xe. Moreover,
α induced reactions can have considerable feeding to both
the yrast and the non-yrast states, which can be inves-
tigated in detail with the help of a high resolution γ de-
tector array. The present work reports new results of
yrast and various non-yrast band structures in 131Xe in-
volving different single- and multi-qp excitations. The
quasi-particle configurations, modes of excitation and the
structures associated with these bands have been investi-
gated and compared with the other isotopes and isotones.

II. EXPERIMENT

In the present study, the excited states of 131Xe have
been populated via the reaction 130Te(α, 3n)131Xe at a
beam energy of 38 MeV obtained from the K-130 cy-
clotron at Variable Energy Cyclotron Centre, Kolkata
(India). At this beam energy, the production cross sec-
tion of 131Xe has been estimated to be ∼ 90% of the total
fusion evaporation reaction cross section. An enriched
130Te target of thickness 2 mg/cm2, evaporated on a 600
µg/cm2 Mylar backing, was used for the present experi-
ment. The Indian National Gamma Array (INGA) setup
at VECC [23], Kolkata, consisting of seven Compton sup-
pressed clover HPGe detectors was used for detecting the
emitted γ-rays from the produced nuclei. Four clover
HPGe detectors were placed at an angle of 90◦, two de-
tectors were at backward 55◦ and one detector was at
forward 40◦ with respect to the beam direction. The
clover detectors were placed at a distance of 25 cm from
the target position. The pulse processing and data acqui-
sition system of the INGA setup was based on PIXIE-16
250 MHz 12-bit digitizer modules [24]. Time stamped list
mode data was acquired under the event trigger condition
based on Compton suppressed clover detector multiplic-
ity (Mγ), set either in coincidence (Mγ ≥ 2) or in singles
(Mγ ≥ 1) mode. Standard 133Ba and 152Eu radioactive
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sources, placed at the target position were used for en-
ergy and efficiency calibration of the setup.

III. DATA ANALYSIS

The data were sorted using the IUCPIX [24] data sort-
ing package to gain match the data from all the four crys-
tals and then generate the addback spectra of each clover
detector, after ensuring Compton suppression by vetoing
the corresponding BGO shield. These addback data were
then used to construct the symmetric and angle depen-
dent asymmetric Eγ-Eγ matrices and the Eγ-Eγ-Eγ cube.
The RADWARE [25] and LAMPS [26] analysis packages
were then used to analyze these matrices and the cube,
to obtain various coincidence relationships between the
decaying γ-transitions and to determine their multipolar-
ities and subsequently construct the level scheme. Fig. 1
shows the one dimensional projection of the symmetric
Eγ-Eγ matrix, as obtained in the present work. In this
figure, the marked γ-rays are mostly from 131Xe, which
indicates that the α-induced reaction dominantly pro-
duces a single channel with large cross-section.
An asymmetric matrix was also constructed in order

to obtain the ratio of Directional Correlation from Ori-
ented states (RDCO) [27] which was used to extract the
information on the multipolarity of a given γ-ray. The
data from the 90◦ (θ1) detectors and from the backward
55◦ (θ2) detectors were put at the X and Y axes of this
asymmetric matrix, respectively. The RDCO of a γ tran-
sition (γ1) is defined as the ratio of its intensities (Iγ)
at the two different angles θ1 and θ2, gated by another
stretched transition (γ2) of known multipolarity, as per
the following expression:

RDCO =
Iγ1

at θ1, gated by γ2 at θ2
Iγ1

at θ2, gated by γ2 at θ1
(1)

In the present analysis, the RDCO was found to be
close to 1.0 for a pure stretched quadrupole or dipole
transition, when gated by a stretched transition of same
multipolarity. When the gating transition is of different
multipolarity, the RDCO was found to be ∼ 0.6 (1.9) for
a stretched dipole (quadrupole) transition, when gated
by a stretched quadrupole (dipole) transition.
Polarization asymmetry measurements of the decaying

γ-transitions were carried out to assign the parities to
the excited levels. The measurement of the Polarization
Directional Correlation asymmetry parameter (∆PDCO)
of the decaying γ-rays, as described in the Ref. [28, 29],
were used to deduce the electric or magnetic nature of the
γ-rays. Four clover detectors, placed at 90◦ in the setup,
were used for the ∆PDCO measurements. The ∆PDCO

is defined as,

∆PDCO =
a(Eγ)N⊥ −N‖

a(Eγ)N⊥ +N‖
(2)

where, N‖ and N⊥ represents the counts corresponding
to the Compton scattered events of a γ-ray in paral-
lel and perpendicular direction with respect to the re-
action plane, respectively. a(Eγ), which is defined as
a(Eγ)=N‖/N⊥, is the geometrical asymmetry correction
factor of the detection setup. The factor a(Eγ) can be
obtained from the Compton scattered events of the γ rays
from an unpolarized source. In the present work, the de-
cay transitions from 152Eu standard radioactive source
were used to extract the value of a(Eγ) from the fitting
of its variation as a function of γ-ray energy (Eγ), using
the equation a(Eγ) = a0 + a1Eγ . The values of the coef-
ficients are obtained as a0 = 1.003(5) and a1 = 1.92(1) ×
10−6. Fig. 2 shows the variation of the asymmetry fac-
tor (a(Eγ)) as a function of incident γ-ray energy (Eγ),
for the present setup. In order to obtain the ∆PDCO of
a γ ray, its parallel and perpendicular scattered compo-
nents were extracted from the two asymmetric matrices,
having parallel and perpendicular scattered events of the
90◦ clover detectors along Y-axis and events from all the
other detectors along the X-axis. The positive and nega-
tive values of the ∆PDCO correspond to the electric and
magnetic nature of the transition respectively.

IV. RESULTS

The level scheme of 131Xe, obtained from current mea-
surements is shown in Fig. 3. The level structure is
significantly extended, compared to the previous stud-
ies [12, 22], with the placement of 72 new γ-rays in the
level scheme of 131Xe. It is evident from Fig. 3 that the
level structure has been expanded with the observation of
several yrast and near yrast states above the 11/2− iso-
mer (11.84 days) at 164 keV excitation, as well as above
the 3/2+ ground state. It is possible to access such states
upto the medium spin regime because of the use of light
ion induced reaction. The various sequences of γ rays in
the level scheme are marked as B1 to B6 for the conve-
nience of describing them. The spin-parities of most of
these states could be assigned from the deduced DCO ra-
tio (RDCO) and polarization asymmetry (∆PDCO). The
RDCO and ∆PDCO values of the new transitions identi-
fied from the present work, along with some of the rep-
resentative known transitions of energies 444, 642 and
795 keV, are plotted as a function of γ ray energy in
Fig. 4(a) and 4(b), respectively. The intensities of the
observed γ rays are determined from the various rele-
vant coincidence spectra and subsequently normalized to
the intensity of the strongest 642 keV transition above
11/2− isomer. The energies of the observed γ rays along
with the corresponding level energies, relative intensities,
RDCO, ∆PDCO and the assigned multipolarities are tab-
ulated in Table I. The γ rays with the RDCO values in
the range of 0.5 to 0.7 obtained in a quadrupole gate and
0.9 to 1.1 in a dipole gate with negative ∆PDCO values,
are considered as dominantly M1 with possible small E2
admixture and are mentioned as M1(+E2) in Table I.
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Whereas, the γ rays with the RDCO values outside the
above range and with negative ∆PDCO values are con-
sidered to be of mixed nature and mentioned as M1+E2.

