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Abstract. The collective structures of 131Cs have been investigated by in-beam γ-ray spectroscopic tech-
niques following the 124Sn (11B, 4n) reaction at a beam energy Elab = 57MeV. The previously established
rotational bands, built on πg7/2, πd5/2 and the unique-parity πh11/2 orbitals, have been extended and
evolve into new bands involving rotationally aligned ν(h11/2)

2 and π(h11/2)
2 quasiparticles. In addition, a

new multiquasiparticle band based on the πg7/2⊗νg7/2⊗νh11/2 configuration has also been observed. The-
oretical interpretations for the assigned configurations are discussed in the framework of Total Routhian
Surface (TRS) and Tilted Axis Cranking (TAC) model calculations. TAC model calculations predict a
decrease in the B(M1) values with increasing rotational frequency for the πg7/2/πd5/2 ⊗ ν(h11/2)

2 and
πh11/2 ⊗ ν(h11/2)

2 bands, thus indicating a magnetic rotation character for these bands.

PACS. 21.10.Re Collective levels – 23.20.Lv γ transitions and level energies – 21.60.-n Nuclear structure
models and methods – 27.60.+j 90 ≤ A ≤ 149

1 Introduction

The nuclear shape in the A ∼ 130 mass region is charac-
terized by a core soft with respect to the triaxiality coordi-
nate (γ) and is regulated by the various occupied orbitals
at the nuclear Fermi surface. Theoretical calculations pre-
dict a variety of minima in the nuclear potential energy
surface, and indeed low-deformation minima are found ex-
perimentally to coexist with oblate, triaxial or highly de-
formed minima [1,2]. In recent years, structures generated
by rotation of the deformed triaxial nuclei about a tilted
axis, viz., chirality [3] and magnetic rotation [4], have been
the focus of attention. Chirality is related to the break-
ing of left-right symmetry in the intrinsic system of triax-
ial nuclei and magnetic rotation is related to the break-
ing of rotational symmetry by the current-distribution in
nearly spherical nuclei. The 55Cs nuclei are expected to
display a rich variety of band structures as the deforma-
tion remains well developed across a large range of the
neutron Fermi surface. The πh11/2 ⊗ νh11/2 bands in the

doubly odd 124–132Cs isotopes have been good candidates
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Gif-sur-Yvette, France.

to study chirality [5]. A magnetic dipole band based on
the πh11/2 ⊗ ν(d5/2) ⊗ ν(h11/2)

2 configuration has been

reported in the doubly odd 132Cs nucleus [6,7]. Recent
observations of chiral bands in the odd-A 135Nd [8] and
even-even 136Nd [9] nuclei, and the dipole bands observed
in this mass region [10] incite further investigations in the
odd-A 55Cs nuclei. The purpose of the present work is to
investigate structural features of the 131Cs nucleus. Ex-
cited states in 131Cs have previously been studied by Garg
et al. [11] via 124Sn (10B, 3n) and 128Te (6Li, 3n) reactions.
The level structure, consisting of sequences built on the
πh11/2 and πg7/2 orbitals, was reported up to I ∼ 25/2h̄.

The low-lying states in 131Cs have been studied follow-
ing the electron-capture decay of 131Ba [12]. The 5/2+

state (T1/2 = 9.69 days) has been established as the
ground state.

2 Experimental techniques and data analysis

In the present work, the 124Sn (11B, 4n) reaction at a beam
energy of 57MeV was used to populate excited states in
the 131Cs nucleus. The 11B beam was provided by the
15UD pelletron accelerator at the Nuclear Science Cen-
tre, New Delhi. The target consisted of a 3mg/cm2 thick
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Fig. 1. The level scheme of 131Cs established from the present work.

