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Abstract- In this research, Sm had been studied by using the interaction of Boson Model (IBM-1),to determine the low 
energy levels.(IBMT) program also used to evaluate the reduced transition probability B(E ). Spin and parity had been 
determined for some energy levels, which were experimentally not exactly determined. We found that the spin and parity of 
( 2  ,4      and 6  ,) with energy levels (1.5400,1.3714 and 1.6606) MeV respectively. Also, we found that the  Sm isotopes 
belong to rotational of limits SU(3). 
 
Index terms- Energy levels, Nuclear structure, interacting boson model and  Sm. 
 
I. INTRODUCTION 
 
There are many types of nuclei model studied the 
nuclear structure called (nuclear model) .the first one 
called (Liquid Drop model) which was suggested by 
(Von Weizsacker,1934) [1],he explained  the 
(Binding energy) and nuclear Fission phenomena, 
and he fail to give an explanation for nuclear stability. 
Also , there is another model called (shell model) 
suggested by (W.Elsasier,1935)[2]. The practical 
experiments show that nuclear stability would be high 
when the number of nucleus equal to any number of 
Magic number [3]. In addition of that, the angular 
momentum was determined ,but this model fail to 
explain the nuclear spin of ground state for (even – 
even) nucleon which always equal to zero[4]. Also, 
this model didn't therapy the distorts effect of 
spherical shape of nuclei  results from closed shell 
nucleons, which led to collective effects, represented 
by rotational , vibration and transitional movements 
for each one, and it was handling according to 
collective model suggested by Boher and Mottelson 
1952,led to dividing nucleus into central nucleon and 
nucleon outside center, because the center of these 
nucleons represented just like a liquid drop reacted 
with outside nucleons in that un filled shells. Arima 
& Iachell suggested in 1974[5] a nuclear model that 
could describe the properties of energy levels in (even 
– even) nucleus with heavy and normal atomic 
number. This was made using nucleons pairs outside 
enclosed shell which be treated as bosons[6].But the 
theory didn’t took in mind the freedom degree for this 
bosons, this was called the first reacted bosons (IBM-
1). Later this model developed by interring the 
freedom degree for bosons , as a result for that adding 
a new nuclear properties revelation called Second 
reacted boson(IBM-2)[7]. 
 
II. THEORETICAL FRAMEWORK 
 
The specification in this program depended on the 
boson energy(ɛ)smaller than reaction potential (V) 

which means an electrical quadruple pole (Q.Q) 
controlled the reaction, plus the reaction of angular  
momentum dipole (L.L).the general formula of 
Hamiltonian [8]: 
H =  a L + a Q …………………..(1) 
The intrinsic value of Hamiltonian equation S(U) is 
given by [9] : 
E<N,(λ,µ),K,L,M> λ + µ +  λµ + 3(λ + µ) +

a −  L(L− 1)……(2) 
Where the quantum number ( λ , µ ) represented 
SU(3) cases , while (k) represent (λ,µ,L) which had 
an equal cases. 
The value of transiting operator T given with 
formula [8] : 
T  = α (dɟs + sɟd)( ) + β  ( dɟ d( ))………(3) 
Where :(β  = √ α )  
The selection value for determent [10,11] : 
∆ λ = 0     ,     ∆ µ = 0   
The  probability value of electromagnetic reduction 
B(E  ) given by [13] : 
B(E  , L + 2 ⟶ L) = α  

( )( )
( )( )

 (2n −
L)(2N + L + 3)          ……….. (4) 
or 
B(E  , 2  ,⟶0  ,)= α   (2N + 3)    …………….(5) 
While  an electrical quadruple for rotational 
specification is given by [12-16] : 
QL = -α √  ᴫ  (4N + 3)    ………………   (6) 

Q   -α
√  ᴫ  (4N + 3)   ………………..  (7) 

 
III. CALCULATIONS 
 
The specification behavior of  Sm depending on 
studying the nuclear properties of (even-even)to this 
rival using the reacted bosons sample (IBM-1) ,and 
compare it with particles values. The low lying 
positive parity levels that approximate to nucleons 
numbers (82-126) from the center of main shell 
,classified as collective nucleons properties. In 
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general, describe as rotational specification SU(3). 
Symmetry is one of the most important properties 
which is clearly determine that nuclei form had an 
effective relation in determined nuclear properties, 
such as : energy levels and probability of 
electromagnetic transition reduction. 
ENEGRY LEVELS CALCULATIONS: The 
practical energy levels of Sm shows the rotational 
of SU(3),which means the form of these nuclei 
belong to the rotational specification.The coefficient 
values which give the best match with practical 
values show in table(1). 

