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Abstract—The fp-shell nucleus 
52

Cr is an even-even nuclei near magic number is with closed neutron shell is at N = 28. It was 

found that coexistence between spherical and deformed shapes can take place rather predominantly in and near semi-magic or 

doubly magic nuclei. So this nucleus may provide a valuable insight is into the interplay between single-particle and collective 

modes of excitation. High-spin states in 
52

Cr have been studied using 
27

Al (
28

Si, 3p)
 52

Cr fusion evaporation reaction at beam 

energy of 70 MeV. The level scheme of 
52

Cr has been extended up to Ex ~ 10 MeV. Spins and parities have been assigned to 

many of the new levels on the basis of the directional correlations and linear polarization measurements using clover detectors. 

The band structures are discussed in the framework of cranked Woods-Saxon and microscopic projected deformed Hartree-

Fock (HF) models. The prolate-oblate shape coexistence is proposed in 
52

Cr nucleus. 
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I. INTRODUCTION  

The spectroscopy of 1f7/2 nuclei provides a good test for shell 

model calculations and associated effective interaction. A 

great amount of work, from both theoretical and 

experimental sides, was done in this mass region. Most of the 

nuclei from 
40

Ca to 
56

Ni are well described by a shell model 

in which the most important configurations are (f7/2)n, and 

(f7/2)n−r(f5/2p3/2p1/2)r, where (r = 1,2,...) [1–3]. Strong 

deformation was attributed to nuclei near the middle of the 

shell, i.e., 
48

Cr and the neighbouring nuclei. Yrast 

spectroscopy of the majority of fp-shell nuclei follows the 

shell model expectation, exhibited somewhat irregular level 

spacings, often with a marked discontinuity at the 

termination of the f7/2 band of states at Jmax = 1/2[(Z-20)(28-

Z)+(N-20)(28-N)]. This is particular apparent in the nuclei 

near N or Z = 20, 28 where Jmax is not large. At the middle of 

shell, near 
48

Cr for which Jmax = 16, a different structure 

appears. However, due to experimental difficulties, only 

relatively low spin states were identified. In addition, shell 

model calculations in this region has been mainly restricted 

to the f7/2 shell or a few particle excitations in the fp-shell. It 

is only recently, with the development of sophisticated 

detection techniques as well as the extension of theoretical 

calculations, have opened the possibility of studying these 

relatively light nuclei at high spins where the interplay 

between single particle and collective degrees of freedom is 

expected to be clearly exhibited. The nucleus 
48

Cr, with four 

protons and four neutrons outside the doubly closed shell 

nucleus 
40

Ca, has the maximum number of particles to 

develop deformation in the f7/2 shell and displays, in fact, a 

rotational-like ground state band. This band has been 

recently extended to higher spins [4, 5] and the shell model 

predictions [6] are in very good agreement with the observed 

level scheme. A complementary comparison with deformed 

mean field approaches, such as the cranked Hartree Fock 

Bogoliubov (CHFB) method, allows for a better 

understanding of the underlying dynamical properties. 

Similarly Martinez-Pinedo and co-workers [7] have 

performed theoretical studies for 
50

Cr in the framework of 

the full fp spherical shell model and of the CHFB approach, 

which have predicted two backbending regions in this 

nucleus. Later the phenomena of backbending has been 

confirmed experimentally by the work of Lenzi et al.[8] and 

first backbending was interpreted as a consequence of a 

change of shape from collective prolate to triaxial or non-

collective oblate, due to the gradual alignment of the 

individual valence particles in the f7/2 shell. Backbending 

phenomena, as well as changes of shape, can be understood 

in terms of the dynamical evolution of the interactions with 

increasing excitation energy and angular momentum. In f7/2 

shell nuclei, neutron-proton correlations play a crucial role 

because valence nucleons are filling the same shell. 

Therefore, an interpretation of the backbending based on the 

alignment of like-nucleon pairs, which holds for higher 

masses where neutrons and protons align independently, has 

to be revised in this mass region. The rotational properties of 
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the f7/2 nuclei are also affected by the underlying microscopic 

structure since the valence nucleons can align fully along the 

rotational axis creating band terminating states.  

The study of high spin states in N ~ Z, f7/2 nuclei is of 

current interest, because these nuclei provide an excellent 

opportunity to study the interplay between single particle and 

collective degrees of freedom as a function of both angular 

momentum and number of valence particles. Recent 

important improvements both in the theoretical and 

experimental sides have allowed understanding different 

properties such as collective behaviour, band termination, 

backbending, spherical-deformed shape coexistence and 

other related phenomena. The excited states of these fp-shell 

nuclei, including those with fairly large spins, have been 

interpreted in terms of pure shell model configurations [9–

12]. Coexistence between spherical and deformed shapes can 

take place rather predominantly in and near semi-magic or 

doubly magic nuclei. In general, a closed magic shell leads to 

a spherical configuration for yrast states, while the coexisting 

deformed mode is produced by breaking the magic shell. 

Recently, such a spherical-deformed shape coexistence has 

been experimentally found in the doubly magic nucleus 56Ni 

[5] and was also suggested for 52Cr and 54Fe by Mizusaki et 

al. [6]. The nuclei 
52

Cr has been studied earlier [13–16] but 

the band structure has not been properly identified. Thus one 

of the main motivating factors is to identify the band 

structure and to look for the coexistence between spherical-

deformed shapes in 
52

Cr nucleus. The purpose of the present 

in-beam gamma spectroscopic investigation is to explore 

structural features of 
52

Cr nucleus, to resolve the ambiguities 

regarding the spin and parity assignment for the high spin 

states. Section I contains the introduction, in section II 

experimental detail are discussed. The results and discussion 

part is presented in section III and finally section IV 

concludes research work with future directions. 

