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Abstract: 

    In this work, the energy levels and reduced electric transition for 
182

W isotope had 

been studied using interacting boson model-1. Also, the nucleus shape was determined 

through studying potential energy surface; the square of rotational energy and the 

moment of inertia were calculated. In the present research , the spin and parity was found 

for some energy levels which not determined practically , such as the levels (1.6234 , 

1.9592 , 1.7563) MeV with spin and parity ( 

15  , 

23   and 

26 )respectively .According to 

the (IBM-1) it was found that 
182

W isotope involved in symmetry of SU(3). 
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 الخلاصة :

W شُدساست خصائص يستىَاث انطاقت نُظ  عًمان اجشٌ            
182  

واحتًانُت الاَتقالاث انكهشبائُت انًختضنت 

B(E2)  شكم انُىاة يٍ خلال  دساست طاقت جهذ انسطح وحساب  حذد . كًا  1-باستعًال ًَىرج انبىصوَاث انًتفاعهت

 انقصىس انزاتٍ. يشبع انطاقت انذوساَُت وعضو

تى تأكُذ انبشو وانتًاثم نبعض يستىَاث انطاقت غُش أنًحذدِ عًهُا , حُث تى تحذَذ فٍ هزا انبحث كًا جشي         

تًاثم ببشو و MeV (1.7563 , 1.9592 , 1.6234)    اث  انًستىَ

15 , 

23, 

نًُىرج  اهً انتىانٍ. ووفقع 26

(IBM-1)  ٌانُظُش وجذ إ 
182

W َ ًانتًاثمُتًٍ إن.SU(3)  
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Introduction: 1- 
     Some of the scientist studied the nuclear structure of (TUNGESTEN) isotopes through 

using different theoretical and practical models so some of the researchers were dealing 

with this subject. In 1981 J.P.Delaoche et.al [1] studied the nuclear deformation, 

moment's radius of 
182-186

W isotopes from fast neutron scattering .S.T.Hsieh and 

M.M.K.Yen [2] in 1987 studied the high spin stets of 
172

W nuclide by using the core 

excited interacting boson model (IBA) ,in addition to energy levels. They calculated 

transition quadrupole moments . In 1994 L.M.Chen [3] studied the energy levels 

,transition energy B(E2) and the effective moments of inertia of 
166-176

W the (even-even) 

isotopes by using the interacting boson- fermions model. In 1996 P.Navratil and et.al [4] 

studied (E2/M1) mixing ratios (g) factor and summed (M1) strength even 
182-186

W isotopes 

by using (IBM-2) . In 2001 D.L.Balabanski and et.al [5] studied quadrupole moment of 
179

W isotope by using (level mixing spectroscopy method). And in (2008) K.Alataya [6] 

studied the energy levels , reduced electric transition , potential energy surface; the 

square of rotational energy and the moment of inertia for 
184

W isotope by using (IBM-1) .      

The IBM-1 Model: 

 The IBM-1 model was used to the described low lying collective state of energy levels in 

(even-even) nucleus which can be described by (s) bosons when (J
11

= 0
+
) and (d)  bosons 

when (J
11

= 2
+
)   

The SU (3) dynamic symmetry based on the boson energy ( ) is smaller than the 

reaction potential (V) ,(V>> ) . Both of the reaction electric quadrupole moment (Q.Q)  

and the reaction angular moment (L.L)  are controlled on the Rotational limit SU(3)    

.therefore the general Hamilton formula for this limit is[7] : 

)1(............................................................2

2

2

1

1 QaLaH   

and the equation of eigen value to Hamilton is given by [8] : 
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 where: 

{(λ,µ),K,L,M} the quantum numbers, but (λ,µ) determined the Rotational limit SU(3)  

state. 