isotopically enriched 124Sn foil rolled onto a 20mg/cm2

natural Pb backing. The gamma rays emitted by the
evaporation residues were detected using the Gamma De-
tector Array (GDA). The array comprised 12 Compton-
suppressed Ge detectors and a 14-element BGO multi-
plicity filter. The Ge detectors were mounted in three
groups of four each making angles of 45◦, 99◦ and 153◦

with the beam direction and having an inclination of ±23◦

with the horizontal plane. The multiplicity filter consisted
of two sets of seven closely packed hexagonal BGO el-
ements (size = 3.8 × 7.5 cm long), mounted above and
below the target chamber. The online data were written
in LIST mode for events in which two or more Ge de-
tectors fired in prompt coincidence with two or more el-
ements of the multiplicity filter (fold K ≥ 2). A coinci-
dence time window of 2τ = 200 ns was used and a total
of 2× 108 Ge-Ge coincidence events were collected in this
experiment. The major nuclei populated in the reaction
were 129Cs (4%), 130Cs (35%) and 131Cs (45%). In the
offline analysis, the coincidence events were sorted into
4k×4k Eγ-Eγ matrices with different conditions and were
used to i) establish coincidence and intensity relationships
for various gamma transitions and ii) perform an angu-

lar correlation analysis using the method of directional
correlation from oriented states (DCO) [13] for character-
izing the dipole/quadrupole nature of the gamma tran-
sitions. Background-subtracted coincidence spectra were
generated and intensity analysis was performed using the
computer codes GATESET [14] and PEAKFIT [15], re-
spectively.

The present level scheme of 131Cs, based on the ground
state (T1/2 = 9.688 d) with Iπ = 5/2+, is shown in fig. 1,
where the band structures have been labelled 1-8 to facil-
itate the discussion. The placement of the gamma transi-
tions in the level scheme is based upon their intensities,
energy sums and coincidence relationships. Representa-
tive coincidence gamma-ray spectra depicting transitions
of the new bands along with the connecting transitions to
the earlier known levels [11] are shown in figs. 2(a)-(d).
The properties of the gamma rays assigned to 131Cs to-
gether with their placement in the level scheme are listed
in table 1. The spin-parity assignments for band 4 are
based upon the quadrupole (E2) nature of the 906.2 keV
(21/2+ → 17/2+) and the dipole (taken to be M1) na-
ture of the 380.8 keV (25/2+ → 23/2+) interband tran-
sitions. Band 7 is assigned negative parity on the basis
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Fig. 2. Gamma ray coincidence spectra with gates on various transitions of 131Cs. The peaks labelled with (∗) belong to 131Cs,
but their placement in the level scheme is not ascertained. The unmarked peaks are contaminants.

of the quadrupole (E2) nature of the 804.1 keV transition
(27/2− → 23/2−). The spin-parity for band 8 is assigned
on the basis of the 544.0 keV (15/2− → 13/2−), 332.3 keV
(21/2− → 19/2−) and 232.3 keV (15/2− → 13/2−) dipole
transitions (taken as M1) and the 395.3 keV quadrupole
(E2) transition (19/2− → 15/2−). Further, negative par-
ity for this band is also supported from its decay to
the negative-parity band 1. The gamma transitions cor-
responding to peaks marked ∗ in fig. 2(b) lie above the
(29/2+) level of band 4. However, the exact placement of
these transitions could not be ascertained.

The earlier known level scheme of 131Cs [11] has been
substantially extended up to I = 37/2h̄ with the addi-
tion of about seventy new transitions. The level scheme
inferred from the present work preserves major features
of the previously observed bands 1, 2 and 3, which have
been assigned to be based on the πh11/2, πd5/2 and
πg7/2 orbitals, respectively. The positive-parity band 4
and negative-parity band 7 comprise strong dipole tran-
sitions along with weak E2 crossover transitions. In the

coupled band 8, intensities of the M1 transitions are of
the order of those for the stretched E2 crossover transi-
tions. Bands 5 and 6 consist of E2 transitions and also
have interlinking E2 transitions. The decay patterns of
bands 4-8 are quite complex, mostly connecting to the
low-lying states with either negative or positive parity.