From the earlier studies on 131Xe, using (α, 3n) reac-
tion [22], only few states above the 11/2− isomer were
reported with the observation of 642, 810, 902 keV tran-
sitions of the main yrast sequence and 795, 205, 189,
444, 389, 993 keV transitions connecting to the yrast se-

quence. The yrast negative parity band B1 has been
extended recently by Kaya et al. [12] with the observa-
tion of three transitions of energy 663, 634 and 1131 keV
assigned to this sequence. In the present work, sev-
eral other new sequences of γ rays could be identified
as decaying from near yrast states and connecting to the
yrast band B1. Also, well developed structures of B3
and B4 have been observed, compared to the previous
studies. Fig. 5(a)-(c) shows the coincidence spectra cor-
responding to the γ ray gates of 902, 189 and 397 keV
respectively. The development of three separate parallel
branches above the 1617 keV level is evident from the
observation of different set of γ rays in coincidence with
the 902, 189 and 397 keV transitions. It can also be seen
from Fig. 5(a) that, other than three transitions of 663,
634 and 1131 keV, reported by Kaya et al. [12], vari-
ous new transitions are observed in coincidence with the
902 keV. Similarly, in the coincidence gate of 189 keV
(Fig. 5(b)), except the 389, 444 and 993 keV γ rays, re-
ported by Kerek et al. [22], all the other γ rays are new
and observed first time from the present work. The coin-
cidence spectrum of 397 keV gate, as shown in Fig. 5(c),
establishes the new sequence B2 consisting of three tran-
sitions of 397, 593 and 979 keV, in cascade.

Band B1 is the negative parity yrast band which is ob-
served upto an excitation of 4945 keV and spin of 35/2 ~.
The top three transitions of this band have also been re-
ported recently by Kaya et al. [12], but the spin-parity
of the 3815 and 4945 keV levels could only be assigned
tentatively. From the present work, the spin assignments
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of these two states are confirmed as 31/2− and 35/2−

respectively, from the RDCO and ∆PDCO measurements.
The deduced E2 character of the 902 keV transition of
this band from the present measurements, also supports
the assignment by Kaya et al. [12], which was earlier re-
ported as M1 in Ref. [22]. Fig. 6(a) shows the double gate
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FIG. 5: Coincidence spectra corresponding to the γ ray gates
of (a) 902 keV of band B1, (b) 189 keV connecting to band
B1 and (c) 397 keV of band B2 from Eγ-Eγ matrix. The new
transitions observed in the present work are marked with ∗.

sponding to the double gates of the 642 & 663 keV and
642 & 682 keV respectively. Comparing Fig. 6(a) and
Fig. 6(b), it is clear that the 574, 990, 701 and 417 keV
transitions are in coincidence with 902 keV, but in paral-
lel to 663 keV transition. On the other hand, comparing
Fig. 6(a) and Fig. 6(c), it is clear that the set of new tran-
sitions of energies 220, 630, 743 and 793 keV are in coinci-
dence with the 642-810-682 keV cascade, but not with the
642-810-902 keV cascade. Thus the 682 keV transition is
connected to a separate branch, in parallel to the 902 keV
transition. The presence of a strong 220 keV transition in
coincidence with the 682 keV places the 682-220 keV cas-
cade in parallel to the 902 keV transition. The M1 nature
of the connecting transitions between B1 and B1(a) have
been established from the measured RDCO and ∆PDCO

values, given in Table I. The placement of the γ rays in
B1, B1(a) and B1(b) in the level scheme of 131Xe (Fig. 3)
is also supported by the coincidence spectra of the 663
and 634 keV, as shown in Fig. 7(a) and Fig. 7(b), re-
spectively. The 1062 and 881 keV transitions are placed
above the 3181 keV level as they are in coincidence with
the 663 keV transition, but not with the 634 keV, as seen
from Fig. 7(a) and 7(b). It can also be seen from these
coincidence spectra that the 1107-455 keV cascade is in
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FIG. 6: Coincidence spectra corresponding to the double
gates of (a) 642 & 902 keV, (b) 642 & 663 keV and (c) 642
& 682 keV transitions of band B1from Eγ-Eγ-Eγ cube. The
new transitions observed in the present work are marked with
∗.

coincidence with both 663 and 634 keV transitions and
therefore placed above the 3815 keV level.

Above the 1806 keV level having spin 19/2+, there
are two parallel branches developed, marked as B3 and
B4 (divided into bands B4, B4(a) and B4(b)) in the
level scheme (Fig. 3). One of them is in coincidence with
the 444 keV M1 transition and another is in coincidence
with the 389 keV E2 transition. The 1806 keV level hav-
ing spin 19/2+ decays to the 806 keV level having spin
15/2− of band B1 via the 205-795 keV cascade and to
the 1617 keV level having spin 19/2− of band B1 via
the 189 keV transition. Among these two decay paths,
the 189 keV transition is more intense in comparison to
the 205-795 keV cascade. The coincidence spectra corre-
sponding to the double gates of the 642 & 444 keV and
642 & 389 keV are shown in Fig. 8(a) and (b), respec-
tively. It can be clearly seen from this figures, that two
completely different set of γ rays are present connected
to the 444 keV and 389 keV transitions.

