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Abstract. The band structures of the odd–odd nucleus ¹²⁰I were studied 
experimentally using the ¹¹B + ¹¹²Cd → ¹²⁰I + 3n fusion–evaporation reaction 
at a beam energy of 50 MeV at the TIFR Pelletron facility. The g- g 
coincidence events were collected with the high-efficiency, Indian National 
Gamma Array (INGA), consisting of sixteen Compton-suppressed clover 
detectors. The present dataset enabled a significant extension of the 
previously known positive parity level of ¹²⁰I, with levels established up to 
~10 MeV excitation energy. Four new γ-ray transitions were identified and 
placed in the level scheme and a new rotational band is also reported. Spin–
parity assignments were made using Directional Correlation (DCO) ratios 
and polarisation (IPDCO) measurements, allowing determination of 
transition multipolarities In the present investigation, several positive- and 
negative-parity band structures are revised and on compare with the 
neighbouring nuclei for better understading of the positive parity state is 
observed in ¹²⁰I. 

1. INTRODUCTION 
The exploration of nuclear band structures remains one of the most effective tools for 
understanding the intrinsic properties of atomic nuclei. In particular, the investigation of 
doubly odd nuclei, which contain both an unpaired proton and an unpaired neutron, plays a 
vital role in elucidating the complex interplay between single-particle and collective degrees 
of freedom. These nuclei exhibit rich structural phenomena such as signature splitting, band 
crossings, shape coexistence, and chiral symmetry breaking, arising from residual proton-
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neutron interactions and the coupling between the angular momenta of the odd nucleons and 
the collective rotation of the even–even core [1–3]. In the A ≈ 120 mass region, where the 
proton number lies near the magic number Z=50, the nuclear shape transitions from spherical 
to deformed configurations as additional valence nucleons are added. The iodine isotopes (Z 
= 53), in particular, occupy an important transitional zone between spherical tellurium nuclei 
(Z=52) and the more deformed xenon isotopes (Z = 54). This makes them an ideal testing 
ground for studying the competition between single-particle excitations and collective 
rotational motion.  
The band structures of these isotopes are highly sensitive to the occupation of high-j orbitals 
such as πg₉/₂, νh₁₁/₂, and νg₇/₂, which strongly influence the nuclear deformation and the 
alignment behaviour at high angular momenta [4,5]. The understanding of band structures of 
odd–odd nuclei, such as 118,120,122I, is particularly challenging due to the complexity arising 
from the coupling of the odd proton and neutron. However, this same complexity provides a 
unique opportunity to probe the strength and nature of the proton–neutron residual 
interaction, especially in regions where both nucleons occupy orbitals near the Fermi surface. 
The residual interaction can lead to the formation of several possible configurations with 
different total angular momenta (J) resulting from the coupling of individual single-particle 
angular momenta (jₚ and jₙ). Consequently, the energy spectra of odd–odd nuclei are often 
rich and exhibit multiple closely spaced band structures corresponding to different 
configurations and deformations [6,7].  
The iodine isotopes in the A=110–130 mass region have been extensively studied through 
fusion–evaporation reactions and in-beam γ-ray spectroscopy. These studies have revealed a 
variety of rotational bands associated with quasiparticle excitations in the πg₉/₂ and νh₁₁/₂ 
orbitals [8–10]. The experimental investigations on neighbouring isotopes such as 117I, ¹¹⁹I, 
and ¹²¹I [11–13], have provided valuable information on the centrifuged coupling of the odd 
proton with the even-even 118Te core [14]. In ¹²⁰I, the nuclear structure becomes even more 
interesting because of its position near the midshell, wherein the influence of both proton and 
neutron shell effects is significant. The unpaired proton in the g₉/₂ orbital and the unpaired 
neutron in the h₁₁/₂ or g₇/₂ orbital give rise to several possible configurations leading to 
multiple rotational bands. The competition between these configurations at various spin 
states leads to band crossings and alignment phenomena, which provide information on the 
single-particle energies and pairing correlations. Furthermore, at moderate to high spins, the 
breaking of Cooper pairs and the gradual alignment of angular momenta result in back-
bending or smooth band crossings, features that have been widely observed in this mass 
region [15,16].  