3 Results and discussion

The level scheme of 131Cs shows properties typical of a
collectively rotating deformed nucleus. Nilsson configu-
ration assignments to various observed bands are based
on arguments concerning the band-crossing frequencies,
signature splitting, additivity of alignments of the in-
volved quasiparticles and the deduced B(M1)/B(E2) ra-
tios. The experimentally determined spins and level ener-
gies have been transformed into the rotating frame of ref-
erence following the prescription of Bengtsson and Frauen-
dorf [16]. The Harris parameters [17], J0 = 5.8 h̄2 MeV−1
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Table 1. Gamma-ray energies, intensities, DCO ratios and multipolarities for transitions assigned to 131Cs.

E (keV)(a) Intensity(b) DCO ratio Assigned Placement
multipolarity Iπi → Iπf

78.2 102 M1(c) 7/2+ → 5/2+

95.3 15 (M1) 23/2+ → 21/2+

99.3 5 (M1) 27/2− → 25/2−

120.9 5 (M1) 19/2− → 17/2−

132.0 19 0.71 (15) M1 19/2+ → 17/2+

140.9 182 0.69 (7) M1 23/2+ → 21/2+

148.2 20 0.64 (15) M1 21/2+ → 19/2+

156.0 11 0.38 (12) M1 27/2− → 25/2−

156.0 19 0.38 (10) M1 23/2− → 21/2−

167.1 143 0.54 (5) M1 25/2+ → 23/2+

203.2 34 0.64 (10) M1 27/2− → 25/2−

223.6 74 0.59 (7) M1 23/2+ → 21/2+

226.6 5 (M1) 19/2+ → 17/2+

232.3 28 0.65 (9) M1 15/2− → 13/2−

261.3 13 (M1) 27/2− → 25/2−

274.5 18 0.58 (11) M1 17/2− → 15/2−

278.3 22 (M1) 23/2+ → 21/2+

279.4 671 0.61 (4) E1 11/2− → 9/2+

286.2 76 0.57 (7) M1 29/2− → 27/2−

288.7 96 0.49 (11) M1 25/2+ → 23/2+

308.8 67 0.53 (7) M1 27/2+ → 25/2+

332.3 36 0.64 (10) M1 21/2− → 19/2−

346.9 16 (E1) 25/2+ → 23/2−

356.6 76 0.50 (7) M1 25/2+ → 23/2+

359.9 27 (M1) (35/2−)→ 33/2−

361.2 23 (M1) (25/2− → 23/2−)
370.7 12 (M1) 19/2− → 19/2−

375.7 142 0.42 (5) M1 31/2− → 29/2−

380.8 15 0.39 (10) M1 25/2+ → 23/2+

388.6 27 (M1) 23/2− → 21/2−

390.9 158 0.39 (8) M1 29/2− → 27/2−

395.3 50 1.04 (12) E2 19/2− → 15/2−

401.1 5 (M1) 25/2− → 23/2−

417.8 51 (M1) 9/2+ → 7/2+

419.9 5 (M1) (29/2−)→ (27/2−)
421.6 81 0.58 (7) M1 29/2+ → 27/2+

446.6 12 (M1) (27/2−)→ (25/2−)
496.5 1000 1.05 (7) E2 9/2+ → 5/2+

509.6 20 (M1) (31/2+)→ 29/2+

517.8 34 0.53 (9) M1 33/2− → 31/2−

530.7 26 (M1) 13/2+ → 11/2+

533.8 557 0.88 (8) E2 15/2− → 11/2−

538.4 394 1.02 (8) E2 11/2+ → 7/2+

544.0 73 0.34 (9) M1 15/2− → 13/2−

578.9 39 0.40 (9) M1 21/2+ → 19/2+

604.1 55 0.40 (8) M1 17/2+ → 15/2+

617.2 23 (E2) 17/2− → 13/2−

626.1 22 17/2+ → 17/2+

629.2 111 0.40 (6) M1 13/2− → 11/2−

638.1 16 (E2) 21/2− → 17/2−

639.5 19 (M1) 15/2− → 15/2−

648.6 43 0.58 (9) M1 25/2− → 23/2−

651.4 353 0.88 (7) E2 13/2+ → 9/2+

663.6 426 1.10 (8) E2 19/2− → 15/2−

664.9 22 (E2) 27/2+ → 23/2+

686.9 65 0.38 (9) M1 21/2− → 19/2−

693.7 44 0.84 (15) (E2) (29/2+)→ 25/2+
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Table 1. Continued.