The sequence B3 consists of M1 γ-transitions above
the 2250 keV level having spin 21/2+ and is extended
upto the 5172 keV level with spin 33/2(+)). From the
current work, 1105, 295, 503, 119, 311 and 592 keV tran-
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the present work are marked with ∗.

sitions have been placed above the 2250 keV level, in
coincidence with the 444 keV transition, which is evi-
dent from Fig. 8(a). The placement of these transitions
are done on the basis of their relative intensities. The
multipolarities of these transitions were determined from
the RDCO values, obtained from the gates of 795 keV
E1 transition and 810 keV E2 transition. Along with
this, the deduced negative ∆PDCO for these transitions
make them as of M1 character. As the 119 keV low en-
ergy transition did not have enough Compton scatter-
ing, so its polarization asymmetry (∆PDCO) could not
be determined. However, the dipole nature of this tran-
sition could be confirmed from the deduced RDCO value
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FIG. 9: Coincidence spectra corresponding to the gates of (a)
993 keV of band B4 and (b) 1021 keV of band B4(a), obtained
from the Eγ-Eγ matrix. The new transitions observed in the
present work are marked with ∗.

of 0.57(3) in the quadrupole gate of 810 keV. Thus, the
parity of the 4270 keV level, depopulated by the 119 keV
and hence the parities of the levels above it have been
assigned only tentatively.
The bands B4 and B4(a) are built on the 2195 keV

level with spin 23/2+ and consists of a sequence of five
M1 transitions of energies 672, 321, 700, 576 and 615 keV.
The corresponding levels are also connected by the E2
crossover transitions. From the present work, the bands
B4-B4(a) has been established upto 5079 keV excitation.
Another sequence of levels have been found at 3374, 4127
and 4967 keV with spins 25/2+, 29/2+ and 33/2(+), re-
spectively. These states, named as B4(b), are connected
to the states of band B4 via ∆J=1 transitions. But no
connection of E2 transitions in between these levels could
be observed. The new transitions of this band and their
placements have been established from the various coin-
cidence relationships found from the Eγ-Eγ matrix. The
coincidence spectra of the 993 and 1021 keV γ ray gates
are shown in Fig. 9(a) and (b) respectively. It can be
seen from this figure, that the 337, 471, 700 and 939 keV
transitions are in coincidence with the 993 keV, but not
with the 1021 keV and placed accordingly. Whereas, the
672 keV transition is in coincidence with the 1021 keV
but not with the 993 keV, thus placed parallel to the
993 keV transition. The other two levels at 2770 and
3658 keV are found to decay to the band B4 by non-
stretched transitions of energies 576 and 471 keV respec-
tively. The multipolarities of the transitions of band B4,
B4(a) and B4(b) have been found from the RDCO values
extracted from the gate of 389 keV stretched quadrupole
transition.

TABLE I: The energies (Eγ) and relative intensities (Iγ) of the γ rays
observed in 131Xe along with the spin and parity of the initial (Jπ

i ) and
the final (Jπ

f ) states and the energy of the initial state (Ei). The level
energies (Ei) are obtained by least-squares fitting to the γ-ray energies
(Eγ) using GTOL [30]. The measured values of RDCO and ∆PDCO are
also shown along with the proposed multipolarity of the γ rays.

Eγ(Err) Ei(Err) Jπ
i → Jπ

f Iγ(Err)
[1] RDCO(Err) ∆PDCO(Err) Deduced

(in keV) (in keV) Multipolarity

118.5(1) 4270.1(4) 29/2(+)
→ 27/2+ 0.37(3) 0.57(3)[2] - (M1+E2)

170.3(1) 1826.3(2) 15/2(+)
→ 13/2+ 0.15(6) 0.59(9)[3] - (M1+E2)

177.1(1) 341.2(2) 9/2− → 11/2− 3.36(17) 0.57(2)[4] - (M1+E2)[14]

186.6(1) 1585.9(1) 13/2+ → 11/2+ 0.11(2) - - (M1+E2)

188.8(1) 1805.6(3) 19/2+ → 19/2− 31(2) 0.82(2)[5] 0.11(3) E1

204.8(1) 1805.6(3) 19/2+ → 17/2+ 3.24(16) 0.63(2)[5] -0.12(6) M1(+E2)
204.8(1) 2693.9(2) (19/2+) → 17/2+ - - - (M1+E2)

219.5(1) 2518.4(3) 23/2− → 21/2− 0.86(5) 0.56(4)[5] -0.05(4) M1(+E2)

244.7(1) 2407.8(2) 17/2+ → 15/2+ 0.22(8) 0.54(4)[6] -0.09(7) M1(+E2)

273.2(1) 637.9(1) 7/2+ → 5/2+ 1.07(6) 0.86(9)[6] - (M1+E2)
286.3(1) 952.6(2) → 7/2− 0.08(1) - - -

294.5(1) 3648.8(3) 25/2+ → 23/2+ 1.09(9) 0.63(2)[2] -0.06(2) M1(+E2)

310.6(1) 4580.7(4) 31/2(+)
→ 29/2(+) 0.22(2) 0.50(6)[2] -0.07(4) M1(+E2)

315.5(1) 1268.1(2) 0.07(1) - - -

320.8(1) 3187.3(3) 27/2+ → 25/2+ 0.08(1) 0.68(10)[7] - (M1+E2)

325.2(1) 666.4(2) 7/2− → 9/2− 0.67(3) 1.21(5)[8] -0.03(2) M1+E2

334.2(1) 675.4(2) 11/2(−)
→ 9/2− 0.55(3) 1.08(7)[8] - (M1+E2)

334.9(1) 972.8(1) 9/2+ → 7/2+ 0.48(4) 0.55(3)[9] - (M1+E2)

337.0(1) 4463.6(3) 31/2+ → 29/2+ 0.11(1) 0.67(4)[7] -0.17(6) M1(+E2)

342.5(1) 1998.7(1) 15/2+ → 13/2+ 1.34(15) 0.76(5)[3] -0.18(9) M1+E2

364.8(1) 364.7(1) 5/2+ → 3/2+ 7.30(91) 0.69(3)[6] -0.06(2) M1(+E2)

389.0(1) 2194.6(3) 23/2+ → 19/2+ 24(1) 1.09(2)[5] 0.08(2) E2
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Table I: Continued...