2. Experimental Details 
High-spin states in the odd–odd nucleus ¹²⁰I (Z = 53, N = 67) were populated through the 
fusion evaporation reaction, 
 

112Cd(11B,3n)120I@50MeV........................(2.1) 
 
using a ¹¹B ion beam delivered by the Pelletron-LINAC accelerator at the Tata Institute of 
Fundamental Research (TIFR), Mumbai. The beam energy was 50 MeV, optimized to favour 
the 3n evaporation channel for the production of ¹²⁰I at moderate angular momentum. A ¹¹²Cd 
target with a thickness of approximately 3 mg/cm² was prepared on a 8 mg/cm² thick lead 
(Pb) backing to ensure complete stopping of the recoiling nuclei within the target material. 
The target was of natural isotopic composition, containing small fractions of ¹¹⁴Cd and ¹¹⁶Cd 
isotopes, though the dominant contribution originated from ¹¹²Cd. The de-excitation γ-rays 
emitted from the reaction residues were detected using the Indian National Gamma Array 
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(INGA), a high-efficiency γ-ray detection system comprising 16 Compton-suppressed 
clover-type high-purity germanium (HPGe) detectors [17-19]. Each clover detector consists 
of four closely packed HPGe crystals surrounded by bismuth germinate (BGO) anti-Compton 
shields, which significantly reduce background noise arising from Compton scattering.  
The typical photopeak efficiency of the array is about 5% at 1.33 MeV (for ⁶⁰Co), assuming 
all 24 clover detectors are operational. In this experiment, 16 detectors were used, positioned 
at various angles (Two-dimensional angular correlation matrices between the detectors at 90◦ 
and those at 32◦ and 148◦ were constructed.) relative to the beam axis to enable angular 
correlation and polarization measurements. The detectors were operated in addback mode, 
combining coincident energy deposits from adjacent crystals to enhance photopeak 
efficiency especially for high-energy γ-rays above ~1 MeV. Efficiency calibration of the 
array up to 3 MeV was carried out using standard ¹³³Ba and ¹⁵²Eu radioactive sources. The 
experimental data were collected using a digital data acquisition system based on 
Pixie-16 modules manufactured by XIA LLC, [17]. These modules allowed event-by-
event recording of γ-ray energies and timestamps with high precision. Two-fold and 
higher-fold coincidence events were recorded, resulting in an exceptionally large 
dataset containing approximately 1.1 × 10¹⁰ γ–γ and 3.2 × 10⁸ γ–γ-γ coincidence 
events. Data sorting was performed using the MARCOS (Multi-Parameter time-stamped 
based Coincidence Search) software, developed at TIFR. The program sorts the time-stamped 
events to generate Eγ–Eγ matrices and Eγ–Eγ–Eγ cubes, compatible with the Radware software 
[20] suite for subsequent offline analysis. 
The present work has been presented earlier [21].
The γ–γ coincidence matrices were created by shorting the least data introduced to establish 
coincidence relationships among transitions and to construct the level scheme of ¹²⁰I. The 
energies of intense γ-rays were measured with an accuracy better than ±0.3 keV, whereas 
weak or high-energy transitions carried uncertainties up to ±0.7 keV. The relative γ-ray 
intensities were determined with uncertainties of about 5% for γ-rays below 1 MeV, 
increasing to 10% for higher energies [14,22].

2.1 Angular Correlation and Polarization Measurements 

The spin–parity (Jπ) assignments of the excited levels and the multipolarity of γ-ray 
transitions were deduced from Directional Correlation of Oriented states (DCO) and 
Integrated Polarization Directional Correlation (IPDCO) measurements. Two-dimensional 
DCO matrices were constructed using events detected by clover detectors placed at 90°, 32°, 
and 148° with respect to the beam axis. Gates were set on known stretched E2 transitions 
(such as the 368 keV and 898 keV transitions) to extract DCO ratios. For the INGA geometry, 
an ideal DCO ratio of approximately 1.0 or greater indicates a quadrupole (E2) transition, 
while values ≤ 0.6 suggest dipole (M1) character. Transitions with DCO ≈ 1.0 can also 
correspond to pure ∆I = 1 dipole transitions [23]. For polarization measurements, the clover 
detectors at 90° were employed as Compton polarimeters. The IPDCO [24], technique 
involves constructing two asymmetric matrices corresponding to the parallel (N∥) and 
perpendicular (N⊥) scattering directions relative to the reaction plane. The polarization 
asymmetry parameter (Δasym) was calculated as: 
 
