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Abstract: Energy spectrum of nucleus is one the important information for better recognition of nuclear force and 

interaction of nucleon inside of the nucleus. Energy levels of nucleus are measured by detecting gamma- ray energy spectrum 

when a target nucleus bombarded with a special projectile to excite it in to levels higher than ground state. On the other hand, 

there are several models to calculate nuclear energy levels. Solution of the Schrödinger equation by considering a suitable 

potential is direct method to obtain energy levels of a quantum mechanical system like nucleus. Projected shell model is a 

model of this type that is developed by solving the Schrödinger equation for a set of potentials along with role of spin. Band 

structure and yrast bands for even-even and odd-even isotopes of Samarium (
159,160

Sm) are calculated using a Fortran code 

founded based on the projected shell model (PSM). Energy levels of negative and positive parity bands of 
159

Sm and 
160

Sm 

isotopes of Samarium nucleus are obtained separately for each spin. Kinetic and dynamic moments of inertias are also 

calculated for these isotopes. The acquired results are compared with the experimental data. The electromagnetic reduced 

transition probabilities, B(M1)/B(E2) the behavior of dynamic moment of inertia J
2
, rotational kinetic energy and moment of 

inertia J
1
 as a function of spin have also been investigated and proper comparison is made between the calculated results and 

the experimental data. The alignment phenomena of neutron-proton pairs in view of the rotational movement in high spin states 

has also been studied with reference to band crossing. 
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1. Introduction 

The projected shell model that has been applied in recent years 

to study the structure of nuclei, especially the nuclei in the 

lanthanide region, has achieved some success [1]. The most 

prominent feature of this model is that it exhaustively discusses 

the spectroscopic data of nuclei with high-spin properties using a 

basic physical interpretation. Using this model has other 

advantages such as its simple computational method compared to 

similar methods and its relatively better results [2, 3]. In 1995, the 

Nilsson model was developed by Hara and San to describe the 

deformation characteristics of the axial symmetry of deformed 

nuclei, and a notion of this new model was recognized as the 

projected shell model [18]. A couple of years later, a code based 

on the projected shell model was written for Windows-operated 

computers, using Fortran programming language. This Fortran 

code was used to describe the structure of rare-earth heavy nuclei 

of the periodic table and the results had successfully deduced the 

experimental data [4]. In mass regain about A~150, deformation 

in the nuclear shape increases rapidly with a small change in the 

mass number of isotopes. the level structure of Sm odd-A 

isotopes was studied by Kenefick and Scheline using this Fortran 

programming code [5]. Low-lying collective states in odd-even 

nuclei include one-neutron two-proton quasiparticle and 

three-quasiparticle configurations with a combination of one 

neutron plus two protons. In even-even nuclei, these states 

include zero-quasiparticle vacuum, two-neutron quasiparticle, 

two-proton quasiparticle, and four -quasiparticle configurations, 
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involving two neutrons plus two protons [6, 20]. The biggest 

challenge of this model is related to calculations regarding 

multi-excited quasiparticle bands for odd-even and even-odd 

isotopes. Therefore, studying the single particle structure and 

interactions of nucleons in these isotopes can be considered as a 

test to assess the validity of this model [7]. As demonstrated in 

the present study, the projected shell model that describes the 

yrast lines of the individual odd-even and even-even isotopes of 

Sm nucleus (150 and 160), efficiently corresponds with the 

experimental data. Topics discussed in this paper include yrast 

spectrum changes, structures and configurations of quasiparticle 

bands, band crossing and variation in moments of inertia, 

excitation of the neutron i13/2 orbital and the proton h11/2 orbital as 

the shell model intruder. 