Eγ(Err) Ei(Err) Jπ
i → Jπ

f Iγ(Err)
[1] RDCO(Err) ∆PDCO(Err) Deduced

(in keV) (in keV) Multipolarity

396.6(1) 2013.3(3) 21/2− → 19/2− 0.88(4) 0.64(8)[5] -0.18(7) M1(+E2)

416.8(1) 3508.8(3) 27/2− → 25/2− 1.35(8) 0.51(4)[5] -0.06(3) M1(+E2)
426.4(1) 1399.1(1) 11/2+ → 9/2+ 0.71(6) - - (M1+E2)

436.8(1) 2686.4(3) 25/2+ → 21/2+ 0.37(3) 0.93(19)[2] - (E2)

444.0(1) 2249.5(3) 21/2+ → 19/2+ 12.42(62) 0.61(1)[5] -0.05(3) M1(+E2)

454.8(2) 5376.6(3) 35/2− → 33/2− 0.52(4) 0.57(6)[10] -0.10(5) M1(+E2)

470.8(1) 3658.1(3) 27/2+ → 27/2+ 0.08(1) 0.71(9)[7] -0.14(11) M1+E2

483.0(1) 2069.0(1) 15/2+ → 13/2+ 1.66(14) 0.71(16)[3] -0.09(6) M1+E2

492.0(1) 2686.4(3) 25/2+ → 23/2+ 0.19(3) 0.63(3)[7] -0.16(3) M1(+E2)

496.4(1) 2152.4(2) 17/2(+)
→ 13/2+ 0.55(7) 1.01(13)[6] - (E2)

502.4(1) 666.4(2) 7/2− → 11/2− 2.81(31) - - (E2)[14]

502.8(1) 4151.6(3) 27/2+ → 25/2+ 0.58(5) 1.09(17)[11] -0.15(4) M1(+E2)

503.2(1) 4966.8(3) 33/2(+)
→ 31/2+ 0.19(1) 0.54(3)[7] -0.02(3) M1+E2

507.1(1) 2163.1(2) 15/2+ → 13/2+ 0.32(4) 0.71(8)[6] -0.10(3) M1+E2

520.9(2) 2770.3(3) 23/2+ → 21/2+ 2.23(18) 0.74(3)[2] -0.03(2) M1+E2

573.6(2) 3092.0(3) 25/2− → 23/2− 0.77(13) 0.50(2)[5] -0.05(2) M1(+E2)

575.8(1) 2770.3(3) 23/2+ → 23/2+ 0.27(3) 0.68(4)[7] -0.01(2) M1+E2

575.9(1) 4463.6(3) 31/2+ → 29/2+ 0.10(2) 0.63(4)[12] -0.03(4) M1+E2

591.5(1) 5172.2(4) 33/2(+)
→ 31/2(+) 0.22(2) 1.05(17)[11] - (M1+E2)

593.3(1) 2606.6(3) 25/2(−)
→ 21/2− 0.48(10) 0.89(10)[5] - (E2)

599.7(1) 1998.7(1) 15/2+ → 11/2+ 0.81(10) 0.96(8)[9] 0.08(7) E2
601.7(1) 1268.1(2) → 7/2− 0.42(8) - - -

608.3(1) 972.8(1) 9/2+ → 5/2+ 4.82(22) 0.99(3)[6] 0.10(7) E2
611.4(1) 952.6(2) → 9/2− 0.34(3) - - -

613.1(1) 1585.9(1) 13/2+ → 9/2+ 1.79(31) 1.11(5)[3] 0.08(4) E2
615.1(1) 5078.7(3) 33/2+ → 31/2+ 0.06(4) - - (M1+E2)

617.2(1) 2866.5(3) 25/2+ → 21/2+ 1.09(9) 0.96(7)[2] 0.21(4) E2

624.1(1) 4371.8(3) 29/2+ → 27/2+ 0.07(2) 0.60(7)[7] -0.08(7) M1(+E2)

630.2(2) 2929.2(4) 23/2− → 21/2− 1.83(11) 0.56(4)[5] -0.09(2) M1(+E2)

633.9(1) 3814.8(3) 31/2− → 27/2− 6.46(33) 0.96(2)[5] 0.11(4) E2

637.8(1) 637.9(1) 7/2+ → 3/2+ 7.87(94) 1.01(2)[13] 0.04(2) E2

642.2(1) 806.2(2) 15/2− → 11/2− 100(6) 1.01(1)[2] 0.08(1) E2

662.5(1) 3180.9(3) 27/2− → 23/2− 11.69(58) 0.97(1)[5] 0.12(2) E2

670.0(1) 2069.0(1) 15/2+ → 11/2+ 0.56(9) 0.94(5)[9] 0.11(2) E2

671.8(1) 2866.5(3) 25/2+ → 23/2+ 1.62(8) 0.42(2)[7] -0.03(1) M1+E2

682.4(1) 2299.0(3) 21/2− → 19/2− 8.61(43) 0.57(2)[5] -0.04(1) M1(+E2)

683.1(1) 1656.0(1) 13/2+ → 9/2+ 3.51(21) 0.99(2)[3] 0.05(2) E2
695.2(1) 2693.9(2) (19/2+) → 15/2+ 0.57(3) - - (E2)

700.2(1) 3887.7(3) 29/2+ → 27/2+ 0.26(2) 0.51(2)[7] -0.06(3) M1(+E2)

700.5(1) 3792.5(3) 27/2− → 25/2− 1.14(26) 0.69(4)[10] -0.21(5) M1(+E2)

704.6(1) 1045.8(2) 13/2− → 9/2− 1.99(10) 1.89(5)[8] 0.02(1) E2

737.2(1) 3431.1(2) (23/2+) → (19/2+) 0.38(8) 0.93(14)[9] 0.08(6) E2

743.4(2) 3042.4(4) 23/2+ → 21/2− 0.65(5) 0.47(7)[5] -0.13(3) M1+E2

761.0(1) 1399.1(1) 11/2+ → 7/2+ 0.97(8) 0.99(2)[9] 0.18(12) E2

768.0(1) 2167.1(2) 15/2+ → 11/2+ 0.16(5) 1.04(4)[9] 0.05(3) E2

780.1(1) 2436.1(2) 17/2+ → 13/2+ 1.15(26) 1.06(6)[6] 0.15(6) E2

793.0(1) 3092.0(3) 25/2− → 21/2− 2.26(6) 1.09(15)[2] 0.05(12) E2

794.8(1) 1600.9(2) 17/2+ → 15/2− 12.56(21) 0.55(1)[5] 0.03(1) E1

810.4(1) 1616.7(2) 19/2− → 15/2− 81(4) 1.01(1)[5] 0.10(2) E2

815.7(1) 1861.5(3) 17/2(−)
→ 13/2− 1.04(5) 0.92(7)[4] 0.03(6) (E2)

833.1(1) 2489.1(2) 17/2+ → 13/2+ 0.95(21) 0.95(14)[3] 0.17(8) E2

834.3(1) 4649.1(3) 33/2− → 31/2− 0.21(8) 0.55(9)[5] -0.07(5) M1(+E2)

850.1(1) 1191.3(2) 11/2− → 9/2− 0.20(2) 0.96(8)[8] -0.09(5) M1+E2

857.3(1) 1903.1(3) 17/2− → 13/2− 0.31(2) 0.91(7)[4] 0.28(6) E2

880.9(1) 4061.8(3) 29/2− → 27/2− 2.69(14) 0.57(3)[5] -0.10(3) M1(+E2)

881.2(1) 3747.7(3) 27/2+ → 25/2+ 0.24(2) 0.54(3)[7] -0.01(2) M1+E2
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Table I: Continued...