E (keV)(a) Intensity(b) DCO ratio Assigned Placement
multipolarity Iπi → Iπf

702.8 15 (M1) 21/2− → 19/2−

704.8 16 (M1) 25/2− → 23/2−

704.8 19 (E2) (29/2+)→ 25/2+

708.0 17 (E2) 19/2− → 15/2−

708.1 304 0.87 (8) E2 15/2+ → 11/2+

713.1 74 0.44 (8) M1 17/2− → 15/2−

719.8 35 1.03 (18) E2 23/2+ → 19/2+

720.4 19 (E2) 23/2− → 19/2−

730.2 16 (E2) 29/2+ → 25/2+

749.2 35 (E2) (25/2−)→ 21/2−

766.4 40 0.88 (16) E2 31/2− → 27/2−

780.9 369 1.13 (11) E2 17/2+ → 13/2+

804.1 190 1.23 (12) E2 27/2− → 23/2−

804.6 7 25/2− → 21/2−

805.8 277 0.97 (8) E2 21/2+ → 17/2+

808.0 45 (E2) (27/2−)→ 23/2−

815.2 30 (E2) (29/2+)→ 25/2+

826.2 65 (E2) (29/2+)→ 25/2+

830.5 209 0.89 (12) E2 19/2+ → 15/2+

843.4 319 0.84 (12) E2 23/2− → 19/2−

851.8 65 (E2) 21/2+ → 17/2+

861.3 54 (E2) 25/2− → 21/2−

865.5 20 (E2) (33/2+)→ (29/2+)
866.7 23 (E2) (29/2−)→ (25/2−)
877.8 44 0.83 (17) E2 33/2+ → 29/2+

877.9 39 (E2) (35/2−)→ 31/2−

878.1 75 0.86 (17) E2 23/2+ → 19/2+

893.8 7 (E2) 33/2− → 29/2−

902.7 30 (E2) 23/2+ → 19/2+

906.2 65 1.03 (15) E2 21/2+ → 17/2+

908.5 66 0.82 (15) E2 27/2− → 23/2−

917.3 13 (E2) (31/2−)→ 27/2−

931.2 30 (E2) (31/2+)→ 27/2+

938.8 17 (E2) (27/2+)→ 23/2+

988.6 38 (E2) (33/2+)→ (29/2+)
1001.2 47 (E2) (37/2+)→ 33/2+

1230.2 12 (M1) 17/2+ → 15/2+

(a) Energies are accurate to 0.3 keV for strong transitions. The errors increase to 0.7 keV for weaker transitions (relative intensity < 30).

(b) Errors in γ-ray intensities are 5–20%.

(c) Assigned multipolarity adopted from the earlier work [11].

and J1 = 50.8 h̄4 MeV−3, have been used. The Routhian
(e′) and alignment (ix) extracted for different bands are
shown as a function of rotational frequency in fig. 3. The
experimental ratios of reduced transition probabilities,
B(M1; I → I− 1)/B(E2; I → I− 2) in units of (µN/eb)2,
for the coupled bands 4, 7 and 8 are deduced from the
relation

B(M1; I → I − 1)

B(E2; I → I − 2)
= 0.697

Iγ(M1)

Iγ(E2)

E5
γ(E2)

E3
γ(M1)

, (1)

where Eγ is the energy of the gamma ray in MeV. The
E2/M1 mixing ratio (δ) for the ∆I = 1 transition has
been set to zero. This assumption does not influence
the experimental results since the mixing ratio is gener-
ally small. The experimental B(M1)/B(E2) values are

compared with theoretical calculations obtained from the
semiclassical model of Dönau and Frauendorf [18,19]. The
rotational gyromagnetic factor (gR) was taken as Z/A =
0.42 and empirical values of the gyromagnetic factors (gi)
of the participating quasiparticles, taken from nearby nu-
clei [20], were used. The quadrupole moment (Q0) values
deduced corresponding to the deformation parameter (β2)
as obtained from the TRS calculations (discussed later in
this section), have been used.