In this study, the calculation results are related to the 

ground-state band structure of 
160

Sm isotopes and 
159

Sm 

odd-even and even-even isotopes which were carried out using 

Fortran code based upon the projected shell model. Also, the 

results are in competent correspondence with the experimental 

data which clearly indicates the validity of this model. The 

obtained results of the calculations for quasiparticle alignments 

in the band crossing are compared with each other by 

examining the moments of inertia and ratio of electromagnetic 

reduced transition probabilities for these two isotopes. Yet, 

none of these studies thoroughly elucidate the structural 

properties of the whole isotopic chain of odd-mass or 

even-mass Sm nuclei. The present paper is ordered as follows: 

In Section.2, an outline for the PSM formalism is given. It 

also provides expressions for various physical quantities to be 

subsequently discussed in this paper. In Section.3, the 

calculation results are compared with the experimental data. 

Eventually, the paper is concluded in Secion.4. 

2. Brief Overview of the Theory 

The projected shell-model PSM is a spherical shell-model 

that expands on deformed single-particle bases and seems 

suitable for studying the structure of deformed nuclei [8]. 

Truncating in this method is done by multi-quasiparticle bases 

due to selecting intrinsic states. The rotational symmetry for 

these states is then reconstructed by the projection method 

from a spherical (multi-particle) base using experimental data. 

Finally, the resultant Hamiltonian is diagonalized at these 

bases [9]. single-particle states of the Nilsson model are 

combined using the results of (Bardeen-Cooper-Schrieffer) 

BCS calculations and pairing correlations. The outcome of 

BCS calculations in a set of quasiparticle states is constructed 

based on a vacuum state (| 0 >) in the intrinsic framework. 

Please refer to reference [1] for more details on the theory of 

shell model. The configuration space of the projected shell 

model for protons and neutrons, generally consists of three 

major shells. In this paper, the calculations are made 

considering three major shells (N=4, 5, 6 for neutrons and 

N=3, 4, 5 for protons), and also by employing deformation 

parameters of ԑ 2 (quadrupole) and ԑ 4 (hexadecapole) for 
159,160

Sm isotopes [10]. Projection of a set of quasiparticle 

states (|φk >), consists of zero, two and four quasiparticles for 

even-even nucleus and states with one, two and three 

quasiparticles for the odd-even nucleus. For a proper angular 

momentum, the following configuration spaces are 

constructed for an even-even and odd-even nucleus, 

respectively [1, 9] 

{ } { }1 2 1 2 1 2 1 20 . 0 . 0 . 0K a a a a a a a aν ν π π ν ν π π
+ + + + + + + +Φ =  (1) 

1 20 , 0k a a a aν ν π π
+ + + +Φ = ,               (2) 

with | 0 > as the vacuum state, a 
+
 as the quasiparticle creation 

operators with index π and ν, (as Nilsson quantum numbers for 

protons and neutrons) respectively. The momentum projection 

operator is also described as follows [1] 

I
MKP =

2

2 1

8

I

π
+ ( ) ( )I

MKd D RΩ Ω Ω∫ .          (3) 

Where Ȓ(Ω), Ω and D
I
MK (Ω) are in order, the rotational 

operator, the Euler angle and the D-function that forms a 

complete set of functions in the Ω parameter space by acting 

on quasiparticle’s nucleon-pair states |φk >. The wave 

functions, |ΨIM > within the shell model are defined as follows 

[1] 

ˆI I
IM K MK K

K

F PΨ = Φ∑ .              (4) 

The coefficients F
I
K can be determined using the solutions 

of the following Schrodinger equation IM IMEΗ Ψ = Ψ
⌢

. 

This eigenvalue equation can be solved using the Hamiltonian 

diagonalization based on ˆ I
MK KP Φ , presented as follows 

[1] 

( )/ / / 0
K

I I I

KK KK K
H EN F

′

− =∑ .             (5) 

Where the matrix norm elements together with the 

Hamiltonian are determined as follows [1] 

/ / /
ˆI I

KKK KK K
N P= Φ Φ  

/ / /
ˆˆI I

KKK KK K
PΗ = Φ Η Φ              (6) 

Eventually, the expectation value of the Nilsson-model 

Hamiltonian as a function of spin, I, is achieved via the 

following equation [16] 

( )
ˆˆ

ˆ

I I
K KK K KK

K II
KKK KK K

P
E I

NP

Φ Η Φ Η
= =

Φ Φ
          (7) 