Eγ(Err) Ei(Err) Jπ
i → Jπ

f Iγ(Err)
[1] RDCO(Err) ∆PDCO(Err) Deduced

(in keV) (in keV) Multipolarity

887.8(1) 3658.1(3) 27/2+ → 23/2+ 0.28(2) 1.01(18)[2] 0.15(10) E2

901.6(1) 2518.4(3) 23/2− → 19/2− 21(1) 1.01(1)[5] 0.10(1) E2

901.8(1) 3390.9(2) 21/2(+)
→ 17/2+ 0.21(12) 0.98(17)[3] - (E2)

939.2(1) 4126.6(3) 29/2+ → 27/2+ 0.26(2) 0.75(7)[7] -0.02(3) M1+E2

942.6(1) 3192.0(3) 23/2+ → 21/2+ 1.23(10) 0.42(10)[2] -0.15(2) M1+E2

964.6(1) 2770.3(3) 23/2+ → 19/2+ 1.11(11) 1.01(9)[5] 0.04(3) E2
969.8(1) 4061.8(3) 29/2− → 25/2− - - - (E2)

978.7(1) 3585.3(3) 29/2(−)
→ 25/2(−) 0.37(4) 1.04(27)[5] 0.05(15) (E2)

979.2(1) 2025.0(3) 15/2(−)
→ 13/2− 0.29(2) 0.62(7)[4] - (M1+E2)

986.2(1) 2791.8(3) 23/2+ → 19/2+ 1.43(9) 0.96(15)[5] 0.25(7) E2

990.4(1) 3508.8(3) 27/2− → 23/2− 2.79(23) 0.94(3)[10] 0.24(3) E2

992.6(1) 3187.3(3) 27/2+ → 23/2+ 1.56(9) 1.04(2)[7] 0.11(1) E2

997.2(1) 3192.0(3) 23/2+ → 23/2+ 0.08(2) 1.14(15)[7] 0.14(11) E2

1021.3(1) 3887.7(3) 29/2+ → 25/2− 0.34(2) 1.09(4)[7] 0.05(3) E2

1044.5(1) 2090.3(3) 17/2(−)
→ 13/2− 0.09(1) 0.95(13)[4] - (E2)

1061.8(1) 4242.7(3) 29/2− → 27/2− 1.72(11) 0.49(4)[10] -0.04(3) M1+E2

1104.8(1) 3354.3(3) 23/2+ → 21/2+ 1.52(8) 1.04(15)[11] -0.03(2) M1(+E2)

1107.0(1) 4921.8(3) 33/2− → 31/2− 0.27(11) 0.60(4)[10] -0.06(3) M1(+E2)

1130.6(1) 4945.4(3) 35/2− → 31/2− 1.49(8) 0.94(6)[2] 0.13(3) E2

1179.8(1) 3374.4(3) 25/2+ → 23/2+ 0.42(2) 0.49(2)[7] -0.02(1) M1+E2

1191.0(1) 5078.7(3) 33/2+ → 29/2+ 0.12(3) 0.96(21)[7] 0.17(12) E2

1205.1(2) 3108.2(4) 21/2(−)
→ 17/2− 0.26(3) 0.92(8)[4] 0.05(7) (E2)

1276.3(1) 4463.6(3) 31/2+ → 27/2+ - - - (E2)
1561.8(1) 5376.6(3) 35/2− → 31/2− - - - (E2)

Another sequence of levels, built on the 11/2− isomer
and placed parallel to the yrast band B1 is marked as
B5 in the level scheme (Fig. 3). Some of the levels of
this sequence were reported earlier [3]. In the present
work, seven new transitions of 316, 334, 602, 857, 979,

[1] Relative γ-ray intensities are normalized to 100
for the total intensity of 642.2-keV γ-ray.

[2] From 810.4 keV E2 DCO gate;
[3] From 608.3 keV E2 DCO gate;
[4] From 704.6 keV E2 DCO gate;
[5] From 642.2 keV E2 DCO gate;
[6] From 683.1 keV E2 DCO gate;
[7] From 389.0 keV E2 DCO gate;
[8] From 177.1 keV (M1+E2) DCO gate;
[9] From 637.8 keV E2 DCO gate;

[10] From 901.6 keV E2 DCO gate;
[11] From 794.8 keV E1 DCO gate;
[12] From 1021.3 keV E2 DCO gate;
[13] From 761.0 keV E2 DCO gate;
[14] adopted from Ref. [31];

1045 and 1205 keV have been added to this sequence ex-
tending it upto 3108 keV. The coincidence spectrum of
177 keV γ ray gate is shown in Fig. 10, in which the new
transitions observed from the present work can be clearly
seen. The 316 and 602 keV transitions are found to be in
coincidence with the 177 keV, but not with the 705 keV
and therefore placed in parallel to the 705 keV transition.
Three new transitions of energies 857, 1045 and 1205 keV
are found to be in coincidence with both 177 keV and
705 keV transitions and are placed above the 1046 keV
level. The spin-parity of the 341 and 666 keV levels, de-
caying by the 177 and 502 keV transitions respectively,
could not be determined from the present work and are
adopted from Ref. [31]. The ∆PDCO and RDCO values
of the 705 and 850 keV transitions could be obtained
from the gate of 177 keV transition. This establishes the
705 keV and 850 keV transitions as of E2 and M1 nature
respectively. The RDCO values of transitions above the
1046 keV level were then determined from the quadrupole
gate of 705 keV. However, due to the large uncertainty of
the measured ∆PDCO values of 1205 and 816 keV transi-
tions, the parities of the corresponding levels at 3108 and
1862 keV are tentatively assigned. Whereas, the ∆PDCO

of 979 and 1045 keV transitions could not be measured
in the present work.

The positive parity band structures, marked as B6 and
B6(a) in the level scheme (Fig. 3), are developed on the
3/2+ ground state. In this band, few levels at lower ex-



11

400 600 800 1000 1200
0

500

1000

1500

2000

85
0

Energy (keV)

C
ou

nt
s 

/ 0
.5

 k
eV

10
45

*

85
7* 97
9*

81
6

70
5

93
7#

12
05

*31
6*

33
4*

51
1

60
2*

61
128

6

 

32
5 Gate : 177 keV

FIG. 10: Coincidence spectra corresponding to the gate of
177 keV transition of the sequence B5 from the Eγ-Eγ matrix.
The new transitions observed in the present work are marked
with ∗. γ ray marked with ’#’ is the contaminant γ ray
coming from reactions with Mylar backing.