The negative-parity sequence built on the 11/2− state
is the favoured (signature α = −1/2) partner in the πh11/2

band (band 1) and the weakly populated sequence com-
prising of the 617, 638 and 861 keV transitions is the un-
favoured (α = +1/2) one. The ∆I = 1 transitions link-
ing the two signature partners are also observed and the
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Fig. 3. Experimental Routhian and alignment plots for the
bands 1-8 observed in 131Cs.

staggering pattern which depends upon the triaxial-
ity coordinate (γ) is similar to that observed in the
125,127,129Cs [21] isotopes. The band shows large ini-
tial alignment (∼ 5h̄) and signature splitting (∆e′ ∼
390 keV at h̄ω = 0.30MeV) exhibiting a trend decreas-
ing with frequency (fig. 3(b)). The low-Ω h11/2[550]1/2

−

orbital, which is near to the proton Fermi surface ac-
counts for these features. A small upbend is observed in
the favoured signature partner at a rotational frequency
of h̄ω ∼ 0.45MeV (fig. 3(b)), which could be the on-
set of the decoupling of a πh11/2 pair. The first proton
crossing, expected at ∼ 0.38MeV [22], is Pauli-blocked
and the second one is predicted to occur above 0.50MeV.
Band 1 is crossed by band 7 at a rotational frequency of
h̄ω ∼ 0.42MeV with a corresponding gain in alignment
∼ 5h̄ (fig. 3(b)). This crossing in band 1 is interpreted as
the rotational alignment of a νh11/2 pair in accordance
with the systematics of that observed in the πh11/2 band

in the odd-mass 117–129Cs isotopes [23]. Thus, band 7 is
assigned the πh11/2 ⊗ (νh11/2)

2 configuration. The mag-
nitude of the signature splitting in the aligned band 7 is
reduced to ∼ 90 keV from a value ∼ 390 keV in the pro-
late πh11/2 band (band 1). This can be explained on the
basis of cranking shell model calculations, which predict
that the aligning ν(h11/2)

2 pair drives the core towards
the collectively rotating oblate (γ ≈ −60◦ (Lund conven-
tion [24])) shape (fig. 9 of [25]). However, a significant sig-
nature splitting (∼ 90 keV) in band 7 indicates that the
neutron polarizing effect has resulted in a weakly triaxial
shape. The large values of the experimental B(M1; I →
I − 1)/B(E2; I → I − 2) ratios ∼ 14 (µN/eb)2 in band 7
agree with the value ∼ 12 (µN/eb)2 calculated using the
geometrical model of Dönau and Frauendorf [18,19] for
the assigned configuration. The γ-vibrational band built
on the favoured signature partner of h11/2 band, a fea-

ture observed in the 123,125,127Cs isotopes [25–27], is not
observed in the heavier 129,131,133Cs isotopes [11,28].

The evenly spaced positive-parity bands 2 and 3 built
on the 5/2+ and the 7/2+ states have been assigned the
πd5/2 and πg7/2 [11] configurations, respectively. These
bands are populated with nearly equal strengths, despite
the fact that the Routhian for band 2 is ∼ 170 keV above
that of band 3 (fig. 3(a)). This rules out the possibility
of these bands being signature partners. Weak intraband
dipole transitions from the πd5/2 band to the πg7/2 band
are observed. Similar sequences have also been observed
in the 55Cs [25–29] and 53I [30,31] nuclei. The πh11/2

and πg7/2 bands are seen in the odd-A 117,121–133Cs iso-
topes [11,23,25–29]. The population strength of the πg7/2

band relative to that of the πh11/2 band increases con-
siderably with increasing mass number. This happens pri-
marily because the excitation energy of the h11/2 level is
increasing thus becoming less yrast in the heavier isotopes.
Also, the coupled band based on the πg9/2[404]9/2

+ or-

bital is seen in the lighter odd-A 117–127Cs [23,25–27,29]
isotopes but is not observed in 129,131Cs [28]. These facts
are consistent with a decreasing nuclear deformation with
increasing mass.