 

II. EXPERIMENTAL DETAILS 

In the present experiment the 
52

Cr nucleus was populated 

using the 
27

Al (
28

Si, 3p)
 52

Cr fusion evaporation reaction at 

beam energy of 70 MeV. The beam was provided by the 

15UD Pelletron facility at Inter University Accelerator 

Centre (IUAC), New Delhi India. An isotopically enriched 

500 μg/cm
2
 thick 

27
Al target was used. The de-exciting 

gamma rays were detected using the Indian National Gamma 

Array (INGA), at IUAC, New Delhi. For this experiment, the 

INGA comprised of eight Compton-suppressed Clover 

detectors combined with heavy Ion Reaction Analyzer 

(HIRA). A total of about 400 million two- or higher fold γ − 

γ coincidence events were collected during the experiment. 

Efficiency and energy calibration were performed with the 

standard γ-ray 
152

Eu and 
133

Ba radioactive sources. After 

gain-matching, the coincidence events were sorted into 

symmetric and asymmetric (angle dependent) matrices for 

detailed offline analysis.  

III. RESULTS AND DISCUSSION 

The level scheme of 
52

Cr resulting from the present work is 

shown in Fig.1. The transitions and their placement in the 

level scheme have been determined by γ-γ coincidences, γ-

ray intensities and sum energy relations of transitions. Spins 

and parities of the states have been determined from the RDCO 

ratios and polarization measurements. Several new 

transitions have been identified in the present work. These 

transitions are marked by asterisk in the level scheme. The 

band structure and the level scheme has been extended up to 

the excitation energy of 10 MeV. 

 
 

 
Figure 1: Level scheme for 52Cr. The spin and parity assignments, 

given in parentheses, are tentative. The energies are marked within 

±1 keV. 
 

The experimental results are compared with the deformed 

Hartree-Fock model (HF) [17]. Both the oblate and the 

prolate orbits are considered for J projection. The K = 0
+
 

band is properly understood if, we consider J projection from 

oblate orbits only. Among the oblate configurations only K = 

0
+
 oblate gives the ground collective band; none of the other 

possible oblate configurations contribute to collectivity in the 

spectrum. For the K = 4
+
 band we have considered prolate 

configuration because the collectivity shown by this band is 
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only understood by J projection from prolate HF solu1tion. 

As seen in Fig. 2, theoretical and experimental spectra are in 

reasonable good agreement. Thus this nucleus shows the 

presence of the oblate and prolate shape coexistence. 
 

 

Figure 2: Comparison of experimental levels with the results of 

deformed microscopic HF model. 

 

To understand the prolate oblate shape coexistence further, 

the Total Routhian Surface (TRS) calculations have been 

performed withinWood-Saxon cranking formalism [18, 19] 

for 
52

Cr. For these calculations the average mean field is 

taken to be a rotating Wood-Saxon potential [20, 21] with 

monopole type of pairing interaction. The TRS results are 

plotted in figure 3 for the frequencies hω = 0.0 and hω = 0.55 

MeV respectively. We have seen that the TRS plot for 

ground state (hω = 0.0) shows a broad minimum at γ = − 30
o
  

as shown in figure 3(a). This indicates the oblate structure for 

the ground state band with negligible deformation consistent 

with the very small value of experimental B(E2) = 0.0132 

(eb)2 [22,23]. The ground state spectrum is consistent with 

microscopic Hartree-Fock calculation also indicating a small 

oblate deformation. At hω = 0.55 MeV a sharp prolate 

minimum for deformation β2 ~ 0.20 and γ = 0
o
 is formed as 

shown in figure 3(b), along with a oblate minima with β2 ~ 

0.03. The other minima shown in figure 3(b) are of little 

consequence because of their very poor intensities. This 

model therefore also indicates the oblate and prolate shape 

coexistence at higher excitation, consistent with the projected 

Hartree-Fock microscopic calculations. 

 

 

 

 

Figure 3: Total Routhian surface plots in β2 − γ plane for the 

positive parity band in52Cr for the rotational frequencies hω = 0.0 

MeV, and ~ hω = 0.55 MeV are shown in (a) and (b) respectively.  

 

IV. CONCLUSION 

The high spin states in N=28 even-even 
52

Cr nucleus have 

been studied using 
27

Al (
28

Si, 3p)
 52

Cr fusion evaporation 

reaction at beam energy of 70 MeV. Several new transitions 

belonging to this nucleus have been identified extending the 

level scheme up to excitation energy of 10 MeV. Spins and 

parities have been assigned to many of the new levels on the 

basis of the directional correlations and linear polarization 

measurements. The observed level scheme is compared with 

the microscopic Projected Hartree-Fock calculation and the 

results are found to be in a reasonably good agreement with 

theory considering the mixed configuration for the ground 

band and the prolate configurations for the excited K = 4
+ 

band. The cranked Woods-Saxon model also suggest a oblate 

ground- state band with very small deformation, in 

agreement with a very small experimental B(E2) value. 
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