200 400 600 800
0.0

5.0x102

1.0x103

1.5x103

49
6*

76
8*

78
0*

17
0*

18
7

48
3* 67

0*
61

3

50
7*

24
5*

90
2*83

3*

68
3

60
8

34
3

42
6*33

5
27

3

73
7*

69
5*

60
0*

 

C
ou

nt
s 

/ 0
.5

 k
eV

Energy (keV)

76
1

Added Gate : 365 + 638 keV

FIG. 11: Coincidence spectra corresponding to the added
gates of 365 and 638 keV transitions of bands B6-B6(a), ob-
tained from Eγ-Eγ matrix. The new transitions observed in
the present work are marked with ∗.

citation upto 1999 keV having spin 15/2+ were reported
earlier [3]. From the present measurements, this sequence
has been extended upto an excitation of 3431 keV with
spin (23/2+). Sixteen new transitions have been placed
in the sequences named B6, B6(a), B6(b) B6(c) and
B6(d). Fig. 11 shows the coincidence spectra correspond-
ing to the added gates on the two lowest transitions of
energies 365 and 638 keV of this sequence, where the
new transitions are clearly visible. The yrast cascade of
M1 and the crossover E2 transitions above the 365 keV
transition are placed according to the mutual coincidence
relationships and relative intensities. The connection be-
tween the 2489 keV and 1999 keV level could not be
observed, probably due to very low intensity.

V. DISCUSSION

The neutron Fermi levels of the Xe isotopes with neu-
tron number N > 70 lie around the h11/2, d3/2 and s1/2
single particle orbitals, situated just below the N = 82
shell closure. The evolution of the excitation energies
of the low-lying single particle configurations in Xe iso-
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FIG. 12: Evolution of the low-lying 1-qp states in Xe isotopes.
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nuclei. The Harris parameters of J0 = 16 ~
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4/MeV3 were used [15]. Filled and open circles are used
for two different signatures.

topes are shown in Fig. 12. It can be seen from this figure
that the ground states of the lighter Xe isotopes are 1/2+

which changes to 3/2+ for N = 77 (131Xe) and continues
to be 3/2+ until N = 81. On the other hand, the excita-
tion energy of the 11/2− state, corresponding to the h11/2

orbital, is minimum for the N = 77 (131Xe) isotope. This
clearly shows a transitional nature of 131Xe. It is worth-
while to mention that transitional nature of the neutron
number N = 77 accompanied by a structural change was
reported for odd-odd Cs (Z = 55) isotopes [32] as well.
Therefore, the neutron number N = 77 seems to play
crucial role in determining the high spin level structure
of nuclei in this A ∼ 130 region.

The band B1 in 131Xe is a rotational band based on



12

νh11/2 configuration. The band crossing resulted due to
the alignment of a pair of protons in the πh11/2 orbital
was reported earlier by Kaya et al. [12] and was described
in terms of large scale shell model calculations. It was
also shown that the total aligned angular momenta (Ix)
of this band show a pronounced backbending for N =
77 isotope 131Xe, in contrast to the lighter odd-A Xe
isotopes, suggesting again the transitional nature of the
neutron number N = 77 in case of Xe isotopes while
approaching the N = 82 shell closure. In order to get
an idea on the single particle orbitals involved with N =
77 nuclei, the aligned single particle angular momenta
(obtained by subtracting a reference angular momentum
Iref from the total aligned angular momentum Ix; Iref is
obtained from the Harris parametrization) are plotted for
the νh11/2 configuration of the neighbouring odd-A and
even-even nuclei in Fig. 13. Both the N = 77 isotones
have similar initial single particle alignments, which are
about 3 ~ more than the single particle alignments of
the even-even Xe core. This indicates the involvement of
the Ω = 9/2 component of the h11/2 orbital i.e 9/2[514]
Nilsson configuration for this band in N = 77 isotones
of 131Xe and 133Ba. This would indicate a small or no
signature splitting in this band.

However, the 11/2− bands in other isotopes of Xe and
in the N = 77 isotones have been observed with a reason-
ably large signature splitting. This cannot be accounted
for in case of a large Ω configuration, like Ω = 9/2, unless
there is Ω mixing. The 129Xe nucleus has been reported
to posses triaxial shape [16], which causes the required
Ω mixing and resulted in the large signature splitting.
The signature partner band of the yrast νh11/2 band was

not known in 131Xe from earlier works. In the present
work, a signature partner band above 19/2− state has
been identified (band B1(a)) for the first time in this nu-
cleus, having a large signature splitting similar to 129Xe.
The signature splitting can be obtained from the varia-
tion of staggering parameter, S(I), as defined by Huang
et al. [16], as a function of 2I and are shown in Fig. 14(a)
and 14(b) for 131Xe along with its neighbouring isotopes
and isotones respectively. The excellent agreement of the
general trend and the amount of signature splitting indi-
cate that the structure of 131Xe is similar to that of its
neighbours that is a triaxial or a gamma-soft shape.

Triaxial or gamma-soft shape in a nucleus gives rise to
interesting structural phenomena, like wobbling motion
or gamma-vibration. These phenomena are manifested in
the occurrence of side bands corresponding to the multi-
phonon excitation of wobbling or gamma vibrations. A
set of states, identified for the first time in this work as
band B1(b), has been observed to decay to the different
states in band B1. These states might correspond to the
excitation of gamma phonons in 131Xe. But the transi-
tions between the states in B1(b) could not be identified
as they are of weak intensity, so it is difficult to conclude
that B1(b) is a gamma vibrational band.

The 21/2− state at 2013 keV has been observed for
the first time in this work with a band like structure B2
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FIG. 14: Staggering of the 11/2− band in 131Xe are plotted
as a function of spin 2I and compared with the same band of
other isotopes (a) and isotones (b). Filled and open circles
are used for two different signatures.

built on it. This band decays to the 19/2− state of the
νh11/2 band B1. This state has not been observed in the

neighbouring isotope 129Xe but could be identified in the
neighbouring N = 77 isotone 129Te [33] at an excitation
energy of 1958 keV. This state in 129Te also decays to the
19/2− state of the νh11/2 band. Considering the similar
excitation energy and decay pattern, this state has been
assigned a configuration of πg7/2d5/2 ⊗ νh11/2.

Most of the low-lying non-yrast states, which decay
to the 11/2− yrast isomeric state, were known from the
previous work [22]. The band-like sequence B5 built on a
13/2− state at 1046 keV has been identified in the present
work. This sequence is limited up to only 21/2(−) and
seems be a decoupled band. The possible configuration
of this state is the coupling of a h11/2 neutron to the

second 2+ state of the 130Xe core.