The positive-parity band 4 comprises mainly strong
∆I = 1 dipole transitions and decays into levels of
the πd5/2 (band 2) and πg7/2 (band 3) bands. This
band is characterized by a large constant alignment
∼ 9h̄ and small signature splitting ∼ 30 keV (fig. 3(a)).
Band 4 crosses bands 2 and 3 at a rotational frequency
∼ 0.45MeV with a corresponding alignment gain ∼ 6h̄,
which suggests a (νh11/2)

2 alignment similar to the one
observed for band 1 (fig. 3(b)). A multi-quasiparticle
πg7/2/d5/2 ⊗ (νh11/2)

2 configuration is thus suggested for
this band. The signature splitting ∼ 30 keV in this band
is smaller as compared to ∼ 90 keV in band 7, which
is understandable as the πg7/2 orbital is lesser prolate
driving as compared to the πh11/2 orbital, and hence
can counteract the oblate driving effect of the aligned
(νh11/2)

2 to a lesser extent. The deduced values of the
B(M1; I → I − 1)/B(E2; I → I − 2) ratios for the
27/2+ and 29/2+ levels are ∼ 10 (µn/eb)

2. It decreases to
∼ 3 (µN/eb)2 at the 31/2+ level. It is worth mentioning
that the crossover E2 transitions (664.9 and 730.2 keV)
are observed only in the higher part of the band 4. This
indicates a decreasing trend for the B(M1)/B(E2) values
with frequency. These characteristics are similar to that
of the observed M1 bands in the A ∼ 130 and A ∼ 190
regions [4]. The decreasing trend of the B(M1)/B(E2) ra-
tios, which is likely due to a decrease in the B(M1) values,
is a feature related to magnetic rotation.

Bands 5 and 6 exhibit large alignment ∼ 9h̄ (fig. 3(a))
indicating that these are essentially based on three-
quasiparticle configurations and are continuations of one-
quasiparticle bands 2 and 3. The closely lying Routhi-
ans and the E2 transitions interlinking the bands 5 and
6 indicate these to be based on similar configurations.
Large alignment gain ∼ 7.5h̄ in bands 5 and 6 indi-
cates low-Ω (πh11/2)

2 alignment, which is also possible

in the bands 2 and 3 apart from the ν(h11/2)
2 alignment

and is expected at h̄ω ∼ 0.4MeV. Bands 5 and 6 cross
bands 2 and 3 at similar frequencies (fig. 3(a)), hence,
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Table 2. Average TRS quadrupole deformation parameters
calculated for 131Cs.

Band Configuration β2 β4 γ

1 E(h11/2) 0.157 0.003 35◦

1 F (h11/2) 0.157 0.003 −33◦

2 A(d5/2) 0.127 −0.007 32◦

3 B(g7/2) 0.125 −0.008 21◦

4 Bef 0.142 −0.008 −85◦

5 BEF 0.161 0.000 35◦

6 AEF 0.165 0.002 35◦

7 Eef 0.160 0.001 −82◦

8 Bbe 0.145 −0.010 −85◦

πd5/2/g7/2 ⊗ π(h11/2)
2 are the likely configurations sug-

gested for these bands. Such π(h11/2)
2 alignments have

also been observed as decoupled bands for the odd-A
125–127La isotopes [32,33] in contrast to the coupled bands
after the ν(h11/2)