By including monopole reactions, the total Hamiltonian in 

the PSM is defined as follows [19, 26] 

0

1 ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ
2

M QQ Q G Gµ µ µ µ
µ µ

χ + + +Η = Η − − Ρ Ρ − Ρ Ρ∑ ∑ . (8) 
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Here the first term 0Η̂ is the spherical single-particle 

Hamiltonian, containing a proper spin-orbit force. In this 

non-spherical Hamilton, the second, third, and fourth terms are 

quadrupole-quadrupole, monopole and quadruple-pairing 

potentials, respectively. The coefficients χ, GM and GQ 

represent the strengths of quadrupole-quadrupole, 

monopole-pairing and quadruple-pairing interactions, 

respectively. Employing a self-consistent method together with 

the quadrupole deformation parameter ɛ2, the strength χ can 

therefore be calculated. Also, the monopole-pairing interaction 

strength GM, is obtained via the following equation [6, 19] 

1
1 2M

N Z
G G G A

A

−− = ± 
 

            (9) 

Where (–) and (+) signs correspond to neutrons and protons, 

respectively. G1 and G2 are pairing constants affecting the 

choice of quasiparticle bases. The quadrupole-pairing 

interaction strength, GQ is linked to GM linearly as GQ=ɣ GM. 

This interaction has a great impact on changing alignment of 

nucleons outside the nuclear central core. The values of 

required constants applied in the calculations are shown in 

table 1 [10, 11]. 

Table 1. Deformation parameters, coefficients, G1, G2 and proportional 

constant Ɣ for calculation of two isotopes. 

Isotope ԑ2 ԑ4 G1 G2 ɣ Z N 

159 0.27 -0.03 19.6 15.6 0.16 62 97 

160 0.27 -0.03 20.12 13.13 0.18 62 98 

3. Result and Discussion 

As a function of spin, the quasiparticle energies are 

obtained through the calculations based on the projected shell 

model. The number of energy bands for 
159

Sm and 
160

Sm are 

25 and 60, respectively. They can be plotted in a diagram as a 

group of projection energy levels for different spins in one 

band for each intrinsic configuration of two isotopes. These 

diagrams are for unperturbed energy configuration which is 

obtained before the application of the configuration mixing 

and are used to interpret the output results of code playing an 

important role in inferring the numerical results. In addition, 

band crossing, which is a dominant phenomenon of nucleon 

pair alignments, is well-defined in such diagrams. Of course, 

to plot these diagrams, it is not necessary to consider all 

energy bands, but only those necessary to interpret the results 

are enough. These diagrams are good tools for testing the 

capability of quasiparticle configurations used in calculations 

[1, 9, 21]. The obtained yrast energies are also indicated in 

these energy diagrams. In Figure 1, the band diagram of the 
159

Sm isotope is plotted for the grand state band with negative 

parity. Two one-quasiparticle neutron bands include  1 νi 13/2 

[-7/2] k=-7/2 and 1 νi 13/2 [5/2] k=5/2 configurations having 

the lowest energy state and are close to the yrast line, which 

are finished at spin 23.5ℏ by crossing with two 

three-quasiparticle bands (formed by one neutron and a pair of 

protons) with 1 νi13/2 [-5/2] + 2πh 11/2 [1/2, 5/2] k=½ and 1 νi 13/2 

[-7/2] + 2πh 11/2 [1/2, -5/2] k=-11/2 configurations, forming the 

yrast band. After spin I=23.5 ℏ, these bands dive into the yrast 

region. The measured values of the yrast band are used from 

reference [12]. The energy band diagram of 
160

Sm isotope is 

indicated in Figure 2. The yrast line is based on a 

zero-quasiparticle band (g-band) before spin 24 ℏ. At spin 24 

ℏ, two two-quasiparticle neutron bands with 2νi 13/2 k=3 [5/2, 

1/2] and 2 νi 13/2 k=2[5/2, -1/2] configurations, cross the 

g-band. Therefore, by decreasing their energy, they approach 

the yrast line. In Spin 22 ℏ , two lowest–lying, 

two-quasiparticle proton bands consisting of 2 πh11/2 k=-1 [5/2, 

-7/2] and 2πh11/2k=-2 [1/2, -5/2] cross the g-band and after 

decreasing their energy, they do not approach the yrast line. In 

other word, the rotational energy is unable to align proton 

pairs. The experimental research data of the yrast band for this 

isotope is obtained from reference [23]. 