A low-lying positive parity band based on 1/2+ or 3/2+

state, as the bands B6 - B6(a) in 131Xe, has been iden-
tified in the odd-A isotopes of Xe and Ba nuclei. In the
lighter isotopes of these two nuclei, this band was de-
scribed as a s1/2/d3/2 mixed configuration. As the neu-
tron number increases, the occupation probability of the
d3/2 orbital increases as is evident from the lowering of
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the excitation energy of the 3/2+ state with the increase
in neutron number in both Ba and Xe nuclei. In case of
133Ba, the N = 77 isotone of 131Xe, the excitation en-
ergies of the 3/2+ and the 1/2+ states are very close to
each other (within about 12 keV) and hence, this band
in 133Ba was identified with a d3/2 configuration [2]. In
131Xe, the 3/2+ state is the ground state and the 1/2+

state is about 80 keV above it (Fig. 12), indicating a
more pure d3/2 configuration for the bands B6-B6(a) in
131Xe. It is also interesting to note that for the nuclei
in the N = 77 isotonic chain, the relative positions of
the 1/2+ and the 3/2+ states alter at Z = 54, while
approaching down to Z = 50. The 3/2+ state becomes
lower in energy for the Z = 54 nucleus 131Xe. Therefore,
both in isotopic and in isotonic chains, 131Xe behaves as
a transitional nucleus.
In the present work, both the signature partners of the

bands B6 and B6(a) are well established and extended
up to 23/2 ~ and so the signature splitting or the stagger-
ing parameter S(I), of these bands can also be compared
with the other isotopes and isotones as shown in Fig. 15.
It can be seen that the staggering in the Xe isotopes
decreases with increasing neutron number indicating less
contribution from low-Ω orbitals for the heavier isotopes.
On the other hand, the S(I) values for the N = 77 iso-
tones, 131Xe and 133Ba are very similar. A signature
inversion at I = 15/2 ~ has been observed in 131Xe, sim-
ilar to that of 129Xe, but the phases are opposite. Data
for the N = 77 isotones are not available to observe any
inversion around that spin. It can be seen that after
the inversion, the splitting increases rapidly for 131Xe,
indicating a change in shape to an oblate or a triaxial
deformation.
A few sequences of states (B6(b), B6(c) and B6(d))

in Fig. 3 have been observed to decay to the band B6

and B6(a). As these states decay to the positive parity
ground state band with neutron d3/2 configuration, there-

fore, the most likely configuration of the 13/2+ state at
1586 keV would be πg27/2 ⊗ νd3/2/s1/2.

The 17/2+ and the 19/2+ states at 1.6 and 1.8 MeV
excitation energies in the lower part of band B4, decays
strongly to the 11/2− (band B1) band. This indicates
that these states have same νh11/2 configuration. The
excitation energies of these states suggest that they are
of three quasiparticle in nature. In 129Xe, a three quasi-
particle 19/2+ state at 2.2 MeV was assigned a proton
configuration of π(g7/2 ⊗ h11/2) coupled with a low-Ω

neutron at 1/2−[541] Nilsson orbital to interpret the ro-
tational band structure with large signature splitting ob-
served on top of that state [16]. In 131Xe, the 17/2+ and
the 19/2+ states are also assigned a similar generic con-
figuration of πg7/2h11/2 ⊗ νh11/2. However, these states
do not seem to form a rotational structure. Therefore,
unlike 129Xe, the configuration of these states does not
seem to contain any deformation driving low-Ω Nilsson
component. This is consistent with the conclusion of the
involvement of high-Ω Nilsson orbitals in regard to the
discussion of band B1.

The upper part of the band B3 (from 23/2+) is
connected with its lower part through a high energy
(1105 keV) transition. This indicates a 5-qp configura-
tion for the upper part of this band. These states do
not decay to the upper part of the band B1 which has
the configuration of πh2

11/2⊗ νh11/2. Therefore, two pro-

ton h11/2 configuration may be excluded for this part

of band B3. Considering their positive parity, the 23/2+

and the 25/2+ states are likely to be formed by the align-
ment of an additional pair of protons in the g7/2/d5/2
orbital with the 3-qp configuration of the lower part of
this band. In the neighbouring even-even nucleus, 130Xe,
there is a 5+ state at about 2.4 MeV of excitation energy,
which has been assigned a two quasi-proton configura-
tion of πd5/2g7/2 [34, 35]. The 27/2+ state in band B3

of 131Xe might have formed by the coupling of this 5+

state with the 3-qp configuration of the 17/2+ state in
the lower part of band B3. Therefore, a configuration of
π(d5/2g7/2)

3h11/2 ⊗ νh11/2 can be assigned to the upper
part of the band B3.

A lower lying 23/2+ state at an excitation energy of
about 2.2 MeV was known earlier in 131Xe [12]. The band
structures, B4-B4(a), have been identified on top of this
state in the present work, with a large signature splitting.
This band decays to the 19/2+ state at 1.8 MeV. This
band is analogous to the 3-qp decoupled band in 129Xe
involving a deformation driving low-Ω orbital. Therefore,
bands B4 and B4(a) in 131Xe have been assigned a con-
figuration of π(g7/2h11/2)⊗ νf7/2. In this configuration,

the [541]1/2− component of the neutron f7/2 orbital pro-
vides the required large Coriolis force which generates the
large signature splitting, as shown in Fig. 16. As it has
been pointed out in the discussion of band B1, a large sig-
nature splitting may also corresponds to a triaxial shape.
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So, a non-axial deformation or gamma-softness of 131Xe
again in the configuration of bands B4-B4(a) is expected.
For a gamma-soft shape, a gamma band is also expected.
A gamma band forms a side band of the main band and
decays to the main band. It is interesting that another
set of states, 23/2+, 25/2+, 29/2+, 33/2+, has been iden-
tified (named as band B4(b)) in the present work, which
forms a side band to B4 and decays to it. This side
band may constitute the expected gamma band of B4.
However, transitions between the states of this side band
could not be identified and hence, the ratio of inter to
intra band transition probabilities could not be obtained
to get a conclusive evidence.
Various configurations assigned to the different band

structures observed in the present work are tabulated in
Table II.

TABLE II: Configuration assignments to the various bands
observed in 131Xe from the present work.