                                             𝛥𝛥asym =

𝑎𝑎(𝐸𝐸𝛾𝛾)𝑁𝑁⊥−𝑁𝑁∥
𝑎𝑎(𝐸𝐸𝛾𝛾)𝑁𝑁⊥+𝑁𝑁∥

..........................(2.2) 

 
Where a(Eγ) is an energy-dependent correction factor that accounts for the intrinsic 
asymmetry of the detector response. A positive Δ_asym value corresponds to an electric 
transition (E-type), while a negative value indicates a magnetic transition (M-type). 
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3. RESULTS AND DISCUSSION 

The present study on the nucleus ¹²⁰I report the positive parity states above built upon the 
above 10+ state at 1008 keV, consistent with earlier studies [25,26,20]. The revised level 
structure has been established up to an excitation energy of approximately 10 MeV, as 
illustrated in fig. 1, where the observed levels are systematically arranged into several 
rotational bands, designated B9–B12 for clarity. This level scheme shows noticeable 
differences from the one reported previously [26]. In the present analysis, the sequence of γ-
ray transitions was determined based on detailed γ–γ coincidence relationships, energy 
summations, and relative intensity measurements. Some weak transitions, for which 
placement could not be confirmed with certainty, are indicated as dashed lines in the level 
diagram. Additionally, the present results differ from the more recent findings of Moon et al. 
[27], where supplementary data were included to support the reported level scheme. The 
discrepancies between the current and earlier schemes primarily arise from the improved 
experimental sensitivity achieved in this study. The use of the Indian National Gamma Array 
(INGA), with its enhanced photopeak efficiency and large coincidence dataset, enabled the 
detection of weak γ transitions that were not observed in previous investigations, thereby 
allowing a significant extension of the known level scheme [17]. 
 
Band B9  
 

 
 
Fig.1. Partial Level scheme of 120I showing the parity levels. Energies of γ-rays and levels are given in 
keV. The width of the arrow representing the γ-transition indicates relative intensity of the γ-ray.  
 
A new transition 693 keV is identified on the top of band B9, hence band as updated up to 
state I=26+, In this study suported double energy gate of 897/sum 
(553+668+897+1021+1032+729+999+69) shows in fig.2.   
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Fig.2 The observed of 693 keV transition of band B9 double gate 897/sum 
(553+668+897+1021+1032+729+999+693 keV). 
 
A detailed inspection of the level spacing reveals significant structural evolution at higher 
spin. The energy interval between the 14⁺ and 16⁺ levels shows a sudden compression, 
indicating a deviation from regular rotational behavior. This effect is interpreted as evidence 
of the alignment of a pair of g₇/₂ protons, a process observed in neighbouring isotopes as well. 
Beyond this point, irregularities in level spacing up to the 26⁺ state indicate an additional 
alignment of two h₁₁/₂ neutrons, consistent with the breaking of neutrons pairs at higher 
angular momentum. 
 
Band B10  
 

 
Fig. 3. Shown Energy spectrum of band B10 double gate 553/sum 
(359+553+668+652+1090+1067+871+506+1182 keV). 
 