Table(1) Parameters used to calculate energy levels for 154Sm 
MeV. 

 
CALCULATION REDUCTION VALUES OF 
TRANSITION PROBABILTY FOR QUADRUPLE 
(BE  ) : Study the electrical transition of quadruple 
using (IBMT-1) was necessary to get large number of 
data. The value of(훃2 , 2)determined by equation 
(5). Essentially,  the coefficient  in recent  study 
determined depending on the practical value of 
transition B(E  , 2  ,⟶0  ,). 
The coefficient E2SD and E2DD used where [17] : 
E2SD = 2              ………….(8) 
 E2DD = 훃2     ………….(9) 
The value of B(E2)   could be found from equation (5) 
,and this could be done after calculating the 
probability value of B(E  )↓ from the equation 
below[18] : 
B(E  )↓ = .

ᵞ [ α   ] 
 ( )       ……………..(10) 

Where(Eᵞ ) represented transition energy of Gama 
ray with (KeV)unit ,in the same time ( t ) is the half 
time of level 2    . 
α   is total internal converting coefficient ,which 
could be found from table [19] or from relation below 
after calculating the value of B(E  )↑ from the tables 
[20]. 
B(E  )↓ = B(E  )↑g                     …………….(11) 
Where (g) is the transposition factor and defined by 
equation below: 
g = (2I +  1) (2I +  1)⁄      …………….(12) 
Where( If) and( Ii) represented the angular momentum 
for  finally and primary levels respectively. 
Table(2) show the coefficient values of  B(E  ), E2SD 
and E2DD for Smisotope used in this program. 

Table(2)values of B(E2) ,E2SD and E2DD for 퐒퐦ퟏퟓퟒ  isotops 
used in (IBMT-code) 

isotopes E2SD E2DD 
154Sm 0.12591 -0.37246 

 
IV. RESULT AND DISCUSSION 
 

Sm  nuclei (even – even) consisted of (62) protons 
(12 outside the enclosed shell and 50 inside shell) and 

(92) neutrons. Number of protons were less than half 
number of main shell (66) So, number of protons and 
neutrons calculated from number of particle not from 
holes until reached to the main enclosed shell (82). 
Numbers of neutrons position were placed between 
the central of two enclosed shells (82-126), where the 
half number of main shell is (104). So , this half 
number shows that number of bosons(neutrons) 
calculated from the number of particles. So, the total 
number of bosons will be equal to (11) bosons. The 
numbers of protons and neutrons for these nuclei near 
to the middle of enclosed shells (50-82) and (82-126) 
respectively. This refers to the rotational behavior 
because this character doesn’t exist in vibrational 
specification SU(5)[11,22,23].  
ENERGY LEVELS: The theoretical values result 
from (IBM-1)sample and available operation of low 
energy levels show in table (3). The diagrams 
degeneration of Sm isotopes show the ratio of 
other energy levels (    ,

   
,

   
,

   
) and 

compared with standard values [10,24] give a good 
approximation to SU(3) specification. Another proof 
on rotational specification is the approximation of 
number of protons and neutrons from the center of 
enclosed shell . Also, the spectrum energy levels were 
approximated then gradually got away. 
PROBABILITY OF ELECTRICAL TRANSITION 
B(E ): The value of probability reduction B(E )↓ 
shown by equation (4). The calculation of coefficient 
value (E2SD and E2DD) showed by equation (8) and 
(9) which clarified in table(2), where these coefficient 
used in (IBMT) program and table (4) between the 
reduction values of Sm isotope ,where showed an 
agreement with the practical result.  

Table (3) the experimental energy levels of 퐒퐦ퟏퟓퟒ  as a 
compared with (IBM-1) program for positive parity 

calculation. 
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Table (4) comparison between the values of theoretical B(퐄ퟐ ) 
of 퐒퐦ퟏퟓퟒ  isotope using (IBMT-1) code and experimental values 

of B(퐄ퟐ ). 

 
 

CONCLUSION 
 
we take a look on table (1) the coefficient used in 
(IBM-1) program (L.L) and (Q.Q) parameters 
controlled on other parameters. This refers to the 
rotational behavior. On other hand, distinctive 
property of SU(3) specification is the degeneration 
levels (2    to 0    ) and (4    to 2    ) for the same bunch 
,there is no decay between the bunch because the in 
transit would be instructed by this specified according 
to the selection role. 
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