Band No. Parity Assigned configuration
Band 1 Negative (0+)130Xe ⊗ νh11/2

Band 2 Negative πg27/2 ⊗ νh11/2

Band 3 Positive π(g7/2d5/2)
3h11/2⊗ νh11/2

Band 4 Positive π(g7/2h11/2)⊗ νf7/2
Band 5 Negative (2+2 )130Xe ⊗ νh11/2

Band 6 Positive νd3/2

VI. TOTAL ROUTHIAN SURFACE (TRS)
CALCULATION

In order to understand the structure of 131Xe for differ-
ent configurations, total Routhian surface (TRS) calcula-
tions have been performed using Strutinski shell correc-

(a)

(b)

FIG. 17: Contour plots of total Routhian surfaces in the β2−γ
deformation mesh calculated for the lowest negative parity
configuration corresponding to the νh11/2 band (band B1) in
131Xe at the rotational frequencies (~ω) = 0.11 MeV (a) and
0.26 MeV (b).

tion method. The formalism of Nazarewicz et al. [36, 37]
has been used with a Woods-Saxon potential to calculate
the single particle energies. The procedure as depicted
in Ref.[38] has been followed. The TRSs are calculated
in the β2−γ deformation mesh points with minimization
on β4. The Lund convention, in which γ = 0◦ (-60◦)
corresponds to prolate (oblate) shape, has been followed
to define the nuclear shape. The surfaces are calculated
for different rotational frequencies (~ω). The values of β2

and γ, for which the minimum of TRS is obtained, has
been used to determine the shape of the nucleus.
The TRSs for the lowest negative parity configuration,

corresponding to the h11/2 band (band B1 in the level
scheme of Fig. 3) are shown in Fig. 17(a) and 17(b) for
two different rotational frequencies of ~ω = 0.11 and
0.26 MeV, respectively. It can be seen that the minimum
at lower rotational frequency is spread over a region of γ
around γ ∼ −75◦ that is, the nucleus displays γ-softness
close to the ground state. However, at a slightly higher
frequency of ~ω ∼ 0.26 MeV (Fig. 17(b)), a triaxial shape
emerges. This frequency corresponds to the lower part
of the band B1. This prediction of triaxial shape for the
νh11/2 band in 131Xe is in line with that of its neigh-
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FIG. 19: Same as Figure 17 but for the lowest positive parity
configuration, corresponding to the νd3/2 band (bands B6-

B6(a)) in 131Xe at rotational frequencies (~ω) = 0.16 MeV
(a) and 0.36 MeV (b).

bouring isotope 129Xe [16] with very similar value of the
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corresponding to the bands B4-B4(a) in 131Xe. (b) The TRS
energies as a function of the deformation parameter γ for β2

value around the minimum of the TRS.

triaxial parameter γ ∼ −26◦.

Variation of the calculated total Routhian energies
(ETRS) as a function of the deformation parameter γ
is shown in Fig.18 for the negative parity h11/2 band in
131Xe. These are plotted for different rotational frequen-
cies, ~ω. Values of the deformation parameter β2 were
fixed around which the minimum of the TRS was ob-
tained for each ~ω. It can be seen that there are three
distinct regions of gamma values corresponding to min-
imum of TRS. At low rotational frequencies (~ω = 0.11
and 0.16 MeV), ETRS shows some extent of γ-softness.
At mid frequencies (~ω = 0.21 and 0.26 MeV), the min-
ima shift to a triaxial deformation with γ ∼ −26◦. At
even higher frequencies (~ω = 0.31 and 0.36 MeV), two
minima appear at γ ∼ −12◦ and γ ∼ −75◦. This gives
an interesting structural evolution, from gamma-softness
to triaxial shape coexistence, with rotational frequency
of the h11/2 band in the transitional nucleus 131Xe.

The TRS plots for the positive parity νd3/2 configura-

tion corresponding to the bands B6 and B6(a) in 131Xe
are shown in Fig. 19 for the two rotational frequencies,
~ω = 0.16 MeV and 0.36 MeV. It can be seen that the
calculations predict a near prolate shape at lower rota-
tional frequency which changes to a triaxial shape with
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near oblate deformation at higher rotational frequency.
This corroborates well with the observed increase in the
staggering at higher spins for this band after the signa-
ture inversion (see Fig. 15).
The TRSs for the 3-qp configuration corresponding to

the bands B4 and B4(a) are shown in Fig. 20(a). It shows
minimum at about an oblate deformation with β2 ∼ 0.15
and γ ∼ −60◦ and a large extent of gamma-softness.
In Fig. 20(b), the variation of the TRS energy (ETRS)
around the minimum for this surface has been plotted as
a function of the deformation parameter γ. The gamma-
softness can be clearly seen in this plot. The minimum
value of ETRS remains within 100 keV for the variation
of γ in the range −86◦ ≤ γ ≤ −45◦. The observed large
staggering and a possible gamma-band associated with
the bands B4-B4(a) in 131Xe is in good agreement with
the above prediction of oblate minimum with gamma-
softness.

VII. SUMMARY

The excited states in 131Xe have been investigated by
populating them using the fusion evaporation reaction
130Te(α, 3n)131Xe at 38 MeV of beam energy. The INGA
detector setup at VECC, Kolkata, was used to detect the
γ-rays. A much improved and extended level scheme with
several new band structures has been obtained with the
observation of 72 new γ transitions in this work. Differ-
ent variety of yrast and non-yrast band structures have
been observed in this nucleus by using α-induced reac-
tion. The identification of these bands, based on dif-
ferent quasi-particle configurations, reveals the existence
of different structures in the N = 77 transitional nu-
cleus 131Xe. The new data on the signature splitting
and the single particle alignment of the lowest negative
parity band (B1), having νh11/2 character, indicate a
triaxial shape with the involvement of a high-Ω Nilsson
orbital. The lowest positive parity band (B6-B6(a)) has
been substantially extended. This band shows signature
inversion at moderate spin, which, along with a large
signature splitting after the inversion, indicates a change
in structure at higher spins. Two new band structures,
a 3-qp band having configuration π(g7/2h11/2) ⊗ νf7/2

(B4) with large staggering and a 5-qp dipole band hav-
ing configuration π(g7/2d5/2)

3h11/2⊗ νh11/2 (B3) have
been identified. The configurations of different bands
have been assigned from the systematics of neighbouring
odd-A and even-even nuclei and considering the avail-
able orbitals near the proton and the neutron Fermi lev-
els. Theoretical TRS calculations for the 1-qp and 3-qp
band configurations suggest interesting structural evolu-
tion which corroborates well with the experimental find-
ings. Triaxial shape and gamma-softness are obtained
for the 3-qp configurations. New sets of states have been
identified which have been found to decay to these 3-qp,
negative and positive parity bands. This gives interesting
prospects of the observation of gamma-bands associated
with these 3-qp configurations, which needs to be further
investigated.
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Lönnroth, J. Nyberg, A. Pakkanen, M. Piiparinen, K.
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