2 alignment.
The negative-parity coupled band 8 shows a large ini-

tial alignment ∼ 7h̄ and a small signature splitting ∆e′ ∼
20 keV at h̄ω = 0.36MeV (fig. 3(b)). The experimental
B(M1)/B(E2) ratios for this band are ∼ 2 (µN/eb)2. This
band is believed to be built on a mixed proton-neutron
three-quasiparticle configuration. For such a configuration
in an odd-Z nucleus, a high-K two-quasineutron config-
uration would be coupled to the odd quasiproton. Since
the negative-parity strongly coupled bands based on the
νg7/2⊗ νh11/2 configuration have systematically been ob-

served in the even-even 124–128Xe [34–37] and 124–128Ba
isotopes [38–40], and the πg7/2 orbital is lowest in en-

ergy in case of 131Cs, the most likely choice for band 8
is the negative-parity πg7/2 ⊗ νg7/2 ⊗ νh11/2 configura-
tion. Strongly coupled bands based on the πg7/2⊗νg7/2⊗

νh11/2 configuration are also observed in the neighbouring
125,127Cs isotopes [25,27]. These bands include the high-Ω
[404]7/2+ neutron orbital, from the top of the νg7/2 shell,
which is responsible for strong ∆I = 1 transitions and
small signature splitting. It is added that the other likely
configuration πg7/2 ⊗ νd5/2 ⊗ νh11/2 is not preferred for

band 8 as the B(M1)/B(E2) values ∼ 5 (µN/eb)2 calcu-
lated using the geometrical model of Dönau and Frauen-
dorf [18,19] are significantly higher. The calculated val-
ues for the πg7/2 ⊗ νh11/2 ⊗ νg7/2 configurations exhibit
good agreement.

3.1 Theoretical model calculations

Calculations based on the Total Routhian Surface (TRS)
formalism [41–43] have been performed for 131Cs. These
calculations employed a triaxial Woods-Saxon single-
particle potential [44] and a monopole pairing force resid-
ual interaction. Self-consistent deformation parameters
β2, β4 and γ for different quasiparticle configurations were
evaluated for different values of the rotational frequency.
The results show that this nucleus is extremely γ-soft.
Three energy minima occur for values of the triaxial-
ity parameter γ close to +30◦, −30◦, and −90◦. These

Fig. 4. TRS maps for (a) E, (b) F , (c) A, (d) B, (e) AEF
and (f) Bbe configurations in 131Cs. The energy contours are
separated by 150 keV.

special values represent the same nuclear shape; the nu-
cleus is just rotating about different axes, i.e. short, in-
termediate, or long. It is found that different occupied
single-quasiparticle orbitals stabilize the overall nuclear
shape near these three minima. For instance, proton or-
bitals from the bottom of the negative-parity h11/2 or
positive-parity g7/2 and d5/2 orbitals drive towards the
γ = +30◦ shape, while neutron orbitals from the top of
the νh11/2 subshell drive towards the γ = −90◦ shape.
Results for different configurations are summarized in ta-
ble 2, which were calculated at h̄ω = 0.24MeV; TRS
maps are also plotted in fig. 4. The single-quasiparticle
levels are labelled using the parity and signature notation
as: A = π(+,+1/2), B = π(+,−1/2), E = π(−,−1/2),
F = π(−,+1/2), a = ν(+,+1/2), b = ν(+,−1/2),
e = ν(−,−1/2), f = ν(−,+1/2). It can be seen from
table 2 that the occupation of an h11/2 quasiproton or-
bital drives to larger quadrupole deformation (β2). The
favoured signature E strongly drives to positive γ. How-
ever, its signature partner F is extremely flat with γ and
the nucleus adopts the most collective shape at γ = −30◦.
The positive-parity proton orbitals A and B also drive to
positive γ, while h11/2 neutrons (e and f orbitals) prefer
the γ = −90◦ shape.