The transition operator  
)( 2E

mT  for these limits were given by the following formula [7]: 
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The selection rules [9,10] are ( 0,0   ) , the Equation which used to evaluate the 

reduced transition probability  B(E2) is [11] : 
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The formula which was used  for determining the electric quadrupole moment (Q) to 

these limits equal :[10] 
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The relation between (α2) and (β2) for these limits is :[9] 

)8....(..........
2

7
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Where ((α2) and (β2)) parameters used for determining the reduced transition probability. 

 

    2- Potential energy surface: 
                   The potential energy surface function of total number of bosons and 

deformation factors of (β,γ) . were calculated from the equation (9).[8,9]  
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By derive the equation (9) with respect to (α,β) we get :[8,9] 
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N : total number of bosons. 

β : Magnitude of Nuclear Deformation ,takes the values (0 to 2.4). 

γ : Asymmetry Angle , takes the values (0
o
 to 60

o
). 

A1,A2,A3,A4 : Parameters of potential surface . 

The Deformed Nuclei dependeds on (β,γ) factors .when β=0 the Nuclei is spherical and 

when β>0 the Nuclei is Deformed , otherwise when γ =0
o
 the Deformations nuclei are 

spherical of Prelate Shape and when γ =60
o
 the Deformations nuclei are spherical of 

Oblate Shape. 

3-Rotational Motion Nucleus and Moment of Inertia: 
The formulaes for calculating all the square of rotational energy and the moment of 

inertia are: [12] 

 11.....................................................
12

)2(
)1(

2

222















L

LLE
LL 

 12........................
)2(

242
2 




LLE

L




 

4-Calculations: 
      When studding the nuclear properties of 

182
W isotope it was found that this isotope 

determine the rotational limit, depending on the results which were calculated by using 

program interacting boson model -1 (IBM-1) and compared with the Experimental result, 

in addition to the shape of potential energy surface. 

The nuclear properties which we studied in this research are energy levels, the reduced 

transition probability, the potential energy surface, the square of rotational energy and the 

moment of inertia. 
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Calculation of energy levels: 5- 
              The experimental values of the energy levels show the natural rotation , means 

the 
182

W isotope determined to rotational limit SU(3). The parameter was given 

coincidences with experimental value [13,14,15,16] show in table (1). 

Table (1) parameters used in this program for calculation  of energy levels 
182

W in 

MeV
 

isotope E.p.s P.P L.L Q.Q T3.T3 T4.T4 CH1 

W
182 0 0 010106 010163 - 0 0 -1.100 

 

Either the theoretical of the energy levels were calculated by using (IBM-1) model and 

comparison with the Experimental of the energy levels shown in table (2). 

 

Table (2) the energies of levels in   
182

W found experimentally as compared with 

IBM-1 for positive parity calculation: 

 Exp.(MeV)[12] Theo.(MeV) 
 

J
+

 
0.000 0.000 01

+
 

0.1001 0.09953 21
+
 

1.331 1.24062 31
+
 

0.3294 0.33174 41
+
 

(1.6234) 1.54143 51
+
 

0.6805 0.6959 61
+
 

1.1445 1.19399 81
+
 

1.7121 1.82384 101
+
 

1.1357 1.13543 02
+
 

1.2214 1.14032 22
+
 

1.2574 1.23526 23
+
 

  (1.9592) 2.20150 32
+
 

1.4428 1.37424 42
+
 

  (1.7563 ) 1.74151 62
+
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Fig (1) the energy levels in 

182
W found experimentally as compared with IBM-1  for 

positive parity calculation 

Calculation the reduced transition probability B(E2) : 7- 
        The values of  reduced transition probability B(E2) were calculated by using 

program (IBMT-1) , depend on the value of  parameters (β2, α2) which was it calculated 

from equations(5,8). In this study determination  these parameters depends on the 

experimental value for transition B(E2,21
+
   02

+
)    .The parameters which were used in 

the (IBMT1)program (E2SD & E2DD) can be calculated as follow and shown in table(3): 

[10] 

   9.......................22 SDE    

 10................5 22 DDE 

In addition to ,The value of (α2)can be found after calculated transition B(E2) from the 

following equation .[17] 

 
   11...................
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Where: 

Eγ   : gamma ray transition energy in (KeV) 

t1/2  : half life for the level (22
+
). 