 

Figure 1. Band diagram for negative parity bands of 159Sm isotope. Only the 

important low-lying bands in each configuration are indicated. 

 

Figure 2. Band diagram for positive parity bands of 160Sm isotope. Only the 

important low lying-bands in each configuration is indicated. 

Expected configuration mixing is occurred with 

1-quadrupole pairing and 3-quadrupole pairing interactions at 

proper spin which describes the rotational alignment of h 

11/2-protons in 
159

Sm and i 13/2 neutrons in 
160

Sm isotope. This 

behavior is well predicted by the results of the present shell 

model. It is noticed that the rotational frequency 

( ) ( ) ( )12
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crossing spin for both isotopes at rotational alignment position 

[14]. 

To indicate the variations of the band structure in the 

crossing spin caused by the rotational alignment, the values of 

kinetic and dynamic moments of inertia are calculated using 

the following equations, respectively [13, 14] 

( ) ( )
( ) ( )1 2 12 1I

J Mev
E Iγ

− −
=  
  

ℏ                (10) 

( ) [ ( ) ( ) ]( )2 2 14

2
J Mev

E I E Iγ γ

−=
+ −

ℏ         (11) 

Figure 3 indicates that, up to spin I=19.5ℏ, the amount of J
1
 

has a constant dip and the theoretical results based on PSM and 

the experimental data [12] are in good agreement. The values of 

J
1
 increase sharply in spins I=23.5ℏ & 24.5ℏ. This increase at 

spin I=23.5 ℏ  happened due to the crossing of two 

-one-quasiparticle neutron bands with two- three--quasiparticle 

proton bands where the most value of J
1
 is obtained. The 

calculated results of J
1
 as a function of spin are compared with 

the experimental data which are shown in Figure 4. As it is clear 

from this figure, the calculated values of J
1
 for 

160
Sm are varied 

slowly up to spin 20ℏ . Finally, at spin 24ℏ , it shows an 

extended increase due to the crossing of g-band with two 

two-quadrupole pairing neutron bands. The comparison of 

kinetic moment of inertia diagrams for two isotopes, indicated 

that the variation of this quantity as a function of spin for these 

isotopes is not alike due to their different nuclear structure and 

sudden increment of this quantity for 
159

Sm than the 
160

Sm 

isotope. It can be seen from Figure 5 that calculated variations 

of dynamic moment of inertia as a function of spin with at I=3.5 

ℏ, have more fluctuations than for I=4.5 ℏ. Subsequently, the J
2
 

value increases in the spin region I=4.5 ℏ to I=17.5 ℏ with a 

smooth dip and then decreases in spin I=21.5 ℏ. Finally, it 

increases in band crossing spin. The calculated results are in 

good correspondence with the experimental gamma energy data 

[12] up to spin I=15.5 ℏ. 

 

Figure 3. The calculated moment of inertia, J1 as a function of spin for 159Sm 

isotope are compared with experimental data [12]. 

Figure 6 shows the values for dynamic moment of inertia as a 

function of spin for 
160

Sm isotope. As can be seen from this 

figure, J
2
 is an ascending function of the spin up to the spin I=24 

ℏ. In the spin range I=14 ℏ to I=24 ℏ with an almost constant 

dip, it reaches a maximum value at spin I=24 ℏ . Then it 

decreases with increment of spin. In fact, the constant dynamic 

moment of inertia indicates that the transition energy division 

for different spins is almost constant. However, the dynamic 

moment of inertia is a very sensitive quantity as it describes the 

variation of J
1
. It is also a good tool for indicating changes in 

band structure at band crossing spin [24, 25]. 