Bands 5 and 6 are essentially three-quasiparticle con-
tinuations of one-quasiparticle bands 2 and 3. There is
quite an increase in quadrupole deformation associated
with the (πh11/2)

2 alignment (EF), which explains why

the band structures are not so smooth around spin 25/2−.
The TRS calculations suggest that the three ∆I = 1
bands, viz. band 4, 7 and 8 have triaxial shapes close to
γ = −90◦ and since the proton and neutron spins are ex-
pected to be near perpendicular at the bandheads, it is ap-
propriate to describe these bands within the shears mech-
anism. Hence calculations have been performed using the
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Fig. 5. The M1 and E2 transition probabilities and their ra-
tios vs. rotational frequency (h̄ω) predicted using TAC model
calculations for (a) band 4, (b) band 7 and (c) band 8. The
insets show plot of the calculated (TAC) and experimental an-
gular momentum (I) vs. rotational frequency (h̄ω).

hybrid version of the Tilted Axis Cranking (TAC) model
calculations [45] for the assigned configuration. The pair-
ing parameters are chosen as 80% of the odd-even mass
difference, i.e., ∆π = 1.0796MeV and ∆ν = 0.7644MeV.

The TAC model calculations [45] carried out in a self-
consistent manner for band 4 with πg7/2(d5/2)⊗ (νh11/2)

2

configuration has resulted in the deformation parameters
ε2 = 0.111, ε4 = 0.0, γ = 46◦ and an average tilt an-
gle θ ∼ 16◦ for the angular momentum with respect to
the principal axis. The results of the calculations of spin
angular momentum vs. rotational frequency show a good
agreement with the experimental values (fig. 5(a)). The
calculated B(M1) values exhibit a strong decreasing trend
with frequency, which results in a similar trend for the
corresponding B(M1)/B(E2) ratios with the value drop-
ping from ∼ 14 (µN/eb)2 at 0.07MeV to ∼ 6 (µN/eb)2 at
0.27MeV (fig. 5(a)). As mentioned earlier, the limited ex-
perimental information conforms to these predictions and
band 4 is likely to be a magnetic-rotation band.

The minimization of the total energy in the TACmodel
calculations for band 7 with πh11/2⊗ (νh11/2)

2 configura-
tion resulted in the deformation parameters ε2 = 0.112,
ε4 = 0.01, γ = 55◦ and an average tilt angle θ ∼ 32◦ for
the angular momentum with respect to the principal axis.
The calculations show a good agreement with the experi-
mental plot of spin vs. rotational frequency (fig. 5(b)). The
calculations result in B(M1)/B(E2) values ∼ 30 (µn/eb)

2

compared to the experimental values for this band having
an average ∼ 12 (µn/eb)

2. For πh11/2 ⊗ (νh11/2)
2 con-

figuration, the B(M1) values also exhibit a decreasing
trend and hence a magnetic-rotation character. For the
πg7/2 ⊗ νh11/2 ⊗ νg7/2 configuration assigned to band 8,
TAC calculations result in minima corresponding to the
deformation parameters ε2 = 0.104, ε4 = 0.008, γ = 5◦

and an average tilt angle θ ∼ 46◦. The angular value of
this tilt drives the system towards triaxiality. The calcu-
lated B(M1)/B(E2) values are ∼ 1.5 (µn/eb)

2 compared
to the experimental value ∼ 2 (µn/eb)

2 for this band in
the observed frequency region (fig. 5(c)).

4 Conclusion

Collective structures of the 131Cs nucleus have been stud-
ied. Nilsson configurations are assigned and discussed
in the framework of Total Routhian Surface (TRS) and
Tilted Axis Cranking (TAC) model calculations. The exis-
tence of collective bands of both prolate and oblate shapes
in 131Cs shows that this nucleus is soft with respect to γ
and its shape is strongly influenced by the excited va-
lence quasiparticles. A new multiquasiparticle band based
on the πg7/2 ⊗ νg7/2 ⊗ νh11/2 configuration has been ob-
served. TAC model calculations predict a decrease in the
B(M1) values with increasing rotational frequency for the
πg7/2/πd5/2 ⊗ ν(h11/2)

2 and πh11/2 ⊗ ν(h11/2)
2 bands in

131Cs. The limited experimental information conforms to
these predictions and these bands are likely to result from
magnetic rotation. Since the characteristic decrease in the
B(M1) values is the definitive test of the above interpre-
tation, level lifetime measurements are desirable.
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