Band B10 was the yrast band populated structure in the present experiment and represents 
the principal positive-parity sequence in ¹²⁰I. Earlier investigations by Kaur et al.[25]. 
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assigned this band to a πg₇/₂⊗νh₁₁/₂ configuration ; however, later work by Moon et al. 
reinterpreted it as arising from a πh₁₁/₂⊗νh₁₁/₂ configuration [27]. This revised assignment is 
now widely accepted for ¹²⁰I and neighboring odd–odd iodine isotopes [26, 29-30]. 
The present analysis supports this configuration, which effectively explains the band’s 
alignment behavior and energy systematics. The alignment plots are generated for Iπ=10+ 
state which is yrast in structure of   118,120,122I nuclei in order to understand the role of neutron-
proton alignments. The back-bending is observed around frequency 0.34 MeV in case of 122I, 
but not in case of lighter isotopes of 118,120I as shown in fig.4. Such beahaviour clearly 
suggests that neutron pair is strongly bound below the subshell gap at N=68.  In this study, 
four new energy levels linked by four new γ transitions were identified above the previously 
known 506 keV transition shown in fig.3 and extending the band upto an excitation energy 
of ~10 MeV. Furthermore, the energy spectrum gated on the 553 keV transition displays a 
stronger intensity for the 1182, 528, 427, and 726 keV transitions above the gate than for the 
506 keV transition below [30]. This anomalous intensity pattern indicates that the state de-
excited by the 506 keV γ-ray has a long lifetime, suggesting the presence of an isomeric level 
within the band. The RDCO ratios of ΔI = 2 and ΔI = 1 transitions are approximately ~ 1.0 and 
~ 0.5, respectively, while the 506 keV transition yields a value of 1.1(2), intermediate 
between these limits. This ambiguity prevents a definitive multipolarity assignment, but 
given the isomeric behavior, the 506 keV transition is tentatively identified as a stretched E2 
transition, implying a (24⁺) isomeric state at the top of the band [27,26]. The configuration  
of the bandhead can thus be associated with π[h₁₁/₂ (g₇/₂)² ]23/2-⊗ν[(h₁₁/₂)³]27/2-, 
corresponding to the full alignment of the valence nucleons outside the ¹¹⁴Sn core [32]. 
 

 
Fig.4. Plots of the spin alignment in for the rotatioal bands in 118,120,122I. A rotational reference with the 
Harris parameters J0 = 15 ћ2 MeV−1 and J1 = 25 ћ4MeV−3 has been subtracted. 
 
Band B11  
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Band B11, identified as the signature partner of the yrast band B10, was previously 
established up to the (17⁺) level [28,26]. In the current work, this band has been extended up
to the 23⁺ state through the addition of higher-spin transitions, clarifying its relationship to 
the main positive-parity sequence. The previously ambiguous 1051 keV [28] transition was 
confirmed to be a doublet. The strong correlation between Bands B10 and B11 in terms of 
energy spacing and ΔI = 2 cascade structure reinforces their identification as signature 
partners originating from the same quasiparticle configuration (πh₁₁/₂⊗νh₁₁/₂) [26,27,31]. 
The consistent alignment behaviour of both sequences across increasing rotational 
frequencies suggests that the underlying configuration is stable across the observed spin 
range, though slight variations in moment of inertia reflect subtle differences in the coupling 
of the odd proton and neutron. 

Band B12

Band B12, which is relatively weakly populated in this reaction, was previously established 
up to the (15⁺) level [31,26]. In the present study, one additional transition at 798 keV has 
been observed, extending the sequence to higher spin. Furthermore, a 797 keV interband 
transition connecting Band B12 to Band B6 (negative parity band structures levels are not 
shown in fig.1) has been firmly identified through coincidence spectra. This interconnection 
provides further evidence for the coexistence of positive- and negative-parity structures at 
high excitation energy in ¹²⁰I [20,26,31]. Given its proximity in excitation energy and 
transition pattern to Bands B10 and B11, Band B12 may represent either a signature or 
configuration partner of these bands. However, its weak population precludes a definitive 
structural assignment at this stage. The band is most likely associated with the same 
underlying πh₁₁/₂⊗νh₁₁/₂ configuration [31], but populated through a less favorable reaction 
channel or higher-order feeding transition. 

4. Conclusion
The experimental evidence collectively supports a consistent description of the positive-
parity rotational structures in ¹²⁰I. Bands B10 and B11 form a robust signature-doublet pair 
based on the πh₁₁/₂⊗νh₁₁/₂ configuration, exhibiting systematic alignment behaviour 
characteristic of h₁₁/₂ quasiparticle couplings. The newly observed branch within Band B10 
reveals competing g₇/₂ proton and h₁₁/₂ neutron alignments, a feature also seen in 
neighbouring nuclei. Band B12, though weakly populated, likely shares a similar 
configuration and may indicate the onset of additional quasiparticle excitations at higher spin. 
The suggesting the influence of a high-K component in the bandhead structure. These 
findings together provide important insights into the evolution of quasiparticle alignments 
and the competition between proton and neutron configurations in triaxially deformed odd–
odd nuclei near A ≈ 120 mass region. 
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