 

Figure 4. The calculated moment of inertia, J1 as a function of spin for 160Sm 

isotope is compared with the experimental data [2]. 

 

Figure 5. The comparison of experimental [12] and calculated data J2 

(dynamic moment of inertia) as a function of spin for 159Sm. 

Dipole (∆I=1) transition energies of the ground state for 

negative-parity bands of 
159

Sm isotope is shown in Figure 7. 

As it is clear from this figure, the calculated values using the 

PSM are in good correspondence with the experimental data 

up to spin I=12.5 ℏ. The predicted values of the PSM are in 

the form of zigzags and as can be seen from Figure 7, the 

variation of transition energy, changes after the band crossing 

spin (I=23.5 ℏ). This indicates that the spin alignment of the 
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one-neutron quasiparticle blokes the two-proton quasiparticle 

alignment. In addition, the diagram for the variation of energy 

transition as a zigzag pattern, shows the effects of energy level 

splitting [14, 24]. 

 

Figure 6. Comparison of experimental data [23] and calculated results of J2 

(dynamic moment of inertia) as a function of spin for 160Sm. 

 

Figure 7. Comparison of theoretical and experimental transition energy 

E(I)-E(I-1) versus the angular momentum I for 159Sm. 

The reduced electromagnetic transition ratio probability B 

(M1)/B (E2), provides useful data on the structure of 

rotational bands. The calculated results of reduced transition 

probability are used to obtain the electric quadrupole and 

magnetic dipole moment of isotopes [15]. The following 

equations are employed to calculate the electric quadrupole, 

magnetic dipole and their ratio for 
159

Sm and 
160

Sm isotopes, 

respectively, 

( ) 2 4 5

5

816
2B E e fm Mev ps

Eγ τ Ρ

=               (12) 

( ) 2 3

3

56.8
1 NB M Mev ns

Eγ
µ

τ Ρ

=                  (13) 

( )
( )

2
2

2 2 2

1 1
0.69

2

N
B M

E
B E e b Mev

γ
µ

= .           (14) 

The calculated results of the reduced electromagnetic 

transition ratio probability are indicated as a function of spin 

for 
159

Sm and 
160

Sm isotopes in Figures 8 and 9, respectively. 

This quantity strongly depends on the pairing of the orbitals 

and therefore the comparison between theoretical and 

experimental data helps to identify the quasiparticle 

configuration [16, 17]. The reduced electromagnetic transition 

ratio of the ground state for the 
159

Sm isotope as a function of 

spin is compared with the experimental research data [12] 

which is obtained from the measured gamma-ray energies for 

spins 3.5ℏ and 4.5ℏ head bands separately as in Figure 8. In 

spin 3.5ℏ, the value of this ratio is very small and its value 

increases as the spin rises up to 19.5. 

 

Figure 8. Comparison of experimental data with the calculated ratio of 

reduced electromagnetic transition probabilities B(M1)/B(E2) as a function of 

spin [12] for 159Sm. 

 

Figure 9. Comparison of experimental data with the calculated ratio of 

reduced electromagnetic transition probabilities B(M1)/B(E2) as a function 

of spin [23] for 160Sm. 
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an electrical quadrupole structure, with an increase in angular 

momentum, the rotational motion of the isotope is changed, 

therefore it leads to an increase in the contribution of magnetic 

dipole structure. Finally, in the band crossing spin (I=23.5 ℏ), 

due to the alignment of proton pairs in the π h11/2 state, the 

rotational motion of the isotope decreases suddenly after 

increasing the moment of inertia, thus the isotope reaches its 

initial state with the least rotation and leads to reduction in the 

dipole magnetic manner of isotope. 