α tot : Total internal conversion coefficient which can be found from the table [18]. 

The  table (4)shows  the compare of experimental and theoretical values of  reduced 

transition probability B(E2) of W 
182

 . 

Table (3) show the parameters (E2SD & E2DD) used in (IBMT-1) program for 

calculating reduced transition probability B(E2)of  
182

W. 

 

isotope E2SD E2DD 

W
182 0110486 -0.31019 
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Table (4) the values of theoretical B(E2) in   
182

W  by using (IBMT-1)Code as 

compared with the values of experiential  B(E2) 

B(E2)↓e
2
b

2
 

[12]exp 

B(E2)↓e
2
b

2
 

Theo. 

 

Ii
П → If

П 
0.84    0.8404709 21

+
→01

+
 

----------- 0.0437639 21
+
→02

+
 

----------- 0.0949430 22
+
→01

+
 

----------- 0.0036000 22
+
→02

+
 

----------- 0.07143912 23
+
→02

+
 

----------- 0.0149709 23
+
→03

+
 

----------- 0.0022427 24
+
→02

+
 

----------- 0.4175120 24
+
→03

+
 

----------- 0.0406843 21
+
→22

+
 

----------- 1.1183700 41
+
→21

+
 

----------- 0.0017174 41
+
→22

+
 

----------- 0.0717113 41
+
→23

+
 

----------- 0.0473603 42
+
→21

+
 

----------- 0.3125263 42
+
→22

+
 

----------- 0.9316370 42
+
→23

+
 

 

 8-Calculation of potential energy surface: 
           The potential energy surface was calculated after determining the parameters of 

Hamilton function operator that specialized for 
182

W. Table (5) shows the parameters 

which are used in (IBMP-1) program for calculating potential energy surface V (β,γ )  

       

Table (5) parameters used in this program for calculating potential energy surface 

for  
182

W in MeV 

isotope A1 A2 A3 A4 ES ED 

W
182 

-0.006 -0.038 -0.065 01000 0.081 01028 

 

The potential energy surface gives the last shape of nucleus .It is agreement with 

Hamilton function [21] of two parameters (β,γ).Fig (1) shows W
182

 isotope that rotational 

limit Su(3) compared with the paper [8].  
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Fig (2) Showa contours diagrams for potential energy surface of 

182
W  

 

9-Calculation of the square of rotational energy and the moment of 

inertia. 
       The square of rotational energy and the moment of inertia could be calculated from 

equations (10, 11) after finding the energy levels using (IBM-1) program and angular 

moment to all energy levels. Fig (2) and (3) show comparison between the theoretical 

values and the experimental values [12] for all square rotational energy and the moment 

of inertia. 

 

 
 

Fig (3) shows the comparison between the theoretical values and the experimental 

values for the square of rotational energy. 
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Fig (4) shows the comparison between the theoretical values and the experimental 

values for the moment of inertia. 

 

10 Result and Dissection: 
               Table (1) shows parameters using in this program for the calculation of  energy 

levels .it was found the (Q.Q) and (L.L) dominate on other parameters .also there are 

three indices refers to  
182

W SU (3) The energy levels , Reduced electric transition 

probability and potential energy surface as follow : 

  
















1

1

1

1

1

1

1

2

2
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2

8
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2
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2

0

E

E

E

E

E
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E

E
1) Energy levels: the ratio of energy levels  

 Refers to a good approach to SU (3) after comparison with experimentally value [9,20]. 

 2) Reduced electric transition probability: the levels decay 21
+
 to 01

+
 and 41

+
 to 21

+
 in           

one band and don’t decay between bands [21]. 

3) Potential energy surface: The contour shape in fig (1) shows this isotopes SU (3) as 

comported with experimentally figure of  SU(3) [11]. 
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