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γ ray spectroscopy of the light mass region 

(A ≈ 40) has seen renewed interest in the past 

two decades due to unprecedented improvements 

in radiation detection, digital data acquisition, 

and computation techniques. This mass region 

provides access to certain exotic phenomena that 

were thought to be exclusive only to higher mass 

nuclei. One such aspect, the interplay of single 

particle and collective excitations, has been seen 

in many light mass sd-pf shell nuclei. The 

collective excitations become more prominent as 

one approaches the middle of the 1f7/2 sub-shell. 
49V is one such nucleus that has nine nucleons in 

its valence shell, considering an inert 40Ca core. 

This number is large enough to lead to collective 

excitations, whose features can be readily seen in 

its level scheme. The existing level scheme 

features two well-established K = 3/2- and 15/2- 

bands, and a significant amount of work has 

already been reported for the nucleus [1-3]. 

However, the lifetimes of a few negative parity 

levels were unknown before this work.  Also, a 

study of the transition strengths and quadrupole 

moments had revealed a possibility of K-mixing 

between the bands [2]. However, no quantitative 

measure of the nature and extent of this mixing 

was available prior to this thesis. The primary 

motivation, therefore, was to measure the 

lifetimes of these negative parity levels and study 

the evolution of nuclear structure and K-mixing 

with angular momentum in the nucleus 49V. 

So, an experiment was carried out to 

populate the states of interest in 49V through a 

light ion fusion evaporation reaction. The 

reaction 48Ti (4He, 2np) 49V reaction with a 48 

MeV α beam was carried out at the Variable 

Energy Cyclotron Centre (VECC) Kolkata. The γ 

rays were detected at three different angles using 

the Indian National Gamma Array (INGA) 

facility. γ-γ coincidence relationship, relative 

intensity, directional correlation ratio (DCO), 

and polarization asymmetry ratio (IPDCO) 

measurements were carried out to verify the 

existing level scheme and to measure the 

multipole mixing ratios of a few magnetic dipole 

transitions. Out of the ten measured mixing 

ratios, eight were measured for the first time [4]. 

A background subtracted coincidence spectrum, 

obtained from a 90º vs 90º symmetric matrix by 

putting a gate on the ground state transition, is 

shown in Fig.1. No new γ transitions were found 

from the analysis.  

 
Fig.1 A background subtracted coincidence 

spectrum obtained by putting a gate on the 1022 

keV transition of 49V. Transitions not relevant to 

the present work are marked with red asterisks. 

Transitions marked with green circles are 

contaminant peaks. The transition marked with a 

blue diamond is the 511 keV annihilation peak. 

 

The lifetimes of eleven negative parity 

levels were measured using the Doppler shift 

attenuation method, out of which four were first-

time measurements. The level lifetimes were 

measured by performing line shape analysis on 

the Doppler shifted line shapes. A few fitted line 

shape spectra from the analysis are shown in Fig. 

2. The values of level lifetimes obtained from the 

present measurement [4] are shown in Fig. 3. As 

seen from the figure, the measured lifetimes 

agree with the previous measurements except for 

the 2263 keV level. This may be due to the 

presence of more than one strong fast-feeding 

transition to this level.  

Several discrepancies were observed in the 

otherwise smooth trend of transition probabilities 

along the various bands in 49V. These were 

explained within the framework of the shell 

model as arising due to K-mixing between the 

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 1281

Available online at www.sympnp.org/proceedings



 

 

different bands. K-mixing was established along 

the various bands using one-nucleon-transfer 

spectroscopic factor calculations and total 

Routhian surface (TRS) calculations. Large basis 

shell model calculations were also carried out to 

understand the underlying microscopic structure 

of the levels. The shell model calculations show 

that collectivity decreases as one moves up along 

the bands and a single-particle type of excitation 

becomes dominant. A new K = 21/2- band in the 

existing level scheme was also identified for this 

nucleus [4]. 

 

 
Fig.2 Experimental (black) and simulated (red) 

line-shape spectra are shown for (a) 1133, (b) 

1073, (c) 598, (d) 609, and (e) 2114 keV 

transitions of 49V for two angles, 125º (top) and 

90º (bottom). Stopped peaks are shown in green. 

 

 
Fig.3 Comparison of level lifetimes obtained 

from the present measurement [4] with earlier 

measurements [2,3]. The x-axis corresponds to 

the level energies in keV and is not to scale. 

 

Another interesting aspect of nuclear 

structure, the isospin symmetry, has also been 

investigated in the present thesis. Although 

experimental evidence of a violation of this 

symmetry is profound, the nature and extent of 

this violation are still not very well understood. 

Therefore, in an attempt to quantify this 

violation, calculations have been carried out to 

estimate the isospin mixing amplitudes in certain 

excited states of a few N = Z upper-sd shell 

nuclei. These excited states are identified as 

mixed isospin states by the presence of isospin 

forbidden E1 transitions between them. Standard 

two-level mixing formalism is used in a semi-

empirical approach to obtain the isospin mixing 

probability. The physically observed E1 

transition is broken up into two theoretically 

allowed ∆T = 1 channels. These allowed 

components are calculated within the shell 

model. Results indicate a role of isospin non-

conserving interactions in the violation of the 

isospin symmetry for a few nuclei. Further 

investigations are required to establish the claim 

conclusively. 
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