The Calculated and experimental B(M1)/B(E2) ratios for 
160

Sm isotope are compared in Figure 9 and presented in table 

2. The ratios is increased up to spin I=20ℏ. The predicted 

values of B(M1)/B(E2) show a reduction at spin I=24ℏ, it then 

increases up to spin I=30 ℏ . In other words, as nuclear 

rotational motion increases due to the alignment of i13/2 

two-quadrupole pairing interaction of neutrons at I=24 ℏ, the 

rotating motion suddenly decreases with an increase in 

moment of inertia, and this is associated with a reduction in 

the dipole magnetic properties. The most dipole magnetic 

properties, as a result of PSM, occur in spin I=30ℏ. There is a 

good agreement between experimental data and calculated 

results based on PSM up to spin I=14ℏ. 

Calculated kinetic moment of inertia J
1
, dynamic moment 

of inertia J
2
 and reduced electromagnetic transition probability 

of 
160

Sm and 
159

Sm are compared with experimental data in 

tables 2 and 3, respectively. 

Table 2. Calculated values of moments of inertia (J1 & J2) and BM1/BE2 of 160Sm. 

Spin 
J1 (exp) ħ2 

(MeV)-1 
J1 (Th) ħ2 (MeV)-1 

J2 (exp) ħ2 

(MeV)-1 

J2 (Th) ħ2 

(MeV)-1 
BM1/BE2 TH µ2N/e2 b2 BM1/BE2exp µ2N/e2 b2 

2 42.253 44.184 43.95 44.54 0.0031 0.0031 

4 43.253 44.388 45.45 45.66 0.0171 0.018 

6 44 44.843 47.61 47.84 0.041 0.043 

8 44.91 45.606 51.94 52.083 0.074 0.076 

10 46.22 46.832 56.33 59.52 0.113 0.116 

12 47.71 48.635 60.6 69.68 0.154 0.16 

14 49.27 50.915 
 

76.33 0.194 0.207 

16 
 

53.2193 
 

76.62 0.234 0.0672 

18 
 

55.121 
 

78.43 0.278 
 

20 
 

56.865 
 

78.43 0.324 
 

22 
 

67.71 
 

78.83 0.278 
 

24 
 

78.71 
 

80.2 0.246 
 

26 
 

76 
 

64.72 0.291 
 

28 
 

75.58 
 

49.68 0.35 
 

30 
 

75.12 
  

0.418 
 

 

4. Conclusion 

The following results are achieved through the calculated 

results based on the PSM and their comparison with the 

experimental data for 
159

Sm and 
160

Sm isotopes: 

The kinetic and dynamic moments of inertia, ratios 

B(M1)/B(E2) and the transition energy from the excited bands 

to the ground state band are calculated for 
159

Sm to indicate the 

alignment effect of nucleon pairs on the band crossing spin of 
159

Sm and 
160

Sm isotopes. Moreover, the variation of these 

values as a function of spin are presented in Figures 1 to 9. 

These figures clearly indicate that for both isotopes, the 

calculated results of band crossing and the alignment of nucleon 

pairs in the upper spin region are well predicted by PSM, which 

is explained by the fact that the level density becomes higher in 

this region of the spin. This may occur for well-deformed 

isotopes. Moreover, the levels become closer to each other 

resulting in band crossing and alignment of nucleon pairs. 

However, for some isotopes, this may happen in the lower spin 

area. Also, for well-deformed isotopes, it will occur in the upper 

spin region [2, 22]. In general, the change in the calculated 

values in the band crossing spin region for two isotopes of 

Samarium (159 and 160) shows that the diagrams of calculated 

values related to the 
159

Sm isotope are smaller than those related 

to the 
160

Sm isotope caused by differences in the band structure 

due to the presence of an unpair nucleon in the 
159

Sm isotope. 

The expected blocking of three-quadrupole pairing alignment 

of single-neutron with a slight increase in J
2
 in to spin I=20.5 ℏ 

followed by a change in its behavior after spin I=23.5 ℏ as well 

as the behavior of the zigzag energy transition can be accounted 

to the coupling of bands 1 νi13/2 [-7/2] k=-7/2 and 1 νi13/2 [5/2] 

for the 
159

Sm isotope. In general, for both isotopes the band 

structure changes after band crossing spin. 

Table 3. Calculated values of moments of inertia(J1 & J2) and BM1/BE2 and transition energy E(I)-E(I-1) of 159sm isotope for band head spin I=3.5. 

Spin 
J1 (exp) ħ2 

(MeV)-1 

J1 (Th) ħ2 

(MeV)-1 

J2 (exp) ħ2 

(MeV)-1 

J2 (Th) ħ2 

(MeV)-1 

E (I)-E (I-1) exp 

MeV 

E (I)-E (I-1) Th 

MeV 

BM1/BE2 TH 

µ2N/e2 b2 

BM1/BE2exp 

µ2N/e2 b2 

3.5 48.27 64.37 50.31 33.05 0.0719 
 

0.0059 0.0106 

5.5 49.06 46.51 50.56 89.28 0.1123 0.101 0.0318 0.03 

7.5 49.48 53.88 52.08 44.34 0.1518 0.1415 0.0465 0.055 

9.5 50.041 51.42 54.5 74.62 0.1902 0.1853 0.0845 0.0892 

11.5 50.8 58.3 56.25 57.02 0.227 0.2347 0.131 0.1294 

13.5 51.751 65.31 59.34 60.23 0.2631 0.2931 0.1801 0.1754 

15.5 52.41 66.25 
 

78.43 0.2982 0.3643 0.242 0.226 

17.5 
 

60.74 
 

65.54 
 

0.4501 0.311 
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Spin 
J1 (exp) ħ2 

(MeV)-1 

J1 (Th) ħ2 

(MeV)-1 

J2 (exp) ħ2 

(MeV)-1 

J2 (Th) ħ2 

(MeV)-1 

E (I)-E (I-1) exp 

MeV 

E (I)-E (I-1) Th 

MeV 

BM1/BE2 TH 

µ2N/e2 b2 

BM1/BE2exp 

µ2N/e2 b2 

19.5 
 

52.63 
 

15.23 
 

0.5305 0.359 
 

21.5 
 

111.43 
 

11.56 
 

0.2358 0.098 
 

23.5 
 

425.13 
 

36.93 
 

0.0817 0.008 
 

25.5 
 

230.94 
 

26.73 
 

0.1511 0.0323 
 

Table 4. Calculated values of moments of inertia(J1&J2) and BM1/BE2 and transition energy E(I)-E(I-1) of 159sm isotope for band head spin I=4.5. 

Spin 
J1 (exp) ħ2 

(MeV)-1 

J1 (Th) ħ2 

(MeV)-1 

J2 (exp) ħ2 

(MeV)-1 

J2 (Th) ħ2 

(MeV)-1 

E(I)-E(I-1) exp 

MeV 

E (I)-E (I-1) Th 

MeV 

BM1/BE2 TH 

µ2N/e2 b2 

BM1/BE2exp 

µ2N/e2 b2 

4.5 48.96 51.865 36.03 38.16 0.0915 0.0816 0.0154 0.0184 

6.5 49.342 52.17 50 49.93 0.1311 0.1201 0.0364 0.04087 

8.5 49.8 52.98 51.28 53.5 0.1695 0.1581 0.0629 0.0712 

10.5 50.466 53.03 55.78 55.5 0.2061 0.1922 0.09328 0.1083 

12.5 51.271 53.6 55.71 54.3 0.2411 0.2178 0.1412 0.1511 

14.5 52.112 54.34 57.803 57.3 0.2742 0.2292 0.1879 0.1989 

16.5 
 

54.61 
 

62.89 0.3049 0.2216 0.2368 0.2509 

18.5 
 

56.04 
 

78.43 
 

0.1922 0.2846 
 

20.5 
 

59.55 
 

9.77 
 

0.1411 0.311 
 

22.5 
 

167.74 
 

33.41 
 

0.0265 0.0474 
 

24.5 
 

299.315 
 

31.74 
 

0.0654 0.0149 
 

26.5 
 

175.63 
 

27.97 
 

0.1222 0